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(57) Abréegée/Abstract:

The present invention relates to a vehicle communication system comprising: - a plurality of microphones (110, 111, 112) adapted
to detect speech signals of different vehicle passengers, - a mixer (140) combining the audio signal components of the different
microphones to a resulting speech output signal, - a weighting unit (130) determining the weighting of said audio signal
components for the resulting speech output signal, wherein the weighting unit determines the weighting of the signal components
taking Into account non- acoustical information about the presence of a vehicle passenger.
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ABSTRACT

Vehicle Communication System

The present invention relates to a vehicle communication system comprising:
- a plurality of microphones (110, 111, 112) adapted to detect speech signals
of different vehicle passengers,

- a mixer (140) combining the audio signal components of the different
microphones to a resulting speech output signal,

- a weighting unit (130) determining the weighting of said audio signal
components for the resulting speech output signal, wherein the weighting
unit determines the weighting of the signal components taking into account

non- acoustical information about the presence of a vehicle passenger.
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Vehicle Communication System

This invention relates to a vehicle communication system and to a method
for controlling a speech output of said vehicle communication system.

In vehicles the use of communication systems has been proliferation over the
last few years. In current vehicles a communication module 1s often
incorporated. These communication systems normally comprise several
microphones which are positioned at predetermined locations within the
vehicle. It may happen that one microphone 1s used for one vehicle seat
position to pick up the voice signal of the user. Additionally, it i1s possible to
use an array of microphones for one vehicle seat position. With such an
array of microphones it is possible to pick up the voice signal of a vehicle
passenger for certain directions. These direction-limited signal pick up 1s
also known by the expression “beamforming”’. The most common application
is hands-free telephony with a communication partner outside the vehicle.

Communication systems in vehicles can be used for different purposes. First
of all, it is possible to use the human speech for controlling predetermined
electronic devices using a speech command. Additionally, telephone calls in
a conference call are possible with two or more subscribers within the
vehicle. In this example a person sitting on a front seat and a person sitting
on one of the back seats may talk to a third person on the other end of the
line using a hands-free communication system inside the vehicle. Moreover,
it is possible to use the communication system inside the vehicle for the
communication of different vehicle passengers to each other. When several
persons sitting on different seats in a vehicle use the same communication
system, the different microphones provided in the vehicle pick up the voice
signals of the different passengers. A mixer combines the different audio
signal components of the different microphones to a resulting speech output
signal. To this end the communication system has to weight the different
signal components detected by the different microphones in order to
generate a resulting speech output signal. The weighting of the signal
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components normally depends on time and depends on the speech activity of
the passenger the voice signal of whom is recorded. In systems known in the
art the speech activity for each vehicle seat is determined by processing the
audio signal detected by the microphone or the array of microphones for a
certain vehicle seat. In these system the speech activities for a certain
vehicle seat have to be controlled during use of the communication system.
It 1s possible that a passenger does not speak at the beginning of the
conversation, but does start to communicate with the other persons during
the conversation. In all these cases the system has to verify during the whole
conversation whether a speech signal can be detected for a certain vehicle
seat.

This can lead to false detection of speech signals, as speech signals from
other vehicle passengers may be detected by a certain microphone. This false
detection normally lowers the weighting of the actually speaking passenger
resulting in a speech output signal of lower signal quality. Additionally, the
weighting for the different vehicle seats are not set to zero in order to avoid
that a spontaneous utterance of a passenger is also transmitted via the
communication system. If the weighting for a predetermined vehicle seat is
set to zero, the beginning of an utterance would not be transmitted. This is
why in known communication systems none of the vehicle seat speech
signals has a zero weighting.

Accordingly a need exists to improve vehicle communication systems in such
a way that the resulting speech output signal reflects the actual presence of
the passengers inside the vehicle. This need is met by the features of the
independent claims. In the dependent claims preferred embodiments of the
invention are described.

According to a first aspect of the invention the vehicle communication
system comprises a plurality of microphones adapted to detect speech
signals of different vehicle passengers. Furthermore, a mixer is provided
combining the audio signal components of the different microphones to a
resulting speech output signal. A weighting unit determines the weighting of
the audio signal components for the resulting speech output signal.
According to the invention the weighting unit determines the weighting of
the signal components taking into account non-acoustical information about
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the presence of a vehicle passenger. This non-acoustic information can
determine with a high probability whether a vehicle passenger is present on
a certain vehicle seat. In the prior art systems only acoustical information
was used for determining the weighting of the different signal components.
However, these acoustical information do not provide an information
whether a certain acoustical signal is coming from a predetermined vehicle
seat with a high probability By taking into account non-acoustical
information it can be determined whether a vehicle seat 1s occupied or not.
Depending on the presence of a passenger on the seat the resulting speech
output signal can be generated by taking into account signal components

from said vehicle seat or by not taking into account signal components of
said vehicle seat.

