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(57) The invention relates to a method of controlling
an acoustic output device (3-5) in a road-based vehicle
(15) comprising: determining an orientation (18) of the
acoustic output device (3-5) with respect to the

road-based vehicle (15); and controlling an acoustic out-
put function of the acoustic output device (3-5) as a func-
tion of the orientation (18) of the acoustic output device
(3-5) with respect to the road-based vehicle (15).
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Description

[0001] The present invention relates to a road-based
vehicle and to a method and system for controlling an
acoustic output device in a road-based vehicle. The in-
vention further relates to a computer program for carrying
out the method.
[0002] The present invention can, in principle, be used
in connection with any type of road-based vehicle, in par-
ticular a motorized vehicle, such as a (passenger) car,
lorry / truck, bus or coach. Given that the invention finds
particular application in (passenger) cars, the invention
will be described primarily in connection with cars, with-
out being limited to this. In particular, one skilled in the
art will not have any difficulties, guided by the present
disclosure, to implement the invention in the context of
road-based vehicles other than cars.
[0003] Some acoustic output devices available today
have a surround sound function, which can provide a
user with a particularly rich listening experience. Such
surround sound systems not only exist in a public cinema
or home cinema setting; some portable devices such as
certain headphones or headsets also have a surround
sound function.
[0004] An example of a headphone loudspeaker sys-
tem with surround sound is disclosed in WO 99/39546.
[0005] It is an object of at least some embodiments of
the present invention to provide an alternative technique
of controlling an acoustic output device, in particular in a
road-based vehicle, in particular an improved technique
of controlling an acoustic output device in a road-based
vehicle.
[0006] In a first aspect, the present invention provides
a method of controlling an acoustic output device in a
road-based vehicle comprising:

determining an orientation of the acoustic output de-
vice with respect to the road-based vehicle; and
controlling an acoustic output function of the acoustic
output device as a function of the orientation of the
acoustic output device with respect to the road-
based vehicle.

[0007] By determining the orientation of the acoustic
output device with respect to the road-based vehicle and
then controlling an acoustic output function of the acous-
tic output device as a function of the determined orien-
tation, the orientation of the acoustic output device is tak-
en into account so that, when the acoustic output device
is in a first orientation with respect to the road-based ve-
hicle, the acoustic output perceived by a user of the
acoustic output device will, as a rule, be different when
compared with a situation where the acoustic output de-
vice is in a second orientation with respect to the road-
based vehicle, the second orientation being different from
the first orientation. Using headphones with a plurality of
(internal) speakers as an example of an acoustic output
device, the headphones might be controlled in such a

way that, in the first orientation, a first subset of the speak-
ers is activated (to output an audible sound), and in the
second orientation, a second subset of the speakers dif-
ferent from the first subset of the speakers is activated.
[0008] In the sense of the invention, the term "orienta-
tion (of the acoustic output device, in particular with re-
spect to the road-based vehicle)" and the similar term
"orientation information" used below does not necessar-
ily refer to a value or set of values which (directly) provides
a correct measurement of the orientation (of the acoustic
output device, in particular with respect to the road-based
vehicle) as expressed in (correct) physical units (e.g. po-
lar coordinates or similar). Instead, the terms "orienta-
tion" and "orientation information" can, in principle, mean
any information which (at least approximately) charac-
terises the orientation (of the acoustic output device, in
particular with respect to the road-based vehicle), in par-
ticular (at least approximately) uniquely characterises the
orientation (of the acoustic output device, in particular
with respect to the road-based vehicle), in particular a
value or set of values from which physically correct values
of the orientation (of the acoustic output device, in par-
ticular with respect to the road-based vehicle) can (at
least approximately) be obtained, in particular without
having to resort to other information or measurements.
In particular, the orientation or orientation information
would be such that a computing device can process it.
[0009] In the sense of the invention, the term "surround
sound" may refer to a two-dimensional surround sound
(e.g. a plurality of speakers distributed substantially in a
single plane) or to a three-dimensional surround sound
(e.g. a plurality of speakers, not all distributed in a single
plane).
[0010] In a second aspect, the present invention pro-
vides a system for controlling an acoustic output device
in a road-based vehicle, the system comprising:
a processing unit configured to receive orientation infor-
mation regarding an orientation of the acoustic output
device with respect to the road-based vehicle, wherein
the processing unit is further configured to generate and
output a control signal for causing the acoustic output
device to output audible sound, wherein the processing
unit is configured to generate and output the control sig-
nal as a function of the orientation information.
[0011] In the sense of the invention, a "processing unit"
is preferably intended to be understood to mean any elec-
trical component or device which can receive orientation
information and generate a control signal based thereon
which can be used by the acoustic output device. The
processing unit can either (substantially) transparently
pass the orientation information to the acoustic output
device if the acoustic output device can be controlled
directly by the orientation information, or it may process
the orientation information and generate a control signal
which is (substantially) different from the orientation in-
formation. The processing unit may in particular comprise
a microprocessor. The processing unit of the second as-
pect of the invention may, for example, comprise an on-
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board computer of the vehicle, or form part thereof - and
may accordingly form part of the vehicle. The processing
unit may however also form part of the acoustic output
device.
[0012] In some embodiments of the second aspect,
the system further comprises a detector configured to
detect said orientation of the acoustic output device with
respect to the road-based vehicle in order to provide the
orientation information, or the processing unit comprises
an interface for receiving the orientation information.
[0013] Suitable detectors configured to detect the ori-
entation of the acoustic output device with respect to the
road-based vehicle are known in the art and include, for
example, accelerometers, gyroscope sensors and mag-
netometer sensors, or combinations of these, in particu-
lar integrated into the acoustic output device. Other types
of sensors may detect the orientation with respect to a
local or global reference, for example using a satellite-
based positioning system such as GPS or the like. De-
pending on the specific implementation, the orientation
of the vehicle with respect to the local or global reference
might also need to be known or determined, and the rel-
ative orientation of the acoustic output device with re-
spect to the vehicle may then be calculated or derived
therefrom.
[0014] An interface for receiving the orientation infor-
mation of the acoustic output device with respect to the
vehicle may be wired or wireless. A wired interface may,
for example, be an electrical connector for establishing
a connection between the processing unit and other de-
vices that may provide the orientation information, e.g.
the acoustic output device itself. If such other devices,
for example the acoustic output device, is hard-wired to
the processing unit, the interface may be regarded as a
point along the connection between the processing unit
and such other devices.
[0015] The system, or at least parts thereof, can be
built into the vehicle or may form part of the vehicle. How-
ever, the system can also be provided on its own and,
for example, be supplied to vehicle manufacturers so that
the system may be built into vehicles.
[0016] In a third aspect, the present invention provides
a road-based vehicle comprising the system according
to the first aspect, or any embodiment thereof.
[0017] In a fourth aspect, the present invention pro-
vides a computer program product comprising a program
code which is stored on a computer readable medium,
for carrying out the method in accordance with the first
aspect, or any of its steps or combination of steps, or any
embodiments thereof.
[0018] The computer program may in particular be
stored on a non-volatile data carrier. Preferably, this is a
data carrier in the form of an optical data carrier or a flash
memory module. This may be advantageous if the com-
puter program as such is to be traded independently of
a processor platform on which the one or more programs
are to be executed. In a different implementation, the
computer program may be provided as a file or a group

