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FIG. 2

(57) Abstract: Aspects of the present invention relate to a control system (100) for
controlling a parking assistance system (200) of a vehicle (300). The control system
(100) includes one or more controller (110). The control system (100) is configured to
receive image data (315) captured by at least one imaging sensor (310) provided on the
vehicle (300), the image data (315) representing a scene external to the vehicle (300);
and to receive a parking space signal (275) identifying a parking space (P1) for the
vehicle (300). The control system (100) processes the image data (315) to identify the
presence of a parking space reservation object (PRD1) associated with the identified
parking space (P1), and to characterise the identified parking space reservation object
(PRD1) as being in one of a first state (S1) in which vehicle access to the parking space
(P1) is not possible and a second state (S2) in which vehicle access to the parking space
(P2) is possible. In dependence on the parking space reservation object (PRD1) being
characterised as being in the first state (S1), the control system (100) is configured to
output a request for confirmation that the vehicle (300) is to be parked in the identified
parking space (P1). The control system (100) receives a confirmation signal confirming
that the vehicle (300) is to be parked in the identified parking space (P1). A parking
manoeuvre request signal (105A) is output to the parking assistance system (200) to
perform a parking manoeuvre to park the vehicle (300) in the identified parking space
(P1) when the parking space reservation object (PRD1) is characterised as being in the
second state (S2). Aspects of the invention also relate to a system (160), a vehicle (300),
a method (500) and a computer readable instructions.
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CONTROL SYSTEM AND METHOD FOR PARKING ASSISTANCE

TECHNICAL FIELD

The present disclosure relates to a control system and method for parking assistance. In particular, the control
system and method are configured to control operation of a parking assistance system. Aspects of the
invention relate to a control system, a system, a vehicle, a method and a computer readable instructions.

BACKGROUND

A parking space reservation object (also known as a park lock device or a parking space locking device) may
be provided to reserve a parking space. The parking space reservation object may, for example, be positioned
at the leading edge of the parking space. The parking space reservation object can be deployed to form a
physical barrier to inhibit or prevent unauthorised parking of a vehicle in the parking space. The parking space
reservation object can be stowed to enable access to the parking space. The parking space reservation object
typically comprises a locking mechanism operable to lock the parking space reservation object in the deployed
position. The locking mechanism can be unlocked to enable the parking space reservation object to be stowed.
The parking space reservation object may be locked and unlocked manually. Alternatively, the locking and
unlocking of the parking space reservation object may be at least partially automated. For example, the parking

space reservation object may comprise an actuator for operating the locking mechanism.

It is known to provide a vehicle with a parking assistance system. The parking assistance system may identify
a parking space for a vehicle. The parking assistance system may optionally control the vehicle to perform a
parking manoeuvre. The parking assistance system typically require a complete and clear view of the width of
the parking space to determine that the space is available. A potential shortcoming of known parking
assistance systems is the ability to take due account of a parking space reservation object associated with a
parking space. The parking assistance system may determine that the parking space is not available if the

parking space reservation object is detected.

It is an aim of the present invention to address one or more of the disadvantages associated with the prior art.

SUMMARY OF THE INVENTION
Aspects and embodiments of the invention provide a control system, a system, a vehicle, a method and

computer readable instructions as claimed in the appended claims.

According to an aspect of the present invention there is provided a control system for controlling a parking
assistance system of a vehicle, the control system comprising one or more controller, the control system
configured to:

receive image data captured by at least one imaging sensor provided on the vehicle, the image data
representing a scene external to the vehicle;

identify a parking space for the vehicle;

process the image data to identify the presence of a parking space reservation object associated

with the identified parking space, and to characterise the identified parking space reservation object as being
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in one of a first state in which vehicle access to the parking space is not possible and a second state in which
vehicle access to the parking space is possible;

in dependence on the parking space reservation object being characterised as being in the first state,
the control system is configured to output a request for confirmation that the vehicle is to be parked in the
identified parking space;

receive a confirmation signal confirming that the vehicle is to be parked in the identified parking
space; and

output a parking manoeuvre request signal to the parking assistance system to perform a parking
manoeuvre to park the vehicle in the identified parking space when the parking space reservation object is

characterised as being in the second state.

In use, the control system identifies the presence of the parking space reservation object. Furthermore, the
control system is operative to characterise the identified parking space reservation object as being in one of
the first state and the second state. The control system thereby determines if parking in the parking space is
possible or not possible in dependence on the determined state of the identified parking space reservation
object. If the control system determines that the parking space reservation object is in the first state in which
parking is not possible, a check is performed to determine if the vehicle is to be parked in the identified parking
space. The control system outputs the parking manoeuvre request signal to perform the parking manoeuvre
in dependence on receipt of the confirmation signal. At least in certain embodiments the control system can
control the parking assistance system to initiate the parking manoeuvre when the parking space reservation
object is in the first state. Thus, the control system enables the vehicle to be parked in the parking space even

when the parking space reservation object is in the first state.

The processing of the image data to identify the presence of the parking space reservation object may be
based in dependence on a surface area and/or a location of an object within the boundaries of the parking
space. Alternatively, or in addition, the presence of the parking space reservation object may be determined

using image-based recognition of the park lock device, for example utilising pattern matching.

The request for confirmation that the vehicle is to be parked into the identified parking space may be output to
another vehicle system, such as an autonomous driving control unit. The confirmation signal may be received
form the vehicle system. Alternatively, the request may be output to a driver of the vehicle, for example in the
form of a driver notification. The confirmation signal may be generated in dependence on a user input to confirm
that the vehicle is to be parked. The request may prompt a notification indicating that the parking space is
blocked or obstructed. An output may be generated to notify the driver that the parking space reservation

object should be reconfigured to enable performance of the parking manoeuvre.

