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Description
Field of Invention

[0001] The present invention relates to a system and
method for audio signal processing in interiors and, in
particular, to a system and method for improved verbal
communication in passenger compartments.

Background of the invention

[0002] Verbal communication in interiors is often af-
fected by a noisy background and in case of electronically
amplified communication feedback effects tend to dete-
riorate the quality of the processed acoustic signals. A
prominent example for communication in interiors is the
communication of passengers in vehicular cabins of au-
tomobiles. In particular, at high traveling speeds dialogs
between back and front passengers are easily disturbed
by background noise. If additional audio signals, e.g.,
from a radio or a CD player, are output during the con-
versation, the intelligibility of the utterances deteriorates
further.

[0003] To improve the intelligibility of the passengers’
utterances communication system comprising speech
processing means have recently been employed in ve-
hicular cabins. Microphones mounted near each seat of
the cabin can detect speech signals fromthe passengers.
The microphone signals are processed by a speech sig-
nal processing means and output by loudspeakers.
Speech signals coming from a back passenger are pref-
erably output by front loudspeakers and vice versa.
[0004] Since the passenger compartments represent
relatively small interiors, the output signals from the loud-
speakers are easily fed back to the microphones, if inte-
rior communication system comprising microphones and
loudspeakers are used.

[0005] Consequently, itis necessary to reduce acous-
tic feedback that otherwise can cause, e.g., unpleasant
echoes. In the worst case, acoustic feedback can even
result in a complete breakdown of communication. Reli-
able feedback reduction means cannot easily be de-
signed, since the reverberating characteristics of vehic-
ular cabins are rather complex.

[0006] Basically, two kinds of methods have been em-
ployed to reduce feedback effects. Feedback suppres-
sion filters working similar to FIR error predictor filters
can reduce feedback in a particular frequency by mini-
mizing the power of an output signal in that frequency.
The filter coefficients are usually automatically adapted
by means of, e.g., the NLMS algorithm. The input signals
have to be delayed in order to avoid suppressing of short
time correlations that would result in a rather artificial
synthesized speech output.

[0007] However, the adaptation of the filter coefficient
is relatively time consuming, since small adaptation steps
are necessary in order to not suppress short time corre-
lated components of verbal utterances. Consequently,
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abrupt perturbations cannot be suppressed sufficiently
fast and may result in audible artifacts.

[0008] The FIR filter can be supplemented by some
weighted feedback path, which, however, may result in
an unstable filter means and thus demands for expansive
stability checks. In addition, feedback suppression filters
show the principle problem of reducing the feedback
component(s) of the acoustic signal in the cost function
by damping the corresponding frequency component.
The damping thus results in a subsequent enhancing of
the power of the feedback component and so on, i.e., a
damping oscillation occurs resulting in an unsatisfying
reduction of the acoustic feedback effects.

[0009] An altemative method makes use of compen-
sation filters. The impulse response of the loudspeaker-
compartment-microphone system is estimated and fold-
ed with the loudspeaker signal to estimate a feedback
signal, which then can be subtracted from the micro-
phone signal.

[0010] However, such filters do not work sufficiently
reliable, since the automatic adaptation of the filter coef-
ficients suffers from severe correlation problems. There-
fore, the adaptive compensation filters cannot guarantee
the high quality of speech signals that is necessary for
an electronically aided verbal communicationin vehicular
cabins, for example.

[0011] WO 00/30266 A discloses an audio communi-
cation system for use in the passenger compartment of
a vehicle providing full duplex communication through a
plurality of speakers and microphones while substantially
eliminating unwanted external interference and feed-
back. A digital signal processor further integrates an au-
dio entertainment and mobile transceiver subsystems.
[0012] US2005/064835 A1 discloses an audio system
and a control system in an automobile wherein the audio
systemoutput is automatically muted in response to input
signals indicating an incoming call to any of two or more
recognized cell phones or pagers. A digital input imple-
mentation employs a wire or cable from the cell phone
directly to the control system. The cable carries a signal
that is asserted whenever an incoming call is detected.
An audio input implementation uses a set of audio de-
tectors throughout the vehicle.

[0013] US 2003/032460 A1 discloses a wireless multi-
user hands-free gateway particularly suited for a vehicle.
The wireless hands-free gateway is capable of wireless
operation with any of a plurality of wireless phones es-
tablished on a piconet network within the vehicle. In the
disclosed embodiments, the wireless multi-user hands-
free gateway automatically identifies users within range,
and preferably gives priority use to the user detected or
otherwise identified to be the driver of the vehicle.
[0014] In conclusion, although complicated and time
consuming algorithms have been developed to increase
the quality of acoustic and, in particular, speech signals
in the context of communication systems in interiors,
there is still a need for improving feedback reduction in
electronically supported communication in, e.g., vehicu-
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lar cabins.

[0015] Thus, it is an object of the present invention to
provide an improved system and method for audio signal
processingin interiors, in particular, foranimproved com-
munication in passenger compartments as, e.g., auto-
mobile passenger compartments.

