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(54) AUTOMATIC WORK SYSTEM AND TURNING METHOD THEREFOR, AND SELF-MOVING 
DEVICE

(57) An automatic working system, a turning method
thereof, and a self-moving device. When the self-moving
device reaches a boundary, a control module controls a
movement module to turn to leave the boundary. In ad-
dition, the control module may control, based on cover-
age values corresponding to each movement range
when the self-moving device reaches the boundary, the
movement module to turn to a movement range with a
coverage value that meets a preset requirement. Bene-
ficial effects of the embodiments of the present invention
are as follows: Path planning of a self-moving device dur-
ing movement is implemented, thereby facilitating even
work of the self-moving device in a working region or
rapid leaving from a narrow region and improving the
working efficiency of the self-moving device.
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Description

BACKGROUND

Technical Field

[0001] The present disclosure comprising embodi-
ments of the invention, relates to an automatic working
system, and further relates to a turning method of an
automatic working system and a self-moving device.

Background

[0002] With the continuous development of computer
technologies and artificial intelligence technologies,
more and more people are choosing automatic working
systems in daily lives. A self-moving device such as a
robotic lawn mower or a robotic vacuum cleaner that au-
tomatically works in an automatic working system is usu-
ally set once before it can automatically work on a user’s
lawn or work indoors, so that the user is freed from tedi-
ous, boring, and time-consuming housework such as
room cleaning and lawn maintenance.
[0003] Generally, a robotic product may work in a work-
ing region in a manner of moving along a random path.
However, this manner may lead to uneven work in the
working region. For example, for a lawn mower, when
there is a narrow passage in a working region, because
the narrow passage covers a small area, the self-moving
device may fail to cross the narrow passage to reach
other parts of the working region, or it may take a long
time for the self-moving device to successfully cross the
narrow passage. The self-moving device turns around
several times in the narrow passage to cut grass repeat-
edly, resulting in uneven cutting. Alternatively, for a nor-
mal working region other than a narrow passage, work
is repeated in some regions, and grass in some regions
is left uncut. As a result, lawn maintenance becomes
more complex, and energy is consumed more rapidly.

SUMMARY

[0004] To overcome deficiencies in the prior art, a prob-
lem that the embodiments of the present invention needs
to solve is to provide a self-moving device and a turning
method of the self-moving device, to perform even work
in a working region.
[0005] A technical solution used by the present em-
bodiments to solve the technical problem in the prior art
is as follows: An automatic working system comprises a
self-moving device that moves and works in a working
region defined by a boundary, wherein the working region
comprises at least one sub-region. The self-moving de-
vice comprises: a housing; a movement module, mount-
ed on the housing and configured to drive the self-moving
device to move and/or turn; and a control module, con-
trolling the movement module to drive the self-moving
device to move and/or turn. The automatic working sys-

tem further comprises a navigation mechanism, config-
ured to: record movement locations passed by the self-
moving device when the self-moving device moves in the
working region, and determine coverage values of the
self-moving device in the sub-regions of the working re-
gion based on the movement locations.
[0006] When the self-moving device reaches the
boundary, the control module controls the movement
module to turn to leave the boundary, and based on cov-
erage values corresponding to each movement range
when the self-moving device reaches the boundary, the
control module controls the movement module to turn to
a movement range with a coverage value that meets a
preset requirement.
[0007] In an embodiment of this application, the control
module controls the movement module to turn in any one
of movement directions in the movement range.
[0008] In an embodiment of this application, the navi-
gation mechanism is further configured to determine an
angular relationship between the movement direction of
the self-moving device and the boundary, the control
module controls, based on the angular relationship, the
movement module to turn, and when the self-moving de-
vice reaches the boundary, if the angular relationship is
an obtuse angle, the self-moving device is controlled to
turn in a direction of the obtuse angle.
[0009] In an embodiment of this application, the move-
ment range comprises a conical region with a current
movement location of the self-moving device being the
center and with a preset angle.
[0010] In an embodiment of this application, the control
module determines the coverage value corresponding to
the movement range based on a coverage value in a
sub-region, where a distance between the sub-region
and the self-moving device meets a preset distance.
[0011] In an embodiment of this application, the control
module determines the coverage value corresponding to
the movement range based on a coverage value in a
sub-region adjacent to the self-moving device.
[0012] In an embodiment of this application, the cov-
erage value corresponding to each movement range
when the self-moving device reaches the boundary com-
prises a sum or an average value of the coverage values
in the sub-regions of each movement range.
[0013] In an embodiment of this application, the at least
one sub-region is defined by a sub-region boundary, and
correspondingly, the movement range of the movement
module is determined based on a sub-region boundary
of a sub-region to which the movement module turns and
a current movement location.
[0014] In an embodiment of this application, the move-
ment range comprises a user-defined movement range
or a preset movement range.
[0015] In an embodiment of this application, the cov-
erage value in the sub-region is determined based on at
least one of the following parameters: a movement time
of the self-moving device in each sub-region, a quantity
of passing times that the self-moving device passes each
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sub-region, and a movement path length of the self-mov-
ing device in each sub-region.
[0016] In an embodiment of this application, the preset
requirement comprises that the coverage value is less
than or equal to coverage values corresponding to other
movement ranges.
[0017] In an embodiment of this application, the preset
requirement comprises that the coverage value is less
than or equal to a maximum value of coverage values
corresponding to other movement ranges.
[0018] In an embodiment of this application, the preset
requirement comprises that the coverage value is less
than or equal to a preset coverage value.
[0019] In an embodiment of this application, the preset
coverage value comprises a user-defined coverage val-
ue or a preset coverage value.
[0020] In an embodiment of this application, the navi-
gation mechanism comprises at least one of the follow-
ing: an ultrasonic sensor, a radar sensor, an optical sen-
sor, an ultra wideband (UWB) sensor, an inertial naviga-
tion system, a satellite navigation mechanism, and a vis-
ual sensor.
[0021] In an embodiment of this application, the navi-
gation mechanism is fixedly or detachably mounted on
the self-moving device.
[0022] An embodiment of the present invention further
provides a turning method of an automatic working sys-
tem, where the self-moving device moves and works in
a working region defined by a boundary. The method
may comprise: monitoring a location relationship be-
tween the self-moving device and the boundary; and
when it is detected that the self-moving device reaches
the boundary, controlling, based on coverage values cor-
responding to each movement range, the self-moving
device to turn to a movement range with a coverage value
that meets a preset requirement.
[0023] In an embodiment of this application, before the
controlling the self-moving device to turn to a movement
range with a coverage value that meets a preset require-
ment, the method further comprises: dividing a map of
the working region into a plurality of sub-regions; record-
ing movement locations passed by a movement module
when the movement module moves in the working re-
gion; and determining coverage values in each sub-re-
gions of the working region based on the movement lo-
cations.
[0024] In an embodiment of this application, the con-
trolling the self-moving device to turn to a movement
range with a coverage value that meets a preset require-
ment may comprise: controlling the self-moving device
to turn in any one of movement directions in the move-
ment range.
[0025] In an embodiment of this application, the meth-
od further comprises: determining an angular relation-
ship between the movement direction of the self-moving
device and the boundary; and when the self-moving de-
vice reaches the boundary, if the angular relationship is
an obtuse angle, controlling the self-moving device to