At least in certain embodiments, the control system may initiate the parking manoeuvre while the parking space
reservation object is in the first state. The control system may pause or interrupt the parking manoeuvre when
the horizontal distance between the vehicle and the parking space reservation object is less than or equal to
a predefined threshold. The control system may optionally output a signal or a prompt to request that the

parking space reservation object is re-configured to the second state. The control system may re-start the
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parking manoeuvre in dependence on a determination that the parking space reservation object is in the
second state. For example, the control system may output the parking manoeuvre request signal to the parking
assistance system to perform the parking manoeuvre in dependence on a determination that the parking space
reservation object is in the second state in which vehicle access to the parking space is possible. The control
system may re-start the parking manoeuvre automatically or in dependence on a confirmation request from a
driver of the vehicle.

The control system may be configured to receive a parking space signal to identify the parking space. The
parking space signal may be received from the parking assistance system. The parking space signal may
identify the position of the parking space relative to the vehicle. The parking space signal may identify a
perimeter or a boundary of the parking space. Alternatively, or in addition, the control system may be
configured to process the image data to identify the parking space. The image data may be processed to
identify the position of the parking space relative to the vehicle. The image data may be processed to identify

a perimeter or a boundary of the parking space.

The control system comprises one or more controllers collectively comprising at least one electronic processor
having an electrical input for receiving an input signal; and at least one memory device electrically coupled to
the at least one electronic processor and having instructions stored therein. The electrical input is suitable for
receiving an image data signal comprising the image data; and the confirmation signal. Optionally, the electrical
input may be suitable for receiving the parking space signal to identify the parking space. The at least one
electronic processor may comprise an electrical output for outputting a confirmation request signal to request
confirmation; and the parking manoeuvre request signal. The at least one electronic processor is configured
to access the at least one memory device and execute the instructions thereon to identify the presence of the
parking space reservation object and to characterise the identified parking space reservation object as being
in one of the first state and the second state. The at least one electronic processor may generate the parking

manoeuvre request signal which is output to the parking assistance system.

The control system may be configured to identify a first state change of the parking space reservation object
from the first state to the second state. The control system may thereby determine with the parking space
reservation object is re-configured to such that parking in the parking space is possible. The parking
manoeuvre resume signal may be output to the parking assistance system to initiate performance of the
parking manoeuvre. The control system may output the parking manoeuvre request signal to the parking
assistance system in dependence on the identification of the first state change. The parking manoeuvre may
be performed when the parking space reservation object is re-configured to enable parking in the parking
space. At least in certain embodiments, the parking manoeuvre request signal may be output to re-start or to
continue performance of a parking manoeuvre, for example a parking manoeuvre which was paused when the
vehicle was a predetermined distance from the parking space reservation object. The control system may be
configured to process the image data to determine the first state change of the identified parking space

reservation object (i.e., a change from the second state to the first state).
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The control system may be configured to identify a second state change of the parking space reservation
object from the second state to the first state. The control system may output the parking manoeuvre interrupt
signal to interrupt the parking manoeuvre in dependence on the identification of the second state change. The
parking manoeuvre interrupt signal may be output to the parking assistance system to interrupt or pause
performance of the parking manoeuvre. The parking manoeuvre interrupt signal may be generated
automatically to interrupt the parking manoeuvre. This may be appropriate, for example, if the parking space
reservation object is deployed while the vehicle is performing a parking manoeuvre. The control system may
be configured to process the image data to determine the second state change of the identified parking space

reservation object (i.e., a change from the second state to the first state).

The parking assistance system may control the vehicle to perform an assisted (semi-autonomous) parking
manoeuvre or an autonomous parking manoeuvre. The assisted parking manoeuvre may be classed as Level
2 autonomous control. The autonomous parking manoeuvre may be classed as Level 2 or Level 4 autonomous
control. The parking assistance system may implement a remote parking function. The remote parking function
may provide in-vehicle assistance (i.e., to assist a driver in the vehicle) or remote parking assistance (i.e., to

assist a driver outside the vehicle).

The control system may be configured to identify a third state change of the parking space reservation object
from the first state to the second state. The control system may output a parking manoeuvre resume signal to
resume the parking manoeuvre in dependence on the identification of the third state change. The parking
manoeuvre resume signal may be output to the parking assistance system to resume performance of the
parking manoeuvre. An interrupted parking manoeuvre may be resumed when the parking space reservation
object is re-configured to enable parking in the parking space. At least in certain embodiments, the parking
manoeuvre request signal may re-start or continue performance of the parking manoeuvre. The control system
may be configured to process the image data to determine the third state change of the identified parking

space reservation object (i.e., a change from the first state to the second state).

Alternatively, or in addition, the control system may be configured to output a parking manoeuvre resume
signal to resume performance of the parking manoeuvre in dependence on receipt of a user input. The user
input may confirm that the parking space reservation object is in the second state. The parking manoeuvre
resume signal may be output to the parking assistance system to resume performance of the parking
manoeuvre. An interrupted parking manoeuvre may be resumed when the parking space reservation object is
re-configured to enable parking in the parking space. At least in certain embodiments, the parking manoeuvre

request signal may re-start or continue performance of the parking manoeuvre.

The control system may be configured to output a notification signal in dependence on the parking space
reservation object being characterised as being in the first state. The notification signal may generate an alert
for a user or a driver of the vehicle. For example, the notification signal may prompt the output of an alert

indicating that a parking space reservation object has been identified.
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The control system may be configured to output a state change request signal to request that the parking
space reservation object is changed from the first state to the second state. The state change request signal
may be output in dependence on the parking space reservation object being characterised as being in the first
state.

The parking space reservation object may comprise one or more actuator for configuring the parking space
reservation object in the first state and the second state. The one or more actuator may be controlled in
dependence on one or more electrical signal. The one or more electrical signal may be output by the control
system, for example as a wireless a radio frequency (RF) signal. The one or more electrical signal may
comprise a first state request signal to request that the parking space reservation object is configured in the
first state; and a second state request signal to request that the parking space reservation object is configured
in the second state. The control system may be configured to generate the first state request signal and/or the
second state request signal. The control system may output the second state request signal before or during
performance of a parking manoeuvre. The parking space reservation object may be reconfigured to the second
state to enable the vehicle to complete a parking manoeuvre to park the vehicle in the parking space. The
control system may output the first state request signal after performance of the parking manoeuvre or after
the vehicle exits the parking space. The first state request signal may be output to configure the parking space
reservation object to reserve the parking space after the vehicle has exited the parking space. The control

system may process the image data to determine that the vehicle is exiting or has exited the parking space.

