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(57)  [Problem] To provide an autonomous traveling

method, an autonomous traveling system, and an auton-
omous traveling program that may set a turning route in
response to the need of users.

[Solution] A setting processing unit 213 sets a pre-

determined turning route among a plurality of turning

ROUTE SETTING METHOD, ROUTE SETTING SYSTEM, AND ROUTE SETTING PROGRAM

routes having different turning methods, for each of a
plurality of work paths included in a field F where a work
vehicle 10 autonomously travels in accordance with a
target route R and sets the target route R including the
turning route set for each of the plurality of work paths
and a work route set corresponding to the field F.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a route setting
method, a route setting system, and a route setting pro-
gram to set a route along which a work vehicle autono-
mously travels.

BACKGROUND ART

[0002] There are known systems that may cause a
work vehicle to autonomously travel on straight routes
and turning routes in a field. Turning methods of the turn-
ing routes include, for example, turning methods that do
not include backward travel and turning methods that in-
clude backward travel. There are conventionally known
technologies for setting the turning method of the turning
route in accordance with the selection operation of a user
(see, for example, Patent Document 1).

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2019-168812

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] According to the conventional technology, the
turning method is set uniformly for the field, and therefore
it is not possible to set the turning method in accordance
with the position in the field. This makes it difficult to set
the turning route in response to the need of the user in
consideration of the field state, work efficiency, etc.
[0005] The presentinvention has an object to provide
a route setting method, a route setting system, and a
route setting program that may set a turning route in re-
sponse to the need of users.

SOLUTION TO PROBLEM

[0006] A route setting method according to the present
invention is a route setting method including setting a
predetermined turning route among a plurality of turning
routes having different turning methods, for each of a
plurality of work paths included in a work area where a
work vehicle autonomously travels in accordance with a
target route and setting the target route including the turn-
ing route set for each of the plurality of work paths and
a work route set corresponding to the work area.

[0007] A route setting system according to the present
invention includes a setting processing unit that sets a
predetermined turning route among a plurality of turning
routes having different turning methods, for each of a
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plurality of work paths included in a work area where a
work vehicle autonomously travels in accordance with a
target route and that sets the target route including the
turning route set for each of the plurality of work paths
and a work route set corresponding to the work area.
[0008] A route setting program according to the
present invention is a route setting program causing one
or more processors to execute setting a predetermined
turning route among a plurality of turning routes having
different turning methods, for each of a plurality of work
paths included in a work area where a work vehicle au-
tonomously travels in accordance with a target route, and
setting the target route including the turning route set for
each of the plurality of work paths and a work route set
corresponding to the work area.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the presentinvention, itis possible
to provide a route setting method, a route setting system,
and a route setting program that may set a turning route
in response to the need of users.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

FIG. 1 is a block diagram illustrating a configuration
of an autonomous traveling system according to an
embodiment of the present invention.

FIG. 2A is a side view illustrating an example of a
work vehicle according to the embodiment of the
present invention.

FIG. 2B is a top view illustrating an example of a
work vehicle according to the embodiment of the
present invention.

FIG. 3 is a diagram illustrating an example of a field
and a target route according to the embodiment of
the present invention.

FIG. 4 is a diagram illustrating another example of
the field and the target route according to the em-
bodiment of the present invention.

FIG.5is adiagramiillustrating an example of a menu
screen displayed on an operation terminal according
to the embodiment of the present invention.

FIG. 6 is adiagramiillustrating an example of a head-
land setting screen displayed on the operation ter-
minal according to the embodiment of the present
invention.

FIG. 7 is a diagram illustrating an example of a turn-
ing method of the work vehicle according to the em-
bodiment of the present invention.

FIG. 8 is a diagram illustrating another example of
the turning method of the work vehicle according to
the embodiment of the present invention.

FIG. 9 is a diagram illustrating another example of
the turning method of the work vehicle according to
the embodiment of the present invention.
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FIG. 10 is a diagram illustrating an example of a field
edge selection screen displayed on the operation
terminal according to the embodiment of the present
invention.

FIG. 11 is a diagram illustrating an example of a pri-
ority mode selection screen displayed on the oper-
ation terminal according to the embodiment of the
present invention.

FIG. 12 is a diagram illustrating an example of the
priority mode selection screen displayed on the op-
eration terminal according to the embodiment of the
present invention.

FIG. 13 is a diagram illustrating an example of the
priority mode selection screen displayed on the op-
eration terminal according to the embodiment of the
present invention.

FIG. 14 is aflowchart illustrating an example of steps
of a route setting process executed by the autono-
mous traveling system according to the embodiment
of the present invention.

FIG. 15 is a diagram illustrating an example of a
traveling screen displayed on the operation terminal
according to the embodiment of the present inven-
tion.

FIG. 16A is a diagram illustrating another example
of the turning method of the work vehicle according
to the embodiment of the present invention.

FIG. 16B is a diagram illustrating another example
of the turning method of the work vehicle according
to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments below are examples thatembody
the present invention and are not intended to limit the
technical scope of the present invention.

[0012] Asillustratedin FIG. 1,anautonomous traveling
system 1 according to an embodiment of the present in-
vention includes a work vehicle 10 and an operation ter-
minal 20. The work vehicle 10 and the operation terminal
20 may communicate with each other via a communica-
tion network N1. For example, the work vehicle 10 and
the operation terminal 20 may communicate with each
other via a mobile phone line network, a packet line net-
work, or a wireless LAN.

[0013] In the example described according to the
present embodiment, the work vehicle 10 is a rice trans-
planter. According to another embodiment, the work ve-
hicle 10 may be a tractor, combine, construction ma-
chine, snowplow, etc. The work vehicle 10 is an auton-
omous traveling vehicle having a configuration that en-
ables autonomous traveling (autonomic traveling) within
a previously registered field. For example, an operator
(user) registers a field, which is a work target, and sets
a traveling route (target route) along which the work ve-
hicle 10 autonomously travels in the field. The work ve-
hicle 10 autonomously travels in accordance with a target
route previously set for the field based on the position
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information of the current position of the work vehicle 10
calculated by a positioning device 16. Further, the work
vehicle 10 may perform a predetermined work (e.g.,
planting) while autonomously traveling in the field.
[0014] Forexample,the work vehicle 10 autonomously
travels in accordance with a target route R in a field F
illustrated in FIG. 3. The field F illustrated in FIG. 3 in-
cludes an inner area Fa and a headland area Fb (outer
area), and amound A1 (such as a bank)is formed around
the outer side of the field F. The target route R including
a plurality of work routes is previously set for the field F.
For example, a work route Ra for traveling back and forth
in a parallel manner from a work start position S is set
for the inner area Fa, and a work route Rb for traveling
in a spiral manner (traveling for a lap) around the outer
periphery toward a work end position G is set for the
headland area Fb.

[0015] The work vehicle 10 starts to autonomously
travel from the work start position S and performs a work
while traveling back and forth along the work route Ra in
the inner area Fa. Further, the work vehicle 10 performs
a work in the headland area Fb while traveling for a lap
to the work end position G in accordance with the work
route Rb.

[0016] Here, the work route Rb in the headland area
Fb is set based on the number of work paths. FIG. 3
illustrates the work route Rb when the number of work
paths is two, and FIG. 4 illustrates the work route Rb
when the number of work paths is one. In the work route
Rb illustrated in FIG. 3, the work vehicle 10 performs a
work while traveling only two laps in the headland area
Fb. In the work route Rb illustrated in FIG. 4, the work
vehicle 10 performs a work while traveling only one lap
in the headland area Fb. The width of the headland area
Fb is set to a width corresponding to the number of work
paths. Therefore, when the number of work paths is two
(see FIG. 3), the width of the headland area Fb is sub-
stantially twice the working width of the work vehicle 10,
and when the number of work paths is one (see FIG. 4),
the width of the headland area Fbis substantially identical
to the working width of the work vehicle 10.

