[} o Y a ¢
n13ianTsnauaussaalagldide syl

The measurement of frequency response by using voice as sound

source

Mr. Kittitorn Himasuk
Mr. Kris Wannawong
Miss Watsaya Takkapaijit

Mr. Veerapat Pongyart

Submitted in partial fulfillment of the requirement for
the bachelor’s degree in engineering program
Department of Computer Engineering,

Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Academic year of 2018



Thesis Title

Student

Student ID.
Degree

Program

Department of engineering
King Mongkut's Institute of Technology Ladkrabang

Thesis certificate

The measurement of frequency response by using voice as sound source
Mr. Kittitorn Himasuk, Mr. Kris Wannawong, Miss Watsaya Takkapaijit,

Mr. Veerapat Pongyart

58010096, 58010150, 58011142, 58011181

Bachelor of Engineering

Music Engineering and Multimedia

Thesis advisor Asst. Prof. Munhum Park

Thesis advisor Signature

Asst. Prof. Munhum Park @/f 4/[/
/ KV v e Al o SETE N




wideuSyaninus  msianimevausinnuilaglfideyud

UnAnen WBARRAST TULgy, UUAIYS 1950009,

a

WNEAIAEY A3Inindas, wedsins wdgi

SYEUTZANR? 58010096, 58010150, 58011142, 58011181
Useyaun AMNTIUMARTUTR ,

, %.vaﬁ (Musie ¢
#1979 AIAINTIUAUAS LAz HDUTEAY
WA, 2561

a 4

¢ a2 A %
mmiwﬂ‘énmﬂsmummwuﬁ WA.AT. YUYW UN

v

UNANED

IuiﬂsmuﬁmﬂLi’]ﬁﬁgmajwmaﬁasi’mﬂ"lmauauawiashummﬁmaq (frequency responses)
lngltFeruduundsiniades Mswdsunmsimnismaaesuminssunmsnsumsisalous
(impulse response) lngldideslutiain (sine sweep) ﬁu‘]mﬁmmmwgm‘lumﬁm ARLININLSLAY
nstuindsainfesdaulagliindesinnsieseonuily Slasundinana (chromatic scales) @il

ANUUANIAUDEN 25 LU Litevn1Tims e Snuuayliosdisly (signal-to-noise ratio) wdaan

=i v =

nlanaveudeainemivdaulsiudesiilaviinistuinuntulassdetiuglnadeaesilulasliuaos

£
o 1

Falniunuslnduazlnaievhnmstuiindnassuasdinevuasndiosnyn  Wlolsvimsiiasigs

Dundevfosuds  wanunsaaguldisannsolfidemenusdifuumdriidadoddfusdndes

s v =

VosYwEIrdivodininu



Thesis The measurement of frequency response by using voice as sound source
Student Mr. Kittitorn Himasuk, Mr. Kris Wannawong, Miss Watsaya Takkapaijit,
Mr. Veerapat Pongyart

Student ID. 58010096, 58010150, 58011142, 58011181

Degree Bachelor of Engineering
Program Music Engineering and Multimedia
Year 2018

Thesis Advisor  Asst. Prof. Munhum Park

Abstract

In the current project, we aimed to measure frequency responses (FR) by using voice as
sound source. First, we measured the reference impulse response (IR) by using a sine sweep
as the sound source. Then, we recorded the singing voices where four singers sang 4 chromatic
scales differing by 25 cents, from which we could analyze the signal-to-noise ratio (SNR). Having
found that the singing voice has sufficiently broad spectra, we played the recorded voices
through a speaker while simultaneously recording the sound at 2 locations: one very close to
the loudspeaker and the other at a distance. We analyzed the data and could conclude that

human voice can be used as sound source although it is band-limited.
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4.8 Frequency responses using voice as sound source compared to those measured with sine
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Introduction

Impulse response, h(t) is the output of a system when the given input is an
impulse, 8(t). It is extremely useful to predict the output of a linear-time invariant system. In
real life, it is very difficult for any input to perfectly be an impulse. So, rather than directly
recording the impulse response, people analyze frequency band energies ™ first by taking
Fourier transform. Then, we can take inverse Fourier transform to get impulse response.
Nowadays, several sound sources are used in the measurement @, Also, there are various
techniques for the impulse response measurement. In this project, we want to know if we can
use human voice to measure the impulse response, and we will analyze the results in

comparison with the sine sweep technique .
1.1 Objectives
- To measure frequency response and impulse response by using human voice.

