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Part 1: Test method of sound variation detection

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization'¢
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promote”int

co-op
in add

eration on all questions concerning standardization in the electrical and electronic fields /Ao thi
tion to other activities, IEC publishes International Standards, Technical Specifications\Technical

Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IEC ‘RPublication(s

prepa
may p

ation is entrusted to technical committees; any IEC National Committee interested’in the subject
Brticipate in this preparatory work. International, governmental and non-goverpmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with théAnternational Organ

Stand

2) The fdrmal decisions or agreements of IEC on technical matters express, as¢early as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical ¢ommittee has representatioy
tted IEC National Committees.

3) IEC Plublications have the form of recommendations for internatiorial use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made\to ensure that the technical contg
Publidations is accurate, IEC cannot be held responsible for\the way in which they are used o

misint]

erpretation by any end user.

4) In order to promote international uniformity, IEC Natiopal’ Committees undertake to apply IEC Py
transparently to the maximum extent possible in their pational and regional publications. Any divergencq
any IHC Publication and the corresponding national or'regional publication shall be clearly indicated in

5) IEC it
asses

elf does not provide any attestation of.conformity. Independent certification bodies provide g
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib

services carried out by independent certification bodies.

6) All usgrs should ensure that they have the latest edition of this publication.

7) No liapility shall attach to IEC or its\directors, employees, servants or agents including individual ex
membgrs of its technical committees’and IEC National Committees for any personal injury, property d
other |[damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
expenges arising out of the.publication, use of, or reliance upon, this IEC Publication or any
Publidations.

8) Attentjon is drawn to the.Normative references cited in this publication. Use of the referenced publi
indispensable for the.correct application of this publication.

9) Attent|on is drawn.to the possibility that some of the elements of this IEC Publication may be the subjec
rights| IEC shalknot be held responsible for identifying any or all such patent rights.

IEC 63364~1-has been prepared by IEC technical committee 47: Semiconductor devig

an Inter

pmprising
Ernational
b end and
| Reports,
)’). Their
dealt with
hs liaising
zation for

brdization (ISO) in accordance with conditions determined by agreement-betWeen the two organigations.

Ernational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

of patent

es. Itis

hational Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

47/2782/FDIS 47/2792/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63364 series, published under the general title Semiconductor
devices — Semiconductor devices for IoT system, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recopfirmed,
e withdrawn,
e replaced by a revised edition, or

e amepded.
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SEMICONDUCTOR DEVICES -
SEMICONDUCTOR DEVICES FOR IOT SYSTEM -

Part 1: Test method of sound variation detection

1 Scope

This part of IEC 63364 specifies terms, the test method, and the report of sound variation
detectio’Ln system based on |loT. It provides the evaluation method for each part of thg sound
variation detection system based on IoT in the block diagram, the characterization pargmeters,
symbold, test setups and the conditions. In addition, this document defines the)configuration
items and criteria of standard space and firing situation for the quality evaluatien-measpirement
of sound field variation detection system with loT.

2 Normative references

There afe no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases- for use in standardization at the fpllowing
addresses:

o |EC [Electropedia: available at httpsT/www.electropedia.org/

e |SO|Online browsing platform; available at https://www.iso.org/obp

3.1
transfer function
responsle characteristicsfunction of sound pressure which transfers to microphong¢ in the
securing sound space

3.2
standard space
securing sound space which is controlled and frequency pre-scanned for the occurfence of
event

3.3

SNR

signal to noise ratio value which is defined by the ratio of the value of event occurred and
without the event

3.4
frequency shift index
characteristic frequency shift value for the event occurred
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4 Evaluation method and test setup

4.1 General

Changing sound field composed of low-cost speaker and microphone in the sensor module, a
sound field is generated by the speaker in the standard space. The extent to which the
generated sound field is distorted by firing objects is measured and detected with a microphone,
in a dark environment. The extent is about the primary space when events are monitored. In
this securing space, the modelling is described by the governing equation of acoustic wave
propagation and boundary conditions of wave source, speed and wave pressure. In order to
make a sound field, the speaker should generate the 4 kHz wave. Figure 1 shows a sound field
sphere,

where

P is|the pressure of the sound;

Sy is|the sound velocity boundary;
Sp is|the sound pressure boundary;
U is[the velocity of the sound.