of files on one or more data processing units, in particular
on a server, and can be downloaded via a data connec-
tion, for example the Internet, or a dedicated data con-
nection, such as for example a proprietary or a local net-
work. In addition, the computer program may comprise
a plurality of interacting, individual program modules.
[0019] In some embodiments, the computer program
may be updatable and configurable, in particular in a wire-
less manner, for example by a user or manufacturer.
[0020] Some (further) embodiments of the first to fourth
aspects of the present invention will now be described.
[0021] In some embodiments of the first aspect, the
method further comprises: determining a location of the
acoustic output device with respect to the road-based
vehicle or a specific point thereof; and
controlling the acoustic output function of the acoustic
output device as a function of the location of the acoustic
output device with respect to the road-based vehicle or
the specific point thereof.
[0022] Similarly, in some embodiments of the second
aspect, the system comprises a detector configured to
detect the location of the acoustic output device with re-
spect to the road-based vehicle or a specific point thereof
in order to provide location information, or the processing
unit comprises an interface for receiving the location in-
formation.
[0023] By determining the location of the acoustic out-
put device with respect to the road-based vehicle or a
specific point thereof and then controlling the acoustic
output function of the acoustic output device as a function
of the determined location, the location of the acoustic
output device is taken into account so that, when the
acoustic output device is in a first location with respect
to the road-based vehicle or the specific point thereof,
the acoustic output perceived by a user of the acoustic
output device will, as a rule, be different when compared
with a situation where the acoustic output device is in a
second location with respect to the road-based vehicle
or the specific point thereof, the second location being
different from the first location. Again using headphones
with a plurality of (internal) speakers as an example of
an acoustic output device, the headphones might be con-
trolled in such a way that, when the acoustic output device
is in the first location, a first subset of the speakers is
activated (to output an audible sound), and when the
acoustic output device is in the second location, a second
subset of the speakers different from the first subset of
the speakers is activated.
[0024] The "specific point" of the vehicle does not nec-
essarily need to be a point within the vehicle or be a point
on a component of the vehicle but can be a point whose
location remains in a fixed (spatial) relationship with re-
spect to the vehicle as the vehicle moves.
[0025] The above explanations regarding the orienta-
tion (information) and how it may be determined or ob-
tained may also apply to the location (information), mu-
tatis mutandis.
[0026] In some embodiments of the first aspect, con-
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trolling the acoustic output function of the acoustic output
device as a function of the orientation of the acoustic
output device with respect to road-based vehicle and/or
controlling the acoustic output function of the acoustic
output device as a function of the location of the acoustic
output device with respect to the road-based vehicle or
the specific point thereof comprises causing the acoustic
output device to output audible sound in such a way that
a user of the acoustic output device perceives the audible
sound as coming from a substantially consistent direction
and/or location relative to the vehicle or the specific point
thereof, irrespective of the orientation and/or location of
the acoustic output device relative to the vehicle or the
specific point thereof.
[0027] Similarly, in some embodiments of the second
aspect, the control signal to be generated and output by
the processing unit is such that the control signal causes
the acoustic output device to output audible sound in such
a way that a user of the acoustic output device perceives
the audible sound as coming from a substantially con-
sistent direction and/or location relative to the vehicle or
the specific point thereof, irrespective of the orientation
and/or location of the acoustic output device relative to
the vehicle or the specific point thereof.
[0028] To illustrate these embodiments, we again use
headphones worn by a user as an example of an acoustic
output device. We further make the following assump-
tions for the purpose of this example:

- the headphones are headphones with surround
sound function

- the user is initially facing forward (in the direction of
travel of the vehicle), i.e. the (initial or first) orientation
of the headphones is also a "forward" orientation

- the user is initially sitting on the passenger seat
(front, right) of a left-hand drive car/vehicle (first lo-
cation)

- the user is supposed to perceive the audible sound
as coming from a central location at or towards the
front of the vehicle

[0029] In relation to the head of the user (or in relation
to the headphones worn by the user), the central location
at or towards the front of the vehicle may be considered
to correspond to a direction of 11 o’clock (12 o’clock being
straight ahead). Given the determined orientation and/or
location of the headphones with respect to the vehicle,
the headphones are controlled in such a way, in particular
by a control signal from the processing unit, that the user
does indeed perceive the audible sound as coming from
the central location at or towards the front of the vehicle.
For example, a speaker towards the front left-hand side
of the headphones might be controlled to output a greater
volume than a speaker on the right-hand side of the head-
phones.
[0030] Still considering the above example, the user
now turns their head towards the left (but remains in the
same location, i.e. the passenger seat at the front, right).

The orientation of the head and of the headphones has
now changed to a second orientation with respect to the
vehicle, i.e. a "left" orientation. The orientation (now:
"left") and location (passenger seat) of the headphones
with respect to the vehicle can again be determined and,
given the determined orientation and/or location of the
headphones with respect to the vehicle, the headphones
are controlled in such a way, in particular by a control
signal from the processing unit, that the user still per-
ceives the audible sound as coming from the central lo-
cation at or towards the front of the vehicle - despite the
head of the user/headphones having changed their ori-
entation. For example, in this case, a speaker on the
right-hand side of the headphones and slightly towards
the front (with respect to the head of the user) might be
controlled to output a greater volume than a speaker on
the left-hand side of the headphones.
[0031] The headphones would be controlled in a cor-
responding way (mutatis mutandis), in particular by a
control signal from the processing unit, if the user (addi-
tionally) changed their location within the vehicle, for ex-
ample by moving to the driver’s seat (front, left).
[0032] Accordingly, the user can perceive the audible
sound as coming from a substantially consistent direction
and/or location relative to the vehicle or the specific point
thereof, irrespective of the orientation and/or location of
the acoustic output device relative to the vehicle or the
specific point thereof. As used herein, the expression
"consistent direction and/or location" does not necessar-
ily mean that the audible sound only ever comes from
the same location/direction with respect to the vehicle,
such as the central location towards the front of the ve-
hicle. Instead, the direction and/or location from which
the audible sound is intended to be perceived to come
may (intentionally) change over time. For example, it may
be intended that the audible sound initially is perceived
to come from the front right-hand corner of the vehicle,
and, over time, the location from which the audible sound
is intended to be perceived to come moves to the front
left-hand corner of the vehicle. The headphones would
be controlled accordingly, in particular by a control signal
from the processing unit, and during the course of this,
the orientation and/or location of the headphones with
respect to the vehicle or the specific point thereof will be
taken into account.
[0033] In this context it is also worth noting that the
audible sound mentioned above does not need to be a
sound originating from, or originally generated by, the
vehicle itself, or generated in order to mimic or resemble
a function of the vehicle. Or in other words, the vehicle
itself, in particular when considering only its primary func-
tion of transporting persons, objects or animals, or func-
tions associated with (or mimicking or resembling) this
primary function, does not need to be the source of the
audible sound. Instead, or in addition, the source of the
audible sound (or the reason why the audible sound is
generated) may be an entertainment or information de-
vice, in particular an entertainment or information device
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that is integrated into the vehicle, for example a rear seat
entertainment (RSE) device or a co-driver entertainment
(CDE) device. In any of these (or similar) examples, the
acoustic output device would be controlled, in particular
by a control signal from the processing unit, in such a
way that a user of the acoustic output device perceives
the audible sound as coming from the substantially con-
sistent direction and/or location (e.g. the entertainment
or information device) relative to the vehicle or the spe-
cific point thereof, irrespective of the orientation and/or
location of the acoustic output device relative to the ve-
hicle or the specific point thereof.
[0034] In a further development or another example of
application, it may be intended that the audible sound is
perceived to come from a particular position of an enter-
tainment or information device, e.g. from a particular lo-
cation on a screen of the entertainment or information
device. This position or location may also (intentionally)
change over time, for example if the audible sound is
supposed to be the voice of a voice assistant, whose
position on the entertainment or information device might
change. The location from which the audible sound is
intended to be perceived to come from might even switch
from one (entertainment or information) device to anoth-
er. In any of these (or similar) examples, the acoustic
output device would be controlled, in particular by a con-
trol signal from the processing unit, in such a way that a
user of the acoustic output device perceives the audible
sound as coming from the appropriate (substantially con-
sistent) direction and/or location (in particular corre-
sponding to the direction and/or specific location of the
entertainment or information device), irrespective of the
orientation and/or location of the acoustic output device
relative to the vehicle or the specific point thereof. The
same applies (mutatis mutandis) if the device from which
the audible sound is intended to be perceived to come
from is movable with respect to the vehicle, e.g. if such
a device is a smart phone, laptop or tablet computer con-
nected to the vehicle (by a wired or wireless connection).
[0035] The expression "consistent direction and/or lo-
cation" is preferably to be understood to refer to a direc-
tion, for example expressed in terms of one or more an-
gles (with respect to a reference) and/or a distance (with
respect to a reference).
[0036] Ensuring that the audible sound is perceived as
coming from a substantially consistent direction and/or
location may also address problems associated with mo-
tion sickness. A large number of people experience mo-
tion sickness (also referred to as kinetosis, among other
names) when travelling in a vehicle. Typically, this prob-
lem is exacerbated if there is a disconnect between what
a person perceives (in terms of hearing and/or seeing)
and what that person feels (in terms of movements of the
vehicle), in particular acceleration in any direction, includ-
ing when the vehicle is passing through a curve. Ensuring
that the audible sound is perceived as coming from a
substantially consistent direction and/or location may re-
duce or eliminate this disconnect.

