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Description
TECHNICAL FIELD

[0001] The presentinvention relates to remote calibra-
tion of outdoor microphones.

BACKGROUND

[0002] Outdoor noise monitoring systems are used for
long-term measurements of noise, e.g. at roads, airports
etc. Itis essential to perform periodic calibration of these
systems in order to guarantee their correct operation. It
is preferred if the calibration can be performed remotely,
without a need for an operator to perform manual proce-
dures at the microphone. One of the calibration proce-
dures is to check whether the station is operable.
[0003] So far, outdoor noise monitoring stations used
condenser microphones. A condenser microphone can
be calibrated by means of an electrostatic actuator that
comprises an electrode that permits the application of an
electrostatic force to the metallic or metalized diaphragm
of the microphone in order to perform the calibration. Al-
ternatively, the equivalent capacitance of the microphone
can be measured. ltis relatively hard to perform acoustic
calibration by performing comparison of sound levels re-
ceived by the measured microphone and a reference mi-
crophone, as the condenser microphones are relatively
large and the reference microphone would occupy too
much space in the measurement system housing, which
must meet strict acoustic requirements.

[0004] A US patent application US20140369511 dis-
closes a self calibrating dipole microphone formed from
two omni-directional acoustic sensors. The microphone
includes a sound source acoustically coupled to the
acoustic sensors and a processor. The sound source is
excited with a test signal, exposing the acoustic sensors
to acoustic calibration signals, which are of the same
phase. The responses of the acoustic sensors to the cal-
ibration signals are compared by the processor and a
correction transfer function is determined. The system is
designed in particular for a dipole microphone.

[0005] A patent application GB1069129 discloses
flight noise monitoring equipment for airports, with a
number of sound level measuring devices disposed in
the area of the airport and a central monitoring control
common to these devices, in which there is a measured-
value converter associated with each measuring device,
by which the measured value of sound level at the meas-
uring device is converted into a digital or analogue value
which can be transmitted without interference to the cen-
tral control.

[0006] MEMS microphones have been recently devel-
oped and find more and more applications of use. So far,
little research has been conducted on the possibilities of
use of the MEMS microphones for outdoor monitoring
systems.

[0007] MEMS microphones have very small dimen-
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sions, which allows designing a multi-microphone sys-
tem having a standard dimensions used in acoustic fields
(for example, a 1/2" (about 12,7 mm) or 1" (about 25,4
mm) diameter.

[0008] Providing a proper symmetrical design of the
outdoor microphone is very important to meet acoustical
characteristics requirements defined in the IEC
61672:2013 for Class 1 or Class 2, typically required for
such measurement systems.

[0009] Additionally, such multi-microphone solution of-
fers improved system signal to noise ratio expanding the
lower measuring range of the outdoor microphone.
[0010] The MEMS microphones have no equivalent
capacitance that could be measured, as in the case of
condenser microphones and they cannot be excited by
an electrostatic actuator.

[0011] There is therefore a need to provide an alterna-
tive design for an outdoor microphone with an integrated
calibration system that will solve the problems mentioned
above and allow remote calibration of the microphone.

SUMMARY

[0012] The object of the invention is an outdoor micro-
phone according to the attached claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The outdoor microphone withintegrated remote
acoustic calibration system and a method for remote
acoustic calibration are shown by means of example em-
bodiments on a drawing, in which:

Figs. 1A and 1B show an outdoor microphone sys-
tem in an isometric view (with some elements shown
as transparent) and a cross-sectional view;

Figs. 2A and 2B show the microphone assembly in
an isometric view (outside the housing) and a cross-
sectional view (inside the housing).

Fig. 3 shows a functional schematic of the calibration
system.

DETAILED DESCRIPTION

[0014] The outdoor microphone system is shown in
Figs. 1A and 1B. It comprises a housing 100 formed of
a plurality of elements 101, 102, some of which are de-
tachably joined with each other. The housing is cylindri-
cal, and has preferably a 1/2" (about 12,7 mm) diameter.
The first housing element 101 is configured to accom-
modate and seal a microphone assembly 110 and to al-
low ambient sound to reach the microphone assembly
via openings 1011. The first housing element may be
surrounded by a protective windscreen (not shown in the
drawing). The second housing element 102 accommo-
dates a loudspeaker assembly 120.

