
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
72

2 
15

8
A

1
*EP003722158A1*

(11) EP 3 722 158 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
14.10.2020 Bulletin 2020/42

(21) Application number: 19168432.3

(22) Date of filing: 10.04.2019

(51) Int Cl.:
B60R 16/037 (2006.01) G10L 15/22 (2006.01)

G06K 9/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: Volvo Car Corporation
40531 Göteborg (SE)

(72) Inventors:  
• Sedaghat, Alborz

417 60 Göteborg (SE)
• Gordh, Mikael

442 50 Ytterby (SE)

(74) Representative: Kransell & Wennborg KB
P.O. Box 2096
403 12 Göteborg (SE)

(54) A VOICE ASSISTANT SYSTEM

(57) The disclosed subject matter generally relates
to a voice assistant system for a vehicle which can dis-
tinguish who is issuing voice commands, and thereby
also which sub-system in the vehicle to control according
to the voice command. This is obtained by allowing the
voice assistant system to receive input signals from an
image capturing system configured to detect the user
issuing the voice command. The vehicle compartment
may be divided into several zones each associated with
at least one sub-system, and the input signals from the
image capturing system provide information to the control
unit of the voice assistant system regarding the present
zone of the user issuing the voice commands.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to a
voice assistant system configured to receive voice com-
mands and provide instructions to vehicle sub-systems.

BACKGROUND

[0002] Recently, more mature voice recognition assist-
ants have reached the smart speaker market and smart
phone market. This development, lead by advances in
artificial intelligence powered technology, also made its
way into the automotive industry. More specifically it is
becoming more common that modern vehicles are
equipped with voice recognition assistant systems which
allow a user to control various electronic systems of the
vehicle via orally issued audio commands.
[0003] A voice recognition assistant system has a mi-
crophone for capturing the audio input and a processor
for processing the audio input. The processor utilizes a
voice recognition algorithm, often including machine
learning techniques, for decoding the audio input to a
control command for controlling an electric system, such
as an entertainment system of the vehicle.
[0004] With the recent advances in voice recognition,
current systems are reasonably accurate in decoding au-
dio commands. For example, a user of the vehicle may,
by speaking to the voice recognition assistant system,
control the entertainment system in the vehicle to in-
crease the volume or change the music track. This audio
command will thus change the overall setting for the en-
tire vehicle.
[0005] However, there may be situations where a sin-
gle occupant of the vehicle desires a more local setting,
for example to increase or decrease the volume in the
speaker closest to the occupant. This may be solved in
various ways, but present voice recognition assistant
systems are relatively unfit to in a user-friendly manner
accommodate such individual requests.
[0006] Accordingly, there is a desire to further improve
the user friendliness of voice recognition assistant sys-
tem to more accurately respond to individual requests
from occupants of the vehicle.

SUMMARY

[0007] The disclosed subject matter generally relates
to a voice assistant system for a vehicle which can dis-
tinguish who is issuing voice commands, and thereby
also which sub-system in the vehicle to control according
to the voice command.
[0008] With the proposed voice assistant system, the
issue of relying on voice recognition itself to conclude
from who or where the voice command originates is at
least alleviated or even eliminated. Further, with the pro-
posed voice assistant system a user in the vehicle may