[0037] In some embodiments, the processing unit pro-
vides to the acoustic output device, via the control signal,
information regarding the direction/position (with respect
to the vehicle or specific location thereof) which the au-
dible sound is supposed to be perceived to originate from.
This information is provided to the portable device without
the processing unit necessarily being aware of the ori-
entation and/or location of the acoustic output device rel-
ative to the vehicle. Using this information, the acoustic
output device can then determine, on the basis of its own
knowledge of its own orientation and/or location, how to
generate and output the audible sound so that the audible
sound is able to be perceived by the user as coming from
the "consistent" direction/location.
[0038] In the sense of the invention, the expression
"substantially consistent direction relative to the vehicle"
and similar is preferably intended to be understood in
such a way that an angular difference between, on the
one hand, the direction which the audible sound is sup-
posed to be perceived to originate from, and, on the other
hand, the direction from which the audible sound will be
perceived, by a user, to be coming from, is at most, or
less than, one of: 90°, 80°, 70°, 60°, 50°, 45°, 40°, 30°,
20° or 10°. Similarly, the expression "substantially con-
sistent location relative to the vehicle or the specific point
thereof" and similar is preferably intended to be under-
stood in such a way that a distance between, on the one
hand, the location which the audible sound is supposed
to be perceived to originate from, and, on the other hand,
the location from which the audible sound will be per-
ceived, by a user, to be coming from, is at most, or less
than, one of: 100 cm, 90 cm, 80 cm, 70 cm, 60 cm, 50
cm, 40 cm, 30 cm, 20 cm or 10 cm.
[0039] In some embodiments of the first and second
aspects, the audible sound is part of audible content form-
ing part of infotainment content, the infotainment content
further comprising visual content associated with the au-
dible content, in particular synchronised with the audible
content, the visual content being (intended to be) dis-
played on a display device.
[0040] In the sense of the invention, the expression
"infotainment content" is preferably intended to be un-
derstood to mean any audio-visual (media) content, in
particular content for work, information, entertainment or
social purposes. This encompasses in particular news,
video clips, video calls etc. Further, the term "associated"
in the expression "visual content associated with the au-
dible content" is intended to be understood to mean that
the visual and audible content together form audio-visual
content (in a coherent manner). For example, audible
content associated with visual content may be the sound-
track of a film or video clip, or speech of a video call etc.
[0041] The display device may, for example, be a cen-
tral information display (CID), a head-up display or a rear
seat entertainment device (RSE).
[0042] In some embodiments of the first aspect, the
audible content comprises a first audible portion and a
second audible portion, wherein the first audible portion
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comprises the audible sound, and

wherein controlling the acoustic output function of
the acoustic output device comprises causing the
acoustic output device to output the second audible
portion irrespective of the orientation of the acoustic
output device with respect to the road-based vehicle
and irrespective of the location of the acoustic output
device with respect to the road-based vehicle or the
specific point thereof,
in particular wherein controlling the acoustic output
function of the acoustic output device comprises
causing the acoustic output device to output the sec-
ond audible portion in an omnidirectional manner.

[0043] Similarly, in some embodiments of the second
aspect, the audible content comprises a first audible por-
tion and a second audible portion, wherein the first au-
dible portion comprises the audible sound, and

the control signal to be generated and output by the
processing unit is such that the control signal causes
the acoustic output device to output the second au-
dible portion irrespective of the orientation of the
acoustic output device with respect to the road-
based vehicle and irrespective of the location of the
acoustic output device with respect to the road-
based vehicle or the specific point thereof,
in particular wherein the control signal to be gener-
ated and output by the processing unit is such that
the control signal causes the acoustic output device
to output the second audible portion in an omnidi-
rectional manner.

[0044] For example, the infotainment content of which
the audible content forms part may be a film, for example
a scene in a busy restaurant, in which many voices can
be heard as ambient noise. In addition, the film may focus
on a particular person speaking. The present embodi-
ment envisages that the sounds uttered by the particular
person speaking (first audible portion) should be treated
differently from the ambient noise (second audible por-
tion). For example, the present embodiment envisages
that the first audible portion should be perceived by a
user as coming from a particular direction/location, in par-
ticular from a direction (with respect to a user) corre-
sponding to the location of the particular person on the
display device, whereas the ambient noise (second au-
dible portion) should be perceived by a user as coming
from a variety of directions - as is typical for ambient noise
- in particular in an omnidirectional manner (i.e. with sub-
stantially equal intensity from all directions). In other
words, for the purpose of outputting the first audible por-
tion, the orientation and/or location of the acoustic output
device is taken into account, whereas, for the purpose
of outputting the second audible portion, the orientation
and/or location of the acoustic output device is not taken
into account (or the second audible portion is not output

