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VEHICLE

(57) The invention relates to a method for automati-
cally parking a vehicle (204). The method comprises de-
termining a parking trajectory for the vehicle (204),
wherein a first portion of the parking trajectory (216) is
along a portion of the first limiting motion circle (206) and
a second portion of the parking trajectory (216) is along

a portion of the second limiting motion circle (212). The
movement of the vehicle (204) is controlled on the parking
trajectory (216) to initiate the parking maneuver. Further,
the vehicle (204) is positioned in the empty parking space
(202).
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Description

[0001] The invention relates to a method for automat-
ically parking a vehicle and an automatically parking ve-
hicle.
[0002] Generally, vehicle may be deployed with tech-
nology to assist drivers in parking. Such mechanisms
provide convenience and safety for vehicle operators. In
such cases, undue effort by the driver for accommodating
the vehicle in an empty space may be avoided.
[0003] The parking assist mechanism where available,
is relatively complicated in various conditions. Thereby,
the conventional parking assistance systems are not
scalable to multiple different parking situations which a
driver may typically encounter, such as in a city.
[0004] One such system is described in German patent
application DE 102009046676 A1 (’676 patent applica-
tion). The ’676 application describes a driver assistance
system, which may be configured to provide multiple pref-
erable trajectories, which are displayed to the driver. The
driver may select a preferable trajectory from the various
options that are provided.
[0005] The ’676 patent application describes a parking
assist system which automatically allows the vehicle to
be parked without involving the operator. However, the
mechanisms and approaches as described involve fre-
quent gear shifting movements. For example, in order to
park the vehicle, a combination of forward and reverse
gear shifts may be required, when guiding the vehicle
into the available parking space. It has been found that
such mechanisms may result in more time taken for the
vehicle to get parked. Moreover, frequent shifting of the
transmission may result in unnecessary strain of the
transmission system and may also affect the fuel efficien-
cy.
[0006] The following detailed description references
the drawings, wherein:

FIG. 1 is a block diagram of a parking assistance
system provided in a vehicle, as per an implemen-
tation of the present subject matter.

FIG. 2 is a schematic view of a parking environment,
as per an implementation of the present subject mat-
ter.

FIG. 3A is a schematic view of a parking environ-
ment, as per another implementation of the present
subject matter.

FIG. 3B is a schematic view of a parking environ-
ment, as per yet another implementation of the
present subject matter.

FIG. 4 is a flow chart of a method for automatically
parking the vehicle in an empty parking space, as
per an implementation of the present subject matter.

FIG. 5 is a flow chart of the method for automatically
parking the vehicle in the empty parking space, as
per another implementation of the present subject
matter.