According to one embodiment of the invention a vehicle seat pressure sensor
is used, and the weighting unit determines the weighting of the audio signal
components taking into account signals from said pressure sensor. The
pressure sensor can determine with a high accuracy whether a passenger i1s
sitting on a vehicle seat or not. When the pressure sensor of a predetermined
vehicle seat determines that no one is sitting on said seat, the weighting for
the signal components for said seat can be set to zero. In this embodiment,
the system determines the empty seats and controls the weighting unit in

such a way, that weightings of signal components of empty seats are set to
ZEero.

Furthermore, it is possible to use the non-acoustical information provided by
an image sensor. According to this embodiment of the invention the image
sensor can be used, the weighting unit determines the weighting of the audio
signal components taking into account signals from said image sensor. By
way of example a camera can take pictures of the different vehicle seats.
When no passenger is detected on a vehicle seat, the weighting for the
microphones of said vehicle seat can be set to zero. The weighting of the
other vehicle seats for which a passenger was detected can now be adjusted
in accordance with the detected acoustical information. Thus, the quality of
the resulting speech output signal can be improved, as signal components
for which no speech signal exists, are not used for generating the resulting
output signal. When a camera it 1s used, it 1s also possible to control the

camera in such a way that moving pictures can be generated. With this the
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speech activity of the person can be determined from the pictures of the
camera, e.g. by detecting the movement of the lips. This information can be
used for detecting the speech activity of the passenger from whom the
pictures are taken. When i1t 1s determined that the passenger on the seat
does not speak using the image signal, the noise can be suppressed in a
more effective way, as it is easier to differentiate between moments where the
passenger is speaking and moments where the passenger is not speaking.

According to another aspect of the invention loudspeakers of the vehicle
communication system can also be adapted to the presence of the vehicle
passenger. If several loudspeakers are used, it is possible to direct the
emitted sound to a certain direction by introducing time delays in the signals
emitted by different loudspeakers. If the system knows that a certain vehicle
seat 1s not occupied, the loudspeakers of the vehicle communication system
can be optimized for the person or persons who are present in the vehicle.
This beamforming of the audio signal can be done with any audio signal
emitted by the loudspeaker, be it music or the voice signal in case of a
communication with a third person.

In an 1in-car communication system loudspeakers which are located close to
a passenger are used for play back signals for this passenger. If the seat is
not occupied by a person, there is no need for the in-car communication
system to play back signals over the corresponding loudspeakers. Thus, the
risk of howling is reduced significantly and the system stability increases.

Surround sound systems aim to optimize sound quality and sound effects
for the different seats. Because the effect should be present for all seats
there is always a compromise for the quality. If a seat is not occupied by a
person, there 1s no need to optimize the sound quality for this position.
Thus, the quality for the other seat positions can be further optimized.

Often a microphone array is used for detecting the audio signals of different
vehicle seats. By way of example a microphone array of two to four
microphones may be arranged in the front part of the vehicle picking up the
speech signals from the driver and from the other passenger front seat.
These different signals detected by one array of microphones can then be fed
to a beamforming unit which generates a vehicle seat speech signal relative
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to each vehicle seat combining the signal detected from the array of
microphones.

According to another aspect of the invention a method for controlling a
speech output of a vehicle communication system is provided comprising the
following steps. The speech signal of at least one vehicle passenger is
detected using a plurality of microphones. Furthermore, the different speech
signal component detected by the different microphones are weighted and
the weighted speech signal components are combined to a resulting speech
output signal. According to the invention the weighting of the different
speech signal components is determined taking into account non-acoustical
information about the present of vehicle passengers. By way of example the
signal of a seat pressure sensor can be used for detecting the presence of a
passenger and/or the signal of an image sensor can be used for detecting
the presence of a passenger on the different vehicle seat positions. When it is
detected that for a predetermined vehicle seat position no passenger can be
detected, the signal components for said vehicle seat position are set to zero.
This helps to improve the signal quality of the generated speech output
signal as it i1s possible to consider only signal components of vehicle seat
positions where a passenger 1s present.

Preferably, when an array of microphones 1s used the audio signal
components for said vehicle seat position are determined, and the weighting
of the signal components is determined and a speech signal beam is formed
for said vehicle position. The beamforming is then performed for the different
seat directions. When it 1s detected that for a predetermined vehicle seat
position no passenger is present, the weighting for said non-occupied vehicle
seat position 1s set to zero.

These and other aspects of the invention will become apparent from the
embodiments described hereinafter.