as a function of the orientation/location of the acoustic
output device with respect to the road-based vehicle).
[0045] In some embodiments of the first aspect, the
method further comprises detecting sounds generated
by an occupant of the road-based vehicle other than a
user of the acoustic output device; and
causing the detected sounds or processed versions
thereof to be output as said audible sound, in particular
in such a way that a user of the acoustic output device
perceives the audible sound as coming from a direction
and/or location relative to said user which corresponds
to a direction and/or location of said occupant relative to
said user, irrespective of the orientation and/or location
of the acoustic output device relative to the vehicle or the
specific point thereof.
[0046] Similarly, in some embodiments of the second
aspect, the system is arranged to detect sounds gener-
ated by an occupant of the road-based vehicle other than
a user of the acoustic output device. These sounds may
be detected by a detector forming part of the system.
Alternatively, information regarding the sounds may be
obtained via an interface of the system, in particular an
interface of the processing unit. The control signal to be
generated and output by the processing unit (taking into
account the information regarding the detected sounds)
is such that the control signal causes the acoustic output
device to output the detected sounds or processed ver-
sions thereof as said audible sound, in particular in such
a way that a user of the acoustic output device perceives
the audible sound as coming from a direction and/or lo-
cation relative to said user which corresponds to a direc-
tion and/or location of said occupant relative to said user,
irrespective of the orientation and/or location of the
acoustic output device relative to the vehicle or the spe-
cific point thereof.
[0047] This may be particularly useful if the acoustic
output device used by the user has a noise cancellation
function. E.g. spoken words uttered by an occupant other
than the user would then normally (i.e. without the method
or system of the present invention) not be heard by the
user, or at least would be difficult to hear. The present
embodiments can ensure firstly that the user can hear
the other occupant (via the acoustic output device) and
secondly that the user can hear the words uttered by the
other occupant as coming from a direction and/or location
relative to the user which corresponds to a direction
and/or location of the occupant relative to the user.
[0048] Such a function might be useful for safety rea-
sons or might even be required for safety reasons.
[0049] Such a "transparent" mode might be active per-
manently, or might, in a further development, be activated
through a particular action/event, for example if the other
occupant utters a particular sound, for example a specific
word or combination of words, such as "Hi, {name of the
user}" (e.g. "Hi, John" if the user of the headphones is
called "John"), or "Hi, this is {name of other occupant}
speaking" (e.g. "Hi, this is Michael speaking" if the other
occupant is called "Michael"), or some other "wake-up"
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expression. Another example of such a particular event
could be the detection of a siren of an emergency vehicle.
[0050] In some embodiments of the first aspect, the
method further comprises detecting a direction and/or
location of said occupant with respect to the vehicle or
the specific point thereof, in order to derive therefrom the
direction and/or location of said occupant relative to said
user.
[0051] Similarly, in some embodiments of the second
aspect, the system further comprises a detector for de-
tecting a direction and/or location of said occupant with
respect to the vehicle or the specific point thereof, in order
to derive therefrom the direction and/or location of said
occupant relative to said user. Alternatively, the system
may comprise an interface for receiving information re-
garding a direction and/or location of said occupant with
respect to the vehicle or the specific point thereof, in order
to be able to derive therefrom the direction and/or location
of said occupant relative to said user.
[0052] In some embodiments of the first aspect, de-
tecting the direction and/or location of said occupant with
respect to the vehicle or the specific point thereof com-
prises detecting the direction and/or location of said oc-
cupant with respect to the vehicle or the specific point
thereof using one or more microphones and/or cameras,
in particular one or more microphones and/or cameras
installed in the vehicle.
[0053] Similarly, in some embodiments of the second
aspect, the detector for detecting a direction and/or lo-
cation of said occupant with respect to the vehicle or the
specific point thereof comprises one or more micro-
phones and/or cameras, in particular one or more micro-
phones and/or cameras installed in the vehicle.
[0054] In a manner known per se, the one or more mi-
crophones and/or cameras can detect which occupant
or occupants are currently e.g. speaking, or where any
sounds generated within the vehicle are coming from.
[0055] In some embodiments of the first and second
aspects, the audible sound is an audible sound arranged

- to indicate that the vehicle is operational and/or
- to indicate that the vehicle is moving and/or
- to resemble the sound of an internal combustion en-

gine

[0056] This may be particularly useful in connection
with electric vehicles since they tend to be quieter than
vehicles with an internal combustion engine, in particular
when they are stationary. The audible sound may there-
fore be a (subtle) sound that is (artificially) generated or
added to give a person or user in the vehicle an indication
of the condition of the vehicle (operational/moving etc.).
In this context, an audible sound arranged to indicate that
the vehicle is operational may be generated for example
after a user of the vehicle has put the vehicle into an
"activated state", e.g. by inserting a key, key card or sim-
ilar into an appropriate receptacle of the vehicle or has
pressed a start button or similar and while the vehicle

remains stationary.
[0057] An audible sound of the type described above
may however also be generated and output in connection
with a vehicle which is equipped with an internal com-
bustion engine.
[0058] In particular if the audible sound is an audible
sound arranged to resemble the sound of an internal
combustion engine, the audible sound may be arranged
to be generated in such a way that it is perceived as
coming from a central location towards the front of the
vehicle, where, in a typical vehicle with a combustion
engine, the engine would be located.
[0059] In some embodiments of the first and second
aspects, the acoustic output device comprises a portable
device, in particular a personal device or a proprietary
device of the vehicle, in particular headphones or a head-
set, in particular with a surround sound function and/or
a noise cancellation function.
[0060] Whether the acoustic output device is proprie-
tary to the vehicle or not, it (or portions thereof) may be
removable (from the vehicle). For example, in the case
of a device proprietary to the vehicle, the vehicle may
include a holder or cradle or similar for carrying the port-
able device. Such a cradle may, for example, be provided
on the back of a headrest (of a front seat) for use by a
person sitting on a seat behind that headrest. However,
other locations are also possible. When the portable de-
vice is placed in the holder or cradle, it is substantially
fixed with respect to the vehicle. However, it can be re-
moved from the holder or cradle (and may or may not
still be attached to the vehicle via a cable or similar). It
may be proprietary to the vehicle in the sense that it may
have proprietary connectors which (typically) only fit a
corresponding connector of the holder or cradle, or the
communication protocols of the holder or cradle (of the
vehicle) need to match those of the portable device, so
that a generic device (such as a personal headset or
personal headphones) might not be able to communicate
with the vehicle via the holder or cradle.
[0061] The invention encompasses embodiments in
which no holder or cradle is provided in connection with
a proprietary device. Again, the device may be proprie-
tary to the vehicle in the sense that the communication
protocols of the portable device need to match those of
the vehicle in order to be able to communicate with the
vehicle, whereas a generic device (such as a personal
headset or personal headphones) might not be able to
communicate with the vehicle.
[0062] Whether the acoustic output device is proprie-
tary to the vehicle or is a (generic) personal device, it
may be connected to the vehicle in a wired or wireless
manner, for example via Bluetooth® or similar.
[0063] Further, while some explanations are being
made herein with reference to a two-dimensional space,
these explanations apply, mutatis mutandis, also to a
three-dimensional space, and vice versa.
[0064] The terms "first", "second", "third" and the like
in the description and in the claims are used for distin-
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guishing between similar elements and not necessarily
for describing a sequential or chronological order. It is to
be understood that the terms so used are interchangea-
ble under appropriate circumstances and that the em-
bodiments of the invention described herein are capable
of operation in other sequences than described or illus-
trated herein.
[0065] Where the term "comprising" or "including" is
used in the present description and claims, this does not
exclude other elements or steps. Where an indefinite or
definite article is used when referring to a singular noun,
e.g. "a", "an" or "the", this includes a plural of that noun
unless something else is specifically stated.
[0066] Further, unless expressly stated to the contrary,
"or" refers to an inclusive "or" and not to an exclusive
"or". For example, a condition "A or B" is satisfied by any
one of the following: A is true (or present) and B is false
(or not present), A is false (or not present) and B is true
(or present), and both A and B are true (or present).
[0067] All connections mentioned in the present spec-
ification may be wired or wireless unless this is explicitly
excluded or technically impossible. The term "wired con-
nection" encompasses not only connections established
by, or using, a (metallic) wire, but also optical connec-
tions, preferably also any other type of physical connec-
tion allowing for the transmission of information.
[0068] Aspects and embodiments of the invention de-
scribed or claimed herein can be combined with each
other, and embodiments described in connection with
one aspect of the invention can be combined with other
aspects of the invention, unless such a combination is
explicitly excluded or technically impossible.
[0069] Further advantages, features and applications
of the present invention are provided in the following de-
tailed description and the appended figures, wherein:

Fig. 1 schematically shows a plan view of a vehicle
according to an embodiment of the present in-
vention.

Fig. 2 schematically shows a top view of the head of
a person wearing headphones, in a first orien-
tation.