Description of the invention

[0016] The above mentioned object is achieved by the
indoor communication system mounted in or in proximity
to a passenger compartment according to claim 1, com-
prising:

at least one microphone mounted in the passenger
compartment;

at least one loudspeaker mounted in the passenger
compartment;

a signal processing means mounted in the passen-
ger compartment, wherein the signal processing
means comprises an input for receiving an acoustic
input signal from the at least one microphone and
an output for providing an acoustic output signal
based on the acoustic input signal to at least one of
the at least one loudspeaker; and

a mobile audio device comprising a microphone
and/or a loudspeaker, wherein the signal processing
means comprises an input for receiving an acoustic
input signal from the microphone of the mobile audio
device and an output for providing an acoustic output
signal based on the acoustic input signal to the loud-
speaker of the mobile audio device.

[0017] The mobile audio device may be a telephone
headset. The passenger compartment may be a vehic-
ular cabin of an automobile. Due to the complex rever-
beration characteristics of vehicular cabins of automo-
biles, the present invention is particularly suitable for in-
door communication systems in automobiles.

[0018] The signal processing means can output audio
signals to the loudspeaker(s) of the mobile audio device
(s). For, example audio signals received from one head-
set can be output to another headset or audios signals
detected by a microphone installed in the vehicle can be
output via the signal processing means to a headset.
[0019] If, e.g., two passengers both wear headsets
each comprising loudspeaker(s) and a microphone, they
can communicate with each other by means oftheir head-
sets. Verbal utterances of a first passenger can be de-
tected by the microphone of his headset and output to
the signal processing means. The signal processing
means processes the audio signals received from the
first passenger’s headset and transmits the processed
audio signals to a second passenger’s headset.

[0020] If, e.g., the driver only wears a headset, the mi-
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crophone of his headset detects his verbal utterances
and the headset transmits the corresponding acoustic
signals to the signal processing means. The signal
processing means outputs the audio signals after
processing to loudspeakers that are mounted in the ve-
hicle.

[0021] The inventive communication system, thus,
provides an improved quality of the acoustic signals pro-
vided to communication parties, since microphones near
the mouth of the respective speaker can detect the verbal
utterances und loudspeakers near the ears of the respec-
tive communication parties can output the audio signals
received via the signal processing means from the mobile
audio device(s) of the other communication parties.
[0022] The volume of the output audio signals can be
increased as compared to the prior art communication
systems that exhibit strong reverberations for relatively
high volumes. The signal-to-noise ratio of the audio sig-
nals to be processed by the signal processing means is
improved, since the audio signals are detected by a mi-
crophone near the speaker’'s mouth instead of a micro-
phone mounted at some distance in the vehicle.

[0023] Loudspeakers that are mounted in the vehicle
close to the communication party carrying the mobile au-
dio device, e.g., wearing a headset, can be muted and
feedback effects can largely or completely be avoided.
Consequently, complex and expansive signal processing
can significantly be simplified. Ina particularly simple em-
bodiment no feedback reduction filtering means and no
feedback compensation filtering means are present.
[0024] Other examples for mobile audio devices that
may be used as components of the communication sys-
temare hearing aids and supplemental telephone receiv-
ers commonly supplied with hands-free sets.

[0025] If a passenger who suffers from hearing prob-
lems wears a hearing aid connected to the signal
processing means, he can be directly provided with high
quality acoustic signals. Otherwise, he had to demand
for a relatively high volume of the output by loudspeakers
mounted in the vehicle that would result in severe feed-
back problems.

[0026] The mobile audio device as well as micro-
phones and loudspeakers that are mounted in the vehicle
may be connected to the signal processing means via a
cable connection or, more preferably, via a wireless con-
nection. Connection may be realized utilizing a headunit
and/or a car bus system.

[0027] The wireless connection may be realized by the
Bluetooth technology. Bluetooth represents a short-dis-
tance (<10 m) wireless communication technique that
becomes increasingly prevalent. Bluetooth is relatively
low in both cost and power consumption, which make it
very suitable for mobile devices. The Bluetooth technol-
ogy makes use of the ISM band (2,402 - 2,480 GHz) that
is globally available and license-free. The employed fast
frequency hopping method with 1600 frequency changes
per second guarantees a relatively high interference re-
sistance.
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[0028] Besides radio technology, including the Wire-
less Local Area Network (WLAN), infrared data transmis-
sion can be used according to an embodiment of the
present invention. In this case the standards of the Infra-
red Data Association IrDa 1.0, providing a transfer rate
up to 115 kBit/s, or the IrDa 1.1, providing a transfer rate
up to 4 MBit/s, may preferably used.

[0029] It should be noted that besides verbal utteranc-
es by other communication parties a passenger wearing,
e.g., a headset may receive audio signals by means of
this headset from audio devices mounted in the vehicle,
as, e.g., a CD player, DVD player, a tuner etc.

[0030] The indoor communication system provided
herein may further comprise a control means configured
to control the signal processing means to transmit an
audio signal to the at least one mobile audio device and/or
tothe at least one loudspeaker mounted in the passenger
compartment and to receive an audio signal from the at
least one mobile audio device and/or from the at least
one microphone mounted in the passenger compart-
ment.