[0017] Similarly, the width of the inner area Fa is set
to the width corresponding to the number of work paths
described above. Thus, when the number of work paths
is two (see FIG. 3), the width of the inner area Fa is the
width obtained by subtracting the length substantially four
times the working width of the work vehicle 10 from the
width of the field F, and when the number of work paths
is one (see FIG. 4), the width of the inner area Fa is the
width obtained by subtracting the length substantially
twice the working width of the work vehicle 10 from the
width of the field F. In the case of the target route R illus-
trated in FIG. 4, as compared with the target route R
illustrated in FIG. 3, the work vehicle 10 turns close to
the outer periphery edge (the mound A1) of the field F
when moving to the adjacent work route Ra.

[0018] The target route R is not limited to the routes
illustrated in FIGS. 3 and 4, and is set as appropriate in
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accordance with the shape of the field F, the content of
the work, etc. For example, the target route R is set as
appropriate in accordance with the number of work paths
in the headland area Fb or the width of the headland area
Fb.

[0019] Further, according to a conventional technolo-
gy, the turning method is set uniformly for the field, and
therefore it is difficult to set the turning method in accord-
ance with the position in the field. This makes it difficult
to set the turning route in response to the need of the
operator in consideration of the condition of the field, the
work efficiency, etc. In contrast, the autonomous
traveling system 1 according to the present embodiment
may set the turning route in response to the need of the
operator, for example, use a different turning method in
accordance with the position in the field, as described
below.

[Work Vehicle 10]

[0020] As illustrated in FIGS. 1 and 2, the work vehicle
10 includes a vehicle controller 11, a storage unit 12, a
vehicle body 13, a work machine 14, a communication
unit 15, a positioning device 16, an obstacle detection
unit 17, etc. The vehicle controller 11 is electrically con-
nected to the storage unit 12, the vehicle body 13, the
work machine 14, the positioning device 16, the obstacle
detection unit 17, etc. Further, the vehicle controller 11
and the positioning device 16 may perform wireless com-
munications.

[0021] First, arice transplanter, which is one example
of the work vehicle 10, will be described with reference
to FIGS. 2A and 2B. FIG. 2A is a side view of the work
vehicle 10 (rice transplanter), and FIG. 2B is a plan view
of the work vehicle 10. The work vehicle 10 includes the
vehicle body 13, a pair of right and left front wheels 132,
a pair of right and left rear wheels 133, the work machine
14 (planting unit), etc.

[0022] An engine (drive unit) 131 is provided inside a
hood 134 provided in a front portion of the vehicle body
13. The power generated by the engine 131 is transmitted
to the front wheels 132 and the rear wheels 133 via a
transmission case 135. The power, which has been
transmitted via the transmission case 135, is also trans-
mitted to the work machine 14 via a PTO shaft 37 pro-
vided in a rear portion of the vehicle body 13. Further, it
is configured such that the power is transmitted to the
PTO shaft 37 via a planting clutch (working clutch) (not
illustrated). At a position between the front wheels 132
and the rear wheels 133 in the front-rear direction of the
vehicle body 13, there is a driver's seat 138 where the
operator sits.

[0023] Operating tools such as a steering wheel 137,
aprimary gear lever (notillustrated), and a planting clutch
lever (not illustrated) are provided in front of the driver’s
seat 138. The steering wheel 137 is an operating tool for
changing the steering angle of the work vehicle 10. The
primary gear lever is configured to select at least "for-
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ward", "backward", and "seedling transfer" positions.
When the primary gear lever is operated to the "forward"
position, the power is transmitted so that the front wheels
132 and the rear wheels 133 rotate in a direction that
causes the work vehicle 10 to move forward. When the
primary gear lever is operated to the "backward" position,
the power is transmitted so that the front wheels 132 and
the rear wheels 133 rotate in a direction that causes the
work vehicle 10 to move backward. When the primary
gear lever is operated to the "seedling transfer" position,
the transmission of the power to the front wheels 132,
the rear wheels 133, and the PTO shaft 37 is cut off.
Furthermore, the planting clutch lever may be operated
to switch between a transmission state where the plant-
ing clutch transmits the power to the PTO shaft 37 (i.e.,
the work machine 14) and a cut-off state where the plant-
ing clutch does not transmit the power to the PTO shaft
37 (i.e., the work machine 14).

[0024] The work machine 14 is coupled to the rear por-
tion of the vehicle body 13 via an elevating link mecha-
nism 31. The elevating link mechanism 31 includes a
parallel link structure including a top link 39, a lower link
38, etc. An elevating cylinder (elevating device) 32 is cou-
pled to the lower link 38. The entire work machine 14
may be vertically elevated by extending and contracting
the elevating cylinder 32. This may change the height of
the work machine 14 between a lowering position where
the work machine 14 is lowered to perform a planting
work and a raising position where the work machine 14
is raised not to perform a planting work. Further, the el-
evating cylinder 32 is a hydraulic cylinder, but may also
use an electric cylinder. Moreover, it may be configured
such that the work machine 14 is elevated by an actuator
other than a cylinder.

[0025] The work machine 14 (planting unit) includes a
planting input case 33, a plurality of planting units 34, a
seedling stand 35, a plurality of floats 36, etc.

[0026] Each of the planting units 34 includes a planting
transmission case 41 and a rotary case 42. The power
is transmitted to the planting transmission case 41 via
the PTO shaft 37 and the planting input case 33. Each
of the planting transmission cases 41 has the rotary case
42 mounted on both sides thereof in a vehicle width di-
rection. Two planting claws 43 are mounted on each of
the rotary cases 42 so as to be arranged in parallel in the
traveling direction of the work vehicle 10. The two planting
claws 43 perform planting for one row.

[0027] Asillustrated in FIG. 2A, the seedling stand 35
is provided in front of and above the planting unit 34 and
is configured so as to load seedling mats thereon. The
seedling stand 35 is configured so as to move for hori-
zontal feeding in a reciprocating manner (slidable in a
horizontal direction). Further, the seedling stand 35 is
configured so as to carry out vertical conveying of seed-
ling mats intermittently and downward by reciprocating
movement ends of the seedling stand 35. This configu-
ration enables the seedling stand 35 to supply seedlings
from the seedling mats to each of the planting units 34.
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Accordingly, the work vehicle 10 may sequentially supply
seedlings to each of the planting units 34 to continuously
perform planting of the seedlings.

[0028] The float 36 illustrated in FIG. 2A is provided in
a lower portion of the work machine 14 so that the lower
surface thereof is provided so as to come into contact
with the ground. The float 36 comes into contact with the
ground to level the rice field surface before seedlings are
planted. Further, the float 36 includes a float sensor (not
illustrated) that detects the swing angle of the float 36.
The swing angle of the float 36 corresponds to the dis-
tance between the rice field surface and the work ma-
chine 14. The work vehicle 10 causes the elevating cyl-
inder 32 to activate based on the swing angle of the float
36 and elevates the work machine 14 vertically so as to
keep a ground height of the work machine 14 at a con-
stant level.

[0029] A spare seedling stand 19 is provided outside
of the hood 134 in the vehicle width direction so as to
load a seedling box housing spare mat seedlings. The
upper portions of the pair of right and left spare seedling
stands 19 are coupled to each other with a coupling frame
18 extending in the vertical direction and the vehicle width
direction. The positioning device 16 is provided in the
center of the coupling frame 18 in the vehicle width di-
rection. A positioning controller 161, a storage unit 162,
acommunication unit 163, and a positioning antenna 164
(see FIG. 1) are provided inside the positioning device
16. The positioning antenna 164 may receive radio
waves from a positioning satellite included in the satellite
positioning system (GNSS). Based on the radio waves,
known positioning calculation is performed so as to ac-
quire the position of the work vehicle 10.