Fig. 3 schematically shows a top view of the head of
the person from Fig. 2, in a second orientation.

Fig. 4 schematically shows a top view of the head of
a person wearing headphones and watching
visual media content.

Fig. 5 shows a flow chart illustrating a method accord-
ing to an embodiment of the present invention.

[0070] Fig. 1 schematically shows a plan view of a ve-
hicle 15 according to an embodiment of the present in-
vention. The vehicle 15 is shown, by way of example, as
a left-hand drive car, with two front seats 11, 12, two rear

seats 13, 14 and a steering wheel (not labelled). The front
of the vehicle is at the top of Fig. 1.
[0071] Vehicle 15 is equipped with a processing unit
1. Processing unit 1 may comprise, or form part of, an
onboard computer of vehicle 15.
[0072] Processing unit 1 is connected to one or more
detectors 2, such as microphones 2, for detecting sounds
within vehicle 15. Microphones 2 are distributed at loca-
tions in the vehicle 15 and may be substantially perma-
nently installed in vehicle 15. In the example shown in
Fig. 1, there are ten such microphones 2. Only one
(wired) connection between processing unit 1 and one
of the microphones 2 (right-hand side, towards the front
of the vehicle 15) is shown. The other microphones 2
may be connected in like manner. The connection(s) may
be wired or wireless. More, or fewer, than ten micro-
phones 2 may be provided. Microphones 2 may all be
positioned at the same height within the vehicle 15, or at
different heights, in which case it may be possible to de-
termine (more accurately) the location where sounds
which are detected by microphones 2 originate from, in
particular in a three-dimensional space.
[0073] Similarly, processing unit 1 is connected to one
or more cameras 16, for capturing (part of) the interior of
vehicle 15, in particular the seats 11-14 and any occu-
pants thereof. Cameras 16 are distributed at locations in
the vehicle 15 and may be substantially permanently in-
stalled in vehicle 15. In the example shown in Fig. 1, there
are two such cameras 16. Only one (wired) connection
between processing unit 1 and one of the cameras 16
(towards the front of the vehicle 15) is shown. The other
camera(s) 16 may be connected in like manner. The con-
nection(s) may be wired or wireless. More, or fewer, than
two cameras 16 may be provided. Cameras 16 may for
example be mounted to the ceiling of vehicle 15. Using
cameras 16, the location of a person speaking within ve-
hicle 15 may be able to be determined, for example by
processing unit 1 analysing any mouth movements as
detected by cameras 16.
[0074] Processing unit 1 is also connected to one or
more acoustic output devices. Fig. 1 illustrates three such
acoustic output devices 3, 4, 5. These will now be ex-
plained.
[0075] Common to all of the acoustic output devices
3, 4, 5 is that their orientation is not fixed with respect to
vehicle 15. In other words, they are movable (or portable),
at least within a certain range.
[0076] Acoustic output device 3 is a personal portable
device, such as headphones or a headset, which may
be connected to vehicle 15, in particular to processing
unit 1, in a wired or wireless manner, for example via
Bluetooth® or similar. Acoustic output device 3 may have
a surround sound function.
[0077] Acoustic output device 4 is proprietary to vehicle
15. It is held by, placed upon, or (removably) attached to
a cradle or holder 6, which may be (substantially perma-
nently) installed in vehicle 15, for example attached to
the back of seat 11 or the headrest of seat 11, and may
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form part of a rear seat entertainment (RSE) system. Cra-
dle 6 is connected to processing unit 1 by a wired con-
nection. Acoustic output device 4 is also connected to
cradle 6 by a wired connection. Acoustic output device
4 may comprise headphones or a headset and may have
a surround sound function. The location of cradle 6 with
respect to the vehicle 15 (and therefore potentially also
an at least approximate location of acoustic output device
4) may be known to processing unit 1. A possible use of
this information will become clear later.
[0078] Acoustic output device 5 and cradle/holder 7
may substantially correspond to acoustic output device
4 and cradle/holder 6, except that these are not connect-
ed by a wired connection to processing unit 1, i.e. there
is neither a wired connection between processing unit 1
and cradle 7, nor between cradle 7 and acoustic output
device 5. Acoustic output device 5 may communicate
with cradle 7, or directly with processing unit 1, in a wire-
less manner. Cradle 7 may also communicate with
processing unit 1 in a wireless manner, or may not com-
municate with processing unit 1 at all and may simply be
a holder for (mechanically) accommodating portable de-
vice 5 and/or serve as a charging station for acoustic
output device 5.
[0079] Variations of acoustic output devices 4, 5 and
cradles/holders 6, 7 are also possible, for example such
that the acoustic output device 4, 5 is connected to a
respective cradle 6, 7 in a wireless manner whilst the
respective cradle 6, 7 is connected to processing unit 1
by a wired connection. Alternatively, portable device 4,
5 may be connected to the respective cradle 6, 7 by a
wired connection whilst the respective cradle 6, 7 is con-
nected to processing unit 1 in a wireless manner. Further,
cradles 6 and/or 7 may be omitted.
[0080] Processing unit 1 may have one or more wire-
less interfaces 8 for communicating with any one, some
or all of the microphones 2, acoustic output devices 3, 4,
5 and/or cameras 16. Signals may be sent between
processing unit 1 and microphones 2, acoustic output
devices 3, 4, 5 and/or cameras 16 via their respective
connections, if applicable via cradles 6, 7.
[0081] In addition or as an alternative, processing unit
1 may comprise a wired interface, for example an elec-
trical connector for a cable-based connection with any,
some or all of the other devices mentioned above. If these
devices are hard-wired to processing unit 1, then the in-
terface may be regarded as a point along the connection
between these devices and processing unit 1. A wired
connection can also be an indirect wired connection, for
example such that cradles 6, 7 are connected to process-
ing unit 1 via a first wired connection (hard-wired or using
a removable cable with one or more connectors), and
acoustic output devices 4, 5 are connected to their re-
spective cradle 6, 7 via a second wired connection (hard-
wired or using a removable cable with one or more con-
nectors, for example plugged into an AUX socket of the
respective cradle).
[0082] In some embodiments, not all of the devices are