[0031] Thus, an efficient control of input and output of
audio signals is provided. The control can depend on
whether or not a mobile audio device is connected to the
signal processing means. Alternatively, the control
means can be manually operated by the driver or another
passenger to control the signal processing means to
transmit/receive signals to/from a mobile audio device.
The microphones and loudspeakers mounted in the pas-
senger compartment may also be switched on and off
manually. It is to be understood that control of the signal
processing means can be performed by controlling, e.g.,
a headunit, a car bus system or appropriate switches.
[0032] The control means may be configured to auto-
matically switch off at least one microphone mounted in
the passenger compartment and/or to automatically
switch off or reduce the volume of the at least one loud-
speaker mounted in the passenger compartment in the
vicinity of the at least one mobile audio device, if the at
least one mobile audio device is connected to the signal
processing means.

[0033] Herein, a loudspeaker or a microphone mount-
ed in the passenger compartment is not in the vicinity of
a mobile audio device, if it is mounted closer to a seat
that is different from the seat on which the passenger
wearing or carrying the mobile audio device is positioned
than to the latter seat. Other microphones and loud-
speaker are considered to be in the vicinity of the mobile
audio device.

[0034] In addition, in the case of directional micro-
phones a microphone directed towards a passenger
wearing or carrying the mobile audio device is considered
as amicrophone in the vicinity of this mobile audio device,
i.e. the control means can be configured to switch off at
least one of the directional microphones directed to a
passenger who is equipped with one of the mobile audio
devices.

[0035] As mentioned above the passenger compart-
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ment can be a vehicular cabin of an automobile and at
least one microphone and at least one loudspeaker can
be mounted close to each passenger seat.

[0036] If, e.g., the driver only wears a headset, the
loudspeaker(s) and/or the microphone(s) close to the
driver seat may be switched off, while the other loud-
speakers and microphones mounted in the vehicle op-
erate normally. Thereby, no feedback perturbations are
caused on the driver’s side.

[0037] Particularly, in smaller passenger compart-
ments it may be preferred to realize an electronically sup-
ported communication between the driver and a front
passenger with the back passengers by mobile audio
devices used by the former ones and by loudspeakers
and possibly microphones mounted in the back of the
vehicle. Since the back passengers speak inthe direction
of the driver and the front passenger, respectively, com-
munication may be carried out without providing the back
passengers with mobile audio devices as, e.g., headsets.
[0038] According to one embodiment the inventive in-
door communication system may further comprise a
voice control means comprising a speech recognition
means. The voice control may be configured to control,
e.g., audio devices as CD players and DVD players or
elements of the vehicular cabin as mirrors as windows.
In order to operate successfully, the speech recognition
means need high quality acoustic input signals. Com-
mands input via microphones close to the speaker’s
mouth, as in the case of headsets, can be better under-
stood by the speech recognition means than commands
input via microphones mounted at some distance from
the speaker.

[0039] The inventive communication system may fur-
ther comprises a transceiver for communication with a
remote party outside the passenger compartment and
the control means may be configured to control the signal
processing means totransmit an acoustic signal received
from the remote party to at least one of the mobile audio
devices without transmitting an audio signal received
from a microphone mounted in the passenger compart-
ment or received from one of the at least one mobile
audio devices to the at least one of the mobile audio
devices that receives the acoustic signal from the remote
party via the signal processing means.

[0040] If e.g., the driver only is equipped with a tele-
phone headset comprising a Bluetooth link, he may com-
municate with other passengers via the headset. Then,
if an external telephone call arrives, the control means
can stop the indoor communication via the headset and
the telephone communication with a remote party can be
carried out by means of the headset as usual.

[0041] The above mentioned object is also achieved
by providing a communication method in a passenger
compartment comprising the steps of:

detecting whether at least one passenger is
equipped with a mobile audio device and generating
a detection signal according to the detection result;
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inputting an audio signal from at least one micro-
phone mounted in the passenger compartment or
from afirst mobile audiodevice to a signal processing
means based on the detection signal; and

processing the audio signal by the signal processing
means and outputting the processed audio signal to
at least one second mobile audio device and/or at
least one loudspeaker mounted in the passenger
compartment based on the detection signal.

[0042] The detection signal indicates the detection re-
sult. If the detection indicates that a first mobile audio
device is present, the audio signal can be input from this
audio device and if the detection signals indicate that a
second mobile audio device is present, the audio signal
can be output to the second mobile audioc device.
[0043] If it is detected that at least one passenger is
equipped with a mobile audio device a microphone
and/or a loudspeaker mounted in the passenger com-
partment in the vicinity of the at least one passenger who
is equipped with the at least one mobile audio device
may be switched off. Audio signals transmitted from one
mobile audio device to a signal processing means can
be output to loudspeakers mounted in the vehicle and/or
to loudspeakers of other mobile audio devices that are
also connected with the signal processing means.
[0044] According to one embodiment the detection
whether one or more of the passengers are equipped
with a mobile audio device can be simply carried out in
reaction of a manual input given by the passenger(s) or
by the establishment of the respective connection be-
tween the mobile audio device and the signal processing
means.