turn in a direction of the obtuse angle.
[0026] In an embodiment of this application, the move-
ment range may comprise a conical region with a current
movement location of the self-moving device being the
center and with a preset angle.
[0027] In an embodiment of this application, the cov-
erage value corresponding to the movement range is de-
termined based on a coverage value in a sub-region,
where a distance between the sub-region and the self-
moving device meets a preset distance.
[0028] In an embodiment of this application, the cov-
erage value corresponding to the movement range is de-
termined based on a coverage value in a sub-region ad-
jacent to the self-moving device.
[0029] In an embodiment of this application, the con-
trolling, based on coverage values corresponding to each
movement range, the self-moving device to turn to a
movement range with a coverage value that meets a pre-
set requirement may comprise: controlling, based on a
sum or an average value of the coverage values in the
sub-regions of each movement range, a movement mod-
ule to turn to a movement range with a coverage value
that meets the preset requirement.
[0030] In an embodiment of this application, at least
one sub-region may be defined by a sub-region bound-
ary, and correspondingly, the movement range of the
movement module during turning of the movement mod-
ule is determined based on a sub-region boundary of a
sub-region to which the movement module turns and a
current movement location.
[0031] In an embodiment of this application, the move-
ment range may comprise a user-defined movement
range or a preset movement range.
[0032] In an embodiment of this application, the cov-
erage value in the sub-region may be determined based
on at least one of the following parameters: a movement
time, a quantity of passing times, and a movement path
length of the self-moving device in each sub-region.
[0033] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to coverage values corresponding to
other movement ranges.
[0034] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to a maximum value of coverage values
corresponding to other movement ranges.
[0035] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to a preset coverage value.
[0036] In an embodiment of this application, preset
coverage value may comprise a user-defined coverage
value or a preset coverage value.
[0037] In an embodiment of this application, a naviga-
tion mechanism may comprise, but is not limited to, at
least one of the following: an ultrasonic sensor, a radar
sensor, an optical sensor, a UWB sensor, an inertial nav-
igation system, a satellite navigation mechanism, and a
visual sensor.
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[0038] In an embodiment of this application, the navi-
gation mechanism may be fixedly or detachably mounted
on the self-moving device.
[0039] An embodiment of the present invention further
provides a self-moving device that moves and works in
a working region defined by a boundary, where the work-
ing region comprises at least one sub-region. The self-
moving device comprises: a housing; a movement mod-
ule, mounted on the housing and configured to drive the
self-moving device to move and/or turn; a control module,
controlling the movement module to drive the self-moving
device to move and/or turn; and a navigation mechanism,
configured to: record movement locations passed by the
self-moving device when the self-moving device moves
in the working region, and determine coverage values of
the self-moving device in each sub-regions of the working
region based on the movement locations.
[0040] When the self-moving device reaches the
boundary, the control module controls the movement
module to turn to leave the boundary, and
based on coverage values corresponding to each move-
ment range when the self-moving device reaches the
boundary, the control module controls the movement
module to turn to a movement range with a coverage
value that meets a preset requirement.
[0041] In an embodiment of this application, the control
module controls the movement module to turn in any one
of movement directions in the movement range.
[0042] In an embodiment of this application, the navi-
gation mechanism is further configured to determine an
angular relationship between the movement direction of
the self-moving device and the boundary, the control
module controls, based on the angular relationship, the
movement module to turn, and when the self-moving de-
vice reaches the boundary, if the angular relationship is
an obtuse angle, the self-moving device is controlled to
turn in a direction of the obtuse angle.
[0043] In an embodiment of this application, the move-
ment range comprises a conical region with a current
movement location of the self-moving device being the
center and with a preset angle.
[0044] In an embodiment of this application, the control
module determines the coverage value corresponding to
the movement range based on a coverage value in a
sub-region, where a distance between the sub-region
and the self-moving device meets a preset distance.
[0045] In an embodiment of this application, the control
module determines the coverage value corresponding to
the movement range based on a coverage value in a
sub-region adjacent to the self-moving device.
[0046] In an embodiment of this application, the cov-
erage value corresponding to each movement range
when the self-moving device reaches the boundary com-
prise a sum or an average value of the coverage values
in the sub-regions of each movement range.
[0047] In an embodiment of this application, the at least
one sub-region is defined by a sub-region boundary, and
correspondingly, the movement range of the movement

module is determined based on a sub-region boundary
of a sub-region to which the movement module turns and
a current movement location.
[0048] In an embodiment of this application, the move-
ment range comprises a user-defined movement range
or a preset movement range.
[0049] An embodiment of the present invention further
provides a turning method of a self-moving device, where
the self-moving device moves and works in a working
region defined by a boundary. The method comprises:
monitoring a location relationship between the self-mov-
ing device and the boundary; and when it is detected that
the self-moving device reaches the boundary, control-
ling, based on coverage values corresponding to each
movement range, the self-moving device to turn to a
movement range with a coverage value that meets a pre-
set requirement.
[0050] In an embodiment of this application, before the
controlling the self-moving device to turn to a movement
range with a coverage value that meets a preset require-
ment, the method further comprises: dividing a map of
the working region into a plurality of sub-regions; record-
ing movement locations passed by a movement module
when the movement module moves in the working re-
gion; and determining coverage values in each sub-re-
gion of the working region based on the movement loca-
tions.
[0051] Compared with the prior art, beneficial effects
of the embodiments of the present invention are as fol-
lows: The movement locations passed by the self-moving
device when the self-moving device moves in the working
region are recorded by the navigation mechanism, and
the coverage values of the self-moving device in each
sub-regions of the working region are determined based
on the movement locations. When the self-moving device
reaches the boundary, the control module controls the
movement module to turn to leave the boundary, and the
control module may control, based on the coverage val-
ues corresponding to each movement range when the
self-moving device reaches the boundary, the movement
module to turn to a movement range with a coverage
value that meets the preset requirement. Coverage val-
ues in a movement range during turning of the self-mov-
ing device are determined, so that path planning of the
self-moving device during movement is implemented,
thereby facilitating even work of the self-moving device
in a working region and improving the working efficiency
of the self-moving device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The foregoing objectives, technical solutions,
and beneficial effects of the embodiments of the present
invention may be achieved through the following accom-
panying drawings:

FIG. 1 is a schematic diagram of an automatic work-
ing system according to an embodiment of the
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present invention;

FIG. 2 is a schematic diagram of functional modules
of a lawn mower according to an embodiment of the
present invention;

FIG. 3 is a schematic structural diagram of a lawn
mower according to an embodiment of the present
invention;

FIG. 4 is a schematic diagram of working region di-
vision according to an embodiment of the present
invention;

FIG. 5 and FIG. 6 are schematic diagrams of a turn-
ing method of a lawn mower according to an embod-
iment of the present invention;

FIG. 7 is a schematic diagram of a turning method
of a lawn mower according to an embodiment of the
present invention;

FIG. 8 and FIG. 9 are schematic diagrams of a turn-
ing method of a lawn mower according to another
embodiment of the present invention;

FIG. 10 and FIG. 11 are schematic diagrams of a
turning method of a lawn mower according to another
embodiment of the present invention;

FIG. 12 is a schematic diagram of a method of rapid
leaving from a narrow region according to an em-
bodiment of the present invention;

FIG. 13 is a schematic diagram of a method of rapid
leaving from a narrow region according to another
embodiment of the present invention;

FIG. 14 is a flowchart of a turning method of a lawn
mower according to an embodiment of the present
invention; and

FIG. 15 is a schematic diagram of a scenario accord-
ing to the present invention.

DETAILED DESCRIPTION

[0053] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention. Obviously,
the described embodiments are only some embodiments
instead of all the embodiments of the present invention.
All other embodiments obtained by a person of ordinary
skill in the art based on the embodiments of the present
invention without creative effects shall fall within the pro-
tection scope of the present invention.
[0054] In this specification, the terms used in the spec-