- To compare the frequency responses of human voice with the frequency

response of sine-sweep.
1.2 Literature reviews
- The basics of measuring impulse response and frequency response.
- Analysis of human singing voice.
- Data analysis on python.
1.3 Scope of Thesis

In order to compare the results, we measured singing voice of 4 amateur singers.
Then, we analyzed the data to see frequency response and impulse response. Finally, we

compared them with the frequency response and impulse response using sine-sweep.
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Theory
2.1 Impulse response and frequency response

2.1.1 Introduction

Impulse response is the response of an LTI system, such as a filter, when the system’s

input is the unit impulse or §(t). We call impulse response h(t), which is the characteristic

of the system (figure 2.1).

5(t) S m;z’:;em — h(2)

[Figure 2.1: Block diagram of LTI system where given input is an impulse]

Impulse response is extremely useful to predict the output of any LTI system. If we
give the input signal, x(t), to the system, we can predict the output, y(t), by equation 2.1
where Y (t) is described by the convolution of x(t) and h(t).

LTI system

x(t) R(E)

=rYAL)

[Figure 2.2: Block diagram of LTI system given input is any signal]

y(t) = x(t) * h(t) [Equation 2.1]

In reality, input signal cannot perfectly be an impulse. Therefore, people determine
frequency response first. Frequency response, H(jw), is the response of an LTI system in
frequency domain, which contains magnitude and phase information. The relation between
input, output and frequency response can be represented as in equation 2.2, where Y (jw)
is output signal, X (jw) is input signal and H (jw) is frequency response. When H(jw) is

calculated, we can simply take inverse Fourier transform to get impulse response, h(t).



YJw) = X(w)H(jw) [Equation 2.2]

2.1.2 Measurement of impulse response

Loudspeaker Microphone

LR Stenal Audio Audio Computer
P 5 Interface Interface

[Figure 2.3: Measurement block diagram]

According to figure 2.3, people normally use this measurement setup to measure
impulse response. Sine sweep is used as a sound source. Then, amplifier in audio interface
amplifies the signal, and RTA microphone is used to record the sound. After that, the measured

data will be analyzed in computer.
2.2 Spectrum of human voice
2.2.1 Human voice frequency range

The frequency range of average male voice is approximately between D2(73.42
Hz) - C6(1046.50) Hz, and for female voice is between E3(164.81) Hz - G6(1567.98) HZ. So,
the expected frequency response should be within these ranges and go above upper ranges
because there should be some signal from ‘harmonics’, which will be explained in the next

section.
2.2.2 Harmonics

Since human voice is complex wave, human voice is constructed by adding more
than one frequency tone. The lowest frequency usually with the and highest amplitude tone
is called fundamental. If the fundamental frequency of a sound is f the harmonics of this
sound will be 2f, 3f,4f and so on. For example, in figure 2.4, if the fundamental frequency
is 100 Hz, the harmonics will be 200 Hz, 300 Hz, 400 Hz and so on. The amplitude of harmonics

is usually lower than the fundamental and may decrease when the frequency increases.



Harmonics

Fundamental 2nd 3rd 4th 5th 6th 7th 8th
100 Hz 200 300 400 500 600 700 800...
Octaves
Fundamental
100 Hz 200 400 800

L Qctave Octave Octave —————J

[Figure 2.4: Relation of pitch note & Frequency]

Reference: F. Alton Everest, 2001, Master Handbook of Acoustics, Fourth Edition. The McGraw Hill

2.2.3 Frequency & Pitch note

The frequency of note can be calculated, but first, you have to know the center
frequency of note, which is 440 Hz. It matches the note for Ad. Then you can use the equation

below to find a frequency of the other notes.

n
f =212 x 440 Hz [Equation 2.3]
Where f is frequency of note.

N is number of semitones between the note and center frequency note. For
example, if you want to find the frequency of F4 which is lower than A4 for 4

semitones, . must be equal to -4.

—4
fF4 = 2E X 440 Hz

fra = 394.288 Hz
If you want to find C5 which higher than A4 by 3 semitones, then 1 will be

equal to 3.

3
fCS = ZE X 440 Hz

fCS = 523251 Hz

You can see the relation of pitch note & frequency in figure 2.5.
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Reference: https://www.doctormix.com blog/note-to-frequency-chart




Methodology

To complete the goal of this project, we need to do 3 tasks to make sure that the
impulse response measurement using human voice is possible: 1) Measuring impulse response
using sine sweep, 2) recording voice for singers; and 3) measuring impulse response using
human voice.