[0015] The microphone assembly 110 is powered in a
conventional manner, for example via a signal wire (not
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shown in the drawing) connected to a battery, and the
ground terminal connected to the housing, which is pref-
erably made of a conducting metal. The loudspeaker as-
sembly 120 is electrically connected with the microphone
assembly via a central springy connector 131 (in form of
an elastic pin) for conducting signal to the loudspeaker,
and the loudspeaker assembly 120 can be connected to
the grounded housing element 102.

[0016] The microphone assembly 110 is accommodat-
ed in a housing 111 with openings 112 that act as inlets
for sound to the microphones and the springy connector
131.

[0017] The microphone assembly, as shown in details
in Figs. 2A and 2B in slanted view and in Figs. 2C and
2D in cross-sections along two planes perpendicular to
each other, comprises in this example embodiment a pair
of measurement microphones 114 and a pair of reference
microphones 115. In other embodiments, more than two
measuring or reference microphones can be used. The
microphones are MEMS microphones. A pair of micro-
phones with summed outputs connected in parallel is
more preferred than a single microphone, in particular
for MEMS microphones which have relatively high self
noise, to improve the signal to noise ratio. They are
mounted to printed circuit boards (PCBs) 116, 117 with
their membranes directed towards the PCB, wherein
openings 1161, 1171 are made to pass sound from the
cavity of the first housing element 101. The PCB 116 has
openings 1161 as inlets for sound to the microphones
(which are mounted at the side opposite to the side facing
the cavity of the first housing element 101) and a terminal
113 for contacting the springy connector 131. The open-
ings 1171 are made in guiding sleeves 1172 between
the first PCB 116 and the second PCB 117.

[0018] The measurement microphones 114 may be of
the same or different type as the reference microphones
115. In this example, the reference microphones are
smaller, as they have a narrower measurement band
(which is enough to coverthe frequency of the loudspeak-
er used for calibration - typically 1 kHz). The reference
microphone(s) do not need to be located on the same
surface as the measurement microphones, as the loud-
speaker acoustic signal RMS value is a subject of verifi-
cation. This also expands the space for the location of
the measurement microphones.

[0019] Other elements of the microphone assembly
110, such as electronic circuits 121-126 for data process-
ing and transmission, can be accommodated on a third
PCB 118.

[0020] Theloudspeakerassembly comprises a printed
circuit board 132 that has openings 1321 that act as out-
lets for sound from the loudspeaker and connects the
springy connector 131 with a wire 133 that conducts sig-
naltoaloudspeaker 135. The openings 1321 are covered
by an insulating pad 134 that provides insulation from
water from the cavity within the first housing element 101.
Theloudspeaker 135 is directed towards the sound outlet
openings 1321.
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[0021] The acoustic calibration system operates as fol-
lows. The loudspeaker is induced, via a signal passed
through the central connector 131, to emit sound that
passes via the openings 1321, to the cavity within the
first housing element 101. Therefore, the acoustic cou-
pling between the loudspeaker assembly 120 and the
microphone assembly 110is open. The calibration sound
that reaches the cavity within the first housing element
101 can be then measured by the microphone assembly
110 in a manner equivalent to the measurement of the
outdoor noise. Therefore, the microphone assembly is
acoustically excited. The loudspeaker 135 emits sound
of aknown level stabilized by the feedback loop including
the reference microphone 115. This level should be as
high as possible to increase the excitation signal as much
as possible above of the ambient noise. With the de-
scribed solution, levels up to 110 dB are provided. It is
then checked whether the level of the signal received by
the measurement microphone(s) is within the expected
level range. If so, it suggests that the microphone(s) are
operative. In case the measured signal deviation from
the expected value is too big, i.e. it exceeds a predefined
deviation threshold, it suggests that the microphone(s)
is(are) defective. The results of the system check can be
thentransmitted to a remote station to inform the operator
of the outdoor monitoring system whether the particular
outdoor monitoring station is operative or malfunctioning.
For example, the calibration procedure (system check)
can be performed once a day.