[0007] This summary is provided to introduce concepts
related to a method for automatically parking the vehicle
in one step, and a vehicle having a parking assistance
system. The concepts are further described below in the
detailed description. This summary is not intended to
identify essential features of the claimed subject matter
nor is it intended for use in determining or limiting the
scope of the claimed subject matter.
[0008] In one implementation, a method for automati-
cally parking a vehicle in an empty parking space is de-
scribed. To this end, a first limiting motion circle is de-
fined, which is having a radius greater than or equal to a
minimum turning radius. The first limiting motion circle is
tangentially passing through a centre point of a rear axle
of the vehicle. The first limiting motion circle is also tan-
gential to a central axis of the vehicle passing through
the centre point of the rear axle. Further, a second limiting
motion circle is defined, which is having a radius greater
than or equal to the minimum turning radius. The second
limiting motion circle is tangentially passing through a
central axis of an empty parking space such that path of
the vehicle on initiation of a turn maneuver would not
intersect the second limiting motion circle. Further, a
parking trajectory for the vehicle is determined. A first
portion of the parking trajectory is determined along a
portion of the first limiting motion circle and a second
portion is determined along a portion of the second lim-
iting motion circle. A parking maneuver is initiated by con-
trolling movement of the vehicle on the parking trajectory
in such a manner that the central axis of the vehicle is
tangential to the first portion of the parking trajectory. The
movement of the vehicle is further controlled along the
second portion in such a manner that the central axis of
the vehicle is tangential to the second portion of the park-
ing trajectory. The vehicle is positioned in the empty park-
ing space in such a manner that the central axis of the
vehicle aligns with the central axis of the empty parking
space.
[0009] Thus, determining the parking trajectory based
on the first limiting motion circle and the second limiting
motion circle ensures that one step parking trajectory is
determined. Additionally, controlling the movement of the
vehicle on the one step parking trajectory ensures that
issues in terms of frequent gear shifts (forward and re-
verse) are completely avoided. Thus, a fast, comfortable,
and robust parking method is ensured taking into account
the issues in reference to the frequent gear shifts.
[0010] As mentioned previously, automated or compu-
ter assisted parking may provide the convenience to driv-
er who may not have to particularly be concerned whether
the vehicle can be accommodated within an available
space. However, such mechanisms may not consider
the frequent gear changes or additional steering move-
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ments for parking the vehicle. As a result, different sys-
tems of the vehicle, such as the transmission or the steer-
ing system may be subjected to wear and tear, and also
unnecessary stress. The frequent gear movement
presents frequent occurrence of undesirable vehicle re-
actions, which may render maneuvering difficult. Further,
frequent gear shifts may affect fuel efficiency of the ve-
hicle. Also while executing any parking maneuver, ob-
jects which bound the parking space and also obstacles
impeding the parking process located outside the parking
space, such as moving objects may pose a collision
threat.
[0011] To this end, approaches for parking a vehicle
using a parking assistance system are described. The
parking of the vehicle may be enabled using sensors in-
stalled on the vehicle. For implementing the parking of
the vehicle, a parking space is initially identified. In con-
tinuation, a minimum turning radius of the vehicle is ob-
tained.
[0012] Once the minimum turning radius is obtained,
a first limiting motion circle is defined. The first limiting
motion circle may be considered as a logical circle having
a radius greater than or equal to the minimum turning
radius. The first limiting motion circle may then be ar-
ranged or logically positioned in an area corresponding
to the physical parking area. The first limiting motion circle
is positioned such that it passes through a centre point
of a rear axle of the vehicle. Further, the first limiting mo-
tion circle is positioned such that it is also tangential to
the axis of the vehicle. Furthermore, a second limiting
motion circle is also defined. The second limiting motion
circle is defined having a radius greater than or equal to
the minimum turning radius. The second limiting motion
circle is also so defined such that it is positioned tangen-
tially to a central axis of the empty parking space. Both
the first limiting motion circle and the second limiting mo-
tion circle are defined in such a manner such that they
do not overlap with each other when the vehicle initiates
a parking maneuver.
[0013] On determining the first limiting motion circle
and the second limiting motion circle, a parking trajectory
for the vehicle is determined. The parking trajectory so
determined is composed of a first portion which lies along
a portion of the first limiting motion circle. The parking
trajectory also includes a second portion which lies along
a portion of the second limiting motion circle. The first
and the second portion may be connected by an inter-
mediate portion to form the complete trajectory. In one
implementation, the intermediate portion may be a
straight line tangential to both the first limiting motion cir-
cle and the second limiting motion circle.
[0014] Once the parking trajectory is determined, the
parking maneuver is initiated. The vehicle is controlled
in such a manner that an intersection point of the central
axis and the rear axle of the vehicle moves along the
parking trajectory. For example, while the parking
maneuver is executed, the vehicle may be controlled
such that the vehicle’s axis is maintained tangential to