be able to control a respective sub-system associated
with the location of the user with less complicated voice
commands.
[0009] The above advantages are obtained by allowing
the voice assistant system to receive input signals from
an image capturing system configured to detect the user
issuing the voice command. The vehicle compartment
may be divided into several zones each associated with
at least one sub-system. The input signals from the image
capturing system provide information to the control unit
of the voice assistant system regarding the present zone
of the user issuing the voice commands.
[0010] Accordingly, the voice assistant system which
comprises at least one audio capturing device for cap-
turing voice commands from a user, is also configured
to receive image data, or generally an input signal, indi-
cating the present zone of the vehicle compartment from
which the voice command was issued. The control unit
of the voice assistant system is configured to provide a
control signal to the sub-system associated with the
present zone to thereby control the sub-system accord-
ing to the voice command.
[0011] Accordingly, the proposed voice assistant sys-
tem may more accurately determine which subsystem is
desirable to control by the user issuing the voice com-
mand. Furthermore, the complexity of the voice com-
mand itself may be reduce since the user no longer has
to say, in the voice command, in which zone he/she is
present, or in which zone a specific sub-system setting
is desired. The present zone of the user is automatically
detected based on the input signal from the image cap-
turing system.
[0012] The inventors further realized that most vehi-
cles today are equipped with a driver monitoring system
which can detect motions or even perform face tracking
of occupants in the vehicle. The driver monitoring system
may thus advantageously provide the voice assistant
system with input signals to inform the voice assistant
system of who was issuing the voice command. Thus,
there is in many vehicles no need for a specific image
capturing system for the proposed voice assistant system
since there is often already a driver monitoring system
installed.
[0013] It may also be possible to equip the voice as-
sistant system with dedicated image capturing devices,
although the preferred implementation is to utilize already
present image capturing system in the vehicle.
[0014] Vehicles are often equipped with microphones
and driver monitoring systems. The inventors therefore
also realized to provide a control unit configured to re-
ceive, from an audio capturing device such as a micro-
phone, signals indicative of voice commands issued by
a user in a vehicle. The control unit is further configured
to receive input signals indicative of from which zone of
a plurality of zones of a vehicle compartment that the
voice command originated. A mentioned above, the con-
trol unit is configured to determine the present zone from
which the voice command originates and to control a ve-
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hicle sub-system in the present zone according to the
voice command.
[0015] The inventors also propose a corresponding
method and computer program product with the same
advantages as the above mentioned.
[0016] Further features of, and advantages with, the
present invention will become apparent when studying
the appended claims and the following description. The
skilled person realize that different features of the present
invention may be combined to create embodiments other
than those described in the following, without departing
from the scope of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0017] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing example embodi-
ments of the invention, wherein:

FIG. 1 is a box diagram of a voice assistant system
according to embodiments of the present disclosure;
FIG. 2 conceptually illustrates a plurality of zones in
a vehicle compartment according to embodiments
of the present disclosure;
FIG. 3 is a box diagram of a voice assistant system
according to embodiments of the present disclosure;
FIG 4 is a flow-chart of method steps according to
embodiments of the present disclosure; and
FIG 5 is a flow-chart of method steps according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0018] In the present detailed description, various em-
bodiments of a voice assistant system according to the
present disclosure are described. However, this inven-
tion may be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided for thor-
oughness and completeness, and to fully convey the
scope of the invention to the skilled person. Like refer-
ence characters refer to like elements throughout.
[0019] Fig. 1 illustrates a box diagram conceptually
representing a voice assistant system 100 according to
embodiments of the present disclosure. The voice as-
sistant system 100 is configured to receive voice com-
mands and provide instructions to vehicle sub-systems
associated with one of a plurality of zones in a vehicle
compartment. The voice assistant system comprises at
least one audio capturing device 102 for capturing voice
commands from a user. Further, a control unit 104 com-
prised in the voice assistant system is configured to re-
ceive signals indicative of the voice commands from the
audio capturing device 102. The control unit 104 is also
configured to receive input signals from an image cap-
turing system 106 configured to detect the user issuing
the voice commands. The input signals from the image