In the drawings

Fig. 1 shows a schematic view of a vehicle communication system taking into
account non-acoustical information.
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Fig. 2 is a flowchart showing the different steps for determining an enhanced
output signal, and

Fig. 3 shows a flowchart of a method in which the audio output is optimized
for the vehicle passengers who are actually present.

In Fig. 1 a vehicle communication system 1s shown in which a speech output
signal is generated using non-acoustical information about the presence of a
passenger. The communication system comprises several microphones for
picking up the audio signals of the passenger. By way of example in the
present case four microphones are positioned in a microphone array 110 in
the front of the vehicle for detecting the speech signals of the driver's seat
and of the other front passenger seat. Additionally, a microphone 111 1s
provided for detecting the speech signal of a passenger sitting in the back on
the left side and a microphone 112 1s arranged for picking up the speech
signal of a person sitting in the back on the right side. The four microphones
of the array 110 form a speech signal xi(t) for the driver in the beamformer
120. In the beamformer 120 the signals of the four microphones are
processed in such a way that mainly signals originating from the direction of
the driver are used. The same 1s done for the other front seat, where the
signal of the four microphones of the array 110 are used for determining a
signal x2(t) in the beamformer of the front seat 121. The microphones 111
and 112 pick up the speech signal of the seat in the back on the left and
right side, respectively. Here in the present case only one microphone is
used in the back so that a beamforming unit is not necessary. In a noise
reduction unit 122 the speech signal of the right hand side of the back is
processed by noise reduction algorithms. The same 1s done for the speech
signal detected by the microphone 111 in the noise reduction unit 123.

Summarizing a seat-related speech signal is determined for each of the
different vehicle positions. In the embodiment shown four different positions
are possible for which the speech signals are detected. For each passengers
a signal xp(t) is calculated. From the different passenger signals xp(t) a
resulting speech output signal y(t) i1s calculated using the following equation:

y0) =) a,(Dx,(t)

p=1
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The maximum number of passengers participating at the communication is
P, the factor ap(t) being the weighting for the different users of the
communication system. As can be seen from the above equation the
weighting depends on time as the resulting output signal should be
generated from the signal components of the passengers which are actually
speaking. The weighting of the different signal components is determined in
a weighting unit 130. In the weighting unit 130 the different weightings ap(t)
are calculated and fed to a mixer 140 which mixes the different vehicle seat
speech signals in order to generate an resulting speech output signal y(t).
Furthermore, a passenger detecting unit 150 is provided which uses non-
acoustical information about the presence of a vehicle passenger for the
different vehicle seat positions. The passenger detecting unit can use
different sensors 160 which detect the presence of a passenger on the
different vehicle seats. By way of example the sensors 160 could be a
pressure sensor which detect the presence of a passenger on a seat by the
weight provided on said seat. Furthermore, it is possible to use a camera
taking pictures from the different vehicle seats. When a camera is used, the
video information can also be used for detecting the speech activity of a
passenger by detecting the movement of the lips. When the lips are moving
and the passenger i1s speaking the weighting of the signals for said passenger
can be increased, whereas the weighting can be decreased for passengers
which are actually not speaking. When it i1s detected that no passenger is
present on a vehicle seat as shown in the figure for the front seat on the
right and the back seat on the left the weighting coefficients for the seat-

related speech signal Xp(t) can be set to zero. In the embodiment shown this
would mean that the weighting for the signal x2(t) and x4(t) are set to zero so
that signal components from these vehicle seats do not contribute to the

output signal y(t). The weighting of signal components of empty seats are set
to zero.

In connection with Fig. 2 the different steps are explained which are needed
for calculating an improved output signal y(t). The process starts in step
210. In step 220 the speech signals are detected using the different
microphone positioned in the vehicle. In step 230 the audio signals detected
by the microphones 110 to 112 are combined in order to generate a vehicle
seat-related speech signal xp(t) for each vehicle seat (step 230). Furthermore,
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the occupation status of the different vehicle seats is detected in step 240. In
dependence of the occupation status the signal components for which no
passenger was detected, are set to zero in step 250. This helps to avoid to
use signal components detected by microphones where no passenger is
sitting. After setting the seat-related speech signal components to zero the
remaining seat-related speech signals are combined in step 260 and
weighted depending on the speech activity of the different passengers. The
process ends 1n step 270.

