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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a system in-
cluding a work machine, a work machine controller, and a
method of controlling a work machine.

BACKGROUND ART

[0002] For example, WO2020/224768 (PTL 1) dis-
closes a conventional wheel loader.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: WO2020/224768

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] A wheel loader repeatedly performs an excava-
tion work and a loading work. In automating the loading
work, the wheel loader is demanded to adapt to loading
into containers in various shapes.
[0005] The present disclosure proposes a system in-
cluding a work machine, a work machine controller, and a
method of controlling a work machine that enable auto-
mation of a loading work for loading into containers in
various shapes.

SOLUTION TO PROBLEM

[0006] According to one aspect of the present disclo-
sure, a system including a work machine is proposed, the
system including a work machine main body, a work
implement attached to the work machine main body,
the work implement including a bucket, a work implement
posture sensor that detects a posture of the work imple-
ment, an object sensor that detects an object around the
work machine main body, and a controller that commu-
nicates with the work implement posture sensor and the
object sensor. The controller stores a trace of the work
implement and a reference point of the container while
the work machine is operated to load loads in the bucket
into a container. When a position of the reference point is
changed, the controller changes the trace in conformity
with the changed reference point.
[0007] According to one aspect of the present disclo-
sure, a work machine controller is proposed. A trace of a
work implement and a reference point of a containerwhile
a work machine is operated to load loads carried in the
work implement into the container are stored in the con-
troller. When a position of the reference point is changed,
the trace is changed in conformity with the changed
reference point.

[0008] According to one aspect of the present disclo-
sure, a method of controlling a work machine is proposed.
The method includes storing a trace of a work implement
and a reference point of a container while the work
machine is operated to load loads carried in the work
implement into the container and changing, when a posi-
tion of the reference point is changed, the trace in con-
formity with the changed reference point.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the system including the work
machine, the work machine controller, and the method
of controlling the work machine in the present disclosure,
the loading work for loading into containers in various
shapes can be automated.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a side view of a wheel loader as an exemp-
lary work machine.
Fig. 2 is a block diagram showing an overall config-
uration of a control system that controls the wheel
loader.
Fig. 3 is a plan view of the wheel loader that performs
excavation and loading works.
Fig. 4 is a block diagram showing a configuration of
an automatic control system that controls the wheel
loader.
Fig. 5 is a flowchart showing a flow of processing for
recording work implement control when a skilled
operator performs loading into a container.
Fig. 6 is a diagram showing a trace of a work imple-
ment when the skilled operator performs loading into
the container.
Fig. 7 is a flowchart showing a flow of processing for
editing a recorded parameter.
Fig. 8 shows a graph of change in cylinder length
during a loading work.
Fig. 9 is a diagram schematically showing a posture
of the wheel loader when a bucket dump operation is
started.
Fig. 10 is a diagram schematically showing a posture
of the wheel loader when a cutting edge reaches a
farthest position.
Fig. 11 is a diagram schematically showing a posture
of the wheel loader when the bucket dump operation
is stopped.
Fig. 12 is a diagram schematically showing a posture
of the wheel loader when a boom raising operation is
stopped.
Fig. 13 is a diagram schematically showing a posture
of the wheel loader when a bucket tilt operation is
started.
Fig. 14 is a diagram schematically showing a posture
of the wheel loader when the bucket tilt operation is
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stopped.
Fig. 15 is a flowchart showing a flow of second
processing for editing a parameter.
Fig. 16 is a schematic diagram showing a feature
point in accordance with a vessel different in vehicle
rank.
Fig. 17 is a schematic diagram showing a reference
point when a loading position in a dump truck is
changed.
Fig. 18 is a flowchart showing a flow of processing for
loading loads carried in the bucket into the container
under automatic control.

DESCRIPTION OF EMBODIMENTS

[0011] An embodiment will be described below with
reference to the drawings. The same components and
constituent elements in the description below have the
same reference characters allotted and their labels and
functions are also the same. Therefore, detailed descrip-
tion thereof will not be repeated. Extraction of any fea-
tures from the embodiment and any combination thereof
are also originally intended.

<Overall Construction of Wheel Loader 1>

[0012] In an embodiment, a wheel loader 1 as an
exemplary work machine will be described. Fig. 1 is a
side view of wheel loader 1 as an exemplary work ma-
chine.
[0013] As shown in Fig. 1, wheel loader 1 includes a
vehicular body frame 2, a work implement 3, a travel
apparatus 4, and a cab 5. A vehicular body of wheel
loader 1 is composed of vehicular body frame 2, cab 5,
and the like. Work implement 3 and travel apparatus 4 are
attached to the vehicular body of wheel loader 1. A main
body of wheel loader 1 includes the vehicular body and
travel apparatus 4.
[0014] Travel apparatus 4 serves for travel of the ve-
hicular body of wheel loader 1 and includes running
wheels 4a and 4b. Wheel loader 1 is a wheeled vehicle
provided with running wheels 4a and 4b as rotational
bodies for travel, on opposing sides in a lateral direction
of the vehicular body. Wheel loader 1 is self-propelled as
running wheels 4a and 4b are rotationally driven and can
perform desired works with work implement 3. Travel
apparatus 4 corresponds to an exemplary travel unit.
[0015] A direction in which wheel loader 1 travels
straight is herein referred to as a fore/aft direction of
wheel loader 1. In the fore/aft direction of wheel loader
1, a side where work implement 3 is arranged with
respect to vehicular body frame 2 is defined as the fore
direction and a side opposite to the fore direction is
defined as the aft direction. The lateral direction of wheel
loader 1 refers to a direction orthogonal to the fore/aft
direction when wheel loader 1 on aflat ground is viewed in
a plan view. A right side and a left side in the lateral
direction when one faces the fore direction are defined as

a right direction and a left direction, respectively. An
upward/downward direction of wheel loader 1 is a direc-
tion orthogonal to the plane defined by the fore/aft direc-
tion and the lateral direction. A side where the ground is
located and a side where the sky is located in the up-
ward/downward direction are defined as a lower side and
an upper side, respectively.
[0016] Vehicular body frame 2 includes a front frame 2a
and a rear frame 2b. Front frame 2a is arranged in front of
rear frame 2b. Front frame 2a and rear frame 2b are
attached to each other as being laterally operable.
[0017] A pair of steering cylinders 11 is attached across
front frame 2a and rear frame 2b. Steering cylinder 11 is a
hydraulic cylinder. As steering cylinder 11 extends and
contracts with hydraulic oil from a steering pump, a
direction of travel of wheel loader 1 laterally changes.
Vehicular body frame 2 in an articulated structure is
composed of front frame 2a and rear frame 2b. Wheel
loader 1 is an articulated work machine in which front
frame 2a and rear frame 2b are coupled to allow a flection
operation.
[0018] Work implement 3 and a pair of running wheels
(front wheels) 4a are attached to front frame 2a. Work
implement 3 is attached in front of the main body of wheel
loader 1. Work implement 3 is supported by the vehicular
body of wheel loader 1. Work implement 3 includes a
boom 14 and a bucket 6. Bucket 6 is arranged at a tip end
of work implement 3. Bucket 6 is a work tool for excava-
tion and loading. A cutting edge 6a is a tip end portion of
bucket 6. A rear surface 6b is a part of an outer surface of
bucket 6. Rear surface 6b is formed from a plane. Rear
surface 6b extends rearward from cutting edge 6a.
[0019] Boom 14 has a base end portion rotatably at-
tached to front frame 2a by a boom pin 9. Bucket 6 is
rotatably attached to boom 14 by a bucket pin 17 located
at a tip end of boom 14. Boom pin 9 and bucket pin 17
correspond to a plurality of articulations of work imple-
ment 3.
[0020] Work implement 3 further includes a bell crank
18 and a link 15. Bell crank 18 is rotatably supported on
boom 14 by a support pin 18a located substantially in a
center of boom 14. Link 15 is coupled to a coupling pin
18c provided at a tip end portion of bell crank 18. Link 15
couples bell crank 18 and bucket 6 to each other.
[0021] Front frame 2a and boom 14 are coupled to
each other by a pair of boom cylinders 16. Boom cylinder
16 is a hydraulic cylinder. Boom cylinder 16 rotationally
drives boom 14 upward and downward around boom pin
9. Boom cylinder 16 has a base end attached to front
frame 2a. Boom cylinder 16 has a tip end attached to
boom 14. Boom cylinder 16 is a hydraulic actuator that
operates boom 14 upward and downward with respect to
front frame 2a. With movement upward and downward of
boom 14, bucket 6 attached at the tip end of boom 14 also
moves upward and downward.
[0022] A bucket cylinder 19 couples bell crank 18 and
front frame 2a to each other. Bucket cylinder 19 has a
base end attached to front frame 2a. Bucket cylinder 19
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has a tip end attached to a coupling pin 18b provided at a
base end portion of bell crank 18. Bucket cylinder 19 is a
hydraulic actuator to cause bucket 6 to pivot upward and
downward with respect to boom 14. Bucket cylinder 19 is
a work tool cylinder that drives bucket 6. Bucket cylinder
19 rotationally drives bucket 6 around bucket pin 17.
Bucket 6 is constructed as being operable with respect
to boom 14. Bucket 6 is constructed as being operable
with respect to front frame 2a.
[0023] Boom cylinder 16 and bucket cylinder 19 cor-
respond to an exemplary work implement actuator that
drives work implement 3.
[0024] Cab 5 on which an operator rides and a pair of
running wheels (rear wheels) 4b are attached to rear
frame 2b. Cab 5 in a box shape is arranged in the rear
of boom 14. Cab 5 is carried on vehicular body frame 2. In
cab 5, a seat where the operator of wheel loader 1 is
seated, an operation apparatus 8 which will be described
later, and the like are arranged.
[0025] Cab 5 is provided with a perception device 111.
Perception device 111 is arranged, for example, in a
ceiling portion of cab 5. Perception device 111 is
mounted, for example, on an upper surface of cab 5.
Perception device 111 is arranged, for example, in a front
portion of cab 5. Perception device 111 is attached to cab
5, for example, as facing forward, and it can obtain
information on the front of cab 5. Details of perception
device 111 will be described later.