[0022] A functional schematic of the calibration system
is shown in Fig. 3. First, ambient sound level received by
the reference microphone 115 is measured, converted
to a digital signal by an A/D converter 123 and input to a
microprocessor 126. Next, an amplifier 124, in response
to a signal from the processor 126 and a D/A converter
125, sets the level of the signal driving the loudspeaker
135 via the connector 131 to a high level, for example to
a maximum level. The sound level emitted by the loud-
speaker 135 should be higher than the ambient sound
level, e.g. by 20 dB, which is in some situations not pos-
sible, for example when the ambient sound level is high
at the moment of performing the calibration - in such sit-
uations, the calibration procedure can be stopped and
repeated after some time. Next, the microprocessor 126
compares the sound level measured by the reference
microphone 115 and the measurement microphones
114. The measurement microphone signals can be input
to the microprocessor 126 via a 3 to N cycles commutator
122 or another configuration. In case the levels measured
by the reference microphone 115 and the measurement
microphones 114 differ by more than a particular thresh-
old, e.g. 2dB, a negative system check result is output
by the microprocessor 126. In case the level difference
is within the threshold, a positive system check result is
output.

[0023] The system has a plurality of advantages. The
use of MEMS microphones allows to accommodate the
system comprising a plurality of microphones (including
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a reference microphone and measurement microphone)
in relatively small housing, for example a cylindrical hous-
ing of a 1/2" (about 12,7 mm) diameter. The central
springy connector pin allows the housing 102 of the loud-
speaker assembly to be conveniently mounted with the
other element 101 of the housing, with no wires running
outside the housing, which improves the acoustic per-
formances and robustness of the system. Integration of
the loudspeaker with the microphone assembly in a sin-
gle housing 100 allows the outdoor microphone to be
calibrated remotely (system check). The MEMS micro-
phones are induced acoustically by the loudspeaker.
[0024] Absolute calibration by external acoustic cali-
brator is also very simple just by disconnecting upper
part of the housing (including loudspeaker and springy
contact) and attaching calibrator directed on microphone
housing.

Claims
1. An outdoor microphone comprising:

- a microphone assembly (110) comprising at
least one microphone and mounted in a first
housing element (101) with openings (1011)
surrounding a cavity;

- a loudspeaker assembly (120) mounted in a
second housing element (102) connected with
the first housing element (101) and comprising
a loudspeaker (135) for generating sound;

characterized in that:

- the at least one microphone is a first MEMS
microphone configured as a measurement mi-
crophone (114);

- the microphone assembly (110) further com-
prises:

- at least a second MEMS microphone con-
figured as a reference microphone (115);

- an amplifier (124) for generating a loud-
speaker driving signal;

-amicroprocessor (126) configured to com-
pare the signal level measured by the meas-
urement microphone (114) and the refer-
ence microphone (115) and converted by a
dual-channel A//D converter (123);

-and wherein a springy connector (131) installed
inside the first and second housing elements
(101, 102) for connecting the loudspeaker as-
sembly (120) with the microphone assembly
(110) to conduct the loudspeaker driving signal;
- and wherein the cavity in the first housing ele-
ment (101) passes ambient sound from the en-
vironment and the sound from the loudspeaker
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assembly (120) located at one end of the cavity
to the microphone assembly (110) located atthe
other end of the cavity.

2. The microphone according to claim 1, wherein the
measurement microphone (114) comprises at least
one additional microphone, an output of which is
summed to an output of the first MEMS microphone,
and wherein the reference microphone (115) com-
prises at least another one additional microphone,
an output of which is summed to an output of the
second MEMS microphone.

3. The microphone according to claim 2, wherein the
reference microphones (115) have a different char-
acteristics than the measurement microphones
(114).

4. The microphoneaccording to any of previous claims,

-wherein the microprocessor (126) is configured
to detect a difference between the signal level
measured by the measurement microphone
(114) and the reference microphone (115) and
togenerate a positive system check result signal
if the difference is below a threshold and a neg-
ative system check result signal otherwise.

Patentanspriiche
1. AuBRenmikrofon, das umfasst:

- eine Mikrofonbaugruppe (110), die mindestens
ein Mikrofon umfasst und in einem ersten Ge-
hauseelement (101) mit Offnungen (1011) mon-
tiert wird, die einen Hohlraum umschliel3en;

- eine Lautsprecherbaugruppe (120), die in ein
zweites mit dem ersten Gehduseelement (101)
verbundenes Gehduseelement (102) montiert
wird und einen Lautsprecher (135) zum Erzeu-
gen von Schall umfasst;

dadurch gekennzeichnet, dass:

- das mindestens eine Mikrofon ein erstes
MEMS-Mikrofon ist, das als ein Messmikrofon
(114) konfiguriert wird;

- wobei die Mikrofonbaugruppe (110) des Wei-
teren umfasst:

- mindestens ein zweites MEMS-Mikrofon, das
als ein Bezugsmikrofon (115) konfiguriert wird;
- einen Verstarker (124) zum Erzeugen eines
Lautsprecheransteuersignals;