[0030] The obstacle detection unit 17 is provided in
front of the vehicle body 13. The obstacle detection unit
17 includes a sensor that detects obstacles in a prede-
termined detection area by using, for example, infrared
rays or ultrasonic waves. For example, the obstacle de-
tection unit 17 may be a lidar sensor (distance sensor)
that may measure the distance to the measurement tar-
get (obstacle) in three dimensions by using a laser, or a
sonar sensor including a plurality of sonars that may
measure the distance to the measurement target by us-
ing ultrasonic waves. The obstacle described above is,
for example, the mound Al, water inlet, electric pole, ma-
terials temporarily placed in the field F, people, etc. When
detecting the obstacle, the obstacle detection unit 17
transmits a detection result (measurement information)
to the vehicle controller 11. The vehicle controller 11 de-
celerates or stops the work vehicle 10 when the obstacle
detection unit 17 detects an obstacle in a detection area.
Further, the obstacle detection units 17 may be provided
in the front, rear, left side, and right side, respectively. In
this case, the vehicle controller 11 controls the traveling
of the work vehicle 10 based on the detection result of
each of the obstacle detection units 17.

[0031] The storage unit12is anon-volatile storage unit
such as a hard disk drive (HDD) or a solid state drive
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(SSD) that stores various types of information. The stor-
age unit 12 stores control programs such as an autono-
mous traveling program for causing the vehicle controller
11 to execute an autonomous traveling process. For ex-
ample, the autonomous traveling program is recorded in
a computer-readable recording medium such as a flash
ROM, an EEPROM, a CD, or a DVD in a non-transitory
manner, and is read by a predetermined reading device
(not illustrated) to be stored in the storage unit 12. Fur-
thermore, the autonomous traveling program may be
downloaded from a server (not illustrated) to the work
vehicle 10 via the communication network N1 to be stored
in the storage unit 12. Further, the storage unit 12 may
store route data on the target route R generated in the
operation terminal 20.

[0032] The vehicle controller 11 includes control de-
vices such as a CPU, a ROM, and a RAM. The CPU is
a processor that executes various arithmetic processes.
The ROM is a non-volatile storage unit that previously
stores control programs, such as BIOS and OS, to cause
the CPU to execute various arithmetic processes. The
RAM is a volatile or non-volatile storage unit that stores
various types of information and is used as a temporary
storage memory (work area) for various processes exe-
cuted by the CPU. Further, the vehicle controller 11 caus-
es the CPU to execute various types of control programs
previously stored in the ROM or the storage unit 12 to
control the work vehicle 10.

[0033] The vehicle controller 11 controls the action of
the work vehicle 10 in accordance with various user op-
erations with respect to the work vehicle 10. Further, the
vehicle controller 11 performs an autonomous traveling
process of the work vehicle 10 based on the current po-
sition of the work vehicle 10 calculated by the positioning
device 16 and the previously set target route R.

[0034] Asillustratedin FIG. 1, the vehicle controller 11
includes various processing units such as a traveling
processing unit 111 and a detection processing unit 112.
Further, the vehicle controller 11 causes the CPU to ex-
ecute various processes in accordance with the autono-
mous traveling program to function as the various
processing units. Further, some or all of the processing
units may be configured by electronic circuits. Moreover,
the autonomous traveling program may be a program for
causing a plurality of processors to function as the
processing units.

[0035] The traveling processing unit 111 controls
traveling of the work vehicle 10. Specifically, the traveling
processing unit 111 causes the work vehicle 10 to au-
tonomously travel in accordance with the target route R
set in the field F. For example, the traveling processing
unit 111 starts autonomous traveling of the work vehicle
10 when acquiring a traveling start instruction from the
operation terminal 20. For example, when the operator
presses a start button on an operation screen of the op-
eration terminal 20 in a case where the current position
of the work vehicle 10 is the position that satisfies a
traveling start condition, the operation terminal 20 out-
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puts a traveling start instruction to the work vehicle 10.
When acquiring the above-described traveling start in-
struction from the operation terminal 20, the traveling
processing unit 111 starts autonomous traveling in ac-
cordance with the target route R.

[0036] Furthermore, when acquiring a traveling stop
instruction from the operation terminal 20, the traveling
processing unit 111 stops the autonomous traveling of
the work vehicle 10. For example, when the operator
presses a temporary stop button on the operation screen
of the operation terminal 20, the operation terminal 20
outputs a traveling stop instruction to the work vehicle 10.
[0037] Further, the traveling processing unit 111 con-
trols the traveling of the work vehicle 10 based on a de-
tection result by the obstacle detection unit 17.

[0038] The detection processing unit 112 acquires a
detection result (measurement information) from the ob-
stacle detection unit 17. Furthermore, the detection
processing unit 112 detects an obstacle located on the
outer periphery of the field F while the work vehicle 10
travels along the target route R in the outer periphery
area (the headland area Fb) of the field F. Specifically,
the detection processing unit 112 acquires the measure-
ment information on the detection area from the obstacle
detection unit 17. For example, when an obstacle enters
the detection area, the detection processing unit 112 ac-
quires the measurement distance (the distance from the
obstacle detection unit 17 to the obstacle) measured by
the obstacle detection unit 17. Further, the detection
processing unit 112 specifies the position and shape of
the obstacle based on the above-described measure-
ment information. The detection processing unit 112 may
be included in a different device (detection device) than
the vehicle controller 11. The detection device may be
configured to include the obstacle detection unit 17 and
the detection processing unit 112. Further, the detection
processing unit 112 may also detect the inclination, mis-
alignment, etc. of the vehicle body based on the detection
result of a sensor (not illustrated) mounted on the work
vehicle 10.

[0039] The traveling processing unit 111 controls the
autonomous traveling of the work vehicle 10 based on
the detection result of the detection processing unit 112.
Specifically, when the detection processing unit 112 de-
tects the obstacle, inclination, or misalignment, the
traveling processing unit 111 decelerates or stops the
work vehicle 10. Further, the traveling processing unit
111 may also cause the work vehicle 10 to perform avoid-
ance traveling to avoid the obstacle.

[Operation Terminal 20]

[0040] As illustrated in FIG. 1, the operation terminal
20 is an information processing device including an op-
eration controller 21, a storage unit 22, an operation dis-
play unit 23, a communication unit 24, etc. The operation
terminal 20 may include a portable terminal such as a
tablet terminal or a smartphone.
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[0041] The communication unit 24 is a communication
interface that connects the operation terminal 20 to the
communication network N1 via a wire or wirelessly and
performs data communications with one or more external
devices, such as the work vehicles 10, via the commu-
nication network N1 in accordance with a predetermined
communication protocol.

[0042] The operation display unit 23 is a user interface
including a display unit, such as a liquid crystal display
or an organic EL display, which displays various types
of information, and an operation unit, such as a touch
panel, a mouse, or a keyboard, which accepts opera-
tions. On an operation screen displayed on the display
unit, the operator may operate the operation unit to reg-
ister various types of information (such as work vehicle
information, field information, and work information de-
scribed below). For example, the operator performs an
operation to register the field F, which is the work target,
in the operation unit.

[0043] Furthermore, the operator may operate the op-
eration unit to give a traveling start instruction, a traveling
stop instruction, or the like, to the work vehicle 10. Fur-
thermore, in a place away from the work vehicle 10, the
operator may use the traveling trajectory displayed on
the operation terminal 20 to grasp the traveling state of
the work vehicle 10 autonomously traveling in the field F
along the target route R.

[0044] The storage unit22 is a non-volatile storage unit
such as an HDD or an SSD that stores various types of
information. The storage unit 22 stores control programs
such as a route setting program to cause the operation
controller 21 to execute a route setting process (see FIG.
14) described below. For example, the route setting pro-
gram is recorded in a computer-readable recording me-
dium such as a flash ROM, an EEPROM, a CD, ora DVD
in a non-transitory manner and is read by a predeter-
mined reading device (not illustrated) to be stored in the
storage unit 22. Further, the above-described route set-
ting program may be downloaded from a server (not il-
lustrated) to the operation terminal 20 via the communi-
cation network N1 to be stored in the storage unit 22.
[0045] Furthermore, a dedicated application for caus-
ing the work vehicle 10 to autonomously travel is installed
in the storage unit 22. The operation controller 21 acti-
vates the dedicated application to perform the process
to set various types of information with regard to the work
vehicle 10, the process to generate the target route R for
the work vehicle 10, an autonomous traveling instruction
for the work vehicle 10, etc.