[0045] According to another embodiment, the detec-
tion can be carried out automatically by means of signal
processing. If, e.g., the driver wears a headset, his utter-
ances can be detected and transmitted to the signal
processing means by the microphone of the headset and
by one or more microphones mounted in the vicinity of
the driver’s seat and/or directed to the driver. The signal
processing means may compare incoming microphone
signals and if the signals from the mobile audic device
correspond to the signals received by the mounted mi-
crophones, the control means may switch of the latter.
Correspondence of the signals from the mobile audio de-
vice and the mounted microphones is not necessarily
given, since, e.g., the audio mobile device may be con-
nected to the signal processing means but it is not wom/
operated by a user.

[0046] The inventive method is applicable to commu-
nication between several passengers all equipped with
headsets, in which case, in principle, no output of audio
signals via the loudspeakers mounted in the vehicle is
necessary, and also to communication in a vehicle com-
partment with only a first passenger, i.e. a first commu-
nication party, wearing a mobile audio device in form of
a hearing aid connected to the signal processing means.
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In the latter case all mounted loudspeaker are operated
normally and audio signals representing utterances by
the other passengers are additionally output to the hear-
ing aid of the first passenger.

[0047] An example of the inventive method may com-
prise inputting an audio signal from the first mobile audio
device to the signal processing means without inputting
an audio signal from a microphone mounted in the pas-
senger compartment in the vicinity of the first mobile au-
dio device and/or outputting the processed audio signal
to the at least one second mobile audio device without
outputting the processed audio signal to a loudspeaker
mounted in the passenger compartment in the vicinity of
the at least one second mobile audio device.

[0048] Also it may be preferred switching off a micro-
phone mounted in the passenger compartment in the vi-
cinity of a passengerwho is equipped with the first mobile
audio device and/or in the vicinity of the at least one pas-
senger who is equipped with one of the at least one sec-
ond mobile audio device.

[0049] If e.g., the driver wears a headset, the micro-
phone(s) and loudspeaker(s) mounted in the vicinity of
the driver’'s seat, i.e. closer to the driver's seat than to
the other seats, can be switched off.

[0050] Additional features and advantages of the in-
vention will be described with reference to the drawings:

Fig. 1 shows a prior art communication system for a
vehicular cabin comprising microphones, loud-
speakers, and signal processing means.

Fig. 2 illustrates an example of an in-vehicle com-
munication system according to the invention com-
prising microphones, loudspeakers, signal process-
ing means and a headset worn by the driver of the
vehicle.

Fig. 3 illustrates an example of an in-vehicle com-
munication system according to the invention com-
prising microphones, loudspeakers, signal process-
ing means and headsets worn by the driver of the
vehicle and by another passenger.

Fig. 4 illustrates an example of an in-vehicle com-
munication system according to the invention com-
prising microphones, loudspeakers, signal process-
ing means and a hearing aid worn by a passenger.

[0051] Fig. 1 shows a communication systemin a pas-
senger compartment according to the state of the art.
Microphones 1 and loudspeakers 2 are mounted in the
vicinity of the driver 3 and the passengers 4, respectively.
Acoustic signals detected by the microphones 1 are proc-
essed by signal processing means 5 and output by the
loudspeakers 2. Expansive signal processing is neces-
sary in order to suppress acoustic feedback effects. Au-
dible artifacts can still not be avoided.

[0052] Fig. 2 illustrates an embodiment of the present
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invention. The communication system comprises a head-
set 6 worn by the driver 3, which is connected to a con-
nector 7 of a signal processing means 5. Connection to
the signal processing means 5 can physically be realized,
e.g., by a headunit comprising the connector 7. The con-
nection 8 can alternatively by a cable connection or a
wireless connection. If the connector 7 is a Bluetooth
connector, connection can be realized by the Bluetooth
technology. In this case, the Bluetooth headset profile
can be used, which is commonly available and well ap-
proved in practical applications. Alternatively, the Blue-
tooth audio profile may be used.

[0053] The driver 3 communicates with a backseat
passenger 4 by means of the headset 6. Thus, he uses
a microphone that is closer to the mouth as compared to
the microphone 1 mounted in the vehicle near the seat.
Moreover, he uses the loudspeaker(s) of the headset 6
instead of the loudspeaker 2 mounted near the seat.
Thus, the front loudspeaker can be muted whereby feed-
back to the microphone 1 near the driver is avoided. The
microphone 1 near the driver can also be switched off.
[0054] Consequently, intelligibility of the speech sig-
nals is increased for both parties, i.e. the driver 3 and the
backseat passenger 4. In this example, the latter one
communicates via the microphone 1 and loudspeaker 2
mounted closest to his seat in the vehicle.

[0055] In the example shown in Fig. 3 the backseat
passenger 4 also uses a headset 6 connected to the sig-
nal processing means 7 of an in-vehicle communication
system ofthe invention, e.g., by a Bluetooth link. Acoustic
signals detected by the microphone of the driver's head-
set 6 are input to the signal processing means 7 and
output to the loudspeaker(s) of the headset 6 of the back-
seat passenger. Acoustic signals detected by the micro-
phone of the headset 6 of the backseat passenger are
input to the signal processing means 7 and output to the
loudspeaker(s) of the driver's headset 6.