ification of the present invention are merely intended to
describe the objectives of the specific embodiments, but
are not intended to limit the present invention. In addition,
the term "and/or" used in this specification comprises any
or all combinations of one or more related listed items.
[0055] FIG. 1 shows an automatic working system in
this specific implementation. The automatic working sys-
tem may comprise a self-moving device 1, a boundary
7, and a base station 3. The self-moving device 1 moves
and works in a working region 4 defined by the boundary
7, and the base station 3 may be used to charge the self-
moving device when the self-moving device returns be-
cause the battery runs low. The boundary 7 may be a
periphery of the entire working region, and may be re-
ferred to as an outer boundary. The boundary is usually
connected end to end to close the working region 4, and
may be an electrical boundary or a physical boundary.
The physical boundary may be merely a natural physical
boundary formed by a border between the working region
4 and a non-working region or the like, for example, a
natural boundary between grass and non-grass, or a
boundary formed by a wall, a fence, a rail or the like. The
electrical boundary may be a virtual boundary signal such
as an electromagnetic signal, an acoustic signal or an
optical signal generated by arranging a conducting wire
around the working region 4 and using a boundary signal
generation device connected to the conducting wire. As
shown in FIG. 1, a region 5 that is not suitable for the
self-moving device 1 to work exists in the working region,
and a boundary formed by the region 5 such as a flow-
erbed, a pool or an obstacle is referred to as an inner
boundary. A part outside the inner boundary is the work-
ing region. In this embodiment of this application, the
automatic working system further comprises a navigation
mechanism 26 for positioning. The navigation mecha-
nism 26 may be an independent device or may be inte-
grate with the self-moving device 1. The navigation
mechanism 26 may be detachably or fixedly mounted on
the self-moving device 1.
[0056] The self-moving device 1 may be an unmanned
device such as an autonomous lawn mower, a robotic
vacuum cleaner or an autonomous snowplow, which au-
tomatically move on the surface of a working region and
perform work such as mowing, vacuuming or snow plow-
ing. Certainly, the self-moving device is not limited to the
autonomous lawn mower, the robotic vacuum cleaner or
the autonomous snowplow, and may be another un-
manned device. This is not limited in this application.
[0057] In the following specific embodiment, the auto-
matic working system is described in detail as an auton-
omous lawn mower system, in other words, the self-mov-
ing device 1 is an autonomous lawn mower 20. As shown
in FIG. 1, the boundary 7 defines a working region of the
autonomous lawn mower 20, and the boundary 7 may
be a physical boundary or an electrical boundary.
[0058] As shown in FIG. 2 and FIG. 3, the autonomous
lawn mower 20 comprises a housing 27, and may further
comprise a movement module 21, a working module 22,
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a control module 24, and an energy module 25. The con-
trol module 24 is connected to and controls the movement
module 21 and the working module 22 to implement au-
tomatic movement and working of the autonomous lawn
mower 20.
[0059] Specifically, the movement module 21 may
comprise a wheel set and a movement motor driving the
wheel set. Generally, the wheel set comprises a driving
wheel 211 driven by the movement motor and an auxiliary
wheel 212 that helps to support the housing. It may be
understood that, the movement module 21 may be alter-
natively a continuous track structure. In an embodiment,
the movement motor may be directly connected to driving
wheels, and a right driving wheel and a left driving wheel
are separately connected to a movement motor to imple-
ment a differential output to control turning. In another
embodiment, the movement motor can also be provided
with a transmission device, in other words, a same motor
drives the right driving wheel and the left driving wheel
through different transmission devices, so as to realize
differential output control turning. The working module
22 is a grass-cutting module, and comprises a cutting
blade 221 that may be driven by a cutting motor 222 to
work. The center of the working module 22 is located on
a central axis X of the lawn mower 20, and is disposed
below the housing and located between the auxiliary
wheel and the driving wheel or closer to the left side or
right side of the housing. The energy module 25 is fixedly
or detachably mounted on the housing and may be a
battery pack. When working, the battery pack releases
electric energy to keep the lawn mower 20 working and
moving. When not working, the battery may be connected
to an external power supply for charging. The autono-
mous lawn mower 20 may automatically search for the
base station 3 for charging when detecting that the bat-
tery runs low. The control module 24 may be a controller,
and may control, according to a preset program or a re-
ceived instruction, the autonomous lawn mower 20 to
move, turn and automatically work. The lawn mower 20
may further comprise a communications module 23 for
communication between the lawn mower 20 and a client
or server.
[0060] As shown in FIG. 1, the autonomous lawn mow-
er system may further comprise a navigation mechanism
26, which may comprise, but is not limited to, at least one
of the following: an ultrasonic sensor, a radar sensor, an
optical sensor (for example, a laser sensor and an infra-
red sensor), a UWB sensor, a satellite navigation mech-
anism (a navigation mechanism such as a Real Time
Kinematic (RTK), a Global Positioning System (GPS) and
a Beidou navigation satellite system), a visual sensor,
and the like. The navigation mechanism 26 may further
comprise an inertial navigation system. The inertial nav-
igation system may comprise a gyroscope, an acceler-
ometer, and the like. The inertial navigation system can
cooperate with the satellite navigation mechanism and
perform assisted navigation when a satellite signal is
poor. Preferably, the navigation mechanism 26 may be

mounted at a location that helps to receive an external
positioning signal, for example, may be mounted above
the housing of the lawn mower 20, or the navigation
mechanism 26 may be mounted in the front of the hous-
ing, to ensure that the lawn mower 20 can timely turn to
the interior of the working region, thereby preventing it
from crossing the working region. Certainly, the naviga-
tion mechanism 26 may be mounted at another location
of the housing. This is not limited in this application.
[0061] In an embodiment of this application, the navi-
gation mechanism 26 may be configured to record move-
ment locations passed by the lawn mower 20 when the
lawn mower 20 moves in the working region, and may
be detachably or fixedly mounted on the lawn mower 20,
or may be a part of the lawn mower 20. When removed
from the autonomous lawn mower 1, the navigation
mechanism 26 may work independently, and record lo-
cation coordinates passed by the navigation mechanism
26 during movement. When mounted on the housing 27
of the autonomous lawn mower 1, the navigation mech-
anism 26 may be electrically connected to the control
module of the autonomous lawn mower 1, and output a
current location coordinate of the autonomous lawn mow-
er 1. In this embodiment, a user may hold the navigation
mechanism 26 and walk or the autonomous lawn mower
20 mounted with the navigation mechanism may be con-
trolled to move along the boundary (comprising the inner
boundary and the outer boundary) of the working region
to record a boundary location coordinate of the working
region. Alternatively, the boundary of the working region
may be drawn on an electrical map to generate a working
region map. It should be noted that, a map boundary 2
generated in the foregoing three manners may have an
offset towards the working region by a distance com-
pared with the boundary 7 in FIG. 1, so that the lawn
mower 20, when working based on the map boundary 2,
does not cross an actual boundary of the working region,
thereby ensuring safety. Preferably, the distance may be
30 cm. The autonomous lawn mower system with a nav-
igation function is used to generate the working region
map, and grass-cutting work is performed based on the
map, so that the user does not need to set a boundary
line, thereby reducing the workload. It should be noted
that, any boundary that a lawn mower encounters during
working described below in this application may be the
foregoing map boundary 2.
[0062] In an embodiment of this application, the work-
ing region map may be divided into a plurality of sub-
regions according to a user-defined division requirement,
a preset division requirement in the lawn mower system
or the precision of the lawn mower system, for example,
positioning precision, and cutting requirements of each
sub-regions obtained through division are approximately
the same. FIG. 4 is a schematic diagram of working re-
gion division displayed on a client. The working region is
divided into a plurality of squares with an equal area as
shown in FIG. 4 according to positioning precision of the
navigation mechanism. In this schematic diagram, the
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shade of a square represents a coverage value in the
square in the corresponding working region, where a
lighter shade represents a smaller coverage value, and
a darker shade represents a larger coverage value. It
should be noted that, there may be deviations in data
during actual application. Therefore, the squares with an
equal area may be squares with approximately equal ar-
eas instead of an identical area. FIG. 4 merely provides
exemplary description, and the working region may be
divided according to another standard. This is not limited
in this application. Specifically, the foregoing map divi-
sion may be performed in the navigation mechanism 26,
a server, or the lawn mower 20. This is not limited in this
application.
[0063] Further, when the region 5 such as a flowerbed,
a pool or an obstacle that is not suitable for the autono-
mous lawn mower 20 working exists, during the gener-
ation of a map, the map may be generated along both
the outer boundary and the inner boundary, so that during
the subsequent division of the working region, division
may be performed on a map without the region 5.
[0064] As the lawn mower 20 moves, the navigation
mechanism 26 may record movement locations passed
by the navigation mechanism 26 in the working region,
and determine coverage values of the lawn mower 20 in
each sub-regions according to the recorded movement
locations. Specifically, the coverage value in each sub-
region may be determined based on, but is not limited
to, at least one of the following movement location pa-
rameters: a movement time, a quantity of passing times,
and a movement path length of the lawn mower moves
in each sub-region. In an embodiment, the coverage val-
ue may be a corresponding parameter determined based
on the foregoing movement location parameter of the
lawn mower 20 or a proportion of the corresponding pa-
rameter, for example, a proportion value of the movement
time in each sub-region in a total movement time. For
example, the working region is divided into 5 sub-regions,
where a movement time in a sub-region 1 is 5s, a move-
ment time in a sub-region 2 is 5s, a movement time in a
sub-region 3 is 10s, a movement time in a sub-region 4
is 15s, and a movement time in a sub-region 5 is 20s.
The coverage values may be determined according to a
movement time of the lawn mower in each sub-regions.
A coverage value in the sub-region 1 is: 5s/(5s + 5s +
10s + 15s + 20s) = 9.1%, and a coverage value in the
sub-region 2, a coverage value in the sub-region 3, a
coverage value in the sub-region 4, and a coverage value
in the sub-region 5 are respectively 9.1%, 18.2%, 27.2%,
and 36.4%. Certainly, the corresponding parameter or
the corresponding proportion may be determined by us-
ing another movement location parameter such as a
movement path. This is not limited in this application.
[0065] When it is detected that the lawn mower 20
reaches the boundary 2, the control module may control
the movement module to turn to leave the boundary 2,
and may control, based on the coverage values corre-
sponding to each movement ranges when the lawn mow-