[0046] Furthermore, the storage unit 22 stores data
such as the work vehicle information that is information
with regard to the work vehicle 10 and the target route
information that is information with regard to the target
route R. The work vehicle information includes informa-
tion such as a vehicle number and a vehicle model for
each of the work vehicles 10. The vehicle number is iden-
tification information on the work vehicle 10. The vehicle
model is a model of the work vehicle 10.
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[0047] Furthermore, the storage unit 22 may store the
work vehicle information with regard to the one work ve-
hicle 10 or may store the work vehicle information with
regard to the work vehicles 10. For example, in a case
where a particular operator owns the work vehicles 10,
the storage unit 22 stores the work vehicle information
with regard to each of the work vehicles 10.

[0048] The target route information includes informa-
tion such as route name, field name, address, field size,
and working time for each of the target routes R. The
route name is the route name of the target route R gen-
erated by the operation terminal 20. The field name is
the name of the field F that is the work target for which
the target route R is set. The address is the address of
the field F, and the field size is the size of the field F. The
working time is the time it takes for the work vehicle 10
to do a work in the field F.

[0049] Further, the storage unit 22 may store the target
route information with regard to the one target route R or
may store the target route information with regard to the
targetroutes R. For example, in a case where a particular
operator generates the target routes R for the one or
more fields F owned by the operator, the storage unit 22
stores the target route information with regard to each of
the target routes R. Further, the one target route R or the
target routes R may be set for the one field F.

[0050] Further, according to another embodiment,
some or all of the information such as the work vehicle
information and the target route information may be
stored in a server accessible from the operation terminal
20. The operator may perform the operation to register
the work vehicle information and the target route infor-
mation in the server (e.g., a personal computer or a cloud
server).

[0051] The operation controller 21 has control devices
such as a CPU, a ROM, and a RAM. The CPU is a proc-
essor that executes various arithmetic processes. The
ROM is a non-volatile storage unit that previously stores
control programs, such as BIOS and OS, to cause the
CPU to execute various arithmetic processes. The RAM
is a volatile or non-volatile storage unit that stores various
types of information and is used as a temporary storage
memory for various types of processing executed by the
CPU. Further, the operation controller 21 causes the
CPU to execute various control programs previously
stored in the ROM or the storage unit 22 to control the
operation terminal 20.

[0052] Asillustrated in FIG. 1, the operation controller
21 includes various processing units such as a display
processing unit 211, an acceptance processing unit 212,
a setting processing unit 213, and an output processing
unit 214. Furthermore, the operation controller 21 causes
the CPU to execute various processes in accordance
with the control programs to function as the various
processing units. Further, some or all of the processing
units may be configured by electronic circuits. Moreover,
the control program may be a program that causes a
plurality of processors to function as the processing units.
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[0053] The display processing unit 211 causes the op-
eration display unit 23 to display various operation
screens. For example, the display processing unit 211
causes the operation display unit 23 to display various
operation screens, such as a menu screen D1 (see FIG.
5), a headland setting screen D2 (see FIG. 6), a field
edge selection screen D3 (see FIG. 10), a priority mode
selection screen D4 (see FIGS. 11 to 13), and a traveling
screen D5 (see FIG. 15).

[0054] The acceptance processing unit 212 accepts
operator operations (user operations) on each of the
above-described operation screens. For example, on the
menu screen D1 (see FIG. 5), the acceptance processing
unit 212 accepts operations to press a "Register field"
button selected to register a field, a "Register work ma-
chine" button selected to register a work machine, a
"Register work area" button selected to register a work
area, and a "Create route" button selected to generate a
target route.

[0055] The setting processing unit 213 registers each
piece of setting information based on the setting opera-
tions of the operator for the items ("Register field", "Reg-
ister work machine", "Register work area", and "Create
route") selected by the operator. For example, the setting
processing unit 213 sets information about the work ve-
hicle 10 (hereinafter referred to as "work vehicle infor-
mation"), information about the field F (hereinafter re-
ferred to as "field information"), information about how
the work is performed in detail (hereinafter referred to as
"work information"), etc.

[0056] Specifically, with regard to information such as
the model of the work vehicle 10, the position where the
positioning antenna 164 is mounted in the work vehicle
10, the type of the work machine 14, the size and shape
of the work machine 14, the position of the work machine
14 relative to the work vehicle 10, the traveling speed
and the engine speed of the work vehicle 10 during work,
and the traveling speed and the engine speed of the work
vehicle 10 during turning, the setting processing unit 213
sets the information in response to a registration opera-
tion of the operator.

[0057] Furthermore, with regard to information such as
the position and shape of the field F, the work start po-
sition S to start a work, the work end position G to end a
work, and the work direction, the setting processing unit
213 sets the information in response to a registration op-
eration of the operator.

[0058] Forexample, the operator rides on the work ve-
hicle 10, drives the work vehicle 10 to travel one lap
around the outer periphery of the field F, and records the
transition of the position information of the positioning
antenna 164 at that time so that the information about
the position and shape of the field F may be automatically
acquired. Furthermore, the position and shape of the field
F may also be acquired based on the polygon obtained
by operating the operation terminal 20 by the operator in
a state where a map is displayed on the operation termi-
nal 20 and designating a plurality of points on the map.
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The area specified by the acquired position and shape
of the field F is an area (traveling area) where the work
vehicle 10 may travel.

[0059] Further, the setting processing unit 213 is con-
figured so as to set, as the work information, the presence
or absence of a cooperative work by the work vehicle 10
(unmanned tractor) and the manned work vehicle 10, a
skip number that is the number of work routes to be
skipped in a case where the work vehicle 10 turns in the
headland, the width of the headland, the width of a non-
cultivated field, or the like.

[0060] For example, the setting processing unit 213
sets the work area where a work is actually performed in
the registered field F. For example, when the operator
selects "Register work area" on the menu screen D1 (see
FIG. 5) and selects the field F to be registered as the
work area, the acceptance processing unit 212 accepts
the selection operation, and the setting processing unit
213 displays a registration screen (map screen) to reg-
ister the work start position S and the work end position
G. The operator registers the work start position S and
the work end position G at any position in the field F on
the above-described registration screen.

[0061] Furthermore, for setting the work area, the set-
ting processing unit213 makes settings related to a head-
land and a turning route. Specific examples will be de-
scribed below.

[0062] For example, for setting the work area, the dis-
play processing unit 211 displays the headland setting
screen D2 illustrated in FIG. 6. On the headland setting
screen D2, the display processing unit 211 selectively
displays the number of work paths (the number of laps)
of the headland area Fb. For example, the display
processing unit 211 selectively displays a setting button
K1 to set the number of work paths in the headland area
Fb to "one path" (see FIG. 4) and a setting button K2 to
set the number of work paths in the headland area Fb to
"two paths" (see FIG. 3).

[0063] The operator may select either "one path" or
"two paths" for the work path in the headland area Fb on
the headland setting screen D2. The acceptance
processing unit 212 accepts, from the operator, an op-
eration (corresponding to a second user operation ac-
cording to the present invention) to select the number of
work paths (the number of laps) in the headland area Fb.
Further, when the number of work paths in the headland
area Fb is set to "two paths", the width of the headland
area Fb is the width corresponding to the two paths, i.e.,
the length substantially twice the working width, as illus-
trated in for example FIG. 7. In this case, the headland
area Fb may provide a sufficient turning width for the
work vehicle 10 to move from a work route Ra1 to a sub-
sequent work route Ra2. This allows the work vehicle 10
to continuously travel forward and turn without traveling
backward after performing a work on the work route Ra 1.
[0064] Conversely, when the number of work paths in
the headland area Fb is set to "one path", the width of
the headland area Fb is the width corresponding to one
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path, i.e., the length substantially the same as the working
width, as illustrated in for example FIG. 8. In this case,
the headland area Fb makes it difficult to provide a suf-
ficient turning width for the work vehicle 10 to move from
the work route Ra1 to the subsequent work route Ra2.
Therefore, the work vehicle 10 needs to travel backward
for a predetermined distance after performing a work on
the work route Ra 1 and then travel forward and turn.
[0065] However, as illustrated in FIG. 8, for example,
when the work vehicle 10 performs a work to an end
portion of the inner area Fa so that there is no unworked
area (remaining work) in the inner area Fa, the turning
start position after traveling backward is near the end
portion of the inner area Fa, and therefore there is a pos-
sibility that the work vehicle 10 moves out of the field F
and moves over the mound A1 during turning. Further,
the reference mark E1 in FIG. 8 indicates a worked area
in the work route Ra. Conversely, as illustrated in FIG.
9, for example, when the straight distance (a distance L1
in FIG. 9) of the work route Ra1 is shortened so that the
work vehicle 10 does not move out of the field F when
traveling straight and turning, i.e., when the work vehicle
10 finishes working before the end portion of the inner
area Fa, the turning start position after traveling back-
ward is before the end portion of the inner area Fa, and
therefore there is an unworked area E2 in the inner area
Fa.