In connection with Fig. 3 it is described how the information about the
presence of a passenger on a vehicle seat can be used for improving the
audio signal output by the loudspeakers (not shown in Fig. 1). After starting
the process in step 310 the occupation status of the different vehicle seats
can be detected in 320 using either a pressure sensor or using a camera or
using both sensors. For the vehicle seats for which no passenger is present
no audio output has to be generated by the loudspeakers. When several
loudspeakers are used it 1s possible to form a sound beam directed to one of
the vehicle seats. When it 1s known that one of the vehicle seats is not
occupied, e.g. the seat next to the driver, the loudspeakers can be controlled
in such a way that the sound beam 1is directed to the occupied vehicle seat
(step 330). With this beamiorming the sound can be focussed on the person
sitting on the vehicle seat. The weighting for the formed sound beam, which
was formed for empty seats, can be set to zero. This has the further
advantage that the microphones for picking up the speech signals of the
passengers which are normally positioned in a distance of about 30 to 70 cm
do pick up less sound emitted from the loudspeakers, as this sound is
directed more precisely to the passenger's head. The process ends in step

340.

Summarizing the present invention provides a system and a method having
an enhanced speech output signal, as signal components for which no
passenger exists can be realiably excluded. It is not necessary to cheap
signal components detected by microphones positioned in the
neighbourhood of vehicle seats on which no passenger is sitting. As a result
less signals have to be considered for calculating the output signal and the
use of signal components detected from microphones from other passengers
can be avoided.
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CLAIMS

1. Vehicle communication system comprising:

- a plurality of microphones (110, 111, 112) adapted to detect speech
signals of different vehicle passengers,

- a mixer (140) combining the audio signal components of the different
microphones to a resulting speech output signal,

- a weighting unit (130) determining the weighting of said audio signal
components for the resulting speech output signal, characterized in that
the weighting unit determines the weighting of the signal components
taking into account non-acoustical information from a sensor (160)
about the presence of a vehicle passenger, and that, if the presence of a
passenger at a predetermined vehicle seat position can not be detected,
the weighting unit sets the weighting of the signal components of said

vehicle seat position to zero.

2. Vehicle communication system according to claim 1, characterized by
further comprising a vehicle seat pressure sensor, wherein the weighting
unit determines the weighting of the audio signal components taking into

account signals from said pressure sensor.

3. Vehicle communication system according to claim 1 or 2,
characterized by further comprising an image sensor, wherein the
weighting unit determines the weighting of the audio signal components

taking into account signals from said image sensor.

4. Vehicle communication system according to any one of claims 1 to 3,

characterized by further comprising a plurality of loudspeakers for

PO T e e e R e A VT b M D A e AN
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outputting audio signals, the use of the different loudspeakers depending

on said information about the presence of a vehicle passenger.

5. Vehicle communication system according to any one of claims 1 to 4,

characterized in that image sensor detects the speech activity of a vehicle

passenger.

6. Vehicle communication system according to any one of claims 1 to 95,
characterized by further comprising a beamforming unit which generates
a vehicle seat speech signal combining the signals detected from a

plurality of microphones picking up speech signals from one passenger

sitting on a vehicle seat.

7. Method for controlling a speech output of a vehicle communication
system, comprising the following steps:

- detecting speech signals of at least one vehicle passenger using a
plurality of microphones (110, 111, 112),

- weighting the speech signal components detected by the different
microphones,

- combining the weighted speech signal components to a resulting speech

output signal,

characterized in that the weighting of the different speech signal
components 1s determined taking i1nto account non-acoustical
information from a sensor (160) about the presence of vehicle
passengers, and that the weighting for the signal components for a

predetermined vehicle seat position is set to zero, when it is detected that

there is no passenger on said vehicle seat position.
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8. Method according to claim 7, characterized by further comprising the
step of determining the audio signal components for the different vehicle
seat passenger positions, wherein the weighting of the signal components

is determined for the different vehicle seat positions.

9. Method according to claim 7 or 8, wherein the resulting speech signal

is used for one or more of
- the voice controlled operation of a vehicle component,

- a conference call with an external subscriber and at least two vehicle

passengers, and

- the communication of different vehicle passengers with each other.

10. Method according to any one of claims 7 to 9, characterized by
further comprising the step of adding the different weighted signal
components detected by the microphone to the resulting speech output

signal.

11. Method according to any one of claims 7 to 10, characterized by
further comprising the step of controlling the output of an audio signal
via a plurality of loudspeakers depending on the non-acoustical

information about the presence of a vehicle passenger for a

predetermined vehicle position.

12. Method according to claim 11, characterized in that the output ot the
audio signal via the loudspeakers i1s optimized for the vehicle seat

positions, for which it has been determined that a passenger 1s present

on said position.
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13. Method according to any one of claims 7 to 12, wherein the signal of

a seat pressure sensor is detected for detecting the presence of a

passenger.

14. Method according to any one of claims 7 to 13, wherein the signal of

an 1mage sensor 1s detected for detecting the presence of a passenger.
15. Method according to any one of claims 7 to 14, characterized by

further comprising the steps of detecting the speech activity of a vehicle

passenger taking into account the signal from an image sensor.
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