<System Configuration>

[0026] Fig. 2 is a block diagram showing an overall
configuration of a control system that controls wheel
loader 1.
[0027] An engine 21 is a drive source that generates
drive force to drive work implement 3 and travel appara-
tus 4, and it is, for example, a diesel engine. A motor
driven by a power storage, instead of engine 21, may be
employed as the drive source, or both of the engine and
the motor may be employed. Output from engine 21 is
controlled by adjustment of an amount of fuel to be
injected into a cylinder of engine 21.
[0028] Drive force generated by engine 21 is trans-
mitted to a transmission 23. Transmission 23 converts
drive force into appropriate torque and a rotation speed.
An axle 25 is connected to an output shaft of transmission
23. Drive force converted by transmission 23 is trans-
mitted to axle 25. Drive force is transmitted from axle 25 to
running wheels 4a and 4b (Fig. 1). Wheel loader 1 thus
travels. In wheel loader 1 in the embodiment, both of
running wheel 4a and running wheel 4b implement drive
wheels for travel of wheel loader 1 upon receiving drive
force.
[0029] Some of drive force from engine 21 is trans-
mitted to a work implement pump 13. Work implement
pump 13 is a hydraulic pump driven by engine 21 to
activate work implement 3 with hydraulic oil it delivers.
Work implement 3 is driven by hydraulic oil from work

implement pump 13. Hydraulic oil delivered by work
implement pump 13 is supplied to boom cylinder 16
and bucket cylinder 19 through a main valve 32. As boom
cylinder 16 extends and contracts upon receiving supply
of hydraulic oil, boom 14 moves upward and downward.
As bucket cylinder 19 extends and contracts upon receiv-
ing supply of hydraulic oil, bucket 6 pivots upward and
downward.
[0030] Wheel loader 1 includes a vehicular body con-
troller 50. Vehicular body controller 50 includes an engine
controller 60, a transmission controller 70, and a work
implement controller 80.
[0031] Vehicular body controller 50 is generally imple-
mented by reading of various programs by a central
processing unit (CPU). Vehicular body controller 50 in-
cludes a not-shown memory. The memory functions as a
work memory, and various programs for performing func-
tions of wheel loader 1 are stored in the memory.
[0032] Operation apparatus 8 is provided in cab 5.
Operation apparatus 8 is operated by an operator. Op-
eration apparatus 8 includes a plurality of types of opera-
tion members operated by the operator to operate wheel
loader 1. Operation apparatus 8 includes an accelerator
pedal 41 and a work implement control lever 42. Opera-
tion apparatus 8 may include a steering wheel, a shift
lever, and the like which are not shown.
[0033] Accelerator pedal 41 is operated to set the
target number of rotations of engine 21. Engine controller
60 controls output from engine 21 based on an amount of
operation onto accelerator pedal 41. With increase in
amount of operation (amount of pressing) onto accel-
erator pedal 41, output from engine 21 increases. With
decrease in amount of operation onto accelerator pedal
41, output from engine 21 decreases. Transmission con-
troller 70 controls transmission 23 based on the amount
of operation onto accelerator pedal 41.
[0034] Work implement control lever 42 is operated to
operate work implement 3. Work implement controller 80
controls electromagnetic proportional control valves 35
and 36 based on the amount of operation onto work
implement control lever 42.
[0035] Electromagnetic proportional control valve 35
switches main valve 32 such that bucket cylinder 19
contracts to move bucket 6 in a dump direction (a direc-
tion in which the cutting edge of bucket 6 is lowered).
Electromagnetic proportional control valve 35 switches
main valve 32 such that bucket cylinder 19 extends to
move bucket 6 in a tilt direction (a direction in which the
cutting edge of bucket 6 is raised). Electromagnetic
proportional control valve 36 switches main valve 32
such that boom cylinder 16 contracts to lower boom
14. Electromagnetic proportional control valve 36
switches main valve 32 such that boom cylinder 16 ex-
tends to raise boom 14.
[0036] A machine monitor 51 shows various types of
information upon receiving input of a command signal
from vehicular body controller 50. The various types of
information shown on machine monitor 51 may be, for
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example, information on works performed by wheel loa-
der 1, vehicular body information such as an amount of
remaining fuel, a temperature of coolant, and a tempera-
ture of hydraulic oil, an image of surroundings obtained
by image pick-up of the surroundings of wheel loader 1,
and the like. Machine monitor 51 may be implemented by
a touch panel, and in this case, a signal generated by
touching by the operator onto a part of machine monitor
51 is outputted from machine monitor 51 to vehicular
body controller 50.

<Excavation and Loading Works>

[0037] Wheel loader 1 in the present embodiment per-
forms excavation and loading works to scoop an excava-
tion target such as soil and to load the excavation target
onto a loading target such as a dump truck. Fig. 3 is a plan
view of wheel loader 1 that performs excavation and
loading works. Fig. 3 illustrates wheel loader 1 that per-
forms what is called a V shape work.
[0038] Fig. 3 (A) illustrates wheel loader 1 that per-
forms what is called unloaded forward travel. Wheel
loader 1 travels forward along an excavation path R1
toward an excavation target 310 such as soil. Wheel
loader 1 plunges bucket 6 into excavation target 310
and stops forward travel. By raising bucket 6 with cutting
edge 6a of bucket 6 dug into excavation target 310, the
excavation work to scoop excavation target 310 in bucket
6 is performed.
[0039] Fig. 3 (B) illustrates wheel loader 1 that per-
forms what is called loaded rearward travel. Excavation
target 310 has been loaded in bucket 6. Wheel loader 1
travels rearward along excavation path R1 to a position
from which it started forward travel in Fig. 3 (A).
[0040] Fig. 3 (C) illustrates wheel loader 1 that per-
forms what is called loaded forward travel. With excava-
tion target 310 having been loaded in bucket 6, wheel
loader 1 travels forward toward a vessel 301 of a dump
truck 300. Wheel loader 1 travels forward along a loading
path R2 from the position where it started forward travel in
Fig. 3 (A) toward dump truck 300. When wheel loader 1
approaches dump truck 300 and reaches a prescribed
position, it loads excavation target 310 in bucket 6 into
vessel 301. Vessel 301 corresponds to an exemplary
"container" into which loads carried in work implement
3 are to be loaded.
[0041] Fig. 3 (D) illustrates wheel loader 1 that per-
forms what is called unloaded rearward travel. While
bucket 6 is empty as a result of full ejection of excavation
target 310 in bucket 6 into vessel 301 of dump truck 300,
wheel loader 1 travels rearward along loading path R2 to
the position where it started forward travel in Fig. 3 (C).
[0042] Wheel loader 1 can thus repeatedly perform a
series of works including excavation, rearward travel,
dump approach, soil ejection, and rearward travel.