capturing system 106 provide information to the control
unit 104 regarding the present zone of the user. The con-
trol unit 104 provides a control signal to the sub-system
108 associated with the present zone for controlling the
sub-system 108 according to the voice command.
[0020] Fig. 2 conceptually illustrates a vehicle com-
partment 200 divided into four virtual zones, 202, 204,
206, and 208, where each zone has a respective sub-
system 210a-d. A user present in for example zone 202
may issue a voice command, e.g. "increase temperature
by 2 degrees". With prior art systems, it is difficult for the
voice recognition functionality to determine from which
of the zones 202-208 the voice command originated. In
other words, such a prior art system would instead in-
crease the temperature in the entire vehicle compartment
200. Alternatively, the user may have to specifically ask
the system to "increase temperature by 2 degrees at the
driver’s location".
[0021] The inventors realized that by utilizing an image
capturing system, the voice assistant system may re-
ceive information of in which of the zones 202-208 the
user who issued the voice command is present. The im-
age capturing system may for example include face
tracking functionality that allows for detecting which user
is speaking. Thus, in the case that the here shown ex-
ample sub-systems 210a-d are climate control sub-sys-
tems, in response to the above voice command "increase
temperature by 2 degrees" issued by the driver located
in zone 202, a control of climate sub-system 210a would
be executed to increase the temperature in zone 202 by
2 degrees.
[0022] As a further example, now with the sub-systems
210a-d being part of an entertainment system, a user
present in zone 206, i.e. in the left side of the back seat,
may issue a voice command "turn off music". An image
capturing device included in the image capturing system
may be arranged to capture images to perform face track-
ing of occupants in the back seat, whereby the voice as-
sistant system receives information that the issued com-
mand originated from the left side of the back seat, i.e.
the user is present in zone 206. The control unit 104 of
the voice assistant system may then control the sub-sys-
tem, i.e. speaker sub-system 210c in the zone 206 to
turn off the music in that zone 206.
[0023] Accordingly, the proposed voice assistant sys-
tem can more accurately determine which sub-system
to control in response to a received voice command. The
voice assistant system also allows for the user to issue
voice commands with fewer input words for controlling a
respective sub-system since there is no need for the user
to specify in which zone of the vehicle the desired setting
should be pursued.
[0024] In some embodiments, the control unit is con-
figured to provide a feedback control signal to an enter-
tainment sub-system, e.g. subsystem 210b, including a
speaker in the present zone, e.g. zone 204 to thereby
generate an audio feedback to the user in the present
zone via the speaker in the present zone confirming re-
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ception and/or execution of the voice command. Accord-
ingly, the voice assistant system may advantageously be
configured to confirm a new setting for a vehicle sub-
system in the present zone, here exemplified by zone
204, by generating the audio feedback to the user via a
speaker in the present zone. In this way, the confirmation
may not disturb occupants in the other zones of the ve-
hicle in which the setting of the corresponding sub-sys-
tem was not altered.
[0025] A sub-system 210a-b is herein associated with
a respective zone of the vehicle compartment. The sub-
system 210a-b is independently controllable in each of
the zones 202-208. For example, exemplary systems
comprising such sub-systems include climate control
systems, a seat control system, an audio control system,
window lift control systems, door locking systems, etc.
Fig. 2 only includes, for clarity in the drawing, one sub-
system per zone, but there may of course be more than
one sub-system per zone.
[0026] A shown in fig. 2, the number of zones is at least
four. However, the number of zones may vary depending
on the type of vehicle. It is advantageous if each seating
location in the vehicle associated with a controllable ve-
hicle subsystem has an associated zone in the context
of the present disclosure. In this way, accurate local con-
trol of the subsystems is possible. Furthermore, the
number of sub-systems is not necessarily the same for
all seating locations or zones in the vehicle. In addition,
the type of sub-systems is not necessarily the same for
all seating locations or zones in the vehicle.
[0027] In some embodiments, a user may provide a
user input, e.g. via a control panel or via voice commands,
to merge zones. Based on the user input, the control unit
may thus be configured to merge two or more zones into
one zone. This is advantageous in case there is fewer
occupants in the vehicle than seats, and one occupant
desires to control a vehicle sub-system in an adjacent
empty zone.
[0028] The sub-systems may comprise a respective
control unit which is configured to receive the control sig-
nals from the control unit of the voice assistant system.
Thus, the voice assistant system provides a control signal
with information of which sub-system to be controlled and
in what way the sub-system is to be controlled.
[0029] The control unit 106 may be configured to con-
trol the subsystem 108 so that only the sub-system 108
in the present zone where the detected user is located
is controlled according to the voice command. In other
words, and turning to fig. 2 again, if a voice command
was issued by a user in the zone 208, i.e. in the right
back seat, the only the sub-system 210d may be control-
led according to the issued voice command.
[0030] Fig. 3 illustrates one possible voice assistant
system 300 according to embodiments of the present
disclosure. The voice assistant system 300 comprises at
least one audio capturing device in the form of at least
one microphone 304. The control unit 302 is configured
to receive signals from the microphones 304 indicative