the parking trajectory. As would be understood, while the
parking maneuver is being executed the intersection
point moves along the parking trajectory. As would be
understood, where the portion of the trajectory is a line,
the axis of the vehicle may be along the portion. As the
vehicle approaches the available parking space, the cen-
tral axis of the vehicle is aligned with the central axis of
the empty parking space, and the vehicle is positioned
in the empty parking space.
[0015] In another implementation, the parking trajec-
tory may be determined based on a starting position and
an end position on the first limiting motion circle and the
second limiting motion circle, respectively. The parking
trajectory may be generated by further determining one
or more trajectories between the starting position and the
end position. The outer limits for the possible parking
trajectories may be determined by the first limiting motion
circle and the second limiting motion circle. In such a
case, the radii of all of the parking trajectories may be
greater than the radius of the first limiting motion circle
and the radius of the second limiting motion circle. Ac-
cordingly, the parking maneuver is initiated by controlling
the movement of the vehicle on any one of the determined
parking trajectories. Thereafter, the vehicle may be
maneuvered into the empty parking space.
[0016] As can be understood, determining the parking
trajectory based on the first limiting motion circle and the
second limiting motion circle enables parking of the ve-
hicle in a continuous motion without requiring any gear
shifts. Additionally, controlling the movement of the ve-
hicle on the one step parking trajectory ensures that is-
sues in terms of gear shifts (forward and reverse) are
completely avoided. Thereby, unnecessary effort to the
driver or to the parking assistance system due to frequent
gear movement is reduced or completely eliminated.
[0017] The above mentioned implementations are fur-
ther described herein with reference to the accompany-
ing figures. It should be noted that the description and
figures relate to exemplary implementations, and should
not be construed as a limitation to the present subject
matter. It is also to be understood that various arrange-
ments may be devised that, although not explicitly de-
scribed or shown herein, embody the principles of the
present subject matter. Moreover, all statements herein
reciting principles, aspects, and embodiments of the
present subject matter, as well as specific examples, are
intended to encompass equivalents thereof.
[0018] FIG. 1 is a block diagram of the parking assist-
ance system 100 provided within the vehicle (not shown
in the figure), as per an implementation of the present
subject matter. The parking assistance system 100 is
further referred to as the system 100 hereinafter. The
system 100 includes a plurality of sensors (collectively
referred to as sensor(s) 102). Each of the plurality of sen-
sor(s) 102 may be coupled to one or more vehicle com-
ponents.
[0019] Although the sensor(s) 102 have been de-
scribed as being part of the system 100, the sensor(s)
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102 may also be deployed outside, but in communication
with the system 100. It should be noted that the manner
in which the sensor(s) 102 is provided depends on the
type of the vehicle components. Accordingly, each of the
sensor(s) 102 may be provided with different compo-
nents of the vehicle. Examples of such sensor(s) 102
include, but are not limited to electronic sensors and ul-
trasonic sensors. The sensor(s) 102 may be further cou-
pled to the system 100 through a plurality of data com-
munication interfaces (collectively referred to as inter-
face(s) 104. The interface 104 may include a variety of
interfaces, for example, interfaces for data input and out-
put devices, referred to as I/O devices, storage devices,
network devices, and the like, for communicatively asso-
ciating the sensor(s) 102 with the system 100. The inter-
face 104 facilitates communication between the sen-
sor(s) 102 and the system 100.
[0020] The system 100 further in turn is coupled to the
interface(s) 104. The communication mechanism be-
tween the system 100 and the interface(s) 104 may be
implemented by mechanisms known in the art. For ex-
ample, the connection between the system 100 and the
interface(s) 104 may be implemented using one or more
communication buses (not shown). The system 100 may
further include a processing unit(s) 106 and a memory
108. The processing unit 106 can be a single processing
unit or a number of units, all of which could include mul-
tiple computing units. The processing unit 106 may be
implemented as one or more microprocessors, micro-
computers, microcontrollers, digital signal processors,
central processing units, state machines, logic circuitries,
and/or any devices that manipulate signals, based on
operational instructions. Among other capabilities, the
processing unit(s) 106 is provided to fetch and execute
computer-readable instructions stored in the memory
108. The memory 108 may be coupled to the processing
unit 106 and may include any non-transitory computer-
readable medium known in the art including, for example,
volatile memory, such as static random access memory
(SRAM) and dynamic random access memory (DRAM),
and/or non-volatile memory, such as read only memory
(ROM), erasable programmable ROM, flash memories,
hard disks, optical disks, and magnetic tapes.
[0021] Further, the system 100 may include module(s)
110 and the data 112. The module(s) 110 and the data
112 may be coupled to the processing unit 106. The mod-
ule(s) 110, amongst other things, can include routines,
programs, objects, components, data structures, etc.,
which perform particular tasks or implement particular
abstract data types. The modules 110 may also, be im-
plemented as, signal processor(s), state machine(s), log-
ic circuitries, and/or any other device or component that
manipulate signals based on operational instructions.
[0022] In an implementation, the module(s) 110 can
include a trajectory calculating module 114, a vehicle
controller 116, a monitoring module 118 and other mod-
ule(s) 120. The other module(s) 120 may include pro-
grams or coded instructions that supplement applications