<Automatic Control System that Controls Wheel loader
1>

[0043] In automating a loading work for loading onto
dump truck 300 by wheel loader 1, in order to more
quickly perform the loading work while an amount of
works is ensured without contact of bucket 6 with vessel
301, reproduction of operations of work implement 3 by a
skilled operator under automatic control has been de-
sired. Fig. 4 is a block diagram showing a configuration of
an automatic control system that controls wheel loader 1.
[0044] An automation controller 100 is configured to
transmit and receive a signal to and from vehicular body
controller 50 described with reference to Fig. 2. Automa-
tion controller 100 is configured to transmit and receive a
signal to and from an external information obtaining unit
110. External information obtaining unit 110 includes
perception device 111 and a positional information ob-
taining device 112. Perception device 111 and positional
information obtaining device 112 are mounted on wheel
loader 1.
[0045] Perception device 111 obtains information on
surroundings of wheel loader 1. Perception device 111 is
attached, for example, to a front portion of the upper
surface of cab 5. Perception device 111 corresponds to
an exemplary "object sensor" that detects an object
around the main body of wheel loader 1.
[0046] Perception device 111 contactlessly detects a
direction of an object outside wheel loader 1 and a dis-
tance to the object. Perception device 111 is implemen-
ted, for example, by light detection and ranging (LiDAR)
that obtains information on an object by emission of laser
beams. Perception device 111 may be implemented by a
visual sensor including a camera. Perception device 111
may be implemented by radio detection and ranging
(Radar) that obtains information on an object by emission
of radio waves. Perception device 111 may be implemen-
ted by an infrared sensor.
[0047] Positional information obtaining device 112 ob-
tains information on a current position of wheel loader 1.
Positional information obtaining device 112 obtains, for
example, positional information of wheel loader 1 in a
global coordinate system with the Earth being defined as
a reference, with the use of a satellite positioning system.
Positional information obtaining device 112 uses, for
example, global navigation satellite systems (GNSS)
and includes a GNSS receiver. The satellite positioning
system calculates a position of wheel loader 1 by com-
puting a position of an antenna of the GNSS receiver
based on a positioning signal received from a satellite by
the GNSS receiver.
[0048] External information on the outside of wheel
loader 1 obtained by perception device 111 and positional
information of wheel loader 1 obtained by positional
information obtaining device 112 are inputted to automa-
tion controller 100.
[0049] Vehicular body controller 50 is configured to
transmit and receive a signal to and from a vehicle
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information obtaining unit 120, and receives input of
information on wheel loader 1 obtained by vehicle infor-
mation obtaining unit 120. Vehicle information obtaining
unit 120 is composed of various sensors mounted on
wheel loader 1. Vehicle information obtaining unit 120
includes an articulation angle sensor 121, a vehicle
speed sensor 122, a boom angle sensor 123, a bucket
angle sensor 124, and a boom cylinder pressure sensor
125.
[0050] Articulation angle sensor 121 detects an articu-
lation angle which is an angle formed between front frame
2a and rear frame 2b, and generates a signal indicating
the detected articulation angle. Articulation angle sensor
121 outputs a signal indicating the articulation angle to
vehicular body controller 50.
[0051] Vehicle speed sensor 122 detects a speed of
movement of wheel loader 1 by travel apparatus 4, for
example, by detection of a rotation speed of an output
shaft of transmission 23 and generates a signal indicating
the detected vehicle speed. Vehicle speed sensor 122
outputs the signal indicating the vehicle speed to vehi-
cular body controller 50. Vehicle speed sensor 122 cor-
responds to an exemplary travel sensor that detects a
status of travel of travel apparatus 4 (travel unit).
[0052] Boom angle sensor 123 is implemented, for
example, by a rotary encoder provided in boom pin 9
which is a portion of attachment of boom 14 to vehicular
body frame 2. Boom angle sensor 123 detects an angle of
boom 14 with respect to a horizontal direction and gen-
erates a signal indicating the detected angle of boom 14.
Boom angle sensor 123 outputs the signal indicating the
angle of boom 14 to vehicular body controller 50.
[0053] Bucket angle sensor 124 is implemented, for
example, by a rotary encoder provided in support pin 18a
which is a rotation shaft of bell crank 18. Bucket angle
sensor 124 detects an angle of bucket 6 with respect to
boom 14 and generates a signal indicating the detected
angle of bucket 6. Bucket angle sensor 124 outputs the
signal indicating the angle of bucket 6 to vehicular body
controller 50.
[0054] Boom angle sensor 123 and bucket angle sen-
sor 124 correspond to an exemplary "work implement
posture sensor" that detects a posture of work implement
3.
[0055] Boom cylinder pressure sensor 125 detects a
pressure on a bottom side (boom bottom pressure) of
boom cylinder 16 and generates a signal indicating the
detected boom bottom pressure. The boom bottom pres-
sure becomes higher while bucket 6 is loaded and be-
comes lower while the bucket is unloaded. Boom cylinder
pressure sensor 125 outputs a signal indicating the boom
bottom pressure to vehicular body controller 50.
[0056] Vehicular body controller 50 outputs informa-
tion inputted from vehicle information obtaining unit 120
to automation controller 100. Automation controller 100
receives detection values from vehicle speed sensor
122, boom angle sensor 123, and bucket angle sensor
124 through vehicular body controller 50.

[0057] An actuator 140 is configured to transmit and
receive a signal to and from vehicular body controller 50.
Upon receiving a command signal from vehicular body
controller 50, actuator 140 is driven. Actuator 140 in-
cludes a brake EPC (electromagnetic proportional con-
trol valve) 141 for activation of a brake of travel apparatus
4, a steering EPC 142 for adjustment of a travel direction
of wheel loader 1, a work implement EPC 143 for opera-
tions of work implement 3, and a hydraulic mechanical
transmission (HMT) 144.
[0058] Electromagnetic proportional control valves 35
and 36 shown in Fig. 2 implement work implement EPC
143. Transmission 23 shown in Fig. 2 is implemented as
HMT 144 that utilizes electronic control. Transmission 23
may be a hydro-static transmission (HST). A power
transmission apparatus that transmits motive power from
engine 21 to running wheels 4a and 4b may include an
electric drive apparatus such as a diesel electric drive
apparatus, and may include any combination of the HMT,
the HST, and the electric drive apparatus.
[0059] Transmission controller 70 includes a brake
control unit 71 and an accelerator control unit 72. Brake
control unit 71 outputs a command signal for control of
activation of the brake to brake EPC 141. Accelerator
control unit 72 outputs a command signal for control of the
vehicle speed to HMT 144.
[0060] Work implement controller 80 includes a steer-
ing control unit 81 and a work implement control unit 82.
Steering control unit 81 outputs a command signal for
control of the travel direction of wheel loader 1 to steering
EPC 142. Work implement control unit 82 outputs a
command signal for control of operations of work imple-
ment 3 to work implement EPC 143.
[0061] Automation controller 100 includes a position
estimator 101, a path planning unit 102, and a path
tracking control unit 103.
[0062] Position estimator 101 estimates an own posi-
tion of wheel loader 1 based on the positional information
obtained by positional information obtaining device 112.
Position estimator 101 recognizes a target position
based on the external information obtained by perception
device 111. The target position is, for example, a position
of excavation target 310 or dump truck 300 shown in Fig.
3. Position estimator 101 can obtain a prescribed refer-
ence point of dump truck 300, such as a position of an
upper end of a side surface of vessel 301. Perception
device 111 may recognize the target position and input
the target position to automation controller 100, or posi-
tion estimator 101 may recognize the target position
based on a result of detection by perception device 111.
[0063] Path planning unit 102 generates an optimal
path of wheel loader 1 in automatic control of wheel
loader 1. The optimal path includes a path for travel by
travel apparatus 4 and a path for operations of work
implement 3. For example, path planning unit 102 gen-
erates an optimal path of wheel loader 1 that performs
loaded forward travel toward dump truck 300 and an
optimal path of wheel loader 1 that moves away from
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dump truck 300 in unloaded rearward travel, in the load-
ing work for loading onto dump truck 300. Path planning
unit 102 generates an optimal path that connects a
current own position of wheel loader 1 to a target position
to which wheel loader 1 is headed from now, while the
loading work for loading onto dump truck 300 is per-
formed.
[0064] A path for travel by travel apparatus 4 included
in the optimal path may be generated based on an actual
travel record based on the operation by the operator.
Alternatively, the path for travel may be a travel path
obtained by computation.
[0065] Path tracking control unit 103 controls the ac-
celerator, the brake, and steering such that wheel loader
1 travels as following the optimal path generated by path
planning unit 102. Path tracking control unit 103 outputs a
command signal for travel of wheel loader 1 along the
optimal path to brake control unit 71, accelerator control
unit 72, and steering control unit 81. Path tracking control
unit 103 controls boom cylinder 16 and bucket cylinder 19
such that work implement 3 operates along the optimal
path generated by path planning unit 102. Path tracking
control unit 103 outputs a command signal for movement
of work implement 3 along the optimal path to work
implement control unit 82.
[0066] An interface 130 is configured to transmit and
receive a signal to and from vehicular body controller 50.
Interface 130 includes a mode selection operation por-
tion 131, an engine emergency stop switch 132, and a
mode indicator 133.
[0067] Mode selection operation portion 131 is oper-
ated by the operator. The operator selects an operation
mode of wheel loader 1 by operating mode selection
operation portion 131. The operation mode of wheel
loader 1 includes a manual mode in which wheel loader
1 is manually operated and an auto mode in which wheel
loader 1 is automatically controlled. The operation mode
includes a record & edition mode in which an actual work
based on the operation by the operator is recorded and a
parameter recorded during the work is edited in order to
generate the optimal path in automatic control of wheel
loader 1.
[0068] While the manual mode is selected, works are
performed by the operation by the operator. While the
auto mode is selected, wheel loader 1 is automatically
controlled to perform works. When the operator operates
wheel loader 1 to perform works with the record & edition
mode having been selected, those works are recorded, a
feature point in the trace of work implement 3 during
those works is extracted, and the position and the posture
of work implement 3 at each feature point are determined.
A path that sequentially follows feature points is gener-
ated, and this generated path is defined as a path for
operations of work implement 3 under automatic control
of wheel loader 1.
[0069] Engine emergency stop switch 132 is operated
by the operator. When an event that requires emergency
stop of engine 21 occurs, the operator operates engine

emergency stop switch 132. A signal resulting from an
operation onto mode selection operation portion 131 and
engine emergency stop switch 132 is inputted to vehi-
cular body controller 50.
[0070] Mode indicator 133 indicates whether wheel
loader 1 is currently in the manual mode in which the
manual operation by the operator is performed, the auto
mode in which the wheel loader is automatically con-
trolled, or the record & edition mode. Vehicular body
controller 50 outputs a command signal for control of
turn-on of the indicator to mode indicator 133.