of voice commands captured by the microphones 304.
[0031] The control unit 302 is further configured to re-
ceive input signals from an image capturing system 306
which includes a control unit 308 and at least one image
capturing device in the form of at least one camera 310.
The camera produces images which are analysed by the
control unit 308 to determine the present zone from which
a user was issuing voice commands. The image captur-
ing system 306 may include a so-called driver monitoring
system which is configured to track facial movements of
a user.
[0032] The control unit 308 of the image capturing sys-
tem 306 is thus configured to perform the recognition of
in which zone the user issuing a voice command is
present. This information is transmitted to the control unit
302 of the voice assistant system 300. In some embod-
iments the control unit 302 of the voice assistant system
300 performs the recognition for determining the present
zone of the user issuing a voice command based on im-
age data received from the cameras 310.
[0033] The control unit 302 is connected to the audio
capturing device 304 adapted to capture voice com-
mands from the user. The control unit 302 is further con-
nected to the image capturing system 306 adapted to
capture image data of vehicle occupants. The control unit
302 is in this way configured to receive the voice com-
mand signals from the audio capturing device and the
input signals from the image capturing system. Here the
control unit 320 of the voice assistant system 300 is con-
nected to the control unit 308 of the image capturing sys-
tem 306.
[0034] The control unit 302 analyses the signals re-
ceived from the microphones 304 to decode the voice
command for understanding the instruction given by the
user. Such decoding is per se known to the skilled person
and often operates via e.g. pattern recognition algorithms
and will not be discussed in further detail herein.
[0035] Based on the analysis of the voice command
and the input signal from the image capturing system
308, the control unit 302 transmits a control signals to a
respective system 312, 313, 314 for controlling the sub-
system associated with the zone in which the user is
present who issued the voice command. Each of the sys-
tems 312, 313, 314 comprises respective subsystems of
which only one each is numbered, i.e. 312a, 313a, 314a.
[0036] Fig. 4 is a flow-chart of method steps for con-
trolling a vehicle sub-system associated with one of a
plurality of zones in a vehicle compartment according to
embodiments of the present disclosure. In a first step
S102 is a voice command received by a voice assistant
system via e.g. an audio capturing device. In step S104
it is determined, based on image data captured by an
image capturing device, the present zone from which the
voice command originated. Subsequently, in step S106,
a control unit which has decoded the voice command
provides a control signal to the vehicle sub-system in the
present zone for controlling the sub-system according to
the decoded voice command.
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[0037] Fig. 5 is a flow-chart which includes a typical
workflow for herein disclosed embodiments. Once a
voice command is issued by a user, and the voice as-
sistant system is activated in step S202, it is determined
who of the vehicle occupants is communicating with the
voice assistant system in step S204, i.e. the user is de-
tected. This detection is based on image data captured
by an image capturing device in the vehicle. A face track-
ing functionality may track the users’ faces using the im-
age data for determining who of the occupants is com-
municating with the voice assistant system.
[0038] If the voice assistant system was not activated
in step S202 before the voice command was issued, the
process ends since the voice command was in that case
not detected by the voice assistant system.
[0039] Once it has been concluded who is communi-
cating with the voice assistant system in step S204, it is
determined in which zone of several zones, see e.g. the
zones 202, 204, 206, 208, in fig. 2, the occupant is locat-
ed, in step S206. This determination may be based on
preprogrammed knowledge of the image capturing de-
vices’ locations or fields of view in the vehicle and which
image capturing device it was that captured the person
communicating with the voice assistant system. For ex-
ample, each of the zones 202, 204, 206, 208 may be
equipped with a respective image capturing device.
[0040] Next, in step S208, the voice assistant system
makes the data including the decoded voice command
and the present zone of the user available to the control
units of the vehicle systems, each including respective
sub-systems 210a-d in the different zones of the vehicle.
The control unit of the voice assistant system may spe-
cifically transmit control signal to the respective system,
see e.g. systems 313, 314, 315 in fig. 3, which itself con-
trols the sub-systems in the present zone of the user
according to the voice command.
[0041] The present disclosure also includes a compu-
ter program product comprising a computer readable me-
dium having stored thereon computer program means
for controlling vehicle sub-system associated with one of
a plurality of zones in the vehicle compartment. The com-
puter program product comprises code for decoding a
voice command captured by an audio capturing device,
and code for determining the present zone from which
the voice command originated based on image data cap-
tured by an image capturing device. Further, there is in-
cluded code for controlling the vehicle sub-system in the
present zone according to the voice command.
[0042] A control unit may include a microprocessor,
microcontroller, programmable digital signal processor
or another programmable device, as well as be embed-
ded into the vehicle/power train control logic/hardware.
The control unit may also, or instead, include an appli-
cation-specific integrated circuit, a programmable gate
array or programmable array logic, a programmable logic
device, or a digital signal processor. Where the control
unit includes a programmable device such as the micro-
processor, microcontroller or programmable digital sig-