present or connected, or the system of certain embodi-
ments of the invention may comprise only some of the
devices illustrated in Fig. 1. For example, embodiments
are possible where the system comprises only the
processing unit 1 and one acoustic output device such
as one of the acoustic output devices 3-5, or only the
processing unit 1 (for controlling one or more acoustic
output devices).
[0083] Fig. 2 schematically shows a top view of the
head 22 of a person wearing headphones (or a headset),
in a first orientation, and Fig. 3 schematically shows a
top view of the head 22 of the person from Fig. 2, in a
second orientation. The reference number 22 is respec-
tively placed towards the direction in which head 22 is
facing. In other words, in the orientation of Fig. 2, the
head 22 is turned towards the top of the figure, whereas
in Fig. 3, the head 22 is turned towards the left.
[0084] Figs. 2 and 3 schematically show headphones
worn by the person 22, whereby reference number 20
indicates a right-hand portion of the headphones and ref-
erence number 21 indicates a left-hand portion of the
headphones. The headphones 20, 21 are shown as ex-
amples of the acoustic output devices 3, 4, 5 of Fig. 1.
In the embodiment shown in Figs. 2 and 3, the head-
phones 20, 21 are headphones with surround sound
function. The headphones are further equipped with one
or more (built-in) devices 23 for determining the orienta-
tion/position of the headphones, in particular with respect
to a local or global reference. Such devices 23 can, for
example, comprise a gyroscope and/or an accelerome-
ter, in particular a 3-axis accelerometer, for example one
gyroscope/accelerometer per headset or, as shown in
Fig. 3, one gyroscope/accelerometer 23 each for the
right-hand portion 20 and the left-hand portion 21 of the
headphones. Such devices 23 can, for example, (also)
determine the orientation/position of the headphones
with respect to a satellite-based signal, such as a GPS
signal.
[0085] Two speakers 24 (front) and 27 (rear) are inte-
grated into right-hand portion 20. Similarly, two speakers
25 (front) and 26 (rear) are integrated into left-hand por-
tion 21. More than two speakers may be provided in each
of the right-hand portion 20 and the left-hand portion 21.
It may also be possible to provide only one speaker for
each of these portions, whereby this single speaker
should be such that, depending on how it is activated, a
user of the headphones 20, 21 will perceive audible
sounds generated and output by this single speaker to
come from different directions - so that the right-hand
and left-hand portions 20, 21 together can provide a sur-
round sound experience.
[0086] We now assume that the person (whose head
22 is shown in Figs. 2 and 3) is sitting on the front right-
hand seat 12 of vehicle 15. The person 22 (or user of
headphones 20, 21) shown in Fig. 2 is initially facing in
the direction of travel of vehicle 15, i.e. towards the front
of vehicle 15. This is also indicated in Fig. 2 by arrows
17 and 18, whereby arrow 17 indicates the (forward) di-
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rection of travel of vehicle 15 and arrow 18 indicates the
direction in which the user 22 is facing. Arrow 18 therefore
also indicates the orientation of the acoustic output de-
vice (headphones 20, 21).
[0087] We further assume that the user 22 is supposed
to perceive an audible sound as coming approximately
from a central location at the front of vehicle 15, where,
at least in most conventional vehicles with an internal
combustion engine, the engine would typically be locat-
ed. This location is indicated as a square 10 in Figs. 1,
2 and 3. In accordance with this embodiment, the audible
sound may be intended to resemble the sound of a typical
internal combustion engine. Given the (perceived) loca-
tion from which the audible sound is intended to originate
from, the user 22 will be likely to be provided with a par-
ticularly realistic impression of a sound coming from an
internal combustion engine - even if vehicle 15 is an elec-
tric vehicle, for example. In some cases, this may reduce
the effects of motion sickness.
[0088] In relation to the head 22 of the person, the lo-
cation 10 may be considered to correspond to a direction
of 11 o’clock (12 o’clock being straight ahead). In order
for the system to generate the audible sound in such a
way that the person 22 will perceive it as coming from
the direction 11 o’clock, the system determines, using
gyroscopes and/or accelerometers 23 or similar, the ori-
entation and/or position of the headphones 20, 21 in re-
lation to vehicle 15. On determining that the person is
facing straight ahead, the system causes the head-
phones 20, 21 to output the audible sound in such a way
that the person will perceive the audible sound as coming
(approximately) from the central location 10 at the front
of vehicle 15, i.e. the direction 11 o’clock with respect to
the head 22 of the person. In Fig. 2, the sound output of
the speakers is indicated by circles, whereby a black filed-
in circle indicates an activated speaker (i.e. outputting
sound), and a white circle with a black outline indicates
a speaker that is not activated (i.e. not outputting sound).
In Fig. 2, the speakers 24, 25 and 26 are activated, where-
as speaker 27 is not activated. In addition, the size of the
circles of the activated speakers indicates the sound vol-
ume. As shown in Fig. 2, the sound volume of speaker
25 is greatest, whereas the sound volume of speaker 26
is smallest. The activation of the speakers as shown in
Fig. 2 can give the user 22 the impression that the sound
is coming from the 11 o’clock direction, as also indicated
by arrow 19.
[0089] Referring now to Fig. 3, the person has turned
their head 22 by 90° towards the left. The central location
10 at the front of vehicle 15 now corresponds to 2 o’clock
with respect to the head 22 of the person. Again using
information (provided by gyroscopes and/or accelerom-
eters 23 or similar) regarding the (changed) orienta-
tion/position of the headphones 20, 21, the system can
cause the headphones 20, 21 to output the audible sound
in such a way that the person will perceive the audible
sound as coming (approximately) from the central loca-
tion 10 at the front of vehicle 15, i.e. the direction 2 o’clock

with respect to the head 22 of the person. Accordingly,
in Fig. 3, the speakers 24, 25 and 27 are activated, where-
as speaker 26 is not activated, whereby the sound vol-
ume of speaker 24 is now greatest and the sound volume
of speaker 25 is smallest. The activation of the speakers
as shown in Fig. 3 can give the user 22 the impression
that the sound is now coming from the 2 o’clock direction,
as also indicated by arrow 19.
[0090] As can be appreciated from Figs. 2 and 3, in
both cases the user 22 can perceive the sound as coming
from the (consistent) direction indicated by arrow 19,
which, in both cases, has the same orientation with re-
spect to the vehicle 15. In other words, by taking the
orientation of the acoustic output device 20, 21 into ac-
count, the system can ensure that the sound is perceived
as coming from a consistent direction with respect to ve-
hicle 15, irrespective of the orientation of the acoustic
output device.
[0091] It will be appreciated that the technique illustrat-
ed with reference to Figs. 2 and 3 can be used with other
locations/directions. However, it is preferred that the au-
dible sound is perceived by the person as coming from
a consistent direction with respect to vehicle 15, regard-
less of the orientation/position of headphones 20, 21.
[0092] It is preferred that the audible sound is per-
ceived by the person not only as coming from a consistent
direction with respect to vehicle 15 but also as coming
from an appropriate/consistent distance. We consider
again the example of the audible sound imitating an en-
gine noise coming from a central location 10 at the front
of vehicle 15. Further, in this example, we assume that
a first user is sitting on (front) seat 12, and a second user
is sitting on (rear) seat 14, behind seat 12. An embodi-
ment of the invention envisages that the first and second
users not only perceive the audible sound as coming from
slightly different directions, but also that the second user
perceives the audible sound as coming from a location
at a greater distance than is the case for the first user.
Accordingly, assuming the (approximate) location of the
acoustic output devices respectively used by the first and
second users has been determined or is already known
(to processing unit 1), processing unit 1 can take this
information into account to generate appropriate control
signals respectively for the acoustic output devices used
by the first and second users to ensure that the first user
will perceive the audible sound as coming from a closer
distance than the second user. It is envisaged that in
most cases this will mean (inter alia) that the audible
sound which the first user will perceive is at a greater
volume than the audible sound that the second user will
perceive.
[0093] Ensuring that the "correct" portion of head-
phones 20, 21, in particular the "correct" (subset of)
speakers, is/are activated and at an appropriate volume
so as to enable the person to perceive the audible sound
as coming from a consistent direction/location can be
implemented in at least two ways, which will be explained
in the following.
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[0094] In the first of these implementations, the gyro-
scopes and/or accelerometers 23 or similar provide in-
formation regarding the orientation (and potentially the
position) of the headphones 20, 21 to the processing unit
1. This may be supplemented with information regarding
the location of the headphones with respect to a refer-
ence, such as vehicle 15 or a particular reference location
within the vehicle 15. Techniques for determining the lo-
cation of a portable device such as headphones 20, 21
with respect to a reference, such as vehicle 15 or a par-
ticular reference location within the vehicle 15, are known
per se. For example, if a portable device such as head-
phones 20, 21 are connected to processing unit 1 or a
cradle 6, 7 or some other reference point of vehicle 15
via Bluetooth® or similar, signal parameters such as the
angle of arrival, potentially detected at multiple, spaced
apart locations, can be used to determine the relative
location of the headphones 20, 21.The processing unit
1 then generates a control signal taking this information
into account, i.e. the control signal then includes infor-
mation as to which portion/speakers of headphones 20,
21 to activate and at what volume (based on the distance
between headphones 20, 21 and the consistent location
10). The headphones 20, 21 can then use the received
control signal to output the audible sound via the respec-
tive portion/speakers of headphones 20, 21. The head-
phones 20, 21 then do not need to calculate themselves
which portion/speakers of headphones 20, 21 to activate
and at what volume (taking into account the direction
from which the audible sound is supposed to be per-
ceived as coming from, as well as the orientation/position
of the headphones 20, 21, and in particular the distance
between headphones 20, 21 and the consistent location
10) - since the control signal received from processing
unit 1 already contains this information.
[0095] In the second of these implementations, the gy-
roscopes and/or accelerometers 23 or similar again pro-
vide information regarding the orientation (and potentially
the position) of the headphones 20, 21. However, this
information is not transmitted to the processing unit 1 so
that the processing unit then generates the control signal
without being aware of the orientation/position of head-
phones 20, 21. The control signal will therefore also not
include information as to which portion/speakers of head-
phones 20, 21 to activate and at what volume but instead
informs the headphones 20, 21 of the position (with re-
spect to vehicle 15) from which the audible sound is sup-
posed to be perceived as coming from. The headphones
20, 21 can then use the received control signal and the
information provided by its own gyroscope(s) and/or ac-
celerometer(s) 23 or similar to calculate which por-
tion/speakers of headphones 20, 21 to activate and at
what volume so that the person will perceive the audible
sound as coming from the "correct"/consistent direction
with respect to vehicle 15 and "correct"/consistent dis-
tance. Again, as in the first implementation described in
the preceding paragraph, information regarding the lo-
cation of headphones 20, 21 with respect to a reference,