<Records of Works (Records) by Skilled Operator>

[0071] Fig. 5 is a flowchart showing a flow of proces-
sing for recording work implement control when the
skilled operator performs loading works for loading of
loads in bucket 6 into vessel 301 of dump truck 300.
[0072] Initially, as advance preparation, before start of
the loading work, in step S100, the operator selects the
operation mode of wheel loader 1. The operator operates
mode selection operation portion 131 to select the record
& edition mode. The operation onto mode selection op-
eration portion 131 may be an operation onto a button or
an operation onto a monitor.
[0073] In step S101, a shape of vessel 301 of dump
truck 300 which is a container into which loads are to be
loaded is recognized. For example, the shape of dump
truck 300 is obtained by LiDAR which is perception
device 111. Point group data indicating three-dimen-
sional coordinate values of measurement points on dump
truck 300 is obtained by irradiating dump truck 300 with
laser beams from LiDAR. Dump truck 300 is sensed from
four directions of the fore direction, the aft direction, the
right direction, and the left direction, and the shape of
vessel 301 can be recognized based on information on a
point group. The recognized shape of vessel 301 is
inputted to automation controller 100.
[0074] In step S102, perception device 111 recognizes
a reference point P of vessel 301 of dump truck 300.
Dump truck 300 is detected by LiDAR which is perception
device 111. Automation controller 100 recognizes the
position of vessel 301 based on comparison between
the point group detected by perception device 111 and a
master point group representing the shape of vessel 301.
Automation controller 100 sets as reference point P, the
upper end of the side surface of vessel 301 of dump truck
300 recognized by LiDAR which is perception device 111.
[0075] In generation of the travel path based on the
actual travel record based on operations by the operator,
reference point P is determined based on a position at the
time when loading is performed. In this case, perception
device 111 detects a loading position at the position of
vessel 301 in the loading work and obtains reference
point P based on the loading position.
[0076] After processing in steps S101 and S102, in
step S103, the operator who is in wheel loader 1 performs
an operation to load loads in bucket 6 into vessel 301. As
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described with reference to Fig. 3 (C) and (D), the op-
erator controls wheel loader 1 where loads are carried in
work implement 3 (bucket 6) to travel forward toward
vessel 301. The operator operates work implement 3
(boom 14 and bucket 6) at appropriate timing, and
switches a travel direction of wheel loader 1 from forward
travel to rearward travel at appropriate timing. The op-
erator thus has the loads carried in work implement 3
(bucket 6) loaded into bucket 301.
[0077] Fig. 6 is a diagram showing a trace of work
implement 3 when the skilled operator performs loading
into vessel 301. Fig. 6 and subsequent Figs. 9 to 14
schematically show vessel 301 viewed from the fore/aft
direction of dump truck 300, and schematically show a
part on a front side of wheel loader 1 that approaches
vessel 301 from the left side or the right side of dump truck
300. Wheel loader 1 travels over a flat ground G. Ground
G over which wheel loader 1 travels is horizontal.
[0078] A trace TR shown in Fig. 6 is a trace followed by
cutting edge 6a of bucket 6 during a period from a time
point when wheel loader 1 starts forward travel (dump
approach) toward dump truck 300 for loading loads in
bucket 6 into vessel 301 until wheel loader 1 moves away
from dump truck 300 after it ejects the loads in bucket 6
into vessel 301.
[0079] As shown in Fig. 6, an xy coordinate system with
reference point P being defined as an origin is set. An x
axis represents the lateral direction of dump truck 300
that passes through reference point P. A direction away
from vessel 301 with reference point P being defined as
the reference is defined as a +x direction. A y axis
represents the upward/downward direction that passes
through reference point P. An upward direction from
reference point P is defined as a +y direction.
[0080] A bucket angle θ shown in Fig. 6 represents an
angle formed between the ground and rear surface 6b of
bucket 6. Bucket angle θ may be an angle formed be-
tween rear surface 6b of bucket 6 and a horizontal plane
with the vehicular body being defined as the reference.
[0081] In step S104, automation controller 100 recog-
nizes the current position of cutting edge 6a of bucket 6.
Positional information obtaining device 112 obtains the
current position of the vehicular body of wheel loader 1
and obtains the posture of the work implement with
respect to the vehicular body with boom angle sensor
123 and bucket angle sensor 124, to thereby recognize
the current position of cutting edge 6a of bucket 6 in the
global coordinate system. The position of cutting edge 6a
of bucket 6 relative to vessel 301 of dump truck 300 can
be calculated based on the current positions of wheel
loader 1 and work implement 3 and the current position of
dump truck 300 in the global coordinate system.
[0082] Alternatively, perception device 111 may be
used to obtain the direction and the distance of reference
point P of vessel 301 of dump truck 300 from a position of
arrangement of perception device 111, to thereby calcu-
late the current position of cutting edge 6a of bucket 6
relative to reference point P. This relative position may be

recognized as the current position.
[0083] In step S105, path planning unit 102 of auto-
mation controller 100 records a parameter while the
operator performs the loading operation for loading into
vessel 301. The recorded parameter includes horizontal
and vertical positions with reference point P being de-
fined as the reference, that is, an x coordinate and a y
coordinate, of cutting edge 6a of bucket 6. The parameter
includes bucket angle θ. Path planning unit 102 can
calculate bucket angle θ based on results of detection
by boom angle sensor 123 and bucket angle sensor 124
attached to work implement 3.
[0084] The current position of cutting edge 6a of bucket
6 and bucket angle θ while the operator is performing the
loading operation for loading into vessel 301 are re-
corded. The posture of work implement 3 while the op-
erator is performing the loading operation for loading into
vessel 301 is recorded based on the current position of
cutting edge 6a of bucket 6 and bucket angle θ.
[0085] In step S106, automation controller 100 deter-
mines whether or not the loading operation has ended.
For example, the fact that loads in bucket 6 are fully
ejected into vessel 301 and bucket 6 is empty can be
recognized based on a result of detection by boom cy-
linder pressure sensor 125. When movement of the
current positionof cutting edge 6a of bucket 6 to a position
distant from dump truck 300 while bucket 6 is empty is
recognized, determination that the loading operation has
ended can be made.
[0086] When it is determined in step S106 that the
loading operation has not ended (NO in step S106),
the process returns to step S104 and recognition of the
current position of cutting edge 6a of bucket 6 and re-
cording of the parameter while the operator is performing
the loading operation for loading into vessel 301 are
repeated.
[0087] When it is determined in step S106 that the
loading operation has ended (YES in step S106), record-
ing of works by the skilled operator ends ("recording end"
in Fig. 5).
[0088] During a period from start in step S103 until end
in step S106, of the operation by the skilled operator to
load the loads carried in work implement 3 (bucket 6) into
vessel 301, recognition of the current position of cutting
edge 6a in step S104 and recording of the parameter at
the current position in step S105 are repeated. By plotting
the horizontal and vertical positions with reference point
P being defined as the reference, that is, the x coordinate
and the y coordinate, of cutting edge 6a of bucket 6, trace
TR of cutting edge 6a shown in Fig. 6 is obtained. Ob-
tained trace TR is stored in path planning unit 102.
Reference point P of vessel 301 obtained in step S102
is stored in path planning unit 102.

<Edition (Edit) of Recorded Parameter>

[0089] Fig. 7 is a flowchart showing a flow of proces-
sing for editing the parameter recorded in step S105
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shown in Fig. 5, so as to be used in automatic control of
the loading works.
[0090] In step S201, path planning unit 102 extracts the
feature point that defines trace TR, from trace TR of work
implement 3 (cutting edge 6a of bucket 6) during the
loading operation shown in Fig. 6. In the present embodi-
ment, feature points a, b, c, d, f, and g details of which will
be described below are extracted.
[0091] Fig. 8 shows a graph of change in cylinder
length during the loading work. The abscissa in Fig. 8
represents lapse of time and extension lines are drawn at
times when cutting edge 6a passes through feature
points a, b, c, d, f, and g. The ordinate in Fig. 8 represents
the lengths of boom cylinder 16 and bucket cylinder 19.
[0092] A position of cutting edge 6a of bucket 6 at the
time when wheel loader 1 starts the operation of bucket 6
in the dump direction for loading the loads in bucket 6 into
vessel 301 while wheel loader 1 is traveling forward
toward dump truck 300 is extracted as feature point a.
Fig. 9 is a diagram schematically showing the posture of
wheel loader 1 when the dump operation of bucket 6 is
started. Feature point a is a position through which cutting
edge 6a of bucket 6 passes during forward travel of wheel
loader 1 toward dump truck 300. Feature point a is more
distant from vessel 301 than reference point P. Feature
point a is located in front of reference point P of vessel
301. Feature point a is located at a position higher than
reference point P of vessel 301.
[0093] As shown in Fig. 8 and Figs. 6 and 9, before
cutting edge 6a reaches feature point a, wheel loader 1 is
traveling forward. The length of boom cylinder 16 in-
creases, and hence boom 14 is being raised. The length
of bucket cylinder 19 is constant, and hence the posture
of bucket 6 is constant. Bucket 6 is in a tilted state with the
excavation target having been carried therein. Bucket 6 is
in a posture in which it can transport loads therein in a
stable manner.
[0094] A position of cutting edge 6a of bucket 6 at the
time when wheel loader 1 travels forward to approach
vessel 301 and cutting edge 6a of bucket 6 moves toward
a farthest side (the left side in Figs. 9 to 14) is extracted as
feature point b. Fig. 10 is a diagram schematically show-
ing the posture of wheel loader 1 when cutting edge 6a
reaches the farthest position. Feature point b is a position
where cutting edge 6a of bucket 6 passes after it passes
through feature point a and moves beyond reference
point P. Feature point b is located above vessel 301.
[0095] As shown in Fig. 8 and Figs. 9 and 10, wheel
loader 1 continues forward travel until cutting edge 6a
reaches feature point b after it passes through feature
point a. The length of boom cylinder 16 keeps increasing,
and hence boom 14 keeps rising. At the time point when
cutting edge 6a reaches feature point a, the operation of
bucket 6 in the dump direction is started, and bucket 6
continues operating in the dump direction until the cutting
edge reaches feature point b. The length of bucket cy-
linder 19 keeps decreasing. In movement of cutting edge
6a from feature point a to feature point b, the dump