In the current project, we used the following devices for the measurement: Earthworks
M30 microphone, RTA microphones, Shure MX153 wireless microphone, RME Fireface 802
audio interface and Vented-box speaker (custom-made).

3.1 Measuring impulse response using sine sweep

Since we do not know the actual signal of human voice, we needed to use
microphone close to the source instead. However, we need to make sure that the signal from
the microphone can be used. To compare between real input signal and signal from
microphone close to the source, we measured impulse response by using sine sweep played
back over the speaker (see figure 3.1). We setup 2 microphones. In this configuration, we call
the first microphone ‘source mic’, which is a microphone 10 centimeters away from the
speaker. The spectrum of the signal from the source mic is referred to as X’. The second
microphone is ‘room mic’, which is a microphone 100 centimetres away from the speaker.
The spectrum of the signal from the room mic is called Y. The sound source, of which the

spectrum is X, is a sine sweep signal from 20 Hz to 20 kHz.

100 cm
10 cm
<>  Source mic Room mic
i l)) - i i
B —
X Loop bacg
Computer | + * Audio Interface

[Figure 3.1: Measurement configuration]
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We used a dedicated Python script to generate the sine sweep (see figure 3.2)
and to simultaneously record two channels. Then, we analyzed by plotting frequency

response H and H', where H and H' are defined by the following equations.

H = [Equation 3.1]

= [Equation 3.2]

>\<|-<><|~<

After we have H and H', we can use them to determine h and h’ by the
inverse Fourier transform, where R is an impulse response of H, and h’ is an impulse response

of H', respectively.

Input signal

amplitude
o
(=)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
t[s]

[Figure 3.2: Python generated sine sweep signal]
3.2 Recording voice from singers

We invited 4 singers to record the voice (see figure 3.3). First, we had to find the lowest
and highest notes that the singers could sing and let them sing the chromatic scale between
their lowest and highest notes. Then, we increased the pitch by +25 cents, +50 cents and +75
cents. After we finished recording singer’s voice, we plotted the spectra from the first note
(see figure 3.4), second note (see figure 3.5) and so on. When we have the spectra of all notes
(see figure 3.6), we analyzed and compared the maximum spectrum of all 4 scales to the
averaged noise floor (see figure 3.7), and finally, we the noise floor from the maximum

spectrum to get signal to noise ratio (see figure 3.8).



Headphone Amplifier

Computer | ¢

v

Audio Interface

[Figure 3.3: Configuration for the voice recording]
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[Figure 3.4: Voice spectrum of first note]
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[Figure 3.5: Voice spectrum of first & second note]
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[Figure 3.6: All voice spectrum in 4 chromatic scale]
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Results & Discussions

4.1 Measuring Impulse response by sine sweep

4.1.1 Source mic and room mic

Sumatce noc. signed B win. agasd

il

[Figure 4.1: Source-mic signal] [Figure 4.2: Room-mic signal]

Figures 4.1 and 4.2 show the source-mic and room-mic signal using sine sweep as sound
source. We can see that room-mic signal has lower amplitude and more noise than source-
mic signal, because room mic was placed 100 cm away from speaker. Moreover, some
reflections occurred in the room and some external noise. Furthermore, mid frequency of sine

sweep tends to decrease as the distance increases.

4.1.2 Frequency response

40

0}
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= AN

0 \ ‘
= W\ R VAMY il ~AA
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a,
w)
g
> o)
=
L
=
g -0}
=]

-80

—
— H
-100 L ; ;
10° 10° 10*

frequency [Hz]
[Figure 4.3: Frequency responses, H and H']
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Summary

From the first part of the measurement results, the frequency response measured with
sine sweep and that measured with the source mic signal were similar to each other in the
frequency range from 100 Hz to 10,000 Hz. However, the response with sine sweep rolled off
and differed from the response with source-mic signal at 20 Hz to 100 Hz and at the
frequencies above 10 kHz because H contained one microphone response only in the
numerator, which behaves as a band pass filter itself, whereas the microphone responses

were cancelled out in H'.

It appears that human voice may be used as sound source with sufficient energy
although band-limited. Comparing frequency response using sine sweep and human voice, it
appears that human voice may be used as sound source to measure frequency response.
However, the impulse responses of singers’ voice appeared to be indecent since we did not

apply any filters and thresholding to the frequency responses.
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