such as vehicle 15 or a particular reference location within
the vehicle 15, can be determined (e.g. using signal pa-
rameters such as the angle of arrival, potentially detected
at multiple, spaced apart locations, see above) and then
used in order to control the headphones 20, 21. If this
location information is determined by the headphones
20, 21 themselves, there is no need to transmit this lo-
cation information to the processing unit 1. If, on the other
hand, this location information is determined by the
processing unit 1, this location information should be tak-
en into account by the processing unit 1 when generating
the control signal.
[0096] In a variant, the orientation/position of the head-
phones 20, 21 is detected by one or more cameras or
other sensors, such as cameras 16 shown in Fig. 1, and
the corresponding information is then provided to
processing unit 1 and/or the headphones 20, 21. Cam-
eras 16 may be substantially permanently installed in ve-
hicle 15. The position of cameras 16 in Fig. 1 is indicative
only; other locations are possible.
[0097] In yet another variant, information regarding the
location of the headphones with respect to a reference,
such as vehicle 15 or a particular reference location within
the vehicle 15 is initially determined on the basis of any
of the techniques described above. Information from the
gyroscope(s) and/or accelerometer(s) 23 of the head-
phones 20, 21 is then used to update this location infor-
mation.
[0098] A further embodiment will now be described
with continued reference to Figs. 1-3 and further with
reference to Fig. 4.
[0099] Fig. 4 again illustrates an acoustic output device
(headphones 20, 21) worn by a user 22, whereby the
functions of the acoustic output device may correspond
to those explained with reference to Figs. 2 and 3 and
will therefore not be explained again.
[0100] However, in the embodiment of Fig. 4, the user
22 is watching audio-visual content such as a film/movie
on a display device 9. Display device 9 can for example
be a central information display (CID) or rear seat enter-
tainment (RSE) device of vehicle 15.
[0101] In the example shown in Fig. 4, the display de-
vice 9 is located in front of user 22. We now assume, by
way of example, that a person/actor 28 located towards
the left-hand side of display device 9 is speaking. Ac-
cordingly, an audible sound to be output via headphones
20, 21 should be perceived by user 22 as coming from
a forward direction and slightly to the left. In Fig. 4a), this
is indicated by activated (front) speakers 24 and 25,
whereby the volume to be output by (left-hand) speaker
25 is greater than that to be output by (right-hand) speak-
er 24. Speakers 26 and 27 towards the rear of head-
phones 20, 21 are not activated. As a result of this pattern
of activated and non-activated speakers, user 22 can per-
ceive the sound as coming from a direction correspond-
ing to person/actor 28 (in the film). The activation of
speakers 24-27 would be adapted in line with any change
in orientation/location of user 22 (and headphones 20,
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21), as explained with reference to Figs. 2 and 3 (this is
not explicitly illustrated in Fig. 4). Similarly, if person/actor
28 moved to a different location on the screen of display
device 9, the activation of speakers 24-27 would be
adapted accordingly.
[0102] The activation of speakers 24-27 can be regard-
ed as being driven by the soundtrack of the film associ-
ated with the visual content to be displayed on display
device 9.
[0103] However, as a refinement, the soundtrack of
the film may have two portions, a first audible portion and
a second audible portion (or a first audio portion and a
second audio portion). The sound associated with par-
ticular persons/actors (such as person/actor 28) or ob-
jects etc. might be represented by the first audible portion,
whereas other sounds as part of the media content might
be represented by the second audible portion. In partic-
ular, it may be desirable to ensure that the first audible
portion is perceived as coming from a specific, consistent
direction/location and that the second audible portion is
perceived as coming from a plurality of directions/loca-
tions, in particular substantially uniformly in an omnidi-
rectional manner. For example, as illustrated in Fig. 4,
the film shown on display device 9 may include a scene
in a busy restaurant, in which (main) actor 28 is speaking,
while ambient noise, for example conversations by other
restaurant guests 29 (or extras in the film) should also
be heard. The activation of speakers 24-27 associated
with person 28 speaking has already been explained
above with reference to Fig. 4a). The activation of speak-
ers 24-27 associated with the ambient noise from extras
29 is illustrated, by way of example, in Fig. 4b). As can
be seen in Fig. 4b), all speakers 24 to 27 are activated
at the same sound volume, albeit at a smaller sound vol-
ume than speaker 25 in Fig. 4a), to provide a realistic
impression of ambient noise. When the user 22 moves
their head so that the orientation of headphones 20, 21
with respect to vehicle 15 changes, this change of orien-
tation is not taken into account for the purpose of output-
ting the second audible portion.
[0104] A further example of application of embodi-
ments of the present invention, not explicitly illustrated
in the drawings, will now be explained. In this example,
a user 22 is again travelling in vehicle 15, for example
sitting on (front right-hand) passenger seat 12. Another
occupant of vehicle 15 is sitting, by way of example, on
(rear left-hand) seat 13. User 22 may be wearing head-
phones (such as those illustrated in, and explained with
reference to, Figs. 2 and 3), in particular headphones
with a noise cancellation function. User 22 may therefore
not normally be able to hear speech uttered by the other
occupant. In order for user 22 to be able to hear the other
occupant, this embodiment envisages that the system
detects the speech uttered by the other occupant, using
one or more microphones 2. In addition, using one or
more microphones 2 and/or one or more cameras 16,
the system detects the (approximate) location of the other
occupant (unless this is already known). The information