operation of bucket 6 affects the position of cutting edge
6a more greatly than rise of boom 14. Therefore, feature
point b is lower in height position than feature point a. A
value of the y coordinate of feature point b is smaller than
the value of a y coordinate of feature point a.
[0096] As shown in Fig. 8, after cutting edge 6a
reaches feature point a, a rate of rise of boom 14 de-
creases. The operation to raise boom 14 becomes gen-
tle. Before cutting edge 6a reaches feature point b, the
rate of rise of boom 14 again increases.
[0097] A position of cutting edge 6a of bucket 6 at the
time when the operation of bucket 6 in the dump direction
is stopped above vessel 301 is extracted as feature point
c. Fig. 11 is a diagram schematically showing the posture
of wheel loader 1 when the dump operation of bucket 6 is
stopped. Feature point c is a position where cutting edge
6a of bucket 6 passes after it passes through feature point
b. The operation of bucket 6 in the dump direction is
continued during a period from passage of cutting edge
6a of bucket 6 through feature point a until cutting edge 6a
reaches feature point c. While cutting edge 6a of bucket 6
is located at feature point c, bucket 6 is in a full dump
state. While cutting edge 6a of bucket 6 is located at
feature point c, the length of bucket cylinder 19 is mini-
mized. Feature point c is located at a position closer to
reference point P than feature point b.
[0098] As shown in Fig. 8 and Figs. 10 and 11, wheel
loader 1 continues forward travel until cutting edge 6a
reaches feature point c after it passes through feature
point b. The length of boom cylinder 16 keeps increasing,
and hence boom 14 keeps rising. The length of bucket
cylinder 19 keeps decreasing, and hence bucket 6 con-
tinues operating in the dump direction. At a time point
when cutting edge 6a reaches feature point c, bucket 6 is
in a full dump posture and the dump operation of bucket 6
is stopped. At the time point when cutting edge 6a
reaches feature point c, the length of bucket cylinder
19 is minimized. In movement of cutting edge 6a from
feature point b to feature point c, the dump operation of
bucket 6 affects the position of cutting edge 6a more
greatly than rise of boom 14. Therefore, feature point c is
lower in height position than feature point b. The value of
the y coordinate of feature point c is smaller than the value
of the y coordinate of feature point b.
[0099] During the dump operation of bucket 6, boom 14
keeps rising. During soil ejection from bucket 6, boom 14
keeps rising. During loading of loads into dump truck 300,
boom 14 keeps rising. During the dump operation of
bucket 6, wheel loader 1 moves toward vessel 301 of
dump truck 300, and hence it also continues forward
travel.
[0100] A position of cutting edge 6a of bucket 6 at the
time when the operation to raise boom 14 is stopped
above vessel 301 is extracted as feature point d. Fig. 12 is
a diagram schematically showing the posture of wheel
loader 1 when the operation to raise boom 14 is stopped.
Feature point d is a position where cutting edge 6a of
bucket 6 passes after it passes through feature point c. In
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order to avoid interference with vessel 301 by work im-
plement 3, wheel loader 1 during forward travel toward
dump truck 300 is performing the operation to raise boom
14. The operation to raise boom 14 is continued during a
period from start of dump approach by wheel loader 1
until cutting edge 6a of bucket 6 reaches feature point d.
While cutting edge 6a of bucket 6 is located at feature
point d, boom 14 is highest in height position. While
cutting edge 6a of bucket 6 is located at feature point
d, the length of boom cylinder 16 is maximized. Feature
point d is located at a position closer to reference point P
than feature point c.
[0101] As shown in Fig. 8 and Figs. 11 and 12, at the
time when cutting edge 6a passes through feature point
c, wheel loader 1 is traveling forward, and at the time
when cutting edge 6a passes through feature point d,
wheel loader 1 is traveling rearward. While cutting edge
6a is moving between feature point c and feature point d,
the travel direction of wheel loader 1 is switched from
forward travel to rearward travel. The length of boom
cylinder 16 keeps increasing, and hence boom 14 keeps
rising. The length of bucket cylinder 19 is constant, and
hence the posture of bucket 6 with respect to the vehi-
cular body is constant. Feature point c is the position
where the operation of bucket 6 in the dump direction is
stopped, and while cutting edge 6a is moving from feature
point c to feature point d, bucket 6 keeps the full dump
posture.
[0102] At the time when boom 14 stops rising, loads in
bucket 6 have already been loaded in vessel 301 and
bucket 6 is in an unloaded state. Since a weight of loads in
bucket 6 has become smaller, influence by inertia at the
time when boom 14 is stopped is less. Therefore, vibra-
tion of the vehicular body at the time when the operation
to raise boom 14 is stopped at feature point d is less likely.
[0103] In switching of the travel direction of wheel
loader 1 from forward travel to rearward travel, the center
of gravity varies in the fore direction. In decrease of rise of
boom 14, the center of gravity of the loads in bucket 6
moves. By thus smoothly moving the loads in bucket 6
into vessel 301, a time period required for the loading
work can be reduced and a cycle time of the loading work
can be reduced.
[0104] A position of cutting edge 6a of bucket 6 at the
time when the operation of bucket 6 in the tilt direction is
started above vessel 301 is extracted as feature point f.
Fig. 13 is a diagram schematically showing the posture of
wheel loader 1 when the tilt operation of bucket 6 is
started. Feature point f is a position through which cutting
edge 6a of bucket 6 passes after it passes through
feature point d. Bucket 6 maintains the full dump state
during a period from passage of cutting edge 6a of bucket
6 through feature point c until the cutting edge reaches
feature point f. Feature point f is set to be closer to
reference point P than feature point d. The length of
boom cylinder 16 is constant and boom 14 is maintained
at an uppermost position during a period from passage of
cutting edge 6a of bucket 6 through feature point d until

the cutting edge reaches feature point f.
[0105] As shown in Fig. 8 and Figs. 12 and 13, until
cutting edge 6a reaches feature point f after it passes
through feature point d, wheel loader 1 continues rear-
ward travel. The length of boom cylinder 16 is constant,
and therefore the posture of boom 14 with respect to the
vehicular body is constant. At this time, the height posi-
tion of boom 14 is highest. At the time when boom 14
stops rising, loads in bucket 6 have already been loaded
in vessel 301 and bucket 6 is in an unloaded state. The
length of bucket cylinder 19 is constant, and therefore the
posture of bucket 6 with respect to the vehicular body is
constant. While cutting edge 6a is moving from feature
point d to feature point f, wheel loader 1 is traveling
rearward with the full dump state of bucket 6 being
maintained.
[0106] A position of cutting edge 6a of bucket 6 at the
time when the operation of bucket 6 in the tilt direction is
stopped is extracted as feature point g. Fig. 14 is a
diagram schematically showing the posture of wheel
loader 1 when the tilt operation of bucket 6 is stopped.
Feature point g is a position through which cutting edge
6a of bucket 6 passes after it passes through feature point
f. The operation of bucket 6 in the tilt direction is continued
during a period from passage of cutting edge 6a of bucket
6 through feature point f until the cutting edge reaches
feature point g. Feature point g is located above refer-
ence point P. Boom 14 is maintained at the uppermost
position during a period from passage of cutting edge 6a
of bucket 6 through feature point d until the cutting edge
reaches feature point g.
[0107] As shown in Fig. 8 and Figs. 13 and 14, until
cutting edge 6a reaches feature point g after it passes
through feature point f, wheel loader 1 continues rear-
ward travel. The length of boom cylinder 16 is constant,
and therefore the posture of boom 14 with respect to the
vehicular body is constant. At the time point when cutting
edge 6a reaches feature point f, the operation of bucket 6
in the tilt direction is started, and bucket 6 keeps operat-
ing in the tilt direction until the cutting edge reaches
feature point g. The length of bucket cylinder 19 keeps
increasing. At the time point when cutting edge 6a
reaches feature point g, the operation of bucket 6 in
the tilt direction is stopped. Feature point f is the position
where the tilt operation of bucket 6 is started. Feature
point g is the position where the tilt operation of bucket 6 is
stopped. While cutting edge 6a is moving from feature
point f to feature point g, wheel loader 1 is traveling
rearward with bucket 6 performing the tilt operation.
Wheel loader 1 performs the loading work for loading
into dump truck 300, and thereafter performs the tilt
operation of bucket 6 during rearward travel to move
away from dump truck 300.
[0108] During the tilt operation of bucket 6, the posture
of boom 14 is kept constant. After completion of ejection
of loads from bucket 6, boom 14 is held and the tilt
operation of bucket 6 is performed. During this tilt opera-
tion of bucket 6, wheel loader 1 continues rearward travel
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and travels in the direction away from vessel 301 of dump
truck 300.
[0109] As shown in Fig. 8, after cutting edge 6a passes
through feature point g, wheel loader 1 continues rear-
ward travel. The length of boom cylinder 16 has de-
creased, and hence boom 14 has been lowered. The
length of bucket cylinder 19 is constant, and therefore the
posture of bucket 6 with respect to the vehicular body is
constant.
[0110] Referring back to Fig. 7, in step S202, path
planning unit 102 determines the position and the posture
of work implement 3 with respect to reference point P
based on the recorded parameter at each of extracted
feature points a, b, c, d, f, and g. In path planning unit 102,
the horizontal and vertical positions with reference point
P being defined as the reference, that is, the x coordinate
and the y coordinate, of cutting edge 6a of bucket 6, and
bucket angle θ when cutting edge 6a of bucket 6 follows
trace TR, are stored. The posture of work implement 3
while cutting edge 6a of bucket 6 is located at each point
on trace TR is stored in path planning unit 102.
[0111] The position of work implement 3 at each of
feature points a, b, c, d, f, and g is determined by giving
the x coordinate and the y coordinate of cutting edge 6a of
bucket 6. The posture of work implement 3 at the time
when cutting edge 6a of bucket 6 is located at each of
feature points a, b, c, d, f, and g is determined based on
the x coordinate and the y coordinate of each of feature
points a, b, c, d, f, and g and bucket angle θ at each of
feature points a, b, c, d, f, and g.
[0112] Feature point a is located at a position where a
height position of cutting edge 6a is highest (the y co-
ordinate having a maximum value) during the loading
work. Feature point c is located at a position where the
height position of cutting edge 6a is lowest (the y coordi-
nate having a minimum value) during ejection of loads in
bucket 6. The y coordinate of feature point a has a
positive value. The y coordinate of feature point c has
a negative value. The y coordinates of feature points d, f,
and g have positive values.
[0113] The x coordinate of feature point a has a positive
value. The x coordinates of feature points b, c, d, and f
have negative values. Feature point b is located at a
position where the x coordinate has the minimum value
during ejection of loads in bucket 6. The x coordinate of
feature point g is zero. Feature point g is located directly
above reference point P.
[0114] Then, the process ends ("edition end" in Fig. 7).