Output of the first state request signal and/or the second state request signal by the control system provides
for the parking space reservation object to be reconfigured between the first and second states automatically
and without the user being required to exit the vehicle and manually reconfigure the parking space reservation
object. Advantageously, the parking assistance system is enabled to autonomously conduct a complete
parking manoeuvre with any parking space reservation object being configured automatically to allow passage
of the vehicle.

The control system may be configured to process the image data to determine an identifier associated with
the parking space reservation object. The identifier may be a unique identifier. The identifier may, for example,
comprise a machine-readable optical code. The identification of the identifier may facilitate determination that
an authorisation is in place for the identified parking space. The identification of the parking space reservation
object may facilitate communication with the parking space reservation object, for example to request that the

parking space reservation object is configured in the second state.

The at least one imaging sensor may comprise an optical sensor, for example a camera. Alternatively, or in
addition, the at least one imaging sensor may comprise one or more of the following: an Imaging Radar and a

Lidar. The at least one imaging sensor may comprise a combination of different types of imaging sensor.

According to a further aspect of the present invention there is provided a system comprising the control system
of any preceding claim and a parking assistance system, the control system being configured to output the

parking manoeuvre request signal to the parking assistance system.
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According to a further aspect of the present invention there is provided a vehicle comprising the system
described herein. According to a further aspect of the present invention there is provided a vehicle comprising

the control system described herein.

According to a further aspect of the present invention there is provided a method of controlling a parking
assistance system of a vehicle, the method comprising:

receiving image data captured by at least one imaging sensor provided on the vehicle, the image
data representing a scene external to the vehicle;

identifying a parking space for the vehicle;

processing the image data to identify the presence of a parking space reservation object associated
with the identified parking space, and to characterise the identified parking space reservation object as being
in one of a first state in which vehicle access to the parking space is not possible and a second state in which
vehicle access to the parking space is possible;

in dependence on the parking space reservation object being characterised as being in the first state,
the method comprising requesting confirmation that the vehicle is to be parked in the identified parking space;

receiving a confirmation signal confirming that the vehicle is to be parked in the identified parking
space; and

outputting a vehicle parking signal to the parking assistance system to perform a parking manoeuvre
to park the vehicle in the identified parking space when the parking space reservation object being
characterised as being in the second state.

The method may comprise receiving a parking space signal to identify the parking space. Alternatively, the

method may comprise processing the image data to identify the parking space.

According to an aspect of the present invention there is provided a control system for controlling a parking
assistance system of a vehicle, the control system comprising one or more controller, the control system
configured to:

receive image data capturing by at least one imaging sensor provided on the vehicle, the image data
representing a scene external to the vehicle;

process the image data to identify the presence of a parking space reservation object in the scene
and to characterise the identified parking space reservation object as being in one of a first state and a second
state; and

in dependence on the identification of the parking space reservation object in the first state, to output
a signal indicating that the parking space reservation object is in the first state. The parking space reservation
object in the first state prevents or inhibits vehicle access to the parking space such that parking is not possible.
The parking space reservation object in the second state enables vehicle access to the parking space and

parking is possible.

The signal is output to the parking assistance system provided on the vehicle. The signal may request that the

parking assistance system pauses, interrupts or delays a parking manoeuvre while the parking space

6
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reservation object is in the first state. The control system may output a request for confirmation that the vehicle
is to be parked in the identified parking space. The control system may output a parking request signal to the
parking assistance system to request performance of the parking manoeuvre in dependence on receipt of a
confirmation signal. Alternatively, or in addition, the control system may output a parking request signal to the
parking assistance system to request performance of the parking manoeuvre in dependence on a
determination that the parking space reservation object is in the second state.

According to a further aspect of the present invention there is provided a computer readable instructions which,

when executed by a computer, are arranged to perform a method(s) as described herein.

Within the scope of this application it is expressly intended that the various aspects, embodiments, examples
and alternatives set out in the preceding paragraphs, in the claims and/or in the following description and
drawings, and in particular the individual features thereof, may be taken independently or in any combination.
That is, all embodiments and/or features of any embodiment can be combined in any way and/or combination,
unless such features are incompatible. The applicant reserves the right to change any originally filed claim or
file any new claim accordingly, including the right to amend any originally filed claim to depend from and/or

incorporate any feature of any other claim although not originally claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS
One or more embodiments of the invention will now be described, by way of example only, with reference to

the accompanying drawings, in which:

Figure 1 shows a schematic representation of a vehicle incorporating a control system in accordance with an

embodiment of the present invention;

Figure 2 shows the vehicle shown in Figure 1 in relation to a parking space having a parking space reservation

object in accordance with an embodiment of the present invention;

Figure 3A shows the parking space reservation object in Figure 2 in a first deployed state to prevent vehicle

access to the parking space in accordance with an embodiment of the present invention;

Figure 3B shows the parking space reservation object in Figure 2 in a second stowed state to allow vehicle

access to the parking space in accordance with an embodiment of the present invention;

Figure 4 shows a schematic representation of the parking assistance system to identify the parking space in

accordance with an embodiment of the present invention;

Figure 5 shows a schematic representation of the control system to control operation of the parking assistance

system in accordance with an embodiment of the invention; and
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Figure 6 shows a block diagram to illustrate a method of controlling a parking assistance system in accordance
with an embodiment of the invention.

DETAILED DESCRIPTION

A control system 100 for controlling a parking assistance system 200 in accordance with an embodiment of
the present invention is described herein with reference to the accompanying Figures. As shown in Figure 1,

the control system 100 and the parking assistance system 200 are installed in a vehicle 300.