nal processor mentioned above, the processor may fur-
ther include computer executable code that controls op-
eration of the programmable device. The control unit may
comprise modules in either hardware or software, or par-
tially in hardware or software and communicate using
known transmission buses such as CAN-bus and/or wire-
less communication capabilities. Thus, communication
between control units, or between control units and audio
capturing devices, image capturing systems, image cap-
turing devices, etc. may be accomplished by various
means know in the art. For example, the communication
may be hardwired, using known transmission buses such
as CAN-bus and/or wireless communication capabilities.
[0043] A control unit of the present disclosure is gen-
erally known an ECU, electronic control unit.
[0044] There is further provided, according to aspects
of the present disclosure, a vehicle comprising the voice
assistant system according to any one of the herein dis-
closed embodiments.
[0045] The image data described herein should be un-
derstood to preferably include a stream of images such
that a face tracking algorithm can track facial motions.
Face tracking algorithms are known per se and will not
be described in detail herein.
[0046] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims.
[0047] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measured cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.
[0048] Various examples have been described. These
and other examples are within the scope of the following
claims.

Claims

1. A voice assistant system configured to receive voice
commands and provide instructions to vehicle sub-
systems associated with one of a plurality of zones
in the vehicle compartment, the voice assistant sys-
tem comprises:

at least one audio capturing device for capturing
voice commands from a user; and
a control unit configured to:

receive signals indicative of the voice com-
mands from the audio capturing device,
receive input signals from an image captur-
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ing system configured to detect the user is-
suing the voice commands, the input sig-
nals providing information to the control unit
regarding the present zone of the user, and
provide a control signal to the sub-system
associated with the present zone of the user
for controlling the sub-system according to
the voice command.

2. The voice assistance system according to claim 1,
wherein only the sub-system in the present zone
where the detected user is located is controlled ac-
cording to the voice command.

3. The voice assistance system according to claim 1 or
2, wherein the vehicle sub-system includes a control
unit configured to receive the control signal.

4. The voice assistance system according to any one
of the preceding claims, wherein the image capturing
system includes at least one image capturing device,
wherein the control unit is configured to determine
the present zone of the user based on image data
from the image capturing device.

5. The voice assistance system according to any one
of the preceding claims, comprising the image cap-
turing system.

6. The voice assistance system according to any one
of the preceding claims, wherein the image capturing
system is a driver monitoring system.

7. The voice assistance system according to claim 6,
wherein the driver monitoring system includes a face
tracking system configured to track facial motions.

8. The voice assistance system according to any one
of the preceding claims, wherein the number of
zones is at least four.

9. The voice assistance system according to any one
of the preceding claims, wherein, based on user in-
put, the control unit is configured to merge two or
more zones into one zone.

10. The voice assistance system according to any one
of the preceding claims, wherein, the control unit is
configured to provide a feedback control signal to an
entertainment sub-system including a speaker in the
present zone the thereby generate an audio feed-
back to the user in the present zone via the speaker
in the present zone confirming reception and/or ex-
ecution of the voice command.

11. A control unit configured to receive, from an audio
capturing device, signals indicative of voice com-
mands issued by a user in a vehicle, and to receive

input signals indicative of from which zone of a plu-
rality of zones of a vehicle compartment that the
voice command originated, wherein the control unit
is configured to determine the present zone from
which the voice command originates and to control
a vehicle sub-system in the present zone according
to the voice command.

12. The control unit according to claim 11, wherein the
control unit is connectable to an audio capturing de-
vice adapted to capture voice commands from a us-
er, and to an image capturing device adapted to cap-
ture image data of vehicle occupants, wherein con-
trol unit is configured to receive the voice commend
signals from the audio capturing device and the input
signals from the image capturing device.

13. A method for controlling a vehicle sub-system asso-
ciated with one of a plurality of zones in a vehicle
compartment, the method comprising:

receiving a voice command;
determining the present zone from which the
voice command originated based on image data
captured by an image capturing device, and
decoding the voice command and providing a
control signal to the vehicle sub-system in the
present zone for controlling the sub-system ac-
cording to the decoded voice command.

14. A computer program product comprising a computer
readable medium having stored thereon computer
program means for controlling vehicle sub-system
associated with one of a plurality of zones in the ve-
hicle compartment, wherein the computer program
product comprises:

code for decoding a voice command captured
by an audio capturing device;
code for determining the present zone from
which the voice command originated based on
image data captured by an image capturing de-
vice, and
code for controlling the vehicle sub-system in
the present zone according to the voice com-
mand.

15. A vehicle comprising the voice assistant system ac-
cording to any one of claims 1 to 10.
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