<Edition (Edition 2) of Parameter in Conformity with
Change of Reference Point>

[0115] In automating the loading work for loading into
containers in various shapes, a parameter that defines a
relative position of wheel loader 1 and a posture of work
implement 3 should be set in conformity with the shape of
the container, and a function to readily set the parameter
for each container is demanded. Fig. 15 is a flowchart

showing a flow of second processing for editing a para-
meter in conformity with reference point P of the contain-
er.
[0116] In step S211, the actual shape of the container
into which wheel loader 1 loads loads in bucket 6 under
automatic control is recognized. As in step S101, for
example, the shape of dump truck 300 into which loads
are to actually be loaded is obtained by LiDAR which is
perception device 111. Point group data indicating three-
dimensional coordinate values of measurement points
on dump truck 300 is obtained by irradiating dump truck
300 with laser beams from LiDAR. The shape of vessel
301 can be recognized based on information on the point
group by sensing dump truck 300 from four directions of
the fore direction, the aft direction, the right direction, and
the left direction. The recognized shape of vessel 301 is
inputted to automation controller 100.
[0117] In step S212, a reference point P’ of the actual
container into which wheel loader 1 loads the loads in
bucket 6 under automatic control is recognized. Dump
truck 300 into which the loads are to actually be loaded is
detected by LiDAR which is perception device 111. Auto-
mation controller 100 recognizes the position of vessel
301 based on comparison between the point group de-
tected by perception device 111 and a master point group
representing the shape of vessel 301. Automation con-
troller 100 sets as reference point P’, the upper end of the
side surface of vessel 301 of dump truck 300 recognized
by LiDAR which is perception device 111.
[0118] In step S213, path planning unit 102 determines
positions of feature points a’, b’, c’, d’, f’, and g’ with
respect to reference point P’ of the actual container into
which wheel loader 1 loads the loads in bucket 6 under
automatic control.
[0119] Fig. 16 is a schematic diagram showing feature
points a’, b’, c’, d’, f’, and g’ in accordance with vessel 301
of dump truck 300 different in vehicle rank. Through
processing in step S212, reference point P’ is set at
the upper end of the side surface of vessel 301. Dump
truck 300 including vessel 301 shown in Fig. 16 is lower in
vehicle rank than dump truck 300 onto which the skilled
operator performed the loading operation in advance
shown in Fig. 6. Vessel 301 shown in Fig. 16 is smaller
than vessel 301 shown in Fig. 6 in value of a height (height
from the ground) H which is a distance from ground G to
vessel 301.
[0120] When the container into which the loads in
bucket 6 are to be loaded is changed, the changed
container is detected and whether or not to change the
position of the reference point is determined. Even when
dump truck 300 into which the loads are to actually be
loaded under automatic control is a vehicle different from
dump truck 300 onto which the skilled operator per-
formed the loading work, the position of the reference
point is not changed so long as they are identical in
vehicle rank and shape of vessel 301. When the shape
of vessel 301 is different, the reference point is changed
and the feature point is changed in conformity with the
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changed reference point.
[0121] Fig. 17 is a schematic diagram showing refer-
ence point P’ when a loading position in dump truck 300 is
changed. Dump truck 300 shown in Fig. 17 includes
vessel 301 with a height varying from the front toward
the rear. When the skilled operator performs the loading
work, loads are loaded onto a front portion of vessel 301,
and reference point P at the upper end of the side surface
of vessel 301 at that time is set. When loads are actually
loaded under automatic control, loads are loaded onto a
rear portion of vessel 301. The height position of refer-
ence point P’ at the upper end of the side surface of vessel
301 at that time is different from that of reference point P.
Reference point P’ is located at a position lower than
reference point P.
[0122] When the position in the container where loads
are to be loaded is changed, whether or not to change the
position of the reference point is determined. Even when
the position in vessel 301 where loads are to actually be
loaded under automatic control is different from the posi-
tion where loads were loaded in the loading work by the
skilled operator, the position of the reference point is not
changed, for example, so long as the upper end of the
side surface of vessel 301 of dump truck 300 is horizontal
and the height positions of the reference points are the
same. When the upper end of the side surface of vessel
301 is inclined with respect to the horizontal direction and
the height positions of the reference points are different,
the feature point is changed in conformity with the re-
ference point different in height position.
[0123] Since each feature point is extracted from trace
TR of cutting edge 6a of bucket 6, change of the feature
point can be concluded as change of the trace of cutting
edge 6a.
[0124] With change of reference point P to reference
point P’, feature points a, b, c, d, f, and g are translated
and positions of new feature points a’, b’, c’, d’, f, and g’
changed in conformity with changed reference point P’
are determined.
[0125] The x coordinate and the y coordinate of feature
point a’ in the xy coordinate system with reference point
P’ being defined as the origin are set to be the same as the
x coordinate and the y coordinate of feature point a in the
xy coordinate system with reference point P being de-
fined as the origin. The x coordinates and the y coordi-
nates of feature points b’, c’, d’, f’, ang g’ in the xy
coordinate system with reference point P’ being defined
as the origin are set to be the same as the x coordinates
and the y coordinates of feature points b, c, d, f, and g in
the xy coordinate system with reference point P being
defined as the origin.
[0126] In step S214, path planning unit 102 determines
the position and the posture of work implement 3 with
respect to reference point P’ at each of changed feature
points a’, b’, c’, d’, f, and g’. Bucket angle θ at the time
when cutting edge 6a of bucket 6 follows trace TR is
stored in path planning unit 102. The posture of work
implement 3 at the time when cutting edge 6a of bucket 6

is located at each point on trace TR is stored in path
planning unit 102. The position of work implement 3 at
each of feature points a’, b’, c’, d’, f, and g’ is determined
by giving the x coordinate and the y coordinate of cutting
edge 6a of bucket 6. The posture of work implement 3 at
the time when cutting edge 6a of bucket 6 is located at
each of feature points a’, b’, c’, d’, f, and g’ is determined
based on the x coordinate and the y coordinate of each of
feature points a’, b’, c’, d’, f, and g’ and stored bucket
angle θ at each of feature points a, b, c, d, f, and g.
[0127] In step S215, path planning unit 102 defines the
posture of work implement 3 at each of feature points a’,
b’, c’, d’, f, and g’ with lengths of boom cylinder 16 and
bucket cylinder 19. The lengths of boom cylinder 16 and
bucket cylinder 19 are uniquely determined based on the
x coordinate and the y coordinate of the feature point and
bucket angle θ. Path planning unit 102 determines the
length of boom cylinder 16 and the length of bucket
cylinder 19 at the time when cutting edge 6a of bucket
6 is located at each of feature points a’, b’, c’, d’, f, and g’.
Path planning unit 102 generates a path along which
cutting edge 6a of bucket 6 sequentially follows feature
point a’, feature point b’, feature point c’, feature point d’,
feature point f, and feature point g’ and defines this path
as the path for operations of work implement 3 included in
the optimal path. Then, the process ends ("edition 2 end"
in Fig. 15).