Figure 1 — Sound field space with boundary conditions and governing equation
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4.2 Equipment and tools

The equipment for a sound variation detection system requires a set of speaker and microphone
which are placed on each corner of the securing space. An event is located at the arbitrary
position as shown in Figure 2 a). The multi-tone sound source is composed of 17 sine waves
around a central frequency of 4 kHz with an interval. The sound pressure data are acquired by
a data acquisition module, and the data are processed simultaneously. A sound signal with a
0,5 s duration is measured and 25 600 sampling data are used to obtain the sound pressure
level data with a sampling frequency of 51 200 Hz. In addition, the frequency resolution is 2 Hz
for the FFT spectra. The sound pressure level spectra are measured at multi-tone frequencies
of 17 channels ranging from 3 968 to 4 032 Hz with a frequency step of 4 Hz. The sound
pressure level in the position of the distance of 10 cm from the front of a speaker is set to be
94 dB by controlling the volume of the speaker. The sound pressure level for the multi-tone
frequencies is measured within a time interval of 0,5 min after the event source suchras sound,
temperdture has occurred.

A speaKer and a microphone are used to measure the transfer function of the given sppce.

Where
H is the transfer function;

P s the sound pressure of the microphone;

q is the sound pressure of the speaker.

| Intrusion R Y

!-vu\
@q Pr=thxa Py=Hqy%q
;! ,1 { Obsta(:le E
4 - i

IEC IEC

a) Without intrusion b) With intrusion (fire)

Figure 2 — Variation of transfer function due to obstacles in security area

4.3 Block diagram and semiconductor components
4.3.1 General

The sound detection system using sound variation field is consisted with detection sensor,
sound source, and the electric circuit with microcontroller and DSP (Digital Signal Processing)
unit. Figure 3 shows a block diagram for sound variation detection system for loT-based sound
variation detection. The detection system should be tested for the uniformity of the sound source
and fluctuation of the sound waves, the sensitivity of the sound detection sensors, date
exchange rate between amplifier to DSP unit.
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4.3.2
Sound

variatiof detection. The 4 microphone sensors are requiredfor a secured space such ag

room at

4.3.3

The rol¢ of the speaker is making uniform sound field. The sound field variation de

system
generat

4.3.4

MO TNy

(XXX ])

processing) o

spectra

Figure 3 — Block diagram of the sound variation detection
system for loT-based event detection

Microphone sensor
ield variation detection system is consisted of microphone sensors for the

least in order to get dependable data.

Speaker

s surveilling the secure space by the' change of the sound field. The speake
b uniform sound field in the secure\space.

Micro controller

IEC

sound
closed

tection
should

In the sound variation detection.system, the micro controller is needed to analyse the spectrum.
The soynd pressure level (SPL) spectrum is fluctuated by frequency and shifted by event

occurrin
occurre

4.3.5

The trarn
system
on beha

l or not.

Transmitting module

pt_the/outside of the secure space. The sound field variation detection system|i
If'of’human watching. Therefore, the constant monitoring of secure space, the d

smitting module is required to monitor or to control the sound field variation d[

g. The micro coptroller can analyse the range of SPL shift to confirm the eVent has

tection
s used
tection

system should communicate the signal to the surveillance server system. The transmitting
module sends the signal which is detected by the sound field variation detection system in the
secure space.

4.4 Test methods

4.41

Cubic box

In order to test the sound field variation detection system, a cubic box with a length of 60 cm is
used for a comparison with the simulation results. A gas lighter is used to simulate a
temperature changing event. A 6 W speaker with a diaphragm of 3,5 cm in diameter is installed
at the central hole of the left-side plane of the cube as shown in Figure 4.
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\Q/O IEC

Figure 4 — Cubic box for experiment for sound fle&@rlatlon detection system

The detgiled inner configuration used for the experi &I’SIS shown in Figure 5. The flanje of the
gas lighter is positioned at (10 cm, =10 cm) from t ntre within the middle square plane of

the cubg. Two microphones are installed in the ers of the middle square plane jand are
sSy

numbered from #1 to #2. Two thermometers ocated 5 cm in front of the gas lighter and
near thg bottom plate to measure simultane , as shown in Figure 5.

oY

Thermometer 1

m
xR

<

Thermometer 2

Figure 5 — Inner configuration within a cubic box
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4.4.2 Measurement and data analysis

The SPL spectra at microphones #1 and #2 are obtained using time intervals of 2 min after
turning on the gas lighter, and the experimental spectra after 10 min are compared with the
reference spectra before an event such as sound occurring or temperature changing, as shown
in Figure 6. The SPL spectra have an irregular peak and dip structures within the frequency
range of 3 744 Hz to 4 256 Hz, which seem to be due to the constructive and destructive sound
interference within the cube. It should be noted that the peak and dip structures move to a
higher frequency after the temperature changing event without a significant change in the
spectral pattern shape. The frequency shift index of the spectra can be explained with a wave-
length change owing to the changes in air temperature, as shown in Figure 7, and the amount
of frequency shift index is estimated based on changes in the air temperature within the entire
space. With a temperature change from 19,8 °C to 24,2 °C after 10 min of heating, the
frequency shifts are 15,6 Hz at 2 kHz. The change of the frequency shift index is described well
through|the use of this mechanism.