[0056] The signal processing means can be very sim-
ple as compared to signal processing means in conven-
tional in-vehicle communication systems that comprise
feedback reduction filters and/or compensation filters. In
the simplest case, the signal processing means of the
inventive communication system may comprise A/D- and
D/A-conversion without any feedback reduction means.
[0057] The microphones 1 and loudspeakers 2 mount-
ed in the vehicle may operate as if no headsets 6 were
used. Alternatively, the loudspeakers 2 may be muted
and the microphones 1 may be switched off, if the head-
sets 8 are in use. Whereas Fig. 3, for simplicity, illustrates
headset connections 8 to the driver 3 and a single back-
seat passenger 4 connections to several passengers on
back and front passengers seats can be provided ac-
cording to the present invention.

[0058] Fig. 4 shows another embodiment of the
present invention. One of the backseat passengers 4
wears a hearing aid 9. The hearing aid 9 is connected
via a Bluetooth link 8 with a connector 7 of a signal
processing means 5. The operation of the in-vehicle com-
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munication system can be performed by utilizing the mi-
crophones 1 and loudspeakers 2 mounted in the vehicle
and the acoustic signals designated to be output by the
loudspeaker 2 closest to the passenger who wears a
hearing aid are additionally output to the hearing aid 9
via the Bluetooth link.

[0059] The driver and the other backseat passenger
in Fig. 4 may also wear hearing aids or headsets con-
nected via cable or wireless connections to the connec-
tors 7 utilized for input and output of acoustic signals into
and from signal processing means 5.

[0060] Whereas headsets and hearing aids are explic-
itly described as components of the in-vehicle commu-
nication system, other related device, as, e.g., supple-
mental telephone receiver commonly supplied with
hands-free sets, can be connected to the connectors 7
for an improved communication in passenger compart-
ments. Obviously thisinvention can similarly been carried
out in compartments in trains, air crafts etc. instead of
automobile cabins.

[0061] The previously discussed examples are not in-
tended as limitations but serve as examples illustrating
features and advantages of the invention. It is to be un-
derstood that some or all of the above described features
can also be combined in different ways, as defined by
the appended claims.

Claims

1. Indoor communication system mounted in orin prox-
imity to a passenger compartment, comprising:

at least one microphone (1) mounted in the pas-
senger compartment;

atleast one loudspeaker (2) mounted in the pas-
senger compartment;

a signal processing means (5) mounted in the
passenger compartment, wherein the signal
processing means (5) comprises an input for re-
ceiving an acoustic input signal from the at least
one microphone (1) and an output for providing
an acoustic output signal based on the acoustic
input signal to at least one of the at least one
loudspeaker (2); and

amobile audio device (6; 9) comprising a micro-
phone and/or a loudspeaker, wherein the signal
processing means (5) comprises an input for re-
ceiving an acoustic input signal from the micro-
phone of the mobile audio device (6; 9) and an
output for providing an acoustic output signal to
the loudspeaker of the mobile audio device (6;
9).

2. System according to claim 1, further comprising a
control means configured to control the signal
processing means (5) to transmit an audio signal to
the at least one mobile audio device and/or to the at
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least one loudspeaker (2) mounted in the passenger
compartment and to receive an audio signal from the
at least one mobile audio device and/or from the at
least one microphone (1) mounted in the passenger
compartment.

System according to claim 2, wherein the control
means is configured to automatically switch off at
least one microphone (1) mounted in the passenger
compartment and/or to automatically switch off or
reduce the volume of the at least one loudspeaker
(2) mounted in the passenger compartment in the
vicinity of the at least one mobile audio device (6; 9),
if the at least one mobile audio device (6; 9) is con-
nected to the signal processing means (5).

System according to claim 2 or 3, wherein directional
microphones or arrays of directional microphones
are mounted in the passenger compartment and the
control means is configured to switch off at least one
of the directional microphones directed to a passen-
ger who is equipped with one of the mobile audio
devices (6; 9).

System according to one of the above claims, where-
in the at least one mobile audio device (6; 9) is con-
nected to the signal processing means (5) by acable
connection or a wireless connection, in particular, a
Bluetooth connection.

System according to one of the above claims, where-
in the mobile audio device (8; 9) is a headset or a
hearing aid.

System according to one of the above claims, where-
in the passenger compartment is a vehicular cabin
of an automobile and at least one microphone (1)
and at least one loudspeaker (2) is mounted close
to each passenger seat.

System according to one of the above claims, where-
in the communication system further comprises a
voice control means comprising a speech recogni-
tion means.

System according to one of the above claims, where-
in the communication system further comprises a
transceiver for communication with a remote party
outside the passenger compartment; and

wherein the control means is configured to control
the signal processing means to transmit an acoustic
signal received from the remote party to at least one
of the mobile audio devices without transmitting an
audio signal received from a microphone (1) mount-
ed in the passenger compartment or received from
one of the at least one mobile audio devices to the
atleast one of the mobile audio devices that receives
the acoustic signal from the remote party via the sig-
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13.

14.

12
nal processing means.

System according to claim 9, wherein the at least
one of the mobile audio devices is a headset com-
prising a Bluetooth link.