or functions performed by the system 100. Additionally,
in said implementation, the data 112 includes minimum
turning radius data 122, limiting circle information 124,
distance(s) 126, sensor data 128, and other data 130.
The data 112, amongst other things, may serve as a re-
pository for storing data that is processed, received, or
generated, as a result of the execution of one or more
modules. Although the data 112 is shown internal to the
system 100, it may be understood that the data 112 can
reside in an external repository (not shown in the figure),
which may be operably coupled to the system 100. The
vehicle controller 116 may be implemented as a micro-
controller, a microcomputer, and/or any device that ma-
nipulates signals based on operational instructions.
[0023] The operation and working of the system 100
is provided in conjunction with the illustration of a parking
environment 200 as provided in FIG. 2. In one implemen-
tation of the present subject matter as depicted in FIG.
2, the sensor(s) 102 may identify the empty parking space
202 in between multiple parking spaces, in which a ve-
hicle, such as vehicle 204 can be parked. The trajectory
calculating module 114 may utilize the data 112 to de-
termine a parking trajectory of the vehicle 204. For cal-
culating the parking trajectory, the trajectory calculating
module 114 obtains data regarding the dimensions of the
vehicle 204 and the minimum turning radius data 122.
[0024] Once the minimum turning radius data 122 is
obtained for the vehicle 204, the trajectory calculating
module 114 (referred to as the module 114) defines a
first limiting motion circle 206. The first limiting motion
circle 206 is so defined such that the circumference of
the first limiting motion circle 206 passes through a center
point (depicted as point 208) of the rear axle of the vehicle
204 and is tangential to an axis, i.e., central axis 210 of
the vehicle 204. The point 208 may also be considered
as a point of intersection of the central axis 210 and the
rear axle of the vehicle 204. The radius r of the first limiting
motion circle 206 is determined. The radius r of the circle
is such that the radius of the first limiting motion circle
206 is greater than or equal to the minimum turning ra-
dius. Once defined, the module 114 may virtually overlay
the first limiting motion circle 206 over a representation
of the parking area in which the parking space 202 is
present without the first limiting motion circle 206 over-
lapping any of the other parked vehicles in the parking
environment 200. Furthermore, the first limiting motion
circle 206 may be so defined such that it lies on a side
opposite to the side on which the parking space 202 is
available.
[0025] On defining the first limiting motion circle 206,
the trajectory calculating module 114 defines a second
limiting motion circle 212. The second limiting motion cir-
cle 212 is so determined such that its radius is greater
than or equal to the minimum turning radius 122. Fur-
thermore, while defining the second limiting motion circle
212, the trajectory calculating module 114 positions the
second limiting motion circle 212 in a manner such that
the second limiting motion circle 212 is tangential to a
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central axis 214 of the empty parking space 202. In one
implementation, the second limiting motion circle 212 is
so defined such that it lies on a side of the axis 214 which
is closer to the vehicle 204. The first limiting motion circle
206 and the second limiting motion circle 212 are so de-
fined such that they do not overlap when the vehicle starts
the parking maneuver. Further, a distance D to be trav-
elled by the vehicle 204 before starting the parking
maneuver is determined. The distance D is the longitu-
dinal distance D between the centre point 208 of rear
axle before the vehicle 204 starts parking maneuver and
the central axis 214 of the empty parking space 202, pro-
vided that the longitudinal distance D may be equal to or
greater than the sum of diameters of the first and second
limiting motion circles 206, 212.
[0026] Once the first limiting motion circle 206 and the
second limiting motion circle 212 are defined, the trajec-
tory calculating module 114 determines a parking trajec-
tory for automatically parking the vehicle 204 within the
parking space 202 considering the first limiting motion
circle 206 and the second limiting motion circle 212. In
one implementation, the parking trajectory may include
a first portion of the first limiting motion circle 206, and a
second portion of the second limiting motion circle 212.
The trajectory calculating module 114 may further deter-
mine an intermediate portion which connects the first por-
tion and the second portion of the first limiting motion
circle 206 and the second limiting motion circle 212, re-
spectively.
[0027] In one implementation, the intermediate portion
may include a straight line such that the intermediate
portion is tangential to both the first limiting motion circle
206 and the second limiting motion circle 212. In another
implementation, besides a straight line, any curve may
be defined as the intermediate portion provided that the
curve is tangential, at its point of contact, to the first lim-
iting motion circle 206 and the second limiting motion
circle 212. Once the parking trajectory 216 is obtained,
the vehicle 204 may be controlled to be parked automat-
ically within the empty parking space 202.
[0028] In operation, once the trajectory module 114 de-
termines the parking trajectory 216, the vehicle controller
116 controls the motion of the vehicle 204 to park the
vehicle 204 within the parking space 202. For example,
the vehicle controller 116 may initiate the parking maneu-
ver of the vehicle 204. The initiation of the parking maneu-
ver may be in response to an input received from the
driver of the vehicle 204. On receiving the input from the
driver, one or more instructions stored in the other data
130 may be executed for carrying out the parking maneu-
ver. On execution of the instructions, various control
mechanisms of the vehicle 204 may be activated for car-
rying out the parking maneuver. While the parking
maneuver is being executed, the vehicle controller 116
controls the motion of the vehicle 204 along the parking
trajectory 216. For example, along the first portion of the
first limiting motion circle 206, the vehicle controller 116
may control the motion of the vehicle 204, such that its