er 20 reaches the boundary 2, the movement module to
turn to a movement range with a coverage value that
meets a preset requirement. In this embodiment, when
the lawn mower reaches the boundary, the lawn mower
does not turn randomly, but instead, the movement range
to which the lawn mower turns when the lawn mower
reaches the boundary is defined by using the coverage
value. In other words, a movement path of the lawn mow-
er 20 is planned by controlling the coverage value in the
movement range to which the lawn mower turns, thereby
implementing even work of the lawn mower in the working
region. Further, when the lawn mower 20 is in a narrow
region, for example, when the lawn mower 20 works in
a narrow passage, in the manner of defining the coverage
value provided in this application, the lawn mower 20 can
evenly cut grass in the narrow region and leave the nar-
row region rapidly.
[0066] FIG. 5 is a schematic diagram of a turning meth-
od of a lawn mower according to an embodiment. In this
embodiment, the movement range may be a cone or a
sector. Specifically, the movement range may be a cone
with a current movement location of the lawn mower be-
ing the center and with a preset angle. In this case, when
the lawn mower reaches the boundary and turns to leave
the boundary, the control module may control, based on
coverage values corresponding to each cone when the
lawn mower reaches the boundary, the movement mod-
ule to turn to a cone with a coverage value that meets
the preset requirement.
[0067] Specifically, when the lawn mower reaches a
movement location corresponding to the boundary, all
possible turning ranges in the working region may be
scanned sequentially with the current movement location
being the center and in the form of a cone from one side
of the boundary to the other side (a dashed cone and a
solid cone are used as an example in FIG. 5) to obtain
the coverage value corresponding to each cone during
turning. The scanning described in this embodiment of
this application may be implemented by a related pro-
gram in the lawn mower system, rather than scanning
with physical sensors. A scanning direction may be clock-
wise or counterclockwise, as long as all corresponding
possible turning movement ranges are scanned when
the lawn mower reaches the boundary. A specific scan-
ning manner and a scanning starting location are not lim-
ited in this application. The coverage value correspond-
ing to the cone may be coverage values in all sub-regions
of the cone, where all the sub-regions of the cone may
be complete sub-regions comprised in the cone, and sub-
regions that are not completely comprised in the cone
and passed by the cone. Correspondingly, the coverage
values in all the sub-regions of the cone may be a sum,
a product or an average value of the coverage values in
the sub-regions, or may be a maximum coverage value,
a minimum coverage value, a median or the like of the
coverage values in the sub-regions. After the coverage
values corresponding to each cone are obtained, a cov-
erage value that meets the preset requirement may be
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selected from the coverage values, and the lawn mower
is controlled to turn to a conical region corresponding to
the coverage value. The radius of the cone and the preset
angle may be defined by a user or preset in the system.
This is not limited in this application. In this embodiment
of this application, the cone is merely an example of the
movement range for description. In addition to the cone,
the movement range may be in another form such as a
sector or a quadrilateral. This is not limited in this appli-
cation.
[0068] When the conical region that meets the preset
requirement is determined, the lawn mower may be con-
trolled to turn in any one of movement directions in the
conical region, where a movement direction of the lawn
mower 20 is a direction along a lengthwise central axis
of the conical region. As shown in FIG. 6, when the solid
cone is a movement range that meets the requirement,
the lawn mower may be controlled to select any one of
the movement directions in the conical region to turn, and
may turn in a turning direction shown by the dashed line
on FIG. 6.
[0069] In this embodiment of this application, when the
lawn mower reaches the boundary, two rear driving
wheels may be controlled to separately turn at different
rotational speeds or in different directions, or one of the
rear driving wheels is controlled to stop and the other is
controlled to turn the lawn mower.
[0070] It should be noted that, the boundary 2 in the
working region may be generally curved or straight. In
this application, for convenience of illustration, the
boundary is shown to be straight for description. Howev-
er, this embodiment of this application may further be
applied to a scenario that the boundary is not straight.
Meanwhile, because of inertia, the movement path of the
lawn mower during turning may cross the boundary. As
shown in FIG. 7, an intersection between the movement
direction before the lawn mower turns and the boundary
and an intersection between the movement direction af-
ter the lawn mower turns and the boundary may not over-
lap. In other words, there are two intersections (a point
M and a point N). However, because a moving speed of
the lawn mower is relatively slow and a turning radius of
the lawn mower during turning is relatively small, it may
be considered that there is only one intersection (an in-
tersection P in FIG. 5 and FIG. 6) between the movement
direction of the lawn mower during turning and the bound-
ary, and control of the movement direction after the lawn
mower turns is not affected.
[0071] In another embodiment of this application, FIG.
8 and FIG. 9 are schematic diagrams of a turning method
of a lawn mower according to another embodiment. The
movement range may be a line segment with a current
movement location being the center and with a preset
length. When reaching the current movement location
corresponding to the boundary, the lawn mower may
scan the working region corresponding to the lawn mow-
er during turning in the form of a line segment (a dashed
cone and a solid cone are used as an example in FIG.

8). In other words, the lawn mower may scan the working
region in the form of a line segment from one side of the
boundary to the other to obtain coverage values corre-
sponding to line segment during turning. After the cov-
erage values corresponding to the line segments are ob-
tained, a coverage value that meets the preset require-
ment may be selected from the coverage values, and the
lawn mower is controlled to turn in a line segment direc-
tion (which may also be referred to as the movement
direction) corresponding to the coverage value. The cov-
erage value corresponding to the line segment may be
coverage values in all sub-regions passed by the line
segment in a movement direction, and may be a sum, a
product or an average value of the coverage values in
the sub-regions, or may be a maximum coverage value,
a minimum coverage value, a median or the like of the
coverage values in the sub-regions. When a sub-region
is passed by a line segment, there may be at least one
intersection between the line segment and the sub-re-
gion. The preset length of the line segment may be de-
fined by a user or preset in the system. This is not limited
in this application.
[0072] After the line segment that meets the preset re-
quirement is determined, the lawn mower may be con-
trolled to turn in a direction corresponding to the line seg-
ment. A movement direction of the lawn mower 20 is a
direction along a lengthwise central axis of the line seg-
ment. As shown in FIG. 9, the lawn mower may be con-
trolled to select a line segment that meets the preset re-
quirement to turn, as shown by the dashed line repre-
senting a turning direction in FIG. 9.
[0073] FIG. 10 and FIG. 11 are schematic diagrams of
a turning method of a lawn mower according to another
embodiment of the application. As shown in FIG. 10, after
the working region map is obtained, the working region
map is divided into a plurality of squares (for example, a
square 13), and the square may further be referred to as
a sub-region. At least one sub-region obtained after the
working region map is divided may be defined by a sub-
region boundary. Correspondingly, in an embodiment of
this application, the movement range of the lawn mower
may be determined by the current movement location of
the lawn mower 20 and the sub-region boundary, so that
an angle at which the lawn mower turns may be located
between connecting lines between the current move-
ment location and two end points in a sub-region bound-
ary to which the lawn mower turns, thereby ensuring that
the lawn mower can move to a corresponding sub-region
after turning. As shown in FIG. 10, the sub-region to which
the lawn mower turns is the square 13, and two end points
of a diagonal of the square 13 are a point A and a point
B. In this case, the movement direction of the lawn mower
during turning may be located between PA and PB. In
another embodiment of this application, when a coverage
value in an adjacent sub-region is close or the same, the
sub-region and the adjacent sub-region may be com-
bined into a whole. The movement range of the lawn
mower is determined according to the current movement