Method for indoor communication in a passenger
compartment comprising the steps of:

detecting whether at least one passenger is
equipped with a mobile audio device (6; 9) and
generating a detection signal according to the
detection result;

inputting an audio signal from at least one mi-
crophone (1) mounted in the passenger com-
partment or from a first mobile audio device (6;
9) to a signal processing means (5) based on
the detection signal; and

processing the audio signal by the signal
processing means (5) and outputting the proc-
essed audio signal to at least one second mobile
audio device (6; 9) and/or at least one loud-
speaker (2) mounted in the passenger compart-
ment based on the detection signal.

Method according to claim 11, wherein if the first
mobile audio device (8; 9) is present, the audio signal
is input from the first mobile audio device (6; 9) to
the signal processing means (5) and if the second
mobile audio device (8; 9) is present, the audio signal
is output by the signal processing means (5) to the
second mobile audio device (6; 9).

Method according to claim 11 or 12, comprising
inputting the audio signal from the first mobile audio
device (6; 9) to the signal processing means (5) with-
out inputting an audio signal from a microphone (1)
mounted in the passenger compartment in the vicin-
ity of the first mobile audio device (6; 9) and/or out-
putting the processed audio signal to the at least one
second mobile audio device (6; 9) without outputting
the processed audio signal to a loudspeaker (2)
mounted in the passenger compartment in the vicin-
ity of the at least one second mobile audio device
(6; 9).

Method according to one of the claims 11 - 13, com-
prising, if it is detected that at least one passenger
is equipped with a mobile audio device (6; 9), switch-
ing off a microphone (1) mounted in the passenger
compartment in the vicinity of the passenger who is
equipped with the mobile audio device (6; 9).

Patentanspriiche

1.

Innenraumkommunikationssystem, das in oder in
der Nahe einer Passagierkabine installiert ist, und
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das umfasst:

zumindest ein Mikrofon (1), das in der Passa-
gierkabine installiert ist;

zumindest einen Lautsprecher (2), der in der
Passagierkabine installiert ist;

eine Signalverarbeitungseinrichtung (5), die in
der Passagierkabine installiert ist, wobei die Si-
gnalverarbeitungseinrichtung (5) einen Eingang
zum Empfangen eines akustischen Eingangssi-
gnals von demzumindest einen Mikrofon (1) und
einen Ausgang zum Liefern eines akustischen
Ausgabesignals auf der Grundlage des akusti-
schen Eingangssignals an den zumindest einen
Lautsprecher (2) umfasst; und

eine mobile Audioeinrichtung (6; 9), die ein Mi-
krofon und/oder einen Lautsprecher umfasst,
wobei die Signalverarbeitungseinrichtung (5) ei-
nen Eingang zum Empfangen eines akusti-
schen Eingangssignals von dem Mikrofon der
mobilen Audioeinrichtung (6; 9) und einen Aus-
gang zum Liefern eines akustischen Ausgabe-
signals an den Lautsprecher der mobilen Audic-
einrichtung (8; 9) umfasst.

System gemafd Anspruch 1, das weiterhin eine Steu-
ereinrichtung umfasst, die dazu ausgebildet ist, die
Signalverarbeitungseinrichtung (5) dahingehend zu
steuern, ein Audiosignal an die zumindest eine mo-
bile Audioeinrichtung und/oder an den zumindest ei-
nen Lautsprecher (2), der in der Passagierkabine
installiert ist, zu senden und ein Audiosignal von der
zumindest einen mobilen Audioeinrichtung und/oder
von dem zumindest einen Mikrofon (1), das in der
Passagierkabine installiert ist, zu empfangen.

System gemaf Anspruch 2, in dem die Steuerein-
richtung dazu ausgebildet ist, automatisch zumin-
dest ein Mikrofon (1) auszuschalten, das in der Pas-
sagierkabine installiert ist, und/oder automatisch
den zumindest einen Lautsprecher (2) auszuschal-
ten, der in der Passagierkabine in der Nahe der zu-
mindest einen mobilen Audioeinrichtung (6; 9} instal-
liert ist, oder seine Lautstarke zu verringern, wenn
die zumindest eine mobile Audioeinrichtung (6; 9)
mit der Signalverarbeitungseinrichtung (5) verbun-
den ist.

System gemaf’ Anspruch 2 oder 3, in dem Richtmi-
krofone oder Anordnungen von Richtmikrofonen in
der Passagierkabine installiert sind und die Steuer-
einrichtung dazu ausgebildet ist, zumindest eines
der Richtmikrofone auszuschalten, das auf einen
Passagier gerichtet ist, der mit einem der mobilen
Audioeinrichtungen (6; 9) ausgestattet ist.

System gemal einem der vorhergehenden Anspri-
che, in dem die zumindest eine mobile Audioeinrich-
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10.

1.

tung (6; 9) Uber eine Kabelverbindung oder eine
Drahtlosverbindung, insbesondere eine Bluetooth -
Verbindung, mit der Signalverarbeitungseinrichtung
(5) verbunden ist.

System gemaf einem der vorhergehenden Anspru-
che, in dem die mobile Audioeinrichtung (6; 9) ein
Headset oder ein Horgerat ist.

System gemaf einem der vorhergehenden Anspru-
che, in dem die Passagierkabine eine Fahrzeugka-
bine eines Automobils ist und zumindest ein Mikro-
fon (1) und zumindest ein Lautsprecher (2) nahe je-
dem Passagiersitz installiert ist.