axis 210 may be maintained tangential to the first portion
of the first limiting motion circle 206. The motion of the
vehicle 204 may be maintained by controlling the steering
mechanism of the vehicle 204. In the present example,
the vehicle controller 116 may negotiate a turn (using the
steering mechanism) so that the motion of the vehicle
204 is maintained along the first portion.
[0029] Furthermore, as the vehicle 204 moves from
the first portion over to the intermediate portion, the ve-
hicle controller 116 may control the vehicle 204 so as to
maintain its motion along the intermediate portion. Final-
ly, once the vehicle 204 reaches the second portion of
the second limiting motion circle 212, the vehicle control-
ler 116 may maintain the axis 210 of the vehicle 204 to
be tangential to the second portion. The path of the ve-
hicle 204 may be maintained using the steering mecha-
nism of the vehicle 204. As the vehicle 204 progresses
along the second portion, the vehicle controller 116 may
continuously monitor as the vehicle 204 approaches the
axis 214 of the parking space 202. When in close prox-
imity to the axis 214, the vehicle controller 116 may fur-
ther control the motion (say using the steering mecha-
nism) to align the vehicle 204 along the axis 214 of the
parking space 202. As can be understood, the parking
maneuver thus executed is achieved in a smooth unin-
terrupted manner. Furthermore, the parking maneuver
is free from gear shifts.
[0030] In yet another implementation described in con-
junction with parking environment 300a of FIG. 3B, the
trajectory calculating module 114 may also define an ad-
ditional, i.e., a third limiting motion circle 306. The third
limiting motion circle 300a may be considered as a circle
swept by the outermost point of the body of vehicle 204.
The value of the radius of the third limiting motion circle
306 may be stored in other data 130. The radius of the
third limiting motion circle 306 may be predefined for dif-
ferent types of vehicles. The radius of the third limiting
motion circle 306 may be an outer turning radius R of the
vehicle, wherein the outer turning radius R is a distance
between the centre of the first limiting motion circle 206
and the outermost protruding part 308 of the vehicle 204.
The third limiting motion circle 306 may be used by the
system 100 for possible occurrence of collisions if a turn
is to be negotiated. During entire parking maneuver,
wherein the monitoring area 310 is monitored during the
parking maneuver for avoiding collision with moving ob-
jects, such as other vehicles. The possibilities of collision
may arise due to the incoming vehicles which may be
approaching the vehicle 204, or may be due to other sta-
tionary objects which may be positioned within the park-
ing environment 300a. Therefore, a monitoring area 310
may be determined within the third limiting motion circle
306 with respect to changing position of the vehicle 204.
The monitoring module 118 may continuously monitor
the presence of any other object within the monitoring
area 310 defined by the third limiting motion circle 306.
In case any presence is detected, the monitoring module
118 may communicate with the module 114 and the park-
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ing maneuver may be terminated.
[0031] Another implementation is further described in
conjunction with another parking environment 300 in FIG.
3A. As per the present implementation, the trajectory cal-
culating module 114 may determine the parking trajec-
tory with respect to a starting position 302 and an end
position 304. The starting position 302 may be any point
on the first limiting motion circle 206 from where the park-
ing maneuver may be initiated. The end position 304 may
be any point on the any point on the axis 214 of the empty
parking space 202 at which the parking maneuver is com-
pleted, and the vehicle 204 is parked within the parking
space 202. The trajectory module 114 may determine
the parking trajectory, such as the parking trajectory 216,
which may originate from the starting position 302 and
end at the end position 304.
[0032] In the present implementation, the module 114
may determine parking trajectory 216 by obtaining one
or more curved paths. The curved paths thus obtained
may be so selected such that their radius of curvature is
greater than or equal to the minimum turning radius 122
of the vehicle 204. For example, the parking trajectory
216 may include a first portion 216a and a second portion
216b. The first portion 216a may be such that it would
require the vehicle 204 to be turned in one direction. Sim-
ilarly, along the second portion 216b, the vehicle 204
would have to turn in a direction opposite to the direction
in which the vehicle 204 would have to be turned when
moving along the first portion 216a.
[0033] Once obtained, the module 114 may generate
the parking trajectory 216 based on the paths 216a, 216b.
On generating the parking trajectory 216, the parking
maneuver may be initiated. In operation, the vehicle con-
troller 116 may control the motion of the vehicle 204 along
the parking trajectory 216. For example, the vehicle con-
troller 116 may through the steering mechanism initiate
a left turn while maintaining the vehicle 204 along the
first path 216a. As the vehicle 204 moves along the first
path 216a, the vehicle controller 116 may further control
the vehicle 204 and initiate a right turn to move along the
vehicle 204 along the second path 216b. As the vehicle
204 approaches the axis 214 of the parking space 202,
the vehicle controller 116 may further control the steering
mechanism of the vehicle 204 so as to align the vehicle
204 along the axis 214 (of the parking space). As the
vehicle 204 is aligned with the axis 214, it may be further
controlled so as to move the vehicle 204 into the parking
space 202, and complete the parking maneuver.
[0034] In an implementation, in the above said parking
environment, multiple parking spaces may exist. Out of
those multiple parking spaces, one empty parking space
202 is identified by sensor(s) 102 of Fig. 1 installed on
the vehicle 204. The identification of the empty parking
space 202 may be based on dimensions of the vehicle
204. The identification may be carried out by means of
ultrasonic sensors. Furthermore, other different types of
sensors may also be used without deviating from the
scope of the present subject matter.