13 14 



EP 4 030 255 A1

9

5

10

15

20

25

30

35

40

45

50

55

location of the lawn mower and a boundary of the whole.
An average value or a maximum value or a median of
coverage values is calculated for the whole. The obtained
value is used as the coverage value of the whole. The
control module may select any one of directions in the
movement range as the movement direction during turn-
ing, and the movement module is controlled to turn in the
movement direction. As shown in FIG. 10, if a square 12
and the square 13 are two adjacent squares with close
coverage values, the square 12 and the square 13 may
be used as a whole. A coverage value of the whole may
be determined. When the square 12 and the square 13
are sub-regions to which the lawn mower chooses to turn,
the lawn mower may select a movement direction be-
tween PA and PC to turn.
[0074] In an embodiment of this application, the control
module may determine the coverage value correspond-
ing to the movement range based on coverage values in
sub-regions adjacent to the lawn mower, and control the
lawn mower to turn to a movement range with a coverage
value that meets the preset requirement. In an embodi-
ment, the controlling the lawn mower to turn to a move-
ment range with a coverage value that meets the preset
requirement may be controlling the lawn mower to turn
to a sub-region with a coverage value that meets the
preset requirement. In other words, the movement range
of the lawn mower may be determined by the current
movement location of the lawn mower and a sub-region
boundary adjacent to the movement location when the
lawn mower reaches the boundary. When the lawn mow-
er reaches the current movement location to turn to leave
the boundary, corresponding sub-regions during turning
may be scanned in the form of a sub-region to obtain
coverage values in the sub-regions adjacent to the lawn
mower. Alternatively, the coverage values in the sub-re-
gions adjacent to the lawn mower may be directly read
from the coverage values in the sub-regions, and a cov-
erage value that meets the preset requirement may be
selected form the coverage values in the sub-regions ad-
jacent to the lawn mower. Further, the lawn mower is
controlled to turn to a sub-region corresponding to the
coverage value. In another embodiment of this applica-
tion, when some sub-regions with close coverage values
or a same coverage value exist in the sub-regions adja-
cent to the lawn mower, the sub-regions may be used as
a whole, and a coverage value of the whole is compared
with coverage values in other sub-regions adjacent to
the lawn mower, to select a coverage value that meets
the preset requirement. The sub-regions adjacent to the
lawn mower may comprise a sub-region in which the lawn
mower is located when the lawn mower reaches the
boundary, or may comprise a sub-region adjacent to the
sub-region in which the lawn mower is located. For ex-
ample, FIG. 11 is a schematic diagram of a turning meth-
od of a lawn mower according to another embodiment of
the present invention. In the lawn mower working system,
the sub-regions adjacent to the lawn mower may com-
prise squares 11, 16, and 12, or may be squares 12, 13,

14, 15, and 16. In other words, all these squares may be
the sub-regions adjacent to the lawn mower. In the fore-
going second case, there is an intersection P between
the movement direction of the lawn mower during turning
and the boundary. If the square 13 is a movement range
that meets the preset requirement, the lawn mower may
be controlled to turn to the square 13. As shown in FIG.
11, a movement direction may be randomly selected from
a plurality of movement directions that pass the point P
and the square 13 to turn.
[0075] Further, when coverage values in the sub-re-
gions adjacent to the lawn mower are approximately the
same, the movement range may be determined accord-
ing to sub-regions adjacent to the adjacent sub-regions.
In other words, when the coverage values in the sub-
regions adjacent to the lawn mower are the same, cov-
erage values in the sub-regions adjacent to the adjacent
sub-regions may be compared, and a sub-region with a
coverage value that meets the preset requirement may
be selected to enable the movement module to turn to
the sub-region. Therefore, in a scenario in which the cov-
erage values in the sub-regions adjacent to the lawn
mower are approximately the same, the coverage values
in the sub-regions adjacent to the adjacent sub-regions
may be compared to control the movement module to
turn. If in this case, the coverage values are still approx-
imately the same, the coverage values in the sub-regions
adjacent to the sub-region may further be compared. This
is not limited in this application.
[0076] In an embodiment of this application, the control
module may determine the coverage value correspond-
ing to the movement range based on a coverage value
in a sub-region, where a distance between the sub-region
and the lawn mower meets a preset distance, and control
the lawn mower to turn to a movement range with a cov-
erage value that meets the preset requirement. In this
embodiment, the preset distance may comprise a preset
distance range. In an embodiment, the controlling the
lawn mower to turn to a movement range with a coverage
value that meets the preset requirement may be control-
ling the lawn mower to turn to the sub-region with a cov-
erage value that meets the preset distance. In other
words, the movement range of the lawn mower may be
determined by the current movement location of the lawn
mower and a sub-region boundary that meets the preset
distance from the current movement location. Similarly,
an adjacent sub-region with approximately the same cov-
erage value may be combined for comparison. In another
embodiment of this application, the movement range may
comprise a sector or cone with a preset angle. Specifi-
cally, when a cone shown in FIG. 5 is used for scanning,
the lawn mower may be controlled to turn to a movement
range with a coverage value that meets the preset re-
quirement based on a conical or sector-shaped region
(In other words, a sector comprising an outer arc and an
inner arc) in the cone, where a distance between the
region and the lawn mower meets the preset distance.
A determination method of a coverage value of a cone
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or a coverage value of a sector is similar to the foregoing
determination method. Details are not described herein
again in this application. Certainly, in addition to the cone,
the movement range may have another shape such as
a quadrilateral, where a distance between the shape and
the lawn mower meets the preset distance. As shown in
FIG. 9, during the scanning of the working region in the
form of a line segment, the lawn mower may be control-
led, based on a coverage value in a sub-region in the
working region that is provided with a same distance from
the point P, to turn to a movement range with a coverage
value that meets the preset requirement. The preset dis-
tance may be a user-defined distance or a distance pre-
set in the system. This is not limited in this application.
[0077] In another embodiment of this application, the
movement range may be a user-defined distance or may
be a distance preset by the lawn mower system. In other
words, the movement range of the lawn mower may be
defined by the user, or the movement range of the lawn
mower may be preset in the system, to control the lawn
mower to turn.
[0078] Further, for the region 5 such as a flowerbed, a
pool or an obstacle that is not suitable for mowing in the
working region, coverage values in each sub-regions on
a map obtained after removal of the region 5 and division
may be determined. In this case, during the turning of
the lawn mower, it can be based on the coverage values
in each sub-regions obtained after removing region 5,
and based on the coverage values corresponding to each
movement range when the lawn mower reaches the
boundary, the control module may control the movement
module to turn to a movement range with a coverage
value that meets the preset requirement. A specific man-
ner of determining a movement range, a specific turning
rule, and the like are similar to those in the scenario with-
out the region 5. Details are not described again in this
application.
[0079] In an embodiment of this application, after se-
lecting a sub-region to which the lawn mower 20 turns
and turning in a movement direction corresponding to
the sub-region to work, if an abnormality (for example:
stuck, dropped, crashed, lifted, etc.) that is not marked
on the map is detected when steering in the movement
direction, the lawn mower 20 may handle the abnormality
first. Specifically, the lawn mower may bypass the ab-
normality and continues to work in the selected move-
ment direction according to the original map after bypass-
ing the abnormality. Alternatively, after bypassing the ab-
normality, the lawn mower may repair the map according
to a new path, and perform division and determine cov-
erage values in sub-regions again based on the repaired
map, so that the lawn mower is controlled, based the
coverage values in the sub-regions that are determined
again, to turn. If the user is next to the lawn mower, the
lawn mower may raise an alarm when detecting an ab-
normality, so that the user may handle the abnormality
in time and control the lawn mower to work based on the
original map. Alternatively, the user may mark the abnor-