System gemaf einem der vorhergehenden Anspru-
che, in dem das Kommunikationssystem eine
Sprachsteuerungseinrichtung umfasst, die eine
Spracherkennungseinrichtung umfasst.

System gemaf einem der vorhergehenden Anspru-
che, in dem das Kommunikationssystem weiterhin
einen Transceiver zur Kommunikation mit einer ent-
fernten Partei aufierhalb der Passagierkabine um-
fasst; und

in dem die Steuereinrichtung dazu ausgebildet
ist, die die Signalverarbeitungseinrichtung da-
hingehend zu steuern, ein akustisches Signal,
das von der entfernten Partei empfangen wird,
an zumindest eine der mobilen Audioeinrichtun-
gen zu senden, ohne ein Audiosignal, das von
einem Mikrofon (1) empfangen wird, das

in der Passagierkabine installiert ist, oder von
einer der zumindest einen mobilen Audioein-
richtung empfangen wird, an die zumindest eine
der mobilen Audioeinrichtungen zu senden, die
das akustische Signal von der entfernten Partei
Uber die Signalverarbeitungseinrichtung emp-
fangt.

System gemafy Anspruch 9, in dem die zumindest
eine der mobilen Audioeinrichtungen ein Headset
ist, das eine Bluetooth - Verbindung umfasst.

Verfahren zur Innenraumkommunikation in einer
Passagierkabine, das die Schritte umfasst:

Detektieren, ob zumindest ein Passagier mit ei-
ner mobilen Audioeinrichtung (8; 9) ausgestattet
ist, und Erzeugen eines Detektionssignals ge-
maf dem Detektionsergebnis;

Eingeben eines Audiosignals von zumindest ei-
nem Mikrofon (1), das in der Passagierkabine
installiert ist, oder von einer ersten mobilen Au-
dioeinrichtung (6; 9) in eine Signalverarbei-
tungseinrichtung (5) auf der Grundlage des De-
tektionssignals; und
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Verarbeiten des Audiosignals durch die Signal-
verarbeitungseinrichtung (5) und Ausgeben des
verarbeiteten Audiosignals an zumindest eine
zweite mobile Audioeinrichtung (6; 9) und/oder
an zumindest einen Lautsprecher (2), der in der
Passagierkabine installiert ist, auf der Grundla-
ge des Detektionssignals.

Verfahren gemafs Anspruch 11, in dem, wenn die
erste mobile Audioeinrichtung (6; 9) vorhanden ist,
das Audiosignal von der ersten mobilen Audioein-
richtung (6; 9) in die Signalverarbeitungseinrichtung
(5) eingegeben wird und, wenn die zweite mobile
Audioeinrichtung (8; 9) vorhanden ist, das Audiosi-
gnal von der Signalverarbeitungseinrichtung (5) an
die zweite mobile Audioeinrichtung (6; 9) ausgege-
ben wird.

Verfahren gemafd Anspruch 11 oder 12, das umfasst
Eingeben des Audiosignals von der ersten mobilen
Audioeinrichtung (6; 9) in die Signalverarbeitungs-
einrichtung (5) ohne Eingeben eines Audiosignals
von einem Mikrofon (1), das in der Passagierkabine
in der Nahe der ersten mobilen Audioeinrichtung (6;
9) installiert ist, und/oder Ausgeben des verarbeite-
ten Audiosignals an die zumindest eine zweite mo-
bile Audioeinrichtung (6; 9), ohne das verarbeitete
Audiosignal an einen Lautsprecher (2) auszugeben,
der in der Passagierkabine in der Nahe der zumin-
dest einen zweiten mobilen Audioeinrichtung (6; 9)
installiert ist.

Verfahren gemaf einem der Anspriiche 11- 13, das,
wenn detektiert wird, dass zumindest ein Passagier
mit einer mobilen Audioeinrichtung (6; 9) ausgestat-
tet ist, das Ausschalten eines Mikrofons (1), das in
der Passagierkabine in der Nahe des Passagiers in-
stalliert ist, der mit der mobilen Audioeinrichtung (6;
9) ausgestattet ist, umfasst.

Revendications

1.

Systeéme de communication intérieur monté dans un
habitacle ou a proximité de celui-ci, comprenant :

au moins un microphone (1) monté dans I'habi-
tacle;

au moins un haut-parleur (2) monté dans I'ha-
bitacle;

des moyens de traitement de signal (5) montes
dans I'habitacle, dans lequel les moyens de trai-
tement de signal (5) comprennent une entrée
pour recevoir un signal acoustique d’entrée du-
dit au moins un microphone (1) et une sortie
pour fournir un signal acoustique de sortie basé
sur le signal acoustique d’entrée a au moins I'un
desdits au moins un haut-parleurs (2) ; et
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un dispositif audio mobile (6 ; 9) comprenant un
microphone et/ou un haut-parleur, dans lequel
les moyens de traitement de signal (5) compren-
nent une entrée pour recevoir un signal acous-
tique d’entrée du microphone du dispositif audio
mobile (6 ; 9) et une sortie pour fournir un signal
acoustique de sortie au haut-parleur du dispo-
sitif audio mobile (6 ; 9).