<Automatic Control (Play) of Loading Work>

[0128] Fig. 18 is a flowchart showing a flow of proces-
sing for loading loads carried in bucket 6 into vessel 301
under automatic control. Processing for automatically
controlling wheel loader 1 in accordance with the chan-
ged trace when the reference point of the container is
changed and the trace of the work implement and the
feature point on the trace are changed with change of the
reference point will be described below.
[0129] In step S301, automation controller 100 recog-
nizes the current positions of wheel loader 1 and work
implement 3. Positional information obtaining device 112
obtains the current position of the vehicular body of wheel
loader 1 and obtains the posture of the work implement
with respect to the vehicular body with boom angle sen-
sor 123 and bucket angle sensor 124, to thereby recog-
nize the current positions of wheel loader 1 and work
implement 3 in the global coordinate system. The posi-
tion of cutting edge 6a of bucket 6 relative to vessel 301 of
dump truck 300 can be calculated based on the current
positions of wheel loader 1 and work implement 3 and the
current position of dump truck 300 in the global coordi-
nate system.
[0130] Alternatively, perception device 111 may be
used to obtain the direction and the distance of reference
point P of vessel 301 of dump truck 300 from a position of
arrangement of perception device 111, to thereby calcu-
late the current position of cutting edge 6a of bucket 6
relative to reference point P.
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[0131] At which position with respect to each of feature
points a’, b’, c’, d’, f’, and g’ cutting edge 6a of bucket 6 is
located is recognized based on the current position of
work implement 3. For example, cutting edge 6a is re-
cognized as not having reached feature point a’ yet,
cutting edge 6a is recognized as having passed through
feature point a’ and being located between feature point
a’ and feature point b’, cutting edge 6a is recognized as
having passed through feature point b’ and being located
between feature point b’ and feature point c’, etc. Further-
more, a feature point to which cutting edge 6a is headed
next is recognized as the target position. For example,
when cutting edge 6a has not yet reached feature point a’,
feature point a’ is recognized as the target position, when
cutting edge 6a is located between feature point a’ and
feature point b’, feature point b’ is recognized as the
target position, etc.
[0132] In step S302, automation controller 100 recog-
nizes the length of boom cylinder 16 and the length of
bucket cylinder 19 at the current position. Boom angle
sensor 123 detects the angle of boom 14. Bucket angle
sensor 124 detects the angle of bucket 6. The posture of
work implement 3 is determined by the angle of boom 14
and the angle of bucket 6. The length of boom cylinder 16
and the length of bucket cylinder 19 at the current position
are recognized based on the posture of work implement
3.
[0133] Instead of or in addition to boom angle sensor
123 and bucket angle sensor 124, an angle sensor that
detects an angle of bell crank 18 and an angle sensor that
detects an angle of link 15 may be provided. A stroke
sensor that detects a length of a cylinder stroke may be
provided in boom cylinder 16 and bucket cylinder 19.
[0134] In step S303, automation controller 100 calcu-
lates a difference between the length of boom cylinder 16
and the length of bucket cylinder 19 at the current position
recognized in step S302 and the length of boom cylinder
16 and the length of bucket cylinder 19 (which will be
referred to as a target cylinder length below) at the target
position to which cutting edge 6a is headed next. Auto-
mation controller 100 calculates how much the cylinder is
to be moved until cutting edge 6a reaches the next target
position.
[0135] In step S304, automation controller 100 refers
to a current vehicle speed and determines a target cy-
linder stroke speed that achieves the target cylinder
length at the time when cutting edge 6a reaches the
target position to which the cutting edge is headed next.
Automation controller 100 controls boom cylinder 16 and
bucket cylinder 19 such that work implement 3 takes,
when cutting edge 6a reaches the target position to which
it is headed next, a posture corresponding to that target
position. The current vehicle speed is obtained by vehicle
speed sensor 122. Time until the cutting edge reaches
the next target position can be calculated based on the
current position of cutting edge 6a and the current vehicle
speed. The target cylinder stroke speed can be deter-
mined by dividing the difference in cylinder length calcu-

lated in step S303 by time until the cutting edge reaches
the next target position.
[0136] An amount of cylinder stroke while wheel loader
1 travels a unit distance may be determined. Travel of the
unit distance by wheel loader 1 may be determined based
on the vehicle speed or may be sensed by perception
device 111.
[0137] In step S305, automation controller 100 outputs
a command current corresponding to the target cylinder
stroke speed to vehicular body controller 50. Automation
controller 100 outputs a command to extend and contract
boom cylinder 16 and bucket cylinder 19 at the target
cylinder stroke speed to work implement control unit 82 of
work implement controller 80. The command to extend
and contract boom cylinder 16 and bucket cylinder 19 at
the target cylinder stroke speed is outputted from work
implement control unit 82 to work implement EPC 143.
[0138] In step S306, as work implement EPC 143 that
has received the command signal adjusts an opening,
appropriate hydraulic oil is supplied to boom cylinder 16
and bucket cylinder 19. Boom cylinder 16 and bucket
cylinder 19 thus operate.
[0139] In step S307, automation controller 100 recog-
nizes the current lengths of boom cylinder 16 and bucket
cylinder 19 as in step S302. Automation controller 100
determines whether or not the current lengths of boom
cylinder 16 and bucket cylinder 19 have reached the
target cylinder lengths.
[0140] When determination as having reached the tar-
get cylinder length is made in determination in step S307
(YES in step S307), the process proceeds to step S308
and automation controller 100 determines whether or not
there is a next target position.
[0141] When determination as not having reached the
target cylinder length is made in determination in step
S307 (NO in step S307) and when it is determined in step
S308 that there is a next target position (YES in step
S308), the process returns to step S301 and processing
for extending and contracting boom cylinder 16 and
bucket cylinder 19 based on the current position of work
implement 3 is repeated. The cylinder speed is succes-
sively changed in accordance with the current position of
cutting edge 6a of bucket 6. When the current position of
cutting edge 6a is displaced from a position based on the
cylinder speed set in previous processing, the cylinder
speed is adjusted.
[0142] When it is determined in step S308 that there is
no next target position (NO in step S308), the loading
work ends ("play end" in Fig. 18), which corresponds to a
case where the next target position after cutting edge 6a
passes through feature point g’ is not set in the present
embodiment.
[0143] By moving cutting edge 6a of bucket 6 as se-
quentially passing through feature point a’, feature point
b’, feature point c’, feature point d’, feature point f, and
feature point g’, loads in bucket 6 can be loaded into
vessel 301 without contact of bucket 6, the vehicular
body, and running wheel 4a with vessel 301. By applying
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automatic control to thus move bucket 6 to wheel loader
1, operations of work implement 3 equivalent to opera-
tions performed by the skilled operator can be realized.

<Functions and Effects>

[0144] Characteristic features and functions and ef-
fects of the present embodiment will be summarized
as below, although some description may overlap with
the description above.
[0145] As shown in Figs. 5 and 6, trace TR of cutting
edge 6a of bucket 6 and reference point P of vessel 301
while wheel loader 1 is operated to load the loads carried
in work implement 3 into vessel 301 of dump truck 300 are
stored in automation controller 100. As shown in Figs. 15
to 17, when the position of reference point P is changed to
reference point P’, automation controller 100 changes
trace TR of cutting edge 6a in conformity with changed
reference point P’.
[0146] Trace TR of work implement 3 and reference
point P of vessel 301 while the skilled operator operates
wheel loader 1 for loading are recorded, and when the
reference point is changed, the trace of work implement 3
in automatic control of the work implement is set in
conformity with changed reference point P’. Adaptation
to loading into containers different in shape or minor
change of a situation on a side of the container can be
made. Since loading can be performed regardless of the
shape of the container, the loading work for loading into
containers in various shapes can be automated.
[0147] As shown in Figs. 7 to 14, feature points a, b, c,
d, f, and g that define trace TR of cutting edge 6a while the
operation to load the loads carried in work implement 3
into vessel 301 is performed are stored in automation
controller 100. As shown in Figs. 15 to 17, automation
controller 100 changes feature points a, b, c, d, f, and g to
feature points a’, b’, c’, d’, f’, and g’ in conformity with
changed reference point P’. Feature points a’, b’, c’, d’, f,
and g’ in conformity with changed reference point P’ are
determined and the trace of work implement 3 in auto-
matic control of work implement 3 is set in accordance
with feature points a’, b’, c’, d’, f, and g’, so that the trace of
automatically controlled work implement 3 can appropri-
ately be set and the operation by the skilled operator can
be reproduced under automatic control.
[0148] As shown in Figs. 5 to 14, the posture of work
implement 3 at feature points a, b, c, d, f, and g is stored in
automation controller 100. Under automatic control of
work implement 3 in accordance with the positions of
feature points a, b, c, d, f, and g and the posture of work
implement 3 at feature points a, b, c, d, f, and g, the
operation by the skilled operator can more faithfully be
reproduced.
[0149] As shown in Figs. 15 and 16, when vessel 301
into which loads are to be loaded is changed, automation
controller 100 detects changed vessel 301 and deter-
mines whether or not to change the position of reference
point P. When the shape of vessel 301 is changed, the