mality on the map and control the lawn mower to perform
division again based on the map marked the abnormality,
so as to determine coverage values in sub-regions again,
thereby controlling, based on the new map, the move-
ment module to turn to a movement range with a cover-
age value that meets the preset requirement. Alterna-
tively, before reaching the boundary, the lawn mower first
detect whether there is an abnormality in each movement
range. If there is no abnormality, the lawn mower is con-
trolled based on the coverage values to turn. If there is
an abnormality, the lawn mower marks the abnormality,
forms a new map, and determines coverage values in
each sub-region again, to control the movement module
to turn. When detecting an abnormality such as an ob-
stacle or a crash, one of the foregoing manners may be
selected to control the lawn mower to turn. Details are
not described again in this application.
[0080] In the foregoing embodiment, as the control
module controls the movement module to turn, the con-
trol module may control the two driving wheels to imple-
ment turning of the lawn mower 20 at different speeds or
in different turning directions, so that the lawn mower
may turn to a side of a driving wheel with a slower rota-
tional speed or to a side of a driving wheel with a back-
ward rotational direction.
[0081] When moving and working in the working re-
gion, the lawn mower 20 normally moves along a straight
line until the lawn mower 20 detects the boundary 2.
When the autonomous lawn mower 20 reaches the
boundary, the autonomous lawn mower 20 changes an
original movement direction to leave the boundary 2 and
returns to the working region to keep moving along a
straight line until the autonomous lawn mower 20 reaches
the boundary 2 again. By turning around several times
in the boundary 2, the autonomous lawn mower 20 covers
the entire working region to work. However, during work-
ing, when reaching the boundary 2 and turning, the lawn
mower has a deficiency of turning to a working region in
which the lawn mower has worked several times, and as
a result, work is repeated in some regions while work is
never done in some regions. In other words, the lawn
mower works unevenly in the working region. In addition,
when there is a narrow passage in the working region,
the lawn mower may fail to cross the narrow passage to
reach other parts of the working region, or it may take a
long time for the lawn mower to successfully cross the
narrow passage, resulting in a deficiency that grass in
some regions is left uncut or is unevenly cut in the working
region.
[0082] Therefore, a path planning manner is provided
in this embodiment. In the path planning manner, after
the map is divided into at least one sub-region, the lawn
mower 20 may record movement locations passed by
the lawn mower 20 in the working region during move-
ment, and determine coverage values of the lawn mower
20 in each sub-region based on the movement locations.
When the lawn mower 20 reaches the boundary, the con-
trol module may control, based on the coverage values
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corresponding to each movement range when the lawn
mower 20 reaches the boundary, the lawn mower 20 to
turn to a movement range with a coverage value that
meets the preset requirement, so as to leave the bound-
ary. Coverage values in movement ranges during turning
of the lawn mower 20 are determined, so that path plan-
ning of the lawn mower during movement is implement-
ed, thereby facilitating even work of the lawn mower 20
in a working region.
[0083] In an embodiment of this application, when the
lawn mower reaches the boundary, the control module
may control the movement module to turn to leave the
boundary, and may control, based on the coverage val-
ues corresponding to each movement range when the
lawn mower reaches the boundary, the movement mod-
ule to turn to a movement range with a coverage value
that is less than or equal to coverage values correspond-
ing to other movement ranges. That is, after obtaining
the coverage values in each movement range, the control
module may select a movement range with a minimum
coverage value, so that the control module controls the
movement module to turn to the movement range with
the minimum coverage value. After the movement range
to which the lawn mower turns is determined, the control
module may control the movement module to turn in any
one of the movement directions in the movement range.
The movement module is controlled to turn to the move-
ment range with the minimum coverage value. That is,
the lawn mower is more likely to move to a region with a
small coverage value during movement, so that a move-
ment coverage rate of the lawn mower can be increased,
thereby implementing even work of the lawn mower in
the working region.
[0084] In an embodiment of this application, when the
lawn mower reaches the boundary, the control module
may control the movement module to turn to leave the
boundary, and may select, based on the coverage values
corresponding to each movement range when the lawn
mower reaches the boundary, a movement range with a
coverage value is less than or equal to a maximum value
of the coverage values in other movement ranges, and
control the movement module to turn to a movement
range corresponding to the coverage value. That is, after
obtaining the coverage value in each movement range,
the control module may select at least one movement
range with a non-maximum coverage value, and random-
ly select a movement range from the movement ranges
that meet the requirement. After the movement range to
which the lawn mower turns is determined, the control
module may control the movement module to turn in any
one of the movement directions in the movement range.
[0085] In an embodiment of this application, when the
lawn mower reaches the boundary, the control module
may control the movement module to turn to leave the
boundary, and may control, based on the coverage val-
ues corresponding to each movement range when the
lawn mower reaches the boundary, the movement mod-
ule to turn to a movement range with a coverage value

that is less than or equal to a preset coverage value. The
preset coverage value may comprise a user-defined cov-
erage value and/or a preset coverage value, that is, may
be a user-defined coverage value and/or a coverage val-
ue that each preset sub-region needs to reach eventually.
The user-defined coverage value may be determined ac-
cording to a user’s lawn mowing requirement or a user’s
personal habit or in other manners, and the preset cov-
erage value may be determined by a preset coverage
value in the lawn mower that each sub-region needs to
reach eventually. As shown in FIG. 11, when the lawn
mower 20 turns to leave the boundary after reaching the
boundary, the movement ranges comprise the square 12
to the square 16. Coverage values in the square 12 to
the square 16 are respectively 9.1%, 9.1%, 18.2%,
27.2%, and 36.4%. The density of line segments filled in
a square corresponds to a coverage value. Denser filled
line segments correspond to a larger coverage value. If
the coverage value preset in the system is 20%, during
turning, the lawn mower 20 may select any one of direc-
tions in the square 12 to the square 14 that correspond
to 9.1%, 9.1%, and 18.2% respectively to turn. As shown
in FIG. 11, the lawn mower 20 may turn to the square
13. In this embodiment of this application, the preset re-
quirement of the coverage value during turning may be
determined in another manner. This is not limited in this
application.
[0086] In an embodiment of this application, when the
lawn mower reaches the boundary, it means that the nav-
igation mechanism 26 reaches the boundary and/or the
navigation mechanism 26 reaches a location at a dis-
tance from the boundary meeting a preset distance
threshold. Preferably, the preset distance threshold be-
tween the navigation mechanism 26 and the boundary
may be between 20 centimeters and 80 centimeters.
[0087] Another path planning manner is further provid-
ed in this application. In the path planning manner, the
navigation mechanism may further be configured to de-
termine an angular relationship between the movement
direction of the lawn mower 20 and the boundary. After
obtaining the angular relationship, the control module
may further control, based on the angular relationship,
the movement module to turn. When the lawn mower
reaches the boundary, the control module may select a
direction with an angular relationship of an obtuse angle,
and control the lawn mower to turn in the direction of the
obtuse angle. As shown in FIG. 8, when the lawn mower
reaches the boundary, an angular relationship between
the movement direction of the lawn mower 20 in the work-
ing region and one side of the boundary is an obtuse
angle. In this case, in addition to selecting to turn in a
direction with a coverage value that meets the require-
ment, the control module may further select a direction
of the obtuse angle and control the movement module
to turn in the direction of the obtuse angle. Alternatively,
the control module may first select a turning range ac-
cording to the angular relationship, and select a turning
direction according to a coverage value that meets the
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requirement. Therefore, during turning, in addition to the
coverage values corresponding to the movement ranges
when the lawn mower reaches the boundary, the lawn
mower controls the movement module to turn to a move-
ment range with a coverage value that meets the preset
requirement. Further, the lawn mower is controlled, ac-
cording to the angular relationship between the move-
ment direction of the lawn mower and the boundary, to
turn in the direction of the obtuse angle. FIG. 13 is another
schematic diagram of rapid leaving from a narrow region
in a path planning manner. When the lawn mower 20
reaches the boundary to turn to leave the boundary, the
turning manner based on coverage values and the turn-
ing manner an angular relationship provided in this em-
bodiment of this application are combined to control the
lawn mower to turn. In this case, the lawn mower 20 may
be controlled by the control module to turn inside the
working region, so that the lawn mower 20 can work even-
ly in the working region and leave the narrow region rap-
idly.
[0088] Another path planning manner is further provid-
ed in this application. In the path planning manner, after
reaching the boundary, the lawn mower may first move
along the boundary by a distance, and turn in the fore-
going manner based on coverage values or the foregoing
manner based on a combination of coverage values and
an angular relationship, to implement even mowing in or
rapid leaving from the narrow region. FIG. 12 is a sche-
matic diagram of rapid leaving from a narrow region in a
path planning manner. When the lawn mower 20 reaches
the boundary to turn to leave the boundary, the lawn
mower 20 first turns a little to make the movement direc-
tion the same as a direction of the boundary 2. The lawn
mower 20 then moves along the boundary 2 by a dis-
tance. The lawn mower 20 is then controlled, in the man-
ner of controlling turning based on coverage values pro-
vided in this embodiment of this application, to turn to a
movement range with a coverage value that meets the
preset requirement. In this case, the lawn mower 20 may
turn inside the working region under the control of the
control module, thereby rapid leaving from the narrow
region. That is, in this embodiment, during turning of the
lawn mower, in addition to using the manner of controlling
turning based on coverage values provided in this em-
bodiment of this application, the lawn mower may further
be controlled to move along the boundary by a distance
after turning is started and before turning is finished. Pref-
erably, the distance may be set between 20 cm and 100
cm.
[0089] It should be noted that, the boundary 2 in the
working region may be generally curved. However, for a
specific intersection, for example, an intersection M be-
tween the movement direction of the lawn mower and
the boundary in FIG. 7, a boundary around the intersec-
tion M may be considered as a straight line. in other
words, although the boundary may be curved, when the
lawn mower reaches a location for turning on the bound-
ary such as the intersection N in FIG. 7, an extending