The vehicle 300 is a road vehicle, such as an automobile, a sports utility vehicle (SUV) or a utility vehicle. The
vehicle 300 in the present embodiment is an automobile. The vehicle 300 comprises at least one imaging
sensor 310 configured to capture an image representing a scene external to the vehicle 300. The or each
imaging sensor 310 is configured to output an image data signal 315. The image data signal 315 represents
image data captured by the at least one imaging sensor 310. The at least one imaging sensor 310 comprises
at least one optical sensor in the present embodiment. A first optical sensor 310A is provided for capturing a
first scene to a front of the vehicle 300; and a second optical sensor 310B is provided for capturing a second
scene to a rear of the vehicle 300. The first optical sensor 310A is mounted in a forward-facing orientation; and
the second optical sensor 310B is mounted in a rearward-facing orientation. The first and second optical
sensors 310A, 310B may each comprise a single- or stereo-optical sensor. Alternatively, or in addition, the at
least one imaging sensor 310 may comprise a Light Detection and Ranging (LIDAR) sensor and/or a radar
sensor. The vehicle 300 comprises at least one parking sensor 330 configured to output a proximity signal
335. The at least one parking sensor 330 comprises at least one first parking sensor 330A mounted at the
front of the vehicle 300; and/or at least one second parking sensor 330B mounted at the rear of the vehicle
300. The or each parking sensor 330 comprises one or more proximity sensor configured to determine the
proximity and position of an obstacle (denoted generally by the reference 305 in Figure 2) in relation to the
vehicle 300. The or each parking sensor 330 comprises an ultrasonic (time-of-flight) sensor in the present
embodiment. The vehicle 300 comprises a human-machine-interface (HMI) 345. The HMI 345 may, for
example, comprise or consist of one or more input devices, such as a button, a switch or a touch screen; and

an output device, such as a display screen.

The parking assistance system 200 is configured to identify a parking space (or parking bay) P1 suitable for
parking the vehicle 300. The parking assistance system 200 also identifies the presence of the obstacle 305
which prevents or inhibits vehicle access to a candidate parking space P1. The parking assistance system 200
is configured to control the vehicle 300 to perform a parking manoeuvre when a suitable parking space P1 is
identified. In particular, the parking assistance system 200 is configured to control the vehicle 300 to park the
vehicle 300 in the parking space P1. As shown in Figure 2, the extent of the parking space P1 may be defined
by a boundary PB1. The boundary PB1 represents a perimeter or outer limit of the parking space P1. The
boundary PB1 may, for example, be defined by one or more lines or markings on the ground. Alternatively, or
in addition, the boundary PB1 may be defined by one or more of the following: a structure, such as a wall; a

column; a pillar; and a kerb.
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The obstacle 305 in the illustrated example is in the form of a parking space reservation object PRD1 (also
known as a parking space locking device or a parking lock). The parking space reservation object PRD1 is
selectively configurable in one of a first (locked/deployed) state S1 in which vehicle access to the parking
space P1 is not possible; and a second (unlocked/stowed) state S2 in which vehicle access to the parking
space P1 is possible. The parking space reservation object PRD1 is illustrated in the first state S1 in Figure
3A; and in the second state S2 in Figure 3B. The parking space reservation object PRD1 is deployed in the
first state S1 to inhibit vehicle access to the parking space P1; and undeployed (or stowed) in the second state
S2 to enable vehicle access to the parking space P1. The parking space reservation object PRD1 can be
selectively locked in each of the first and second states S1, S2 to prevent tampering or unauthorised access
to the parking space P1. The parking space reservation object PRD1 in the present embodiment comprises a
deployable bollard which is selectively configurable in the first state S1 and the second state S2. The bollard
is in a deployed configuration in the first state S1, and in an un-deployed (or retracted) configuration in the
second state S2. The parking space reservation object PRD1 in the present embodiment is manually
configured in each of the first and second states S1, S2. Alternatively, the parking space reservation object
PRD1 may be automatically configured in each of the first and second states S1, S2. For example, the parking
space reservation object PRD1 may comprise an actuator (not shown) which is operable selectively to
configure the parking space reservation object PRD1 in the first and second states S1, S2. Other types of
parking space reservation object PRD1 are contemplated. For example, the parking space reservation object
PRD1 may comprise a pivotally mounted arm which may be raised in the first state S1 and lowered in the
second state S2. In another example, the parking space reservation object PRD1 may comprise a garage
door. The garage door may be electrically actuated. The garage door may be of a type including an up & over
door or a roller shutter. In such an example, the control system may be configured to identify the parking
space by identifying the garage door. In other words, the control system does not necessarily identify the
parking space P1 by recognising the boundary/shape of the parking space P1 directly, but rather identifies the
parking space based on identification of a garage door having visual properties that are indicative of the
existence of a parking space behind the garage door. Such visual properties may include signage or the
presence of a building/garage around the garage door, or a pre-defined type of garage door stored in memory,

behind which a parking space is known to exist.

The parking assistance system 200 as illustrated in Figure 4 comprises one first controller 210, although it will
be appreciated that this is merely illustrative. The first controller 210 comprises first processing means 220
and first memory means 230. The first processing means 220 may be one or more electronic processing device
220 which operably executes computer-readable instructions. The first memory means 230 may be one or
more memory device 230. The first memory means 230 is electrically coupled to the first processing means
220. The first memory means 230 is configured to store instructions, and the first processing means 220 is
configured to access the first memory means 230 and execute the instructions stored thereon. The first
controller 210 comprises an input means 240 and an output means 250. The input means 240 may comprise
an electrical input 240 of the first controller 210. The output means 250 may comprise an electrical output 250

of the first controller 210.
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The input 240 is arranged to receive the image data signal 315 from the at least one imaging sensor 310; and
the proximity signal 335 from the at least one parking sensor 330. The image data signal 315 is an electrical
signal which is indicative of the image captured by the at least one imaging sensor 310. The proximity signal
335 is an electrical signal which is indicative of the proximity and position of an obstacle, such as the parking

space reservation object PRD1, relative to the vehicle 300.