[0066] As described above, when the number of work
paths in the headland area Fb is set to "one path", it is
difficultto provide a sufficient width (turning area) needed
for turning in the headland area Fb, and therefore safety
during turning is reduced according to a turning method
(see FIG. 8) that gives a priority to the work efficiency,
and there is an unworked area according to a turning
method (see FIG. 9) that gives a priority to safety during
turning.

[0067] Therefore, the present embodiment provides
the configuration that allows the operator to set the de-
sired turning method for each work path. For example,
when the operator desires to give a priority to the work
efficiency with the work vehicle 10, the work vehicle 10
turns according to the turning method illustrated in FIG.
8. Conversely, when the operator desires safe turning of
the work vehicle 10, i.e., gives a priority to safety of turning
of the work vehicle 10, the work vehicle 10 turns accord-
ing to the turning method illustrated in FIG. 9.

[0068] Furthermore, the turning route according to the
turning method that gives a priority to safety illustrated
in FIG. 9 is aroute (corresponding to a first turning route
according to the present invention) that enables safe
turning of the work vehicle 10 by adjusting (for example,
shortening) the route length of the work route in the inner
area Fa although there is a possibility that the width
(headland width) of the headland area Fb is not the work-
ing width, and the turning route according to the turning
method that gives a priority to work efficiency illustrated
in FIG. 8 is a route (corresponding to a second turning
route according to the present invention) in which the
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headland width substantially matches the working width
by maintaining the route length of the work route in the
inner area Fa although there is a possibility that the work
vehicle 10 moves over the mound, or the like. For exam-
ple, the turning route according to the turning method
that gives a priority to safety is a route in which the work
vehicle 10 turns in the headland area Fb having a first
predetermined width (e.g., a width wider than the working
width), and the turning route according to the turning
method that gives a priority to work efficiency is a route
in which the work vehicle 10 turns in the headland area
Fb having a second predetermined width (e.g., the same
width as the working width) narrower than the first pre-
determined width. Furthermore, for example, the turning
route according to the turning method that gives a priority
to safety is a route in which the start point of the turning
route is on the inner periphery side, while the turning
route according to the turning method that gives a priority
to work efficiency is a route in which the start point of the
turning route is on the outer periphery side.

[0069] Specifically, when the number of work paths in
the headland area Fb is set to "one path", the display
processing unit 211 displays the field edge selection
screen D3 illustrated in FIG. 10. On the field edge selec-
tion screen D3, the display processing unit 211 selec-
tively displays the outer periphery edge (field edge) of
the field F, for which the turning method is set. For ex-
ample, the display processing unit 211 selectively dis-
plays a setting button K3 to set the identical turning meth-
od for all the outer periphery edges of the field F and a
setting button K4 to set the turning method for each of
the outer periphery edges of the field F.

[0070] On the field edge selection screen D3, the op-
erator may make a selection as to whether all the outer
periphery edges are collectively set or each of the outer
periphery edges is individually set. When the operator
selects the setting button K3, the acceptance processing
unit 212 accepts the selection operation, and the display
processing unit 211 displays the priority mode selection
screen D4 illustrated in FIG. 11. On the priority mode
selection screen D4, the display processing unit 211 se-
lectively displays a setting button K5 corresponding to a
safety priority mode (corresponding to a first turning
mode according to the present invention) for setting the
turning method (see FIG. 9) that gives a priority to safety
during turning and a setting button K6 corresponding to
a work efficiency priority mode (corresponding to a sec-
ond turning mode according to the present invention) for
setting the turning method (see FIG. 8) that gives a pri-
ority to work efficiency during turning.

[0071] For example, when the operator selects the
safety priority mode (the setting button K5), the accept-
ance processing unit 212 accepts the selection opera-
tion, and the setting processing unit 213 sets the turning
routeillustrated in FIG. 9for all the outer periphery edges.
Accordingly, the work vehicle 10 turns in accordance with
the turning route illustrated in FIG. 9 when performing a
work in the field F.
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[0072] Further, for example, when the operator selects
the work efficiency priority mode (the setting button K6),
the acceptance processing unit212 accepts the selection
operation, and the setting processing unit 213 sets the
turning route illustrated in FIG. 8 for all the outer periphery
edges. Accordingly, the work vehicle 10 turns in accord-
ance with the turning route illustrated in FIG. 8 when per-
forming a work in the field F.

[0073] Furthermore, when the operator selects the set-
ting button K4 on the field edge selection screen D3 il-
lustrated in FIG. 10, the acceptance processing unit 212
accepts the selection operation, and the display process-
ing unit 211 displays the priority mode selection screen
D4 illustrated in FIG. 12. The display processing unit 211
selectively displays the setting button K5 and the setting
button K6 on the priority mode selection screen D4 and
also selectively displays the outer periphery edges of the
field F individually. For example, in the example illustrat-
ed in FIG. 12, the operator may select each of the four
edges (upper edge, lower edge, left edge, and rightedge)
of the field F individually on the priority mode selection
screen D4.

[0074] Forexample, asillustrated in FIG. 12, when the
operator selects the left edge of the field F and selects
the safety priority mode (the setting button K5), the ac-
ceptance processing unit 212 accepts the selection op-
eration, and the setting processing unit 213 sets the turn-
ing route illustrated in FIG. 9 for the left edge of the field
F. Furthermore, as illustrated in FIG. 13, for example,
when the operator selects the upper edge of the field F
and selects the work efficiency priority mode (the setting
button K6), the acceptance processing unit 212 accepts
the selection operation, and the setting processing unit
213 sets the turning route illustrated in FIG. 8 for the
upper edge of the field F.

[0075] Further, as illustrated in FIGS. 12 and 13, the
display processing unit 211 displays the selected outer
periphery edge in a different display form than the outer
periphery edge that is not selected on the priority mode
selection screen D4. Further, as illustrated in FIG. 13,
the display processing unit 211 displays the outer periph-
ery edge (left edge), for which the turning route has been
set, in a discriminable manner. In the example illustrated
in FIG. 13, the display processing unit 211 displays the
selected upper edge in a thick solid line, the left edge,
for which the turning route has been set, in a thick dotted
line, and the lower edge and the right edge, which have
not been selected and set, in thin dotted lines. This allows
the operator to easily know the setting status of each of
the outer periphery edges.

[0076] Furthermore, the display processing unit 211
may display each of the outer periphery edges in a dif-
ferent display form on the priority mode selection screen
D4 when the turning route having a different turning meth-
od is set for each of the outer periphery edges. For ex-
ample, when the safety priority mode is set for the left
edge of the field F (see FIG. 12) and the work efficiency
priority mode is set for the upper edge of the field F (see
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FIG. 13), the display processing unit 211 may display the
upper edge and the left edge in different display forms
on the priority mode selection screen D4.