[0035] FIG. 4 is a flow chart of a method 400 for auto-
matically parking a vehicle 204 in one step, as per an
implementation of the present subject matter. The order
in which the method is described is not intended to be
construed as a limitation, and any number of the de-
scribed method blocks may be combined in any order to
implement the aforementioned methods, or an alterna-
tive method. Furthermore, method 400 may be imple-
mented by processing resource or processing unit(s)
through any suitable hardware, non-transitory machine
readable instructions, or combination thereof.
[0036] It may also be understood that method 400 may
be performed by the system as depicted in FIG. 1. Fur-
thermore, the method 400 may be executed based on
instructions stored in a non-transitory computer readable
medium, as will be readily understood. The non-transitory
computer readable medium may include, for example,
digital memories, magnetic storage media, such as one
or more magnetic disks and magnetic tapes, hard drives,
or optically readable digital data storage media. Al-
though, the method 400 is described below with refer-
ence to the system 100 as described above, other suit-
able systems for the execution of these methods can be
utilized. Additionally, implementation of these methods
is not limited to such examples.
[0037] At block 402, an empty parking space 202 may
be identified. For example, the system 100 identifies an
available or empty parking space 202 using one or more
sensor(s) 102. The sensor(s) 102 may be implemented
within the system 100 or may be implemented within the
vehicle 204, and coupled to the system 100.
At block 404, the minimum turning radius 122 of the ve-
hicle 204 is obtained. For example, the minimum turning
radius 122 may be predefined for a particular vehicle,
such as vehicle 204. In one example, the minimum ve-
hicle radius 122 may be stored in the system 100.
[0038] At block 406, a distance D to be travelled by the
vehicle 204 before starting the parking is determined.
The distance D may be the longitudinal distance D be-
tween the centre point 208 of rear axle before the vehicle
204 starts parking maneuver and the central axis 214 of
the empty parking space 202, provided that the longitu-
dinal distance D may be equal to or greater than the sum
of diameters of the first and second limiting motion circles
206, 212.
[0039] At block 408, the first limiting motion circle 206
is defined by the trajectory calculating module 114. The
first limiting motion circle 206 may pass through the cen-
tre point 208 of the rear axle. The first limiting motion
circle 206 also passes through a tangential point of the
central axis 210 of the vehicle 204 to the centre point 208
of the rear axle. The radius r of the first limiting motion
circle 206 is greater than or equal to the minimum turning
radius.
[0040] At block 410, the second limiting motion circle
212 is defined by the trajectory calculating module 114.
The circumference of the second limiting motion circle
212 tangentially passes through the central axis 214 of
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the empty parking space 202. In one example, the radius
of the second limiting motion circle 212 is greater than
or equal to the minimum turning radius 122.
[0041] At block 412, the parking trajectory 216 is de-
termined by the trajectory calculating module 114, in
which the first portion of the parking trajectory 216 is de-
termined along the first limiting motion circle 206 and the
second portion of the parking trajectory 216 is determined
along the second limiting motion circle 212. Further, the
intermediate portion of the parking trajectory between
the portions of the first limiting motion circle 206 and the
second limiting motion circle 212 is determined. The in-
termediate portion tangentially connects the first portion
of the parking trajectory 216 and second portion of the
parking trajectory 216. In other words, the intermediate
portion tangentially connects the portions of the first lim-
iting motion circle 206 and the second limiting motion
circle 212. Furthermore, the third portion of the parking
trajectory 216 is determined, which tangentially passes
the second limiting motion circle 212. The third portion
is further directed along the central axis 214 of the empty
parking space 202.
[0042] At block 414, the parking maneuver is initiated
along the determined parking trajectory 216. The vehicle
controller 116 controls the movement of the vehicle 204
along the first portion of the parking trajectory 216, in
which the vehicle controller 116 tangentially controls the
movement of the central axis 210 of the vehicle 204 along
the portion of the first limiting motion circle 206. The ve-
hicle controller 116 then tangentially controls the move-
ment of the central axis 210 of the vehicle 204 from the
first limiting motion circle 206 to the second limiting mo-
tion circle 212 along the intermediate portion of the park-
ing trajectory 216. Further, the vehicle controller 116 con-
trols the movement of the vehicle 204 along the second
portion of the parking trajectory 216, in which the vehicle
controller 116 tangentially controls the movement of the
central axis 210 of the vehicle 204 along the portion of
the second limiting motion circle 212. Finally, the vehicle
controller 116 tangentially controls the movement of the
central axis 210 of the vehicle 204 from the second lim-
iting motion circle 212 to a point where the central axis
210 of the vehicle 204 aligns with the central axis 214 of
the empty parking space 202 along the third portion of
the parking trajectory 216.
[0043] At block 416, the vehicle 204 is positioned in
the empty parking space 202 by the vehicle controller
116 such that that the central axis 210 of the vehicle 204
aligns with the central axis 214 of the empty parking
space 202.
[0044] FIG. 5 is a flow chart of the method 500 for au-
tomatically parking the vehicle 204 in one step, as per
another implementation of the present subject matter.
The order in which the method is described is not intend-
ed to be construed as a limitation, and any number of the
described method blocks may be combined in any order
to implement the aforementioned methods, or an alter-
native method. Furthermore, method 500 may be imple-