The parking assistance system 200 implements a parking space identifier 270 (shown schematically in Figure
1) for identifying the parking space P1. The parking space identifier 270 receives signals from the vehicle
sensors and processes the signals to identify the parking space P1. The input 240 comprises at least one of
the image data signal 315 from the at least one imaging sensor 310; and the proximity signal 335 from the at
least one parking sensor 330. The first processing means 220 processes the image data signal 315 to identify
the parking space P1 and the boundary PB1 of the parking space P1. The image processing algorithm may,
for example, identify a space or region having dimensions and/or characteristics associated with a parking
space P1. The proximity signal 335 may optionally also be processed to identify the parking space P1 and/or
to determine the boundary PB1 of the parking space P1. Other signals may be used to identify the parking
space P1. For example, a geolocation of a parking space P1 associated with the vehicle 300 may be identified
using a navigational system (not shown). The parking space identifier 270 generates a parking space signal
275 which identifies the parking space P1. The first processing means 220 identifies the presence of the
obstacle 305 which inhibits or prevents vehicle access to the parking space P1. The obstacle 305 may be
identified through processing of the image data signal 315 and/or the proximity signal 335. In a variant, the
parking space identifier 270 may be separate from the parking assistance system 200. For example, the
parking space identifier 270 may be implemented by a separate controller or combined with the control system

100 described herein.

The output 250 is arranged to output a parking space signal 275. The parking space signal 275 is an electrical
signal which identifies the position of the parking space P1 relative to the vehicle 300. The parking space signal
275 also identifies the boundary PB1 of the parking space P1. The output 250 is arranged to output an obstacle
identification signal 285 which identifies the presence of the obstacle 305 associated with the parking space
P1.

The output 250 is arranged to output a plurality of vehicle control signals 290. The vehicle control signals 290
are electrical signals for controlling operation of one or more vehicle systems (denoted by the reference
numeral 295 in Figure 4) to control the dynamic operation of the vehicle 300. The vehicle control signals 290
may, for example, be output to a vehicle control unit associated with the respective vehicle systems. In
particular, the vehicle control signals 290 are operative to control the vehicle 300 to perform the parking
manoeuvre. The vehicle control signals 290 may comprise one or more of the following: a steering control
signal 290A output to a power steering control unit 295A; a torque demand signal 280B output to an
engine/motor control unit 295B; a transmission control signal 290C output to a transmission control unit 295C;
and a braking control system 280D output to a brake control unit 295D. As described herein, the parking
assistance system 200 receives signals from a plurality of vehicle sensors to determine the relative location of

obstacles proximal to the vehicle 300. The parking assistance system 200 may be configured to provide
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autonomous or semi-autonomous control of the vehicle 300. The semi-autonomous control of the vehicle 300
may require one or more driver input to perform the parking manoeuvre. The semi-autonomous control of the
vehicle may be classed as Level 2 autonomous control. The autonomous control may control the vehicle 300
to perform the parking manoeuvre without driver inputs. The autonomous parking manoeuvre may be classed
as Level 2 or Level 4 autonomous control. Alternatively, or in addition, the parking assistance system 200 may
implement a remote parking function which may provide in-vehicle or remote assistance to perform the parking

manoeuvre.

The control system 100 is configured to control the parking assistance system 200. In particular, the control
system 100 is configured to output one or more parking manoeuvre control signal 105A-D to the parking
assistance system 200 to control performance of a parking manoeuvre. The control system 100 as illustrated
in Figure 3 comprises one second controller 110, although it will be appreciated that this is merely illustrative.
The second controller 110 comprises second processing means 120 and second memory means 130. The
second processing means 120 may be one or more electronic processing device 120 which operably executes
computer-readable instructions. The second memory means 130 may be one or more memory device 130.
The second memory means 130 is electrically coupled to the second processing means 120. The second
memory means 130 is configured to store instructions, and the second processing means 120 is configured to
access the second memory means 130 and execute the instructions stored thereon. The second controller
110 comprises an input means 140 and an output means 150. The input means 140 may comprise an
electrical input 140 of the second controller 110. The output means 150 may comprise an electrical output
150 of the second controller 110.

The input 140 is arranged to receive the parking space signal 275 identifying the parking space P1. The parking
space signal 275 identifies the position of the parking space P1 relative to the vehicle 300 and the boundary
PB1 of the parking space P1. In a variant, the control system 100 may implement the parking space identifier
270 and generate the parking space signal 275 to identify the parking space P1. The input 140 is arranged to
receive the obstacle identification signal 285 identifying the obstacle 305. The input 140 is arranged also to
receive the image data signal 315 from the at least one imaging sensor 310. As described herein, the image
data signal 315 represents image data corresponding to a scene external to the vehicle 300.

The second controller 110 is configured to process the image data 115 to identify the parking space reservation
object PRD1. The second controller 110 implements an image processing algorithm to identify the parking
space reservation object PRD1. The image processing algorithm may, for example, implement an image (or
pattern) matching algorithm in respect of at least a portion of the image represented by the image data 115.
The image matching algorithm may be applied in respect of a sub-area of the image represented by the image
data 115. For example, the image matching algorithm may be applied in respect of a sub-area of the image
which corresponds to the parking space P1 identified by the parking space signal 275. Alternatively, or in
addition, the image matching algorithm may identify a region of the image having a colour corresponding to a
predefined colour (or within a predefined range of colours) associated with a parking space reservation object
PRD1. The image matching algorithm may match one or more patterns present in the image to a stored

representation of one or more parking space reservation object PRD1. The parking space reservation object
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PRD1 shown in Figures 3A and 3B is in the form of a bollard which is in a raised position in the first state S1
and in a lowered position in the second state S2. It will be understood that the control system 100 may be

configured to identify and characterise other types of parking space reservation object PRD1.