[0077] Asdescribed above, the setting processing unit
213 sets the identical or different turning route for each
of the outer periphery edges forming the field F in re-
sponse to the setting operation of the operator. Further,
the acceptance processing unit 212 may permit accept-
ance of the operation for selecting the turning route (pri-
ority mode) when a predetermined number (e.g., "one
path") is selected as the number of work paths described
above by the operator. Here, the predetermined number
is such a number that the total working width correspond-
ing to the predetermined number is less than the width
that enables turning without traveling backward from the
work route Ra1 to the work route Ra2 in the inner area
Fa. For example, in a case where the area equal to or
more than the working width of the work vehicle 10 is
needed when the work vehicle 10 moves from the work
route Ra1 to the work route Ra2, the predetermined
number is set to one, and in a case where the area equal
to or more than the width twice the working width of the
work vehicle 10 is needed when the work vehicle 10
moves from the work route Ra1 to the work route Ra2,
the predetermined number is set to two.

[0078] According to another embodiment, the setting
processing unit 213 may set the identical or different turn-
ing route for each of the outer periphery edges in accord-
ance with the state (shape, etc.) of the field F. Specifically,
the setting processing unit 213 may automatically set the
turning route for each of the outer periphery edges of the
field F regardless of the operator’s operation.

[0079] Furthermore, each of the outer periphery edges
corresponds to the work path of the work vehicle 10. For
example, the upper edge of the field F corresponds to
the work path in the work route Ra on which the work
vehicle 10 travels straight toward the upper edge direc-
tion, and the lower edge of the field F corresponds to the
work path in the work route Ra on which the work vehicle
10 travels straight toward the lower edge direction. Fur-
thermore, the left edge of the field F corresponds to the
work path in the work route Ra on which the work vehicle
10 travels straight along the left edge, and the right edge
of the field F corresponds to the work path in the work
route Ra on which the work vehicle 10 travels straight
along the right edge.

[0080] Furthermore, the upper edge of the field F cor-
responds to the work path in the work route Rb on which
the work vehicle 10 travels straight along the upper edge,
and the lower edge of the field F corresponds to the work
path in the work route Rb on which the work vehicle 10
travels straight along the lower edge. Further, the left
edge of the field F corresponds to the work path in the
work route Rb on which the work vehicle 10 travels
straight along the left edge, and the right edge of the field
F corresponds to the work path in the work route Rb on
which the work vehicle 10 travels straight along the right
edge.
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[0081] Specifically, according to the present embodi-
ment, the setting processing unit 213 sets a predeter-
mined turning route among a plurality of turning routes
having different turning methods, for each of the work
paths included in the work area where the work vehicle
10 autonomously travels in accordance with the target
route.

[0082] Furthermore, the acceptance processing unit
212 accepts, from the operator, an operation (corre-
sponding to a firstuser operation according to the present
invention) to select a predetermined turning route from
a plurality of turning routes (for example, FIGS. 8 and 9),
and the setting processing unit 213 sets the turning route
selected by the operation of the operator for each of the
work paths. Furthermore, the setting processing unit213
accepts the above-described operation of the operator
for each of the outer periphery edges forming the field F.
[0083] Furthermore, the setting processing unit 213
sets the target route R including the turning route set for
each of the work paths and the work routes Ra and Rb
set corresponding to the field F. Specifically, the setting
processing unit 213 generates the target route R for au-
tonomously traveling the work vehicle 10 in the field F
based on each of the pieces of setting information de-
scribed above. For example, when the operator selects
"Create route" on the menu screen D1 (see FIG. 5), the
setting processing unit 213 displays the registration
screen (not illustrated) for generating a route. On the
above-described registration screen, the operator regis-
ters each piece of information such as the field F, the
work machine 14, the vehicle speed, and the engine
speed, and then gives a route generation instruction.
When acquiring the route generation instruction, the set-
ting processing unit 213 generates the target route R
based on the work start position S, the work end position
G, and each of the pieces of information described above.
[0084] Forexample, asillustrated in FIGS. 3 and 4, the
setting processing unit 213 generates the target route R
including the work start position S, the work end position
G, andthe workroutes Ra and Rb. The setting processing
unit 213 registers the generated target route R in asso-
ciation with the field F.

[0085] The output processing unit 214 outputs the
route data on the target route R to the work vehicle 10.
For example, when the operator selects the field F, which
is the work target, and the work route (the target route
R) and performs a work start operation, the route data
on the target route R corresponding to the field F is output
to the work vehicle 10.

[0086] When receiving the route data on the target
route R generated by the operation terminal 20, the work
vehicle 10 stores the route data in the storage unit 12.
Furthermore, when the above-described traveling start
condition is satisfied, the work vehicle 10 starts autono-
mous traveling in response to the traveling start instruc-
tion by the operator. While the work vehicle 10 autono-
mously travels, the operator may grasp the traveling state
in the field F with the operation terminal 20.



19 EP 4 325 322 A1 20

[0087] Further, the operation terminal 20 may access
a web site (agricultural support site) of an agricultural
support service provided by a server (not illustrated) via
the communication network N1. In this case, a browser
program is executed by the operation controller 21, and
therefore the operation terminal 20 may function as an
operation terminal of the server. Further, the server in-
cludes each of the processing units described above and
performs each process.

[Route Setting Process]

[0088] An example of the above-described route set-
ting process performed by the autonomous traveling sys-
tem 1 will be described with reference to FIG. 14.
[0089] Furthermore, the present invention may be re-
garded as an invention of a route setting method for ex-
ecuting one or more steps included in the route setting
process. Further, one or more steps included in the route
setting process described here may be omitted as ap-
propriate. Further, the order of execution of each step in
the route setting process may be different to the extent
that similar effects are produced. Furthermore, in the
case described here, the operation controller 21 of the
operation terminal 20 executes each step in the above-
described route setting process, but a route setting meth-
od in which one or more processors execute each step
in the route setting process in a distributed manner may
also be considered as another embodiment.

[0090] First, in Step S1, the operation controller 21
causes the operation display unit 23 of the operation ter-
minal 20 to display the headland setting screen D2 (see
FIG. 6). For example, when the operator presses the
"Create route" button on the menu screen D1 (see FIG.
5), the operation controller 21 displays the headland set-
ting screen D2.

[0091] Subsequently, in Step S2, the operation con-
troller 21 determines whether the operator has selected
"one path" as the number of work paths for the headland
area Fb on the headland setting screen D2 (see FIG. 6).
When the operator has selected "one path" (the setting
button K1) (S2: Yes), the operation controller 21 pro-
ceeds to the process in Step S3. Conversely, when the
operator has selected "two paths" (the setting button K2)
(S2: No), the operation controller 21 proceeds to the proc-
ess in Step S8.

[0092] In Step S3, the operation controller 21 displays
the field edge selection screen D3 (see FIG. 10) on the
operation display unit 23. On the field edge selection
screen D3, the operation controller 21 selectively dis-
plays the setting button K3 to set the identical turning
method for all the outer periphery edges of the field F
and the setting button K4 to set the turning method for
each of the outer periphery edges of the field F.

[0093] Subsequently, in Step S4, the operation con-
troller 21 determines whether the selection operation of
the outer periphery edge has been accepted from the
operator on the field edge selection screen D3 (see FIG.
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10). Specifically, the operation controller 21 determines
whether the selection operation of the setting button K3
or the setting button K4 has been accepted from the op-
erator. When the selection operation has been accepted
(S4: Yes), the operation controller 21 proceeds to the
process in Step S5. The operation controller 21 waits
until the selection operation is accepted (S4: No).
[0094] In Step S5, the operation controller 21 displays
the priority mode selection screen D4 (see FIGS. 11 and
12) on the operation display unit 23. On the priority mode
selection screen D4, the operation controller 21 selec-
tively displays the setting button K5 corresponding to the
safety priority mode to set the turning method (see FIG.
9) that gives a priority to safety during turning and the
setting button K6 corresponding to the work efficiency
priority mode to set the turning method (see FIG. 8) that
gives a priority to work efficiency during turning. Further-
more, in Step S4, the operation controller 21 displays the
priority mode selection screen D4 illustrated in FIG. 11
when accepting the selection operation of the setting but-
ton K3 from the operator, and displays the priority mode
selection screen D4 illustrated in FIG. 12 when accepting
the selection operation of the setting button K4 from the
operator.