\ -0 Experiment (before) —— Experiment (fire)

3144 3776 3808 3840 3872 3904 3936 3968 4000 40324 064 4096 4 128 4 160 4 192 4 224 4 256
Frequency (Hz)
IEC

a) micu#1

3744 3776 380843 840 3872 3904 3936 3968 4000 4032 4064 4096 4128 4160 4 192 4 224 4 256

Frequency (Hz)
IEC

b) mic. #2

NOTE The hollow circle with a dotted line is for before temperature changing and the solid circle with a solid line is
for after temperature changing.

Figure 6 — Experimental SPL spectra in the 3 744 Hz -
4 256 Hz range with 4 Hz steps in the cube
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--------- Simulation (before) —— Simulation (fire)

-

3744 3776 3808 3840 3872 3904 3936 3968 4 000 4032 4064 4096 4128 4160 4192 4 224 4 256

100

SPL (dB)

Frequer

a) mic. #1

cy (Hz)
IEC

»

37144 3776 3808 3840 3872 3904 3936 3968 4,000 4032 4064 4096 4128 4160 4 192 4 224

NOTE Tpe dotted line is for before temperature changing and the solid line is for after temperature chan

4.4.3

The so\

main elgments of the system are the speaker and the microphone sensors. To gene

uniform

the speaker should be checked. The speaker can generate the minimum

Frequen

b) mic. #2

Figure 7 <FEM simulation of SPL spectra in the 3 744 Hz -
4 256 Hz range with 4 Hz steps in the cube

Evaluation-method for the parts of sound variation detection system for
loT-based sound field detection

nd, field variation detection system is for detecting the change of the sound fi

4 256

cy (Hz)
IEC

hing.

eld. The
rate the

rence of

sound pressure of

94 dB in front of 10 cm of the speaker. The speaker also can generate the single frequency sine
wave and the multi-tone which is composed of linear combination of the sine wave. In case of
microphone sensors can detect the minimum 10 mV/Pa response characteristics. The
evaluation process is proceeded as follows:

1) To measure the transfer function, the frequency to be measured in audio frequency range
is swept and generate the sound field.

2) The generated sound field is measured by the microphone sensors and the measured signal
should be transferred to the micro controller module to be converted as a digital value.

3) The sound pressure level according to the frequency is to be processed by FFT (Fast Fourier

Tran

sform) signal processing.

4) The response characteristic is measured from 0 Hz to 12,8 kHz in audio frequency range by
25 times and calculated the mean value.
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5) The frequency response change rate is measured by 7 times in 10 minutes without the event.
6) Calculate the mean value of the variation and set the value as noise level.
7) Turn on the event.

8) Scan the frequency response characteristics and the difference of the sound pressure level
at before and after event.

9) Take the value of the variation norm within +/- 128 Hz range and calculate the sound
variation value at the centre frequency as signal value.

10) To judge the event has occurred of not, the signal value which is measured 9) to noise level
and SNR are calculated.

4.5 Test report

The repprt shall include the following items:

a) the festing room specification; the width, the depth, and the height of the reom by meter;
b) the date of test;

c) the atmospheric conditions of test; temperature (in Kelvin), humidity<(in percentage), and
atmg@spheric pressure (in Pascal);

d) the g$peaker and microphones details; speaker coherence, noisetype;
e) the $ampling frequency and data acquisition conditions; frequency, sampling rate by hertz;
f) the Ivents (temperature changing, sound occurring) details;

g) the events occurring ratio.
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DISPOSITIFS A SEMICONDUCTEURS -
DISPOSITIFS A SEMICONDUCTEURS POUR SYSTEME IDO

Partie 1: Méthode d’essai de détection de variation acoustique

1 Domaine d’application

La présente partie de I'lEC 63364 spécifie les termes, la méthode d’essai et le rapport du
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Note 1 a |

3.4
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4 Méthode d’évaluation et montage d’essai

4.1 Généralités

Un champ acoustique est généré par I’enceinte dans I'espace normalisé pour changer le champ
acoustique composé d’enceintes et de microphones a bas colt dans le module de détection.
L’étendue de la déformation que des objets enflammés font subir au champ acoustique est
mesurée et détectée avec un microphone, dans un environnement sombre. L’étendue concerne
I’espace principal lorsque les événements sont surveillés. Dans cet espace de sécurisation, la
modélisation est décrite par I'équation principale régissant la propagation des ondes
acoustiques et par les conditions aux limites de la source d’onde, de la vitesse et de la pression
d’onde. Il est recommandé que I'enceinte émette une onde de 4 kHz afin de générer un champ

1 l = 4 a £ o =i L £
aCOUSt|c ucT. LAl IyUIU FTOMTTOTUTIIC UTIC OopITTT T Ut LiTdiTiy aLuuoltiyucw,

ou:
P est Ip pression acoustique;

S, est la limite de vitesse acoustique;
Sp est |p limite de pression acoustique;

U est |p vitesse acoustique.