The control system 100 is configured to differentiate between a plurality of different operating states of the
parking space reservation object PRD1. In particular, the second controller 110 is configured to characterise
the identified parking space reservation object PRD1 as being in one of at least the first state S1 and the
second state S2. The first state S1 corresponds to a configuration of the parking space reservation object
PRD1 in which vehicle access to the parking space P1 is not possible; and the second state S2 corresponds
to a second configuration of the parking space reservation object PRD1 in which vehicle access to the parking
space P1 is possible. The second controller 110 is configured to process the image data 115 to differentiate
between the first and second states S1, S2. The second controller 110 characterises the parking space
reservation object PRD1 as being in one of the first and second states S1, S2. The second controller 110 is
configured also to identify a change in the operating state of the parking space reservation object PRD1. For
example, the second controller 110 can identify a first state change from the first state S1 to the second state

S2; or a second state change from the second state S2 to the first state S1.

The image matching algorithm may be configured to differentiate between at least the first state S1 and the

second state S2 in dependence on one or more of the following:

i. a shape/profile of the parking space reservation object PRD1;
ii. a size of the parking space reservation object PRD1;
iii. a position of the parking space reservation object PRD1 (relative to the parking space P1 and/or
the vehicle 300);
iv. an orientation of the parking space reservation object PRD1;
V. a vertical height of the parking space reservation object PRD1;
Vi a width of the parking space reservation object PRD1; and
vii. a visible indicator or notice advising that unauthorized access to the parking space P1 is
prohibited.

The control system 100 is configured to control operation of the parking assistance system 200 in dependence
on a determination that the parking space reservation object PRD1 is in one of the first state S1 and the second
state S2. The control system 100 is configured to control operation of the parking assistance system 200 in
dependence on a determination that the parking space reservation object PRD1 has changed from the first

state S1 to the second state S2; or from the second state S2 to the first state S1.

The output 150 is arranged to output one or more parking manoeuvre control signal 105A-D to control operation
of the parking assistance system 200. The or each parking manoeuvre control signal 105A-D is an electrical
signal arranged to control operation of the parking assistance system 200. In the present embodiment, the
output 150 is arranged to output a plurality of the parking manoeuvre control signals 105. The parking

manoeuvre control signals 105A-D comprise one or more of the following:
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i. A parking manoeuvre request signal 105A to request that the parking assistance system 200 initiates
performance of a parking manoeuvre.
ii. A parking manoeuvre interrupt signal 105B to request that the parking assistance system 200 pauses
or interrupts performance of a parking manoeuvre.
iii. A parking manoeuvre resume signal 105C to request that the parking assistance system 200 resumes
or continues performance of a parking manoeuvre.
iv. A parking manoeuvre halt signal 105D to request that the parking assistance system 200 halts

performance of a parking manoeuvre.

The control system may optionally be configured to output a notification signal 105E in dependence on the
parking space reservation object PRD1 being characterised as being in the first state. The notification signal
105E may be output to the HMI 345, for example to generate an alert for a user or a driver of the vehicle 300.
The alert may notify the user or the drive that the parking space reservation object PRD1 has been identified.
The notification signal 105E may prompt the generation of one or more of the following: a visual alert, a haptic

alert and an audio alert.

The control system 100 is configured to control operation of the parking assistance system 200 in dependence
on the determined state of the parking space reservation object PRD1 and/or in dependence on a change in
the determined state of the parking space reservation object PRD1. The operation of the control system 100
will now be described in more detail.

The parking assistance system 200 may be activated by a user input, for example in dependence on a driver
request for assistance to park the vehicle 300. The parking assistance system 200 commences a search for a
parking space P1 suitable for parking the vehicle 300. The parking assistance system 200 identifies the parking
space P1 and outputs the parking space signal 275 identifying the location of the parking space P1 relative to
the vehicle 300 and the boundary PB1 of the parking space P1. The control system 100 receives the parking
space signal 275 from the parking assistance system 200. The control system 100 processes the image data
115 to determine if there is a parking space reservation object PRD1 associated with the parking space P1. If
the control system 100 determines that there is no parking space reservation object PRD1 associated with the
parking space P1, the output 150 outputs a parking manoeuvre request signal 105A to the parking assistance
system 200 to request that the parking manoeuvre is performed. The parking assistance system 200 outputs

vehicle control signals 290 to control the vehicle 300 to perform the parking manoeuvre.

If the control system 100 determines that there is a parking space reservation object PRD1 is associated with
the parking space P1, the second controller 110 is configured to characterise the identified parking space
reservation object PRD1 as being in one of the first state S1 (in which vehicle access to the parking space P1
is not possible) and the second state S2 (in which vehicle access to the parking space P1 is possible). If the
second controller 110 characterises the parking space reservation object PRD1 as being in the second state

S2, a parking manoeuvre request signal 105A is output to the parking assistance system 200 to request that
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the parking manoeuvre is performed. The parking assistance system 200 outputs vehicle control signals 290

to control the vehicle 300 to perform the parking manoeuvre.

If the second controller 110 characterises the parking space reservation object PRD1 as being in the first state
S1, the second controller 110 determines a separation distance D1 (range) between the vehicle 300 and the
parking space reservation object PRD1. The separation distance D1 may be determined through analysis of
the image data 315 and/or the proximity signal 335. If the separation distance D1 is less than a predetermined
threshold, the second controller 110 outputs a parking manoeuvre interrupt signal 105B to the parking
assistance system 200 to interrupt performance of the parking manoeuvre. If the separation distance D1 is
greater than a predetermined threshold, the second controller 110 outputs a parking manoeuvre request signal
105A to the parking assistance system 200 to request that the parking manoeuvre is initiated. The second
controller 110 monitors the separation distance D1 as the parking manoeuvre is performed. When the
separation distance D1 is less than the predetermined threshold, the second controller 110 outputs a parking
manoeuvre interrupt signal 105B to the parking assistance system 200 to interrupt performance of the parking
manoeuvre. The parking manoeuvre interrupt signal 105B is output to the HMI 345 and prompts the output of
a driver notification advising that vehicle access to the parking space P1 is prevented by the parking space
reservation object PRD1 (determined to be in the first state S1). The HMI 345 may prompt the driver to unlock

the parking space reservation object PRD1.