[0095] Subsequently, in Step S6, the operation con-
troller 21 determines whether the selection operation of
the priority mode has been accepted from the operator
on the priority mode selection screen D4 (see FIGS. 11
and 12). Specifically, the operation controller 21 deter-
mines whether the selection operation of the setting but-
ton K5 or the setting button K6 has been accepted from
the operator. When the selection operation has been ac-
cepted (S6: Yes), the operation controller 21 proceeds
to the process in Step S7. The operation controller 21
waits until the selection operation is accepted (S6: No).
Furthermore, on the priority mode selection screen D4
illustrated in FIG. 12, the operation controller 21 accepts
the selection operation of the priority mode from the op-
erator for each outer periphery edge.

[0096] In Step S7, the operation controller 21 sets the
turning route. For example, when the operator selects
"Identical setting for all edges" (the setting button K3) on
the field edge selection screen D3 (see FIG. 10) and
presses "Safety priority" (the setting button K5) on the
priority mode selection screen D4 (see FIG. 11), the op-
eration controller 21 sets the turning route illustrated in
FIG. 9 (e.g., the turning route having a shorter route
length of the work route Ra1, or the turning route having
the start point of the turning route on the inner periphery
side (the first turning route)) for all the outer periphery
edges of the field F.

[0097] Furthermore, for example, when the operator
selects "ldentical setting for all edges" (the setting button
K3) on the field edge selection screen D3 and presses
"Work efficiency priority" (the setting button K6) on the
priority mode selection screen D4, the operation control-
ler 21 sets the turning route illustrated in FIG. 8 (for ex-
ample, the turning route having the maintained route
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length of the work route Ra1, or the turning route having
the start point of the turning route on the outer periphery
side (the second turning route)) for all the outer periphery
edges of the field F.

[0098] Furthermore, for example, when the operator
selects "Setting for each edge" (the setting button K4) on
the field edge selection screen D3 and selects the outer
periphery edge on the priority mode selection screen D4,
and presses "Safety priority" (the setting button K5) (see
FIG. 12), the operation controller 21 sets the turning route
(the first turning route) illustrated in FIG. 9 for the outer
periphery edge.

[0099] Furthermore, for example, when the operator
selects "Setting for each edge" (the setting button K4) on
the field edge selection screen D3, selects the outer pe-
riphery edge on the priority mode selection screen D4,
and presses "Work efficiency priority" (the setting button
K6) (see FIG. 13), the operation controller 21 sets the
turning route (the second turning route) illustrated in FIG.
8 for the outer periphery edge.

[0100] Furthermore, when the turning route is set for
each outer periphery edge, the operation controller 21
displays the selected outer periphery edge, the unselect-
ed outer periphery edge, and the set outer periphery edge
in different display forms on the priority mode selection
screen D4 (see FIG. 13). Further, when the turning route
having a different turning method is set for each of the
outer periphery edges, the operation controller 21 may
display each of the outer periphery edges in a different
display form for each set turning route.

[0101] Subsequently, in Step S8, the operation con-
troller 21 determines whether the process of setting the
turning route in the field F has finished. When the turning
route in the field F has been registered, the operation
controller 21 determines that the turning route setting
process has finished (S8: Yes) and terminates the route
setting process described above. When the turning route
in the field F has not been registered, the operation con-
troller 21 determines that the turning route setting proc-
ess has not been finished (S8: No) and returns to the
process in Step S1.

[0102] When the process of setting the turning route
in the field F described above has finished, the operation
controller 21 sets the target route R including the turning
route and the work routes Ra and Rb set for the field F.
Furthermore, the operation controller 21 outputs the
route data on the set target route R to the work vehicle
10. Accordingly, the work vehicle 10 executes the auton-
omous traveling process in accordance with the target
route R.

[0103] As described above, the autonomous traveling
system 1 according to the present embodiment sets a
predetermined turning route among a plurality of turning
routes having different turning methods, for each of a
plurality of work paths included in the field F (work area)
where the work vehicle 10 autonomously travels in ac-
cordance with the target route R and sets the target route
R including the turning route set for each of the work
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paths and the work routes Ra and Rb set corresponding
to the field F.

[0104] With the above configuration, for example, dif-
ferent turning routes may be set in accordance with the
outer periphery edge of the field F, and different turning
routes may be set as the turning route during traveling
in the inner area Fa and the turning route during traveling
in the headland area Fb. Furthermore, a different turning
route may be set for each of the work routes in the inner
area Fa, or a different turning route may be set for each
of the work routes (circumferential routes) in the head-
land area Fb. As described above, the turning method of
the work vehicle 10 may be set in accordance with the
state of the field F and the state of the work route so that
it is possible to set the turning route in response to the
need of the operator. For example, the operator may set
the turning route that gives a priority to safety during turn-
ing and the turning route that gives a priority to work ef-
ficiency. For example, when there is the sloping mound
A1onthe upper edge side of the field F and the flat mound
A1 onthe lower edge side, the operator may set the turn-
ing route (see FIG. 9) that gives a priority to safety for
the upper edge and the turning route (see FIG. 8) that
gives a priority to work efficiency for the lower edge.
[0105] The embodiment of the presentinvention is not
limited to the embodiment described above, but may be
the embodiment described below.

[0106] According to another embodiment of the
present invention, the operation controller 21 may permit
acceptance of the operation for setting the turning route
even after autonomous traveling of the work vehicle 10
starts. FIG. 15 illustrates an example of the traveling
screen D5. The operation controller 21 displays the
traveling screen D5 when the work vehicle 10 starts
traveling autonomously. The operator may grasp the
work status, and the like, on the traveling screen D5. On
the traveling screen D5, the operation controller 21 ac-
cepts the selection operation of the outer periphery edge
of the field F and the selection operation of "Safety pri-
ority" or "Work efficiency priority". This allows the oper-
ator to change the turning route after the work vehicle 10
starts traveling autonomously. Furthermore, in consider-
ation of the safety of traveling of the work vehicle 10, the
operation controller 21 may permit acceptance of the op-
eration for setting the turning route on the condition that
the work vehicle 10 has stopped traveling autonomously
or decelerated.

[0107] Furthermore, the operation controller 21 may
limit the operation for setting the turning route after the
work vehicle 10 has started traveling autonomously. For
example, the operation controller 21 may permit accept-
ance of the operation for changing the turning route only
for the work route in the inner area Fa or may permit
acceptance of the operation for changing the turning
route for the circumferential route in the headland area
Fb. Moreover, after the work vehicle 10 starts traveling
autonomously, the operation controller 21 may permit a
change from the work efficiency-priority turning route to
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the safety-priority turning route and prohibit a change
from the safety-priority turning route to the work efficien-
cy-priority turning route.

[0108] Furthermore, as illustrated in FIGS. 16A and
16B, the outer periphery edge of the field F may be in-
clined with respect to the work route Ra. In this case, as
illustrated in FIG. 16A, the work vehicle 10 is more likely
to move over the mound A1, as compared with the field
F illustrated in FIG. 8. Therefore, when the priority mode
is set to the safety priority mode, the operation controller
21 sets the distance of a backward route r1 after traveling
straight along the work route Ra to the length correspond-
ing to the slope angle of the outer periphery edge, as
illustrated in FIG. 16B. Specifically, the operation con-
troller 21 sets a longer distance of the backward route r1
asanangle 6 (see FIG. 16B) formed between the working
direction and the outer periphery edge is smaller. Thus,
it is possible to provide the area where the work vehicle
10 may turn so that the work vehicle 10 may turn safely
without moving out of the field F.