direction of the boundary 2 may be a straight line, and
the extending direction is a tangent of the boundary 2.
[0090] In this embodiment of the present invention, the
movement locations passed by the self-moving device
when the self-moving device moves in the working region
are recorded by the navigation mechanism, and the cov-
erage values of the self-moving device in each sub-re-
gion of the working region are determined based on the
movement locations. When the self-moving device
reaches the boundary, the control module controls the
movement module to turn to leave the boundary, and the
control module may control, based on the coverage val-
ues corresponding to each movement range when the
self-moving device reaches the boundary, the movement
module to turn to a movement range with a coverage
value that meets the preset requirement. Coverage val-
ues in a movement range during turning of the self-mov-
ing device are controlled, so that path planning of the
self-moving device during movement is implemented,
thereby facilitating even work of the self-moving device
in a working region and improving the working efficiency
of the self-moving device.
[0091] A turning method of an automatic working sys-
tem is further provided in an embodiment of the present
invention. As shown in FIG. 14, the method may comprise
the following steps.
[0092] S1401: Monitor a location relationship between
a self-moving device and a boundary.
[0093] S1402: When it is detected that the self-moving
device reaches the boundary, control, based on cover-
age values corresponding to movement ranges, the self-
moving device to turn to a movement range with a cov-
erage value that meets a preset requirement.
[0094] The self-moving device may move and work in
a working region defined by the boundary. The boundary
may be an electrical boundary or may be a virtual bound-
ary based on a map.
[0095] In an embodiment, the foregoing turning meth-
od of the automatic working system may be performed
by a controller or a server. The controller may be a con-
troller in the self-moving device or may be a controller
disposed in a navigation mechanism. This is not limited
in this application.
[0096] In an embodiment of this application, before the
controlling the self-moving device to turn to a movement
range with a coverage value that meets a preset require-
ment, the method may further comprise: dividing the map
of the working region into a plurality of sub-regions; re-
cording movement locations passed by a movement
module when the movement module moves in the work-
ing region; and determining coverage values of the move-
ment module in the sub-regions of the working region
based on the movement locations.
[0097] In an embodiment of this application, the con-
trolling the self-moving device to turn to a movement
range with a coverage value that meets a preset require-
ment may comprise: controlling the self-moving device
to turn in any one of movement directions in the move-
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ment range.
[0098] In an embodiment of this application, the meth-
od further comprises: determining an angular relation-
ship between the movement direction of the self-moving
device and the boundary; and when the self-moving de-
vice reaches the boundary, if the angular relationship is
an obtuse angle, controlling the self-moving device to
turn in a direction of the obtuse angle.
[0099] In an embodiment of this application, the move-
ment range may comprise a conical region with a current
movement location of the self-moving device being the
center and with a preset angle.
[0100] In an embodiment of this application, the cov-
erage value corresponding to the movement range is de-
termined based on a coverage value in a sub-region,
where a distance between the sub-region and the self-
moving device meets a preset distance.
[0101] In an embodiment of this application, the cov-
erage value corresponding to the movement range is de-
termined based on a coverage value in a sub-region ad-
jacent to the self-moving device.
[0102] In an embodiment of this application, the con-
trolling, based on coverage values corresponding to each
movement range, the self-moving device to turn to a
movement range with a coverage value that meets a pre-
set requirement may comprise: controlling, based on a
sum or an average value of the coverage values in the
sub-regions of each movement range, a movement mod-
ule to turn to a movement range with a coverage value
that meets the preset requirement.
[0103] In an embodiment of this application, at least
one sub-region may be defined by a sub-region bound-
ary, and correspondingly, the movement range of the
movement module during turning of the movement mod-
ule is determined based on a sub-region boundary of a
sub-region to which the movement module turns and a
current movement location.
[0104] In an embodiment of this application, the move-
ment range may comprise a user-defined movement
range or a preset movement range.
[0105] In an embodiment of this application, the cov-
erage value in the sub-region may be determined based
on at least one of the following parameters: a movement
time, a quantity of passing times, and a movement path
length of the self-moving device in each sub-region.
[0106] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to coverage values corresponding to
other movement ranges.
[0107] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to a maximum value of coverage values
corresponding to other movement ranges.
[0108] In an embodiment of this application, the preset
requirement may comprise that the coverage value is
less than or equal to a preset coverage value.
[0109] In an embodiment of this application, preset
coverage value may comprise a user-defined coverage

value or a preset coverage value.
[0110] In an embodiment of this application, a naviga-
tion mechanism may comprise, but is not limited to, at
least one of the following: an ultrasonic sensor, a radar
sensor, an optical sensor, a UWB sensor, an inertial nav-
igation system, a satellite navigation mechanism, and a
visual sensor.
[0111] In an embodiment of this application, the navi-
gation mechanism may be fixedly or detachably mounted
on the self-moving device.
[0112] In this embodiment of the present invention, the
movement locations passed by the self-moving device
when the self-moving device moves in the working region
are recorded by the navigation mechanism, and the cov-
erage values of the self-moving device in the sub-regions
of each working region are determined based on the
movement locations. When the self-moving device
reaches the boundary, the control module controls the
movement module to turn to leave the boundary, and the
control module may control, based on the coverage val-
ues corresponding to each movement range when the
self-moving device reaches the boundary, the movement
module to turn to a movement range with a coverage
value that meets the preset requirement. Coverage val-
ues in movement ranges during turning of the self-moving
device are controlled, so that path planning of the self-
moving device during movement is implemented, there-
by facilitating even work of the self-moving device in a
working region and rapid leaving from a narrow region
and improving the working efficiency of the self-moving
device.
[0113] An embodiment method of this application is
described by using a specific application scenario.
[0114] FIG. 15 shows a user interface of a lawn mower
app. A map of a working region is displayed in the user
interface. In this example, the working region is an irreg-
ular region. On the map displayed in the user interface,
coverage values in a working region are represented by
different shades, where a darker shade represents a larg-
er coverage value, and a lighter shade represents a
smaller coverage value. When the lawn mower 20 pro-
vided with a GPS navigation mechanism works in the
working region, a working time of the lawn mower 20 in
each sub-region may be recorded, and a coverage value
of the lawn mower 20 in each sub-region may be deter-
mined based on the working time. The coverage value
in each sub-region may be updated in real time according
to current work. The coverage values updated in real time
may be displayed in the user interface with different
shades. As shown in FIG. 15, when the lawn mower
reaches the boundary, a conical region with a current
movement location of the lawn mower being the center
and with a preset angle may be used as a movement
range, and a working region during turning may be
scanned by using the movement range. Therefore, the
lawn mower 20 may select, based on the coverage values
in the sub-regions of the working region during turning,
a movement range with a coverage value that meets a