Systéme selon la revendication 1, comprenant en
outre des moyens de commande configurés pour
commander les moyens de traitement de signal (5)
pour transmettre un signal audio audit au moins un
dispositif audio mobile et/ou audit au moins un haut-
parleur (2) montes dans 'habitacle et pour recevoir
un signal audio dudit au moins un dispositif audio
mobile et/ou dudit au moins un microphone (1) mon-
tés dans I'habitacle.

Systeme selon la revendication 2, dans lequel les
moyens de commande sont configurés pour couper
automatiquement au moins un microphone (1) mon-
té dans 'habitacle et/ou pour couper ou réduire auto-
matiquement le volume dudit au moins un haut-
parleur (2) monté dans I'habitacle a proximité dudit
au moins un dispositif audio mobile (6 ; 9), si ledit au
moins un dispositif audio mobile (6 ; 9) est connecté
aux moyens de traitement de signal (5).

Systeme selon la revendication 2 ou 3, dans lequel
des microphones directionnels ou des réseaux de
microphones directionnels sont montés dans I'habi-
tacle et les moyens de commande sont configurés
pour couper au moins I'un des microphones direc-
tionnels dirigés vers un passager qui est equipé d’un
des dispositifs audio mobiles (6 ; 9).

Systeme selon I'une des revendications ci-dessus,
dans lequel ledit au moins un dispositif audio mobile
(6 ; 9) est connecté aux moyens de traitement de
signal (5) par une connexion par cable ou une con-
nexion sans fil, en particulier, une connexion Blue-
tooth.

Systeme selon I'une des revendications ci-dessus,
dans lequel le dispositif audio mobile (6 ; 9) est un
casque acoustique ou un appareil auditif.

Systeme selon I'une des revendications ci-dessus,
dans lequel I'habitacle est un habitacle de vehicule
d’'une automobile et au moins un microphone (1) et
au moins un haut-parleur (2) sont montés a proximite
de chaque siege de passager.

Systeme selon I'une des revendications ci-dessus,
dans lequel le systéme de communication comprend
en outre des moyens de commande vocale compre-
nant des moyens de reconnaissance vocale.
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Systéme selon I'une des revendications ci-dessus,
dans lequel le systéme de communication comprend
en outre un émetteur-récepteur pour communiquer
avecuntiers adistance al’extérieur de'habitacle ; et

dans lequel les moyens de commande sont con-
figurés pour commander les moyens de traite-
ment de signal pour transmettre un signal
acoustique regu du tiers a distance a au moins
'undesdispositifs audio mobiles sans transmet-
tre un signal audio recu d'un microphone (1)
monté dans 'habitacle ou regu de I'un desdits
au moins un dispositifs audio mobiles audit au
moins un des dispositifs audio mobiles qui regoit
le signal acoustique du tiers a distance par I'in-
termédiaire des moyens de traitement de signal.

Systéme selon la revendication 9, dans lequel ledit
au moins un des dispositifs audio mobiles est un
casque acoustique comprenant une liaison Blue-
tooth.

Procédé pour une communication intérieure dans un
habitacle comprenant les étapes consistant a :

détecter si au moins un passager est equipé
d’'un dispositif audio mobile (6 ; 9) et générer un
signal de détection en fonction du resultat de
détection ;

appliquer un signal audio provenant d’au moins
un microphone (1) monté dans I'habitacle ou
d’un premier dispositif audio mobile (6 ; 9) a des
moyens de traitement de signal (5) sur la base
du signal de détection ; et

traiter le signal audio par les moyens de traite-
mentde signal (5) etdélivrer le signal audio traité
a au moins un deuxieme dispositif audio mobile
(6 ; 9) et/ou au moins un haut-parleur (2) montés
dans 'habitacle sur la base du signal de détec-
tion.

Procédé selon la revendication 11, dans lequel, sile
premier dispositif audio mobile (6 ; 9) est présent, le
signal audio est appliqué du premier dispositif audio
mobile (6 ; 9) aux moyens de traitement de signal
(5) et, si le deuxieme dispositif audio mobile (6 ; 9)
est présent, le signal audio est delivré parles moyens
de traitement de signal (5) au deuxieme dispositif
audio mobile (6 ; 9).

Procédé selon la revendication 11 ou 12, compre-
nant les étapes consistant a :

appliquer le signal audio provenant du premier
dispositif audio mobile (6 ; 9) aux moyens de
traitement de signal (5) sans appliquer un signal
audio provenant d’un microphone (1) monte
dans I'habitacle a proximité du premier dispositif
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10

audio mobile (6 ; 9) et/ou délivrer le signal audio
traité audit au moins un deuxiéme dispositif
audio mobile (6 ; 9) sans délivrer le signal audio
traité a un haut-parleur (2) monté dans I'habita-
cle a proximité dudit au moins un deuxiéme dis-
positif audio mobile (6 ; 9).

14. Procédé selon 'une des revendications 11 a 13,

comprenant, s’il est détecté qu’au moins un passa-
ger est équipé d’'un dispositif audio mobile (6 ; 9), la
coupure d’un microphone (1) monté dans I'habitacle
a proximité du passager qui est équipé du dispositif
audio mobile (6 ; 9).
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