Figure 1 — Espace de champ acoustique avec conditions aux limites
et équation principale
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4.2 Equipements et outils

Il est nécessaire que le matériel d’'un systéme de détection de variation acoustique comprenne
un ensemble d’enceintes et de microphones placés a chaque coin de I’espace de sécurisation.
Un événement est situé a la position arbitraire représentée a la Figure 2 a). La source sonore
multitonalité est composée de 17 ondes sinusoidales autour d’'une fréquence centrale de 4 kHz
avec un intervalle. Les données de pression acoustique sont acquises par un module
d’acquisition de données, et les données sont traitées simultanément. Un signal sonore d’une
durée de 0,5 s est mesuré et 25 600 données d’échantillonnage sont utilisées pour obtenir les
données relatives au niveau de pression acoustique avec une fréquence d’échantillonnage de
51 200 Hz. De plus, la résolution de fréquence est de 2 Hz pour les spectres FFT. Les spectres
du niveau de pression acoustique sont mesurés a des fréquences multitonalités de 17 canaux
allant de_3 968 a 4 032 Hz avec un échelon de fréquence de 4 Hz. Le niveau de pression
acoustique a la position située a une distance de 10 cm de I'avant d’une enceinte esf réglé a
94 dB par commande du volume de I’enceinte. Le niveau de pression acoustique”pour les
fréquengces multitonalités est mesuré dans un intervalle de temps de 0,5 mimapreqd que la
source ¢’événement, telle que le bruit ou la température, est apparue.

Une engeinte et un microphone sont utilisés pour mesurer la fonction de-{ransfert de 'espace
donné.

Oou:
H est |p fonction de transfert;

P est |p pression acoustique du microphone;

g estlp pression acoustique de I’enceinte.
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Figure 2 — Variation de la fonction de transfert due aux obstacles présents dans la zone
de sécurité

4.3 Schéma de principe et composants a semiconducteurs
4.3.1 Généralités

Le systéme de détection acoustique qui utilise le champ de variation acoustique est constitué
d’un capteur de détection, d’'une source sonore et du circuit électrique avec microcontréleur et
unité DSP (Digital Signal Processing). La Figure 3 représente un schéma de principe du
systeme de détection de variation acoustique utilisé pour la détection de variation acoustique
a base d’'IDO. Il convient que le systéme de détection soit soumis a essai pour vérifier
I'uniformité de la source sonore et la fluctuation des ondes sonores, la sensibilité des capteurs
de détection acoustique et la vitesse d’échange de données entre 'amplificateur et 'unité DSP.
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Figure 3 — Schéma de principe du systéme de détection de variation acoustique
pour la détection d’événements IDO

4.3.2 Capteur de microphone

Le systeme de détection de variation de champ acoustique est constitué de captpurs de
microphlone pour la détection de variation acoustique. k&s 4 capteurs de microphgne sont
exigés pour un espace sécurisé tel qu’au moins une piéce fermée afin d’obtenir des données
fiables.

4.3.3 Enceinte

Le rOle de I’enceinte est d’établir un champsacoustique uniforme. Le systéeme de déteftion de
variation de champ acoustique surveillext'espace sécurisé par le changement du| champ
acoustique. Il convient que I’enceintecgénére un champ acoustique uniforme dans l'espace
sécurisé.

4.3.4 Microcontrdéleur

Dans le|systéeme de détection de variation acoustique, le microcontréleur est nécessadjire pour
analysef le spectre. Le~spectre du niveau de pression acoustique (SPL) fluctue en fongtion de
la fréquence et il est.décalé lorsque des événements apparaissent. Le microcontrélgur peut
analysef la plage de-décalage SPL pour vérifier si 'événement a eu lieu ou non.

4.3.5 Module d’émission

Le moduyle.d’émission est exigé pour surveiller ou contrdler le systéme de détection de variation
de champ acoustique a I'extérieur de I'espace sécurisé. Le systéme de détection de variation
de champ acoustique est utilisé a la place de I'observation humaine. Par conséquent, pour la
surveillance constante de I'espace sécurisé, il convient que le systéme de détection
communique le signal au systéme serveur de surveillance. Le module émetteur envoie le signal
qui est détecté par le systéme de détection de variation de champ acoustique dans I'espace
sécurise.

4.4 Méthodes d’essai
4.41 Boite cubique

Dans le cadre de I'essai le systéme de détection de variation de champ acoustique, une bofte
cubique d’'une longueur de 60 cm est utilisée pour réaliser une comparaison avec les résultats
de simulation. Un briquet a gaz est utilisé pour simuler un événement de variation de
température. Une enceinte de 6 W avec un diaphragme de 3,5 cm de diamétre est installée au
niveau du trou central du plan c6té gauche du cube, comme représenté a la Figure 4.
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