- einen Mikroprozessor (126), der konfiguriert
wird, den durch das Messmikrofon (114) und
das Bezugsmikrofon (115) gemessenen und
durch einen Zweikanal-A/D-Wandler (123) um-
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wandelten Signalpegel zu vergleichen;

- und wobei ein federnder Stecker (131) inner-
halb des ersten und zweiten Gehduseelements
(101, 102) zum Verbinden der Lautsprecher-
baugruppe (120) mit der Mikrofonbaugruppe
(110) eingebaut wird, um das Lautsprecheran-
steuersignal zu fiihren;

-und wobei der Hohlraum in dem ersten Gehau-
seelement (101) Umgebungsschall aus der Um-
gebung und den Schall aus der an einem Ende
des Hohlraums angeordneten Lautsprecher-
baugruppe (120) zu der an dem anderen Ende
des Hohlraums angeordneten Mikrofonbau-
gruppe (110) durchleitet.

Mikrofon nach Anspruch 1, wobei das Messmikrofon
(114) mindestens ein zusatzliches Mikrofon umfasst,
dessen Ausgang zu einem Ausgang des ersten
MEMS-Mikrofons summiert wird, und wobei das Be-
zugsmikrofon (115) mindestens ein weiteres zusatz-
liches Mikrofon umfasst, dessen Ausgang zu einem
Ausgang des zweiten MEMS-Mikrofons summiert
wird.

Mikrofon nach Anspruch 2, wobei die Bezugsmikro-
fone (115) eine andere Eigenschaft als die Mess-
mikrofone (114) aufweisen.

Mikrofon nach einem der vorhergehenden Anspri-
che,

- wobei der Mikroprozessor (126) konfiguriert
wird, eine Differenz zwischen dem durch das
Messmikrofon (114) und das Bezugsmikrofon
(115) gemessenen Signalpegel zu erfassen und
ein positives Systemprifungs-Ergebnissignal,
wenn die Differenz unterhalb eines Schwellen-
werts ist, und ansonsten ein negatives System-
prufungs-Ergebnissignal zu erzeugen.

Revendications

Micro d’extérieur comprenant :

-unensemble micro (110) comprenantau moins
un micro, et monté dans un premier boitier (101)
avec des ouvertures (1011) entourant une
cavité ;

- un ensemble haut-parleur (120), monté dans
un deuxieme boitier (102) connecté au premier
boitier (101), et comprenant un haut-parleur
(135) pour la production de sons ;

caractérisé en ce que :

- 'au moins un micro étant un premier micro
MEMS configuré comme un micro de mesure
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(114);

- 'ensemble micro (110) comprenant en outre :
- au moins un deuxiéme micro MEMS configuré
comme un micro de référence (115) ;

- un amplificateur (124) pour la génération d’'un
signal de commande de haut-parleur ;

- un microprocesseur (126) configuré pour com-
parer le niveau de signal mesuré par le micro
de mesure (114) et le micro de référence (115),
et converti par un convertisseur A/N bi-canal
(123) ;

- un connecteur élastique (131) installé a I'inté-
rieur des premier et deuxieme boitiers (101,
102) pour la connexion de I'ensemble haut-
parleur (120) a I'ensemble micro (110) pour la
conduction du signal de commande du haut-
parleur ; et

- la cavité dans le premier boitier (101) trans-
mettant le son ambiant provenant du milieu et
le son de 'ensemble haut-parleur (120), situé a
un bout de la cavité, a 'ensemble micro (110),
situé a l'autre bout de la cavité.

Micro selon la revendication 1, le micro de mesure
(114) comprenant au moins un micro supplémentai-
re, une sortie duquel est ajoutée a une sortie du pre-
mier micro MEMS, et le micro de référence (115)
comprenant au moins un micro supplémentaire, une
sortie duquel est ajoutée a une sortie du deuxieme
micro MEMS.

Micro selon la revendication 2, les caractéristiques
des micros de référence (115) étant différentes de
celles des micros de mesure (114).

Micro selon une quelconque des revendications pré-
cédentes,

le microprocesseur (126) étant configuré pour dé-
tecter une différence entre le niveau de signal me-
suré par le micro de mesure (114) et le micro de
référence (115), et pour générer un signal de résultat
positif du contréle du systéme si la différence est
inférieure a un seuil, et un signal de résultat négatif
du contréle du systeme dans le cas contraire.
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