[0109] According to another embodiment of the
presentinvention, the operation controller 21 may reduce
the safety function of the work vehicle 10 when the work
efficiency priority mode is set, as compared with the safe-
ty function of the work vehicle 10 when the safety priority
mode is selected. For example, the operation controller
21 may output a control instruction to the work vehicle
10 so that the detection area of the obstacle detection
unit 17 when the work efficiency priority mode is set is
narrower than the detection area of the obstacle detec-
tion unit 17 when the safety priority mode is set. This may
prevent a reduction in the work efficiency due to the fact
that the safety function of the work vehicle 10 is activated
more than necessary when the work efficiency priority
mode is set. Furthermore, in other words, the operation
controller 21 may increase the safety function of the work
vehicle 10 when the safety priority mode is set, as com-
pared with the safety function of the work vehicle 10 when
work efficiency priority mode is selected.

[0110] The vehicle controller 11 of the work vehicle 10
may include each function of the operation controller 21
according to the present embodiment. That is, according
to the embodiment described above, the operation con-
troller 21 corresponds to the route setting system accord-
ing to the present invention, but the route setting system
according to the present invention may include the work
vehicle 10 alone. Further, the route setting system ac-
cording to the present invention may include the work
vehicle 10 and the operation terminal 20. Moreover, a
server, which may communicate with the operation ter-
minal 20, may include each function of the operation con-
troller 21.

[Notes of Invention]
[0111] The summary of the invention extracted from

the embodiments are described below as notes. Further,
the configurations and processing functions described
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below as notes may be selected or omitted and combined
as appropriate.

<Note 1>

[0112] A route setting method includes setting a pre-
determined turning route among a plurality of turning
routes having different turning methods, for each of a
plurality of work paths included in a work area where a
work vehicle autonomously travels in accordance with a
targetroute and setting the target route including the turn-
ing route set for each of the plurality of work paths and
a work route set corresponding to the work area.

<Note 2>

[0113] The route setting method according to Note 1
further includes accepting a first user operation to select
a predetermined turning route from the plurality of turning
routes and setting a turning route selected by the first
user operation for each of the plurality of work paths.

<Note 3>

[0114] The route setting method according to Note 2
further includes accepting the first user operation for each
of a plurality of outer periphery edges forming the work
area.

<Note 4>

[0115] The route setting method according to Note 2
or 3 further includes displaying each of the plurality of
outer periphery edges in a different display form on an
operation screen when the turning route having a differ-
ent turning method is set for each of the plurality of outer
periphery edges.

<Note 5>

[0116] In the route setting method according to any
one of Notes 2 to 4, the work area includes an inner area
where the work vehicle travels back and forth and an
outer area where the work vehicle travels by rotating
along an outer periphery of the work area, and the route
setting method further comprises accepting a second us-
er operation to select a number of laps for rotating travel
in the outer area.

<Note 6>

[0117] The route setting method according to Note 5
further includes enabling acceptance of the first user op-
eration when a predetermined number is selected as the
number of laps by the second user operation.
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<Note 7>

[0118] In the route setting method according to Note
6, the predetermined number is such a number that a
total working width corresponding to the predetermined
number is less than a width that enables turning without
traveling backward from a first work route to a second
work route in the inner area.

<Note 8>

[0119] In the route setting method according to any
one of Notes 2 to 7, the work area includes an inner area
where the work vehicle travels back and forth and an
outer area where the work vehicle travels by rotating
along an outer periphery of the work area, the plurality
of turning routes includes a first turning route for turning
the work vehicle in the outer area having a first predeter-
mined width and a second turning route for turning the
work vehicle in the outer area having a second predeter-
mined width narrower than the first predetermined width,
and the route setting method further includes selectively
displaying either a first turning mode corresponding to
the first turning route or a second turning mode corre-
sponding to the second turning route in the first user op-
eration.

<Note 9>

[0120] In the route setting method according to Note
8, the first turning route is set so that a start point of the
turning route is set at a first position and the second turn-
ing route is set so that a start point of the turning route
is set at a second position closer to an outer periphery
side than the first position.

<Note 10>

[0121] The route setting method according to Note 8
further includes reducing a safety function of the work
vehicle when the second turning mode is selected, as
compared with a safety function of the work vehicle when
the first turning mode is selected.

<Note 11>
[0122] The route setting method according to any one
of Notes 2 to 10 further includes permitting acceptance
of the first user operation after autonomous traveling of
the work vehicle starts.
REFERENCE SIGNS LIST
[0123]

1 Autonomous traveling system

10 Work vehicle
11 Vehicle controller
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12 Storage unit

13 Vehicle body

14 Work machine

15 Communication unit

16 Positioning device

17 Obstacle detection unit

20 Operation terminal

21 Operation controller

111 Traveling processing unit
112 Detection processing unit
211 Display processing unit
212 Acceptance processing unit
213 Setting processing unit
214 Output processing unit
A1 Mound

F Field (work area)

Fa Inner area

Fb Headland area (outer area)
R Target route

Ra Work route

Rb Work route

Claims

1.

A route setting method comprising:

setting a predetermined turning route among a
plurality of turning routes having different turning
methods, for each of a plurality of work paths
included in a work area where a work vehicle
autonomously travels in accordance with a tar-
get route; and

setting the target route including the turning
route set for each of the plurality of work paths
and a work route set corresponding to the work
area.

The route setting method according to claim 1, fur-
ther comprising:

accepting a first user operation to select a pre-
determined turning route from the plurality of
turning routes; and

setting a turning route selected by the first user
operation for each of the plurality of work paths.

The route setting method according to claim 2, fur-
ther comprising accepting the first user operation for
each of a plurality of outer periphery edges forming
the work area.

The route setting method according to claim 3, fur-
ther comprising displaying each of the plurality of
outer periphery edges in a different display form on
an operation screen when the turning route having
a different turning method is set for each of the plu-
rality of outer periphery edges.
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The route setting method according to claim 2,
wherein

the work area includes an inner area where the
work vehicle travels back and forth and an outer
area where the work vehicle travels by rotating
along an outer periphery of the work area, and
the route setting method further comprises ac-
cepting a second user operation to select a
number of laps for rotating travel in the outer
area.

The route setting method according to claim 5, fur-
ther comprising enabling acceptance of the first user
operation when a predetermined number is selected
as the number of laps by the second user operation.

The route setting method according to claim 6,
wherein the predetermined numberis suchanumber
that a total working width corresponding to the pre-
determined number is less than a width that enables
turning without traveling backward from a first work
route to a second work route in the inner area.

The route setting method according to any one of
claims 2 to 7, wherein

the work area includes an inner area where the
work vehicle travels back and forth and an outer
area where the work vehicle travels by rotating
along an outer periphery of the work area,

the plurality of turning routes includes a first turn-
ing route for turning the work vehicle in the outer
area having a first predetermined width and a
second turning route for turning the work vehicle
inthe outer area having a second predetermined
width narrower than the first predetermined
width, and

the route setting method further comprises se-
lectively displaying either a first turning mode
corresponding to the first turning route or a sec-
ond turning mode corresponding to the second
turning route in the first user operation.

The route setting method according to claim 8,
wherein

the first turning route is set so that a start point
of the turning route is at a first position; and
the second turning route is set so that a start
point of the turning route is at a second position
closer to an outer periphery side than the first
position.

10. The route setting method according to claim 8, fur-

ther comprising reducing a safety function of the
work vehicle when the second turning mode is se-
lected, as compared with a safety function of the work
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1.

12.

13.

vehicle when the first turning mode is selected.

The route setting method according to claim 2, fur-
ther comprising permitting acceptance of the first us-
er operation after autonomous traveling of the work
vehicle starts.

A route setting system comprising a setting process-
ing unit that sets a predetermined turning route
among a plurality of turning routes having different
turning methods, for each of a plurality of work paths
included in a work area where a work vehicle auton-
omously travels in accordance with a target route
and that sets the target route including the turning
route set for each of the plurality of work paths and
a work route set corresponding to the work area.

A route setting program causing one or more proc-
essors to execute:

setting a predetermined turning route among a
plurality of turning routes having different turning
methods, for each of a plurality of work paths
included in a work area where a work vehicle
autonomously travels in accordance with a tar-
get route; and

setting the target route including the turning
route set for each of the plurality of work paths
and a work route set corresponding to the work
area.
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