mented by processing resource or processing unit(s)
through any suitable hardware, non-transitory machine
readable instructions, or combination thereof.
[0045] At block 502, the starting point 302 of the vehicle
204 during the parking maneuver is obtained, which is
detected by the trajectory calculating module 114 as the
tangential point of the first limiting motion circle 206 to
the central axis 210 of the vehicle 204.
[0046] At block 504, an ending point 304 of the vehicle
204 during the parking maneuver is detected by the tra-
jectory calculating module 114 as the position of the cen-
tre point 208 of the rear axle, when the central axis 210
of the vehicle 204 aligns with the central axis 214 of the
empty parking space 202.
[0047] At block 506, one or more parking trajectories
from the starting point 302 to the ending point 304 of the
vehicle 204 during the parking maneuver are determined
by the trajectory calculating module 114. The parking tra-
jectories are determined such that the central axis 210
of the vehicle 204 tangentially passes the circumference
of the second limiting motion circle 212 and the central
axis 214 of the empty parking space 202.
[0048] At block 508, the parking maneuver may be in-
itiated by the vehicle controller 116, in which the move-
ment of the central axis 210 of the vehicle 204 may be
controlled along the at least one parking trajectory 216.
The central axis 210 of the vehicle 204 may move outside
of the first and second limiting motion circles 206, 212.
Further, the central axis 210 of the vehicle 204 tangen-
tially moves along the at least one parking trajectory 216
such that the central axis 210 of the vehicle 204 tangen-
tially passes through the second limiting motion circle
212.
[0049] At block 510, the vehicle 204 is positioned in
the empty parking space 202 by the vehicle controller
116 such that that the central axis 210 of the vehicle 204
aligns with the central axis 214 of the empty parking
space 202.
[0050] Although examples for the present disclosure
have been described in language specific to structural
features and/or methods, it should be understood that
the appended claims are not necessarily limited to the
specific features or methods described. Rather, the spe-
cific features and methods are disclosed and explained
as examples of the present disclosure.

Claims

1. A method for automatically parking a vehicle (204)
within an empty parking space (202), the method
comprising:

defining a first limiting motion circle (206) having
a radius greater than or equal to a minimum turn-
ing radius of the vehicle (204) such that the first
limiting motion circle (206) passes through a
centre point (208) of a rear axle of the vehicle
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(204), and is tangential to a central axis (210) of
the vehicle (204);
defining a second limiting motion circle (212)
having a radius (r) greater than or equal to the
minimum turning radius of the vehicle (204) such
that the second limiting motion circle (212) is
tangential to a central axis (214) of the empty
parking space (202) such that path of the vehicle
(204) on initiation of a turn maneuver would not
intersect the second limiting motion circle (212);
determining a parking trajectory (216) for the ve-
hicle (204), wherein a first portion of the parking
trajectory (216) is along a portion of the first lim-
iting motion circle (206) and a second portion of
the parking trajectory (216) is along a portion of
the second limiting motion circle (212);
while initiating the parking maneuver, controlling
movement of the vehicle (204) such that the cen-
tral axis (210) of the vehicle (204) is tangential
to the first portion of the parking trajectory (216);
further controlling the movement of the vehicle
(204) along the second portion such that the
central axis (210) of the vehicle (204) is tangen-
tial to the second portion of the parking trajectory
(216); and
positioning the vehicle (204) in the empty park-
ing space (202), wherein the central axis (210)
of the vehicle (204) aligns with the central axis
(214) of the empty parking space (202).

2. Method as claimed in claim 1, the method compris-
ing:

determining an intermediate portion of the park-
ing trajectory (216), wherein the intermediate
portion is tangentially connecting the first portion
of the parking trajectory (216) and the second
portion of the parking trajectory (216); and
controlling the movement of the vehicle (204)
along the intermediate portion of the parking tra-
jectory (216).

3. Method as claimed in claim 1 or 2, the method further
comprising:

determining a third portion of the parking trajec-
tory, wherein the third portion is tangentially
passing the second portion of the parking tra-
jectory (216) and further directed along the cen-
tral axis (214) of the empty parking space (202);
and
controlling the movement of the vehicle (204)
along the third portion of the parking trajectory
(216) until the vehicle (204) is positioned in the
empty parking space (202).

4. Method as claimed in one of the preceding claims,
the method comprising:

determining a distance (D) to be travelled by the
vehicle (204) before starting the parking, where-
in the distance (D) is a longitudinal distance be-
tween the centre point (208) of the rear axle and
the central axis (214) of the empty parking space
(202), and wherein the longitudinal distance is
greater than or equal to twice the diameter of
the first limiting motion circle (206) or the second
limiting motion circle (212).

5. Method as claimed in one of the preceding claims,
the method comprising:

obtaining an outer turning radius (R) of the ve-
hicle (204), wherein the outer turning radius (R)
is a distance between a centre point of the first
limiting motion circle (206) and an outermost
protruding part (308) of the vehicle (204); and
defining a third limiting motion circle (306) with
the outer turning radius (R) for avoiding collision
with objects positioned in vicinity of the vehicle
(204).