reference point is changed and trace TR of cutting edge
6a is changed in conformity with changed reference point
P’. For example, the height of boom 14 can be adjusted to
maintain constant, the y coordinate of the feature point
with the reference point being defined as the reference.
When the height position of reference point P’ is lower
than reference point P, adjustment to lower boom 14 can
be made to change trace TR of cutting edge 6a. The
loading work for loading loads into the container different
in shape under automatic control can be thus performed.
[0150] As shown in Figs. 15 and 17, when the position
in vessel 301 where loads are to be loaded is changed,
automation controller 100 determines whether or not to
change the position of reference point P. When the height
position of the position where loads are to be loaded is
changed, the reference point is changed and trace TR of
cutting edge 6a is changed in conformity with changed
reference point P’. Thus, even when the situation on the
side of the container changes, the loading work for load-
ing loads into the container can be performed under
automatic control.
[0151] As shown in Figs. 8 and 9, feature point a is the
position of cutting edge 6a at the time when the operation
of bucket 6 in the dump direction is started while wheel
loader 1 is traveling forward toward vessel 301. Under
automatic control of wheel loader 1 such that cutting edge
6a passes through feature point a, the dump operation of
bucket 6 can start at the time point before cutting edge 6a
reaches vessel 301. By simultaneously performing for-
ward travel of wheel loader 1 toward dump truck 300 and
the dump operation of bucket 6 as a plurality of operations
temporally overlapping, the cycle time of the loading work
can be reduced.
[0152] As shown in Figs. 8 and 11, feature point c is the
position of cutting edge 6a at the time when the operation
of bucket 6 in the dump direction is stopped above vessel
301. Under automatic control of wheel loader 1 such that
cutting edge 6a passes through feature point c, loads in
bucket 6 can reliably be loaded into vessel 301.
[0153] As shown in Figs. 8 and 12, feature point d is the
position of cutting edge 6a at the time when the operation
to raise boom 14 is stopped above vessel 301. Under
automatic control of wheel loader 1 such that cutting edge
6a passes through feature point d, the loading work can
be performed without the operation of work implement 3
being stopped and sway of the vehicle by inertia at the
time when boom 14 is stopped can be suppressed.
[0154] As shown in Figs. 8 and 13, feature point f is the
position of cutting edge 6a at the time when the operation
of bucket 6 in the tilt direction is started above vessel 301.
Under automatic control of wheel loader 1 such that
cutting edge 6a passes through feature point f, contact
of cutting edge 6a and rear surface 6b of bucket 6 with
vessel 301 can be avoided.
[0155] As shown in Figs. 8 and 14, feature point g is the
position of cutting edge 6a at the time when the operation
of bucket 6 in the tilt direction is stopped. Under automatic
control of wheel loader 1 such that cutting edge 6a
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passes through feature point g, contact of bucket 6 with
vessel 301 can reliably be avoided. The tilt operation to
such an extent that bucket 6 can move as reliably eluding
vessel 301 is performed without the tilt operation of
bucket 6 more than necessary, so that bucket 6 can
promptly make transition to the posture for next excava-
tion works.
[0156] Automation controller 100 included in the auto-
matic control system for wheel loader 1 described in the
embodiment above does not necessarily have to be
mounted on wheel loader 1. Such a system that a con-
troller outside wheel loader 1 implements automation
controller 100 may be configured. Vehicular body con-
troller 50 mounted on wheel loader 1 may perform pro-
cessing for transmitting information obtained by external
information obtaining unit 110, vehicle information ob-
taining unit 120, and the like to an external controller and
the external controller that receives a signal may extract
the positions of feature points a, b, c, d, f, and g that define
trace TR of cutting edge 6a of bucket 6 with reference
point P being defined as the reference.
[0157] The external controller may be arranged at a
worksite of wheel loader 1 or at a remote location distant
from the worksite of wheel loader 1. The external con-
troller may be a transportable device. The external con-
troller may be a portable device that can be used as being
carried by a worker, such as a notebook personal com-
puter, a tablet computer, or a smartphone.
[0158] In the embodiment, works for loading loads
carried in work implement 3 (bucket 6) into vessel 301,
with vessel 301 of dump truck 300 being illustrated as the
container, are described. The container into which loads
carried in work implement 3 are to be loaded is not limited
to vessel 301 of dump truck 300, and for example, a
hopper may be applicable.
[0159] In the embodiment, an example in which wheel
loader 1 is a manned vehicle including cab 5 on which the
operator rides is described. Wheel loader 1 may be an
unmanned vehicle. Wheel loader 1 does not have to
include cab 5 on which the operator rides for performing
operations. Wheel loader 1 does not have to be equipped
with a function for manipulating by the operator who rides
on the cab. Wheel loader 1 may be a work machine
dedicated for remote control. Wheel loader 1 may be
manipulated through a wireless signal from a remote
control device.

<Additional Aspects>

[0160] The description above includes features addi-
tionally described below.

(Additional Aspect 1)

[0161] A system including a work machine includes

a work machine main body,
a work implementattached to the work machine main

body, the work implement including a bucket,
a work implement posture sensor that detects a
posture of the work implement,
an object sensor that detects an object around the
work machine main body, and
a controller that communicates with the work imple-
ment posture sensor and the object sensor, and
the controller stores a trace of the work implement
and a reference point of the container while the work
machine is operated to load loads in the bucket into a
container, and when a position of the reference point
is changed, the controller changes the trace in con-
formity with the changed reference point.

(Additional Aspect 2)

[0162] In the system according to Additional Aspect 1,

a position of a feature point that defines the trace is
stored, and
the feature point is changed in conformity with the
changed reference point.

(Additional Aspect 3)

[0163] The system according to Additional Aspect 1 or
2 obtains a posture of the work implement at the feature
point.

(Additional Aspect 4)

[0164] In the system according to any one of Additional
Aspects 1 to 3,
when the container into which the loads are to be loaded
is changed, the changed container is detected, and
whether to change the position of the reference point is
determined.

(Additional Aspect 5)

[0165] In the system according to any one of Additional
Aspects 1 to 3,
when a position in the container where the loads are to be
loaded is changed, whether to change the position of the
reference point is determined.

(Additional Aspect 6)

[0166] In the system according to any one of Additional
Aspects 1 to 5,
the feature point includes a position of the work imple-
ment at time when an operation of the bucket in a dump
direction is started while the work machine travels for-
ward toward the container.

(Additional Aspect 7)

[0167] In the system according to any one of Additional
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Aspects 1 to 6,
the feature point includes a position of the work imple-
ment at time when an operation of the bucket in a dump
direction is stopped above the container.

(Additional Aspect 8)

[0168] In the system according to any one of Additional
Aspects 1 to 7,

the work implement includes a boom having a tip end
attached to the bucket, and
the feature point includes a position of the work
implement at time when an operation to raise the
boom is stopped above the container.

(Additional Aspect 9)

[0169] In the system according to any one of Additional
Aspects 1 to 7,
the feature point includes a position of the work imple-
ment at time when an operation of the bucket in a tilt
direction is started above the container.

(Additional Aspect 10)

[0170] In the system according to Additional Aspect 9,
the feature point includes a position of the work imple-
ment at the time when the operation of the bucket in the tilt
direction is stopped
[0171] It should be understood that the embodiment
disclosed herein is illustrative and non-restrictive in every
respect. The scope of the present invention is defined by
the terms of the claims rather than the description above
and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0172] 1 wheel loader; 2 vehicular body frame; 2a front
frame; 2b rear frame; 3 work implement; 4 travel appa-
ratus; 4a, 4b running wheel; 5 cab; 6 bucket; 8 operation
apparatus; 9 boom pin; 11 steering cylinder; 13 work
implement pump; 14 boom; 15 link; 16 boom cylinder;
17 bucket pin; 18 bell crank; 18a support pin; 18b, 18c
coupling pin; 19 bucket cylinder; 21 engine; 23 transmis-
sion; 25 axle; 32 main valve; 35, 36 electromagnetic
proportional control valve; 41 accelerator pedal; 42 work
implement control lever; 50 vehicular body controller; 51
machine monitor; 60 engine controller; 70 transmission
controller; 71 brake control unit; 72 accelerator control
unit; 80 work implement controller; 81 steering control
unit; 82 work implement control unit; 100 automation
controller; 101 position estimator; 102 path planning unit;
103 path tracking control unit; 110 external information
obtaining unit; 111 perception device; 112 positional in-
formation obtaining device; 120 vehicle information ob-
taining unit; 121 articulation angle sensor; 122 vehicle

speed sensor; 123 boom angle sensor; 124 bucket angle
sensor; 125 boom cylinder pressure sensor; 130 inter-
face; 131 mode selection operation portion; 132 engine
emergency stop switch; 133 mode indicator; 140 actua-
tor; 141 brake EPC; 142 steering EPC; 143 work imple-
ment EPC; 144 HMT.

Claims

1. A system including a work machine, the system
comprising:

a work machine main body;
a work implement attached to the work machine
main body, the work implement including a buck-
et;
a work implement posture sensor that detects a
posture of the work implement;
an object sensor that detects an object around
the work machine main body; and
a controller that communicates with the work
implement posture sensor and the object sen-
sor, wherein
the controller stores a trace of the work imple-
ment and a reference point of the container while
the work machine is operated to load loads in the
bucket into a container, and when a position of
the reference point is changed, the controller
changes the trace in conformity with the chan-
ged reference point.

2. The system according to claim 1, wherein

a position of a feature point that defines the trace
is stored, and
the feature point is changed in conformity with
the changed reference point.

3. The system according to claim 2, wherein
a posture of the work implement at the feature point is
stored.

4. The system according to any one of claims 1 to 3,
wherein
when the container into which the loads are to be
loaded is changed, the changed container is de-
tected, and whether to change the position of the
reference point is determined.

5. The system according to any one of claims 1 to 3,
wherein
when a position in the container where the loads are
to be loaded is changed, whether to change the
position of the reference point is determined.

6. The system according to claim 2 or 3, wherein
the feature point includes a position of the work
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implement at time when an operation of the bucket in
a dump direction is started while the work machine
travels forward toward the container.

7. The system according to claim 2 or 3, wherein
the feature point includes a position of the work
implement at time when an operation of the bucket
in a dump direction is stopped above the container.

8. The system according to claim 2 or 3, wherein

the work implement includes a boom having a tip
end attached to the bucket, and
the feature point includes a position of the work
implement at time when an operation to raise the
boom is stopped above the container.

9. The system according to claim 2 or 3, wherein
the feature point includes a position of the work
implement at time when an operation of the bucket
in a tilt direction is started above the container.

10. The system according to claim 9, wherein
the feature point includes a position of the work
implement at the time when the operation of the
bucket in the tilt direction is stopped.

11. A work machine controller, wherein

a trace of a work implement and a reference
point of a container while a work machine is
operated to load loads carried in the work im-
plement into the container are stored, and
when a position of the reference point is chan-
ged, the trace is changed in conformity with the
changed reference point.

12. A method of controlling a work machine, the method
comprising:

storing a trace of a work implement and a re-
ference point of a container while the work ma-
chine is operated to load loads carried in the
work implement into the container; and
changing, when a position of the reference point
is changed, the trace in conformity with the
changed reference point.
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