The second controller 110 continues to determine the operating state of the parking space reservation object
PRD1. In dependence on identification of a first state change in which the parking space reservation object
PRD1 changes from the first state S1 to the second state S2, the second controller 110 is configured to output
the parking resume signal 105C to request that the parking assistance system 200 resumes or continues
performance of the parking manoeuvre. A prompt may optionally be output to the HMI 345 to receive
confirmation from the user (driver) to proceed with the parking manoeuvre. The control system 100 may
optionally be configured to output the parking manoeuvre resume signal 105C in dependence on receipt of a
user input confirming that the parking manoeuvre is to proceed, which may take the form of a confirmation
signal. The parking assistance system 200 outputs vehicle control signals 290 to control the vehicle 300 to
perform the parking manoeuvre.

The second controller 110 monitors the operating state of the parking space reservation object PRD1. In
dependence on identification of a second state change in which the parking space reservation object PRD1
changes from the second state S2 to the first state S1, the second controller 110 is configured to output the
parking interrupt signal 105B to request that the parking assistance system 200 interrupts performance of the

parking manoeuvre.

Figure 6 illustrates a method 500 according to an embodiment of the invention. The method 500 is a method
of controlling the vehicle 300 to perform a parking manoeuvre to park the vehicle 300 in a parking space P1.
The method 500 may be performed by the control system 100 and the parking assistance system 200
described herein.
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The method 500 comprises receiving a driver request for assistance to park the vehicle 300 (BLOCK 510). A
search is initiated for a parking space P1 suitable for parking the vehicle 300 (BLOCK 520). The parking
assistance system 200 is activated (BLOCK 530). The parking assistance system 200 identifies a candidate
parking space P1. The parking assistance system 200 identifies the obstacle 305 which prevents or inhibits
vehicle access to the parking space P1 (BLOCK 540). The parking space signal 275 and the obstacle
identification signal 285 are received by the control system 100. The control system 100 identifies the obstacle
305 as corresponding to the parking space reservation object PRD1 selectively configurable in the first and
second states S1, S2 (BLOCK 550). The control system 100 confirms that the parking space P1 with the
parking space reservation object PRD1 is valid (BLOCK 560). The parking space P1 is determined (BLOCK
570).

The parking space(s) P1 is presented to the driver of the vehicle 300 (BLOCK 570). The driver confirms the
parking space and commences the parking manoeuvre (BLOCK 580). The parking assistance system 200
controls the vehicle 100 to start the parking manoeuvre to park the vehicle 300 in the selected parking space
P1 (BLOCK 590). The second controller 110 determines the separation distance D1 (range) between the
vehicle 300 and the parking space reservation object PRD1. The second controller 110 outputs a parking
manoeuvre interrupt signal 105B to the parking assistance system 200 to pause the parking manoeuvre when
the separation distance D1 is less than the predetermined threshold (BLOCK 600). The predetermined
threshold in this scenario is predefined as an appropriate stopping distance from the parking space reservation
object PRD1. The control system 1090 generates a prompt for the driver to stow the parking space reservation
object PRD1 (BLOCK 610). The driver exits the vehicle 300 and stows the parking space reservation object
PRD1 (BLOCK 620). The driver re-enters the vehicle 300 and requests that the control system 100 continues
the parking manoeuvre (BLOCK 630). The control system 100 outputs the parking manoeuvre resume signal
105C. The parking assistance system 200 recommences the parking manoeuvre and controls the vehicle 300
to a final park position in the parking space P1 (BLOCK 640). The vehicle 300 is parked in the parking space
P1 (BLOCK 650).

The method 500 described herein requires that the parking space reservation object PRD1 is manually
reconfigured, for example by a driver of the vehicle 300. In a variant, the parking space reservation object
PRD1 may comprise an actuator operable to change the operating state of the parking space reservation
object PRD1. The actuator may be controlled in dependence on a state change request signal 355, for example
selectively to change the parking space reservation object PRD1 from the first state S1 to the second state S2
and/or from the second state S2 to the first state S1. The control system 100 may be configured to output the
state change request signal 355. The vehicle 300 may comprise a radio frequency (RF) transmitter 350 for
transmitting the state change request signal 355 to the parking space reservation object PRD1. The control
system 100 may be configured to output the state change request signal 355. The state change request signal
355 may be output to request that the parking space reservation object PRD1 is reconfigured from the first
state S1 to the second state S2 in dependence on the parking space reservation object PRD1 being
characterised as being in the first state S1. The state change request signal 355 may be output to request that
the parking space reservation object PRD1 is reconfigured from the second state S2 to the first state S1 in

dependence on a determination that the vehicle 300 has exited the parking space P1.
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The parking space reservation object PRD1 optionally comprises an identifier ID1 suitable for identifying the
parking space reservation object PRD1. In the arrangement illustrated in Figure 2, the identifier ID1 may, for
example, comprises a machine-readable optical code which is displayed on an exterior of the parking space
reservation object PRD1. In a variant, the identifier ID1 may comprise a wireless transmitter for transmitting
an identification signal to the vehicle 300, for example in response to a handshake signal transmitted by the
parking assistance system 200. The identifier ID1 may, for example, comprise a radio frequency identification
device (RFID). The control system 100 may identify the parking space reservation object PRD1 in dependence
on the identifier ID1. The control system 100 may thereby determine if the vehicle 300 is authorised to park in
the parking space P1 associated with the parking space reservation object PRD1. Alternatively, or in addition,
the control system 100 may use the identifier ID1 to determine a communication address, such as an IP
address, of the parking space reservation object PRD1. This may facilitate communication between the control
system 100 and the parking space reservation object PRD1, for example to address a state change request

signal 355.