regarding the location of the other occupant, as well as
the orientation and/or location of headphones 20, 21 of
user 22, are then used by the system, in particular the
processing unit 1, to generate a control signal to ensure
that headphones 20, 21 output audible sound, represent-
ing the speech uttered by the other occupant, which can
be perceived by user 22 as coming from the direction/lo-
cation of the other occupant with respect to the user 22
(or their headphones 20, 21), in this example from a di-
rection of somewhere between 7 o’clock and 8 o’clock,
in particular from a direction corresponding to half past
7 (in relation to the forward direction of vehicle 15), in
particular irrespective of the orientation of headphones
20, 21.
[0105] A method of operation of a system in accord-
ance with the present invention will now be described
with continued reference to Figs. 1-4 and further with
reference to Fig. 5.
[0106] Fig. 5 shows a flow chart illustrating a method
according to an embodiment of the present invention.
[0107] After the start (30) of the method, an orientation
of an acoustic output device (such as any of acoustic
output devices 3-5) with respect to the road-based vehi-
cle 15 is determined (31). An acoustic output function of
the acoustic output device is then controlled (32) as a
function of the orientation of the acoustic output device
3-5 with respect to the road-based vehicle 15. To this
end, the processing unit 1 may send a corresponding
control signal or control signals to the acoustic output
device(s) 3-5. Once the acoustic output function of the
acoustic output device has been controlled in the way
described, the method may end (33), or alternatively may
be repeated.
[0108] While at least one example embodiment of the
present invention has been described above, it has to be
noted that a great number of variations thereto exist. Fur-
thermore, it is appreciated that any described example
embodiments only illustrate non-limiting examples of
how the present invention can be implemented and that
it is not intended to limit the scope, the application or the
configuration of the apparatuses and methods described
herein. Rather, the preceding description will provide the
person skilled in the art with instructions for implementing
at least one example embodiment of the invention,
whereby it has to be understood that various changes of
functionality and the arrangement of the elements of the
example embodiment can be made without deviating
from the subject-matter defined by the appended claims,
as well as their legal equivalents.

List of Reference Signs

[0109]

1 processing unit
2 detectors / microphones
3 acoustic output device / (personal) head-

phones / (personal) headset
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4 wired acoustic output device / (proprietary)
headphones

5 wireless acoustic output device / (proprietary)
headphones

6 wired cradle / holder
7 wireless cradle / holder
8 (wireless) interface
9 display device / CID / RSE
10 central position at front of vehicle
11 - 14 seat
15 vehicle
16 camera / detector
17 orientation of vehicle
18 orientation of acoustic output device
19 (perceived) direction of audible sound
20 headphones (right-hand portion)
21 headphones (left-hand portion)
22 (head of) user / person
23 position and/or orientation determination de-

vices / accelerometers / gyroscope sensors /
magnetometer sensors

24 output front right
25 output front left
26 output rear left
27 output rear right
28 person (in film), (main) actor
29 extras (in film)
30 - 33 method steps

Claims

1. A method of controlling an acoustic output device
(3-5) in a road-based vehicle (15) comprising:

determining an orientation (18) of the acoustic
output device (3-5) with respect to the road-
based vehicle (15); and
controlling an acoustic output function of the
acoustic output device (3-5) as a function of the
orientation (18) of the acoustic output device
(3-5) with respect to the road-based vehicle (15).

2. The method according to claim 1, further comprising:

determining a location of the acoustic output de-
vice (3-5) with respect to the road-based vehicle
(15) or a specific point thereof; and
controlling the acoustic output function of the
acoustic output device (3-5) as a function of the
location of the acoustic output device (3-5) with
respect to the road-based vehicle (15) or the
specific point thereof.

3. The method according to claim 1 or 2, wherein con-
trolling the acoustic output function of the acoustic
output device (3-5) as a function of the orientation
(18) of the acoustic output device (3-5) with respect

to road-based vehicle (15) and/or controlling the
acoustic output function of the acoustic output device
(3-5) as a function of the location of the acoustic out-
put device (3-5) with respect to the road-based ve-
hicle (15) or the specific point thereof comprises
causing the acoustic output device (3-5) to output
audible sound in such a way that a user (22) of the
acoustic output device (3-5) perceives the audible
sound as coming from a substantially consistent di-
rection (19) and/or location (10) relative to the vehicle
(15) or the specific point thereof, irrespective of the
orientation (18) and/or location of the acoustic output
device (3-5) relative to the vehicle (15) or the specific
point thereof.

4. The method according to claim 3, wherein the audi-
ble sound is part of audible content forming part of
infotainment content, the infotainment content fur-
ther comprising visual content associated with the
audible content, in particular synchronised with the
audible content, the visual content being displayed
on a display device (9).

5. The method according to claim 4, wherein the audi-
ble content comprises a first audible portion and a
second audible portion, wherein the first audible por-
tion comprises the audible sound, and

wherein controlling the acoustic output function
of the acoustic output device (3-5) comprises
causing the acoustic output device (3-5) to out-
put the second audible portion irrespective of
the orientation (18) of the acoustic output device
(3-5) with respect to the road-based vehicle (15)
and irrespective of the location of the acoustic
output device (3-5) with respect to the road-
based vehicle (15) or the specific point thereof,
in particular wherein controlling the acoustic out-
put function of the acoustic output device (3-5)
comprises causing the acoustic output device
(3-5) to output the second audible portion in an
omnidirectional manner.

6. The method according to claim 3, further comprising
detecting sounds generated by an occupant of the
road-based vehicle (15) other than a user (22) of the
acoustic output device (3-5); and
causing the detected sounds or processed versions
thereof to be output as said audible sound, in partic-
ular in such a way that a user (22) of the acoustic
output device (3-5) perceives the audible sound as
coming from a direction and/or location relative to
said user (22) which corresponds to a direction
and/or location of said occupant relative to said user
(22), irrespective of the orientation (18) and/or loca-
tion of the acoustic output device (3-5) relative to the
vehicle (15) or the specific point thereof.
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7. The method according to claim 6, further comprising
detecting a direction and/or location of said occupant
with respect to the vehicle (15) or the specific point
thereof, in order to derive therefrom the direction
and/or location of said occupant relative to said user
(22).

8. The method according to claim 7, wherein detecting
the direction and/or location of said occupant with
respect to the vehicle (15) or the specific point thereof
comprises detecting the direction and/or location of
said occupant with respect to the vehicle (15) or the
specific point thereof using one or more microphones
(2) and/or cameras (16), in particular one or more
microphones (2) and/or cameras (16) installed in the
vehicle (15).

9. The method according to claim 3, wherein the audi-
ble sound is an audible sound arranged

- to indicate that the vehicle (15) is operational
and/or
- to indicate that the vehicle (15) is moving and/or
- to resemble the sound of an internal combus-
tion engine.

10. The method according to any preceding claim,
wherein the acoustic output device (3-5) comprises
a portable device (3-5), in particular a personal de-
vice (3) or a proprietary device (4, 5) of the vehicle
(15), in particular headphones (20, 21) or a headset
(20, 21), in particular with a surround sound function
and/or a noise cancellation function.

11. A system for controlling an acoustic output device
(3-5) in a road-based vehicle (15), the system com-
prising:
a processing unit (1) configured to receive orienta-
tion information regarding an orientation (18) of the
acoustic output device (3-5) with respect to the road-
based vehicle (15), wherein the processing unit (1)
is further configured to generate and output a control
signal for causing the acoustic output device (3-5)
to output audible sound, wherein the processing unit
(1) is configured to generate and output the control
signal as a function of the orientation information.

12. The system according to claim 11, wherein

the system further comprises a detector (16, 23)
configured to detect said orientation (18) of the
acoustic output device (3-5) with respect to the
road-based vehicle (15) in order to provide the
orientation information, or
the processing unit (1) comprises an interface
(8) for receiving the orientation information.

13. A road-based vehicle (15) comprising the system ac-

cording to claim 11 or 12.

14. A computer program product comprising a program
code which is stored on a computer readable medi-
um, for carrying out a method in accordance with
any one of claims 1 to 10, or any of its steps or com-
bination of steps.
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