6. Method as claimed in claim 5, the method compris-
ing:

while initiating the parking maneuver, determin-
ing a monitoring area (310) within the third lim-
iting motion circle (306) with respect to changing
position of the vehicle (204) during entire parking
maneuver, wherein the monitoring area (310) is
monitored during the parking maneuver for
avoiding collision with moving objects, such as
other vehicles.

7. Method as claimed in one of the preceding claims,
wherein the first limiting motion circle (206) and the
second limiting motion circle (212) are not overlap-
ping each other.

8. Vehicle having a parking assistance system (100),
the system (100) comprising:

sensors (102) to identify an empty parking space
(202);
a trajectory calculating module (114), which is to:

obtain a minimum turning radius of the ve-
hicle (204);
define a first limiting motion circle (206) hav-
ing a radius greater than or equal to a min-
imum turning radius of the vehicle (204)
such that the first limiting motion circle (206)
passes through a centre point (208) of a rear
axle of the vehicle (204) and is tangential to
a central axis (210) of the vehicle (204);
define a second limiting motion circle (212)
having a radius greater than or equal to the
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minimum turning radius of the vehicle (204)
such that the second limiting motion circle
(212) is tangential to a central axis (214) of
the empty parking space (202); and
determine a parking trajectory (216) for the
vehicle (204), wherein a first portion of the
parking trajectory (216) is along a portion of
the first limiting motion circle (206) and a
second portion of the parking trajectory
(216) is along a portion of the second limit-
ing motion circle (212);
a vehicle controller (106), which is to:

while initiating parking maneuver, con-
trol movement of the vehicle (204) such
that the central axis (210) of the vehicle
(204) is tangential to the first portion of
the parking trajectory (216);
further control the movement of the ve-
hicle (204) along the second portion
such that the central axis (210) of the
vehicle (204) is tangential to the second
portion of the parking trajectory (216);
and
position the vehicle (204) in the empty
parking space (202), wherein the cen-
tral axis (210) of the vehicle (204) aligns
with the central axis (214) of the empty
parking space (202).

9. Vehicle according to claim 8, wherein the trajectory
calculating module (114) is to determine an interme-
diate portion of the parking trajectory (216), wherein
the intermediate portion is tangentially connecting
the first portion of the parking trajectory (216) and
the second portion of the parking trajectory (216),
and wherein the vehicle controller (106) is also con-
figured to control the movement of the vehicle (204)
along the intermediate portion of the parking trajec-
tory (216).

10. Vehicle according to claim 8 or 9, wherein the tra-
jectory calculating module (114) is further to deter-
mine a third portion of the parking trajectory (216),
wherein the third portion is tangentially passing the
second portion of the parking trajectory (216) and
further directed along the central axis (214) of the
empty parking space (202), and wherein the vehicle
controller (106) is further configured to control the
movement of the vehicle (204) along the third portion
of the parking trajectory (216) until the vehicle (204)
is positioned in the empty parking space (202)

11. Vehicle according to claims 8, 9 or 10, wherein the
trajectory calculating module (114) is further to:

obtain an outer turning radius (R) of the vehicle
(204), wherein the outer turning radius (R) is a

distance between a centre point of the first lim-
iting motion circle (206) and an outermost pro-
truding part (308) of the vehicle (204); and
define a third limiting motion circle (306) with the
outer turning radius (R) for avoiding collision with
objects positioned in vicinity of the vehicle (204).

12. Vehicle according to one of the claims 8 to 11, where-
in the trajectory calculating module (114) is further
to, while initiating the parking maneuver, determine
a monitoring area (310) within the third limiting mo-
tion circle (306) with respect to changing position of
the vehicle (204) during entire parking maneuver,
and further the system (100) comprising a monitoring
module (118) to monitor the monitoring area (310)
during the parking maneuver for avoiding collision
with moving objects, such as other vehicles.

13. Vehicle according to one of the claims 8 to 12, where-
in the trajectory calculating module (114) is further to:

determine one or more parking trajectories from
a starting point (302) of the vehicle (204) to an
end point (304) of the vehicle (204) such that
the one or more parking trajectories are located
outside of the first limiting motion circle (206)
and the second limiting motion circle (212).

14. Vehicle according to one of the claims 8 to 13, where-
in the vehicle controller (106) is further to:

while initiating the parking maneuver, control the
movement of the vehicle (204) on the at least
one parking trajectory (216) such that the central
axis (210) of the vehicle (204) is tangentially
passing through the second limiting motion cir-
cle (212); and
position the vehicle (204) in the empty parking
space (202), wherein the central axis (210) of
the vehicle (204) aligns with the central axis
(214) of the empty parking space (202).
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