The control system 100 and the parking assistance system 200 described herein in combination for a system
160. The control system 100 is configured to output the parking manoeuvre request signal 105A to the parking
assistance system 200 in the system 160. The system 160 is provided on the vehicle 300. The present
invention has been described with reference to the control system 100 and the parking assistance system 200
as being separate from each other. It will be understood that the control system 100 and the parking assistance
system 200 may be combined. For example, the control system 100 and may be integrated into the parking

assistance system 200.

The at least one imaging sensor 310 in the above embodiment comprises an optical sensor, such as a camera.
Alternatively, or in addition, the at least one imaging sensor 310 may comprise one or more of an Imaging
Radar and a Lidar. The at least one imaging sensor 310 may comprise a combination of different types of

imaging sensor.

The at least one imaging sensor 310 in any of the embodiments discussed herein may comprise both of i) an
optical sensor, such as a camera, and ii) an ultrasonic radar. The ultrasonic radar may be configured to
determine a proximity of objects based on time-of-flight signals of sound waves. In such embodiments, the
control system is further configured to perform a sensor fusion process, comprising combining data from i) the
optical sensor and ii) the ultrasonic radar, in order to output a combined sensor output for identifying the
presence of a parking space reservation object. In such embodiments, the control system is may be configured
to generate image data comprising an object map based on the combined sensor output and to identify the
presence of a parking space reservation object based on the object map. In such embodiments, the control
system may be yet further configured to process the image data using an artificial intelligence system (such
as a neural network) to identify the presence of a parking reservation object. Such a neural network may have

been trained using a set of images including different parking reservation objects.
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The output from the ultrasonic radar can provide information relating to distance to obstacles. The output from
the optical sensor can provide information relating to contours of the scene external to the vehicle.
Advantageously, combining data from the optical sensor and the ultrasonic radar provides a highly granular
level of information about the environment surrounding the vehicle hence enabling detection of static parking

reservation objects with a high degree of accuracy.

It will be appreciated that various changes and modifications can be made to the present invention without
departing from the scope of the present application. For purposes of this disclosure, it is to be understood that
reference to ‘the control system being configured to’ is to be understood to mean ‘the one or more controllers
of the control system are collectively configured to’. The controller(s) described herein can each comprise a
control unit or computational device having one or more electronic processors, the one or more processors

collectively configured to perform the control system functionality set out in the control system claims.
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CLAIMS

1. A control system for controlling a parking assistance system of a vehicle, the control system
comprising one or more controller, the control system configured to:

receive image data captured by at least one imaging sensor provided on the vehicle, the image data
representing a scene external to the vehicle;

identify a parking space for the vehicle;

process the image data to identify the presence of a parking space reservation object associated
with the identified parking space, and to characterise the identified parking space reservation object as being
in one of a first state in which vehicle access to the parking space is not possible and a second state in which
vehicle access to the parking space is possible;

in dependence on the parking space reservation object being characterised as being in the first state,
the control system is configured to output a request for confirmation that the vehicle is to be parked in the
identified parking space;

receive a confirmation signal confirming that the vehicle is to be parked in the identified parking
space; and

output a parking manoeuvre request signal to the parking assistance system to perform a parking
manoeuvre to park the vehicle in the identified parking space when the parking space reservation object is

characterised as being in the second state.

2. A control system as claimed in claim 1, wherein the control system is configured to receive a parking

space signal to identify the parking space.

3. A control system as claimed in claim 1, wherein the control system is configured to process the image

data to identify the parking space.

4, A control system as claimed in any one of the preceding claims, wherein the control system is
configured to identify a first state change of the parking space reservation object from the first state to the
second state; and to output the parking manoeuvre request signal to the parking assistance system in

dependence on the identification of the first state change.

5. A control system as claimed in any one of the preceding claims, wherein the control system is
configured to identify a second state change of the parking space reservation object from the second state to
the first state; and to output the parking manoeuvre interrupt signal to interrupt the parking manoeuvre in

dependence on the identification of the second state change.

6. A control system as claimed in claim 5, wherein the control system is configured to identify a third
state change of the parking space reservation object from the first state to the second state; and to output a
parking manoeuvre resume signal to resume the parking manoeuvre in dependence on the identification of

the third state change.
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7. A control system as claimed in claim 5, wherein the control system is configured to output a parking
manoeuvre resume signal to resume performance of the parking manoeuvre in dependence on receipt of a

user input.

8. A control system as claimed in any one of the preceding claims, wherein the control system is
configured to output a notification signal in dependence on the parking space reservation object being

characterised as being in the first state.

9. A control system as claimed in any one of the preceding claims, wherein the control system is
configured to output a state change request signal to request that the parking space reservation object is
changed from the first state to the second state, the state change request signal being output in dependence

on the parking space reservation object being characterised as being in the first state.

10. A control system as claimed in any one of the preceding claims, wherein the control system is
configured to process the image data to determine an identifier associated with the parking space reservation

object.

11. A system comprising the control system of any preceding claim and a parking assistance system,

the control system being configured to output the parking manoeuvre request signal to the parking assistance

system.
12. A vehicle comprising the system of claim 11 or the control system of any one of claims 1 to 10.
13. A method of controlling a parking assistance system of a vehicle, the method comprising:

receiving image data captured by at least one imaging sensor provided on the vehicle, the image
data representing a scene external to the vehicle;

identify a parking space for the vehicle;

processing the image data to identify the presence of a parking space reservation object associated
with the identified parking space, and to characterise the identified parking space reservation object as being
in one of a first state in which vehicle access to the parking space is not possible and a second state in which
vehicle access to the parking space is possible;

in dependence on the parking space reservation object being characterised as being in the first state,
the method comprising requesting confirmation that the vehicle is to be parked in the identified parking space;

receiving a confirmation signal confirming that the vehicle is to be parked in the identified parking
space; and

outputting a vehicle parking signal to the parking assistance system to perform a parking manoeuvre
to park the vehicle in the identified parking space when the parking space reservation object being

characterised as being in the second state.

14. A method as claimed in claim 13 comprising receiving a parking space signal to identify the parking

space.
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15. Computer readable instructions which, when executed by a computer, are arranged to perform a

method according to claim 13 or claim 14.
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