23 24 



EP 4 030 255 A1

14

5

10

15

20

25

30

35

40

45

50

55

preset requirement to turn. Specifically, the lawn mower
20 may select a movement range with a coverage value
less than a preset coverage value to turn. Further, the
lawn mower 20 may select any one of movement direc-
tions in a movement range that meets the preset require-
ment to turn.
[0115] The foregoing embodiments only show several
implementations of the present invention and are de-
scribed in detail, but they should not be construed as a
limitation to the patent scope of the present invention. It
should be noted that, a person of ordinary skill in the art
may make various variations and improvements without
departing from the concept of the present invention.
These variations and improvements shall all fall within
the protection scope of the present invention. Therefore,
the protection scope of the patent of the present invention
shall be subject to the appended claims.

Claims

1. An automatic working system wherein the automatic
working system comprising:

a self-moving device that moves and works in a
working region defined by a boundary,
the working region comprises at least one sub-
region; the self-moving device comprises

a housing;
a movement module, mounted on the hous-
ing and configured to drive the self-moving
device to move and/or turn;
a control module, controlling the movement
module to drive the self-moving device to
move and/or turn;
the automatic working system further com-
prises a navigation mechanism, configured
to record movement locations passed by
the self-moving device when
the self-moving device moves in the work-
ing region, and determine coverage values
of the self-moving device in the sub-regions
of the working region based on the move-
ment locations;

when the self-moving device reaches the
boundary, the control module controls the move-
ment module to turn to leave the boundary, and
based on coverage values corresponding to
each movement range when the self-moving de-
vice reaches the boundary; the control module
controls the movement module to turn to a
movement range with a coverage value that
meets a preset requirement.

2. The automatic working system according to claim 1,
wherein the control module controls the movement

module to turn in any one of movement directions in
the movement range.

3. The automatic working system according to claim 1,
wherein that the navigation mechanism is further
configured to determine an angular relationship be-
tween the movement direction of the self-moving de-
vice and the boundary, the control module controls,
based on the angular relationship, the movement
module to turn, and when the self-moving device
reaches the boundary, if the angular relationship is
an obtuse angle, the self-moving device is controlled
to turn in a direction of the obtuse angle.

4. The automatic working system according to claim 1,
wherein the movement range comprises a conical
region with a current movement location of the self-
moving device being the center and with a preset
angle.

5. The automatic working system according to claim 1,
wherein the control module determines the coverage
value corresponding to the movement range based
on a coverage value in the sub-region where a dis-
tance between the sub-region and the self-moving
device meets a preset distance.

6. The automatic working system according to claim 1,
wherein the control module determines the coverage
value corresponding to the movement range based
on a coverage value in a sub-region adjacent to the
self-moving device.

7. The automatic working system according to claim 1,
wherein the coverage value corresponding to each
movement range when the self-moving device
reaches the boundary comprises a sum or an aver-
age value of the coverage values in the sub-regions
of each movement range.

8. The automatic working system according to claim 1,
wherein the at least one sub-region is defined by a
sub-region boundary, and correspondingly, the
movement range of the movement module is deter-
mined based on a sub-region boundary of a sub-
region to which the movement module turns and a
current movement location.

9. The automatic working system according to claim 1,
wherein the movement range comprises a user-de-
fined movement range or a preset movement range.

10. The automatic working system according to claim 1,
wherein the coverage value in the sub-region is de-
termined based on at least one of the following pa-
rameters: a movement time of the self-moving device
in each sub-region, a quantity of passing times that
the self-moving device passes each sub-region, and
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a movement path length of the self-moving device
in each sub-region.

11. The automatic working system according to claim 1,
wherein the preset requirement comprises that the
coverage value is less than or equal to coverage
values corresponding to other movement ranges.

12. The automatic working system according to claim 1,
wherein the preset requirement comprises that the
coverage value is less than or equal to a maximum
value of coverage values corresponding to other
movement ranges.

13. The automatic working system according to claim 1,
wherein the preset requirement comprises that the
coverage value is less than or equal to a preset cov-
erage value.

14. The automatic working system according to claim
13, wherein the preset coverage value comprises a
user-defined coverage value or a preset coverage
value.

15. The automatic working system according to claim 1,
wherein the navigation mechanism comprises at
least one of the following: an ultrasonic sensor, a
radar sensor, an optical sensor, an ultra wideband
(UWB) sensor, an inertial navigation system, a sat-
ellite navigation mechanism, and a visual sensor.

16. The automatic working system according to claim 1,
wherein the navigation mechanism is fixedly or de-
tachably mounted on the self-moving device.

17. A turning method of an automatic working system,
wherein the self-moving device moves and works in
a working region defined by a boundary, the method
comprises:

monitoring a location relationship between the
self-moving device and the boundary; and
when it is detected that the self-moving device
reaches the boundary, controlling, based on
coverage values corresponding to each move-
ment range, the self-moving device to turn to a
movement range with a coverage value that
meets a preset requirement.

18. The turning method of the automatic working system
according to claim 17, wherein, before the controlling
the self-moving device to turn to a movement range
with a coverage value that meets a preset require-
ment, the method further comprises: dividing a map
of the working region into a plurality of sub-regions;

recording movement locations passed by a
movement module when the movement module

moves in the working region; and determining
coverage values in the sub-regions of the work-
ing region based on the movement locations.

19. A self-moving device, wherein the self-moving de-
vice that moves and works in a working region de-
fined by a boundary, wherein the working region
comprises at least

one sub-region; the self-moving device compris-
es

a housing;
a movement module, mounted on the hous-
ing and configured to drive the self-moving
device to move and/or turn;
a control module, controlling the movement
module to drive the self-moving device to
move and/or turn;
a navigation mechanism, configured to
record movement locations passed by the
self-moving device when the self-moving
device moves in the working region, and de-
termine coverage values of the self-moving
device in each sub-regions of the working
region based on the movement locations;

when the self-moving device reaches the
boundary, the control module controls the move-
ment module to turn to leave the boundary, and
based on coverage values corresponding to
each movement range when the self-moving de-
vice reaches the boundary; the control module
controls the movement module to turn to a
movement range with a coverage value that
meets a preset requirement.

20. A turning method of a self-moving device, wherein
the self-moving device moves and works in a working
region defined by a boundary, the method compris-
es:

monitoring a location relationship between the
self-moving device and the boundary; and
when it is detected that the self-moving device
reaches the boundary, controlling, based on
coverage values corresponding to each move-
ment range, the self-moving device to turn to a
movement range with a coverage value that
meets a preset requirement.

21. The turning method of the self-moving device ac-
cording to claim 20, wherein that, before the control-
ling the self-moving device to turn to a movement
range with a coverage value that meets a preset re-
quirement, the method further comprises:

dividing a map of the working region into a plu-
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rality of sub-regions;
recording movement locations passed by a
movement module when the movement module
moves in the working region; and
determining coverage values in each sub-region
of the working region based on the movement
locations.
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