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Description
Technical Field
[0001] The present invention relates to a work machine.
Background Art

[0002] Thereisaknown articulated work machine (e.g., a hydraulic excavator) having a front work device (e.g., a boom,
an arm, and an attachment such as a bucket) driven by hydraulic actuators, and the like. This type of work machine
performs loading work of objects such as excavated earth and sand by performing a transporting action (e.g., a swing
action) to transport the objects toward a to-be-loaded machine such as a transporting machine (e.g., a dump truck), and a
dumping action (e.g., an earth/sand dumping action) to dump the objects transported by the transporting action onto the to-
be-loaded machine.

[0003] When performing the loading work, if the front work device is swung in a state where its height (e.g., the heightof a
bucket) is at a position lower than the to-be-loaded machine, there is a possibility that the front work device interferes with
the to-be-loaded machine in the transporting action. In view of this, an operator of the work machine who performs the
loading work needs to coordinate a swing action of an upper swing structure with a pivot action (raising action) of the front
work device while checking the position of the to-be-loaded machine, and needs to have mastered skills.

[0004] For example, there is a technology described in Patent Document 1 as a conventional technology to assist
loading work. Patent Document 1 discloses a controller that controls aloading machine including a swing structure thatcan
swing about its center of swing, a work implement provided to the swing structure, a posture measurement device that
measures the posture of the swing structure, and a depth sensor that is provided to the swing structure and senses the
depth of at least part of the surrounding environment of the swing structure in a sensing range, in which the controller
includes a posture information acquiring section that acquires posture information representing the posture measured by
the posture measurement device, a sensing information acquiring section that acquires depth information representing
the depth sensed by the depth sensor, a target azimuth deciding section that decides a target azimuth for swing control on
the basis of the posture information and the depth information acquired when the swing structure has stopped swinging,
and an output section that outputs a swing operation signal on the basis of the target azimuth.

Prior Art Document

Patent Document

[0005] Patent Document 1: JP-2020-33825-A
Summary of the Invention

Problem to be Solved by the Invention

[0006] Inthe conventional technology described above, in order to precisely decide the target azimuth to be used when
loading work is assisted, an external environment measurement device is attached to a side surface of the work machine,
and the target azimuth for the swing control is decided on the basis of the posture information and the depth information that
are acquired when the swing structure of the work machine is not being swung, for example, during excavation. However,
since an operator of the work machine checks a stop position of a transporting machine when the transporting machine is
measured with the external environment measurement device attached to the work machine, itis not possible to accurately
determine before the loading work whether the work machine is stopped at an appropriate position for loading the
transporting machine.

[0007] Inacase where the transporting machine is not stopped at an appropriate position when the operator of the work
machine performs loading onto the transporting machine, it is necessary to correct the stop position of the transporting
machine or adjust the position of the work machine, and the efficiency of the loading work by the work machine lowers
undesirably. However, since, when the position of the transporting machine is sensed with the depth sensor, the operator of
the work machine cannot determine whether the transporting machine is positioned within a measurement range of the
external environment measurement device attached to the work machine, it is possible that the transporting machine
cannot be measured with the external environment measurement device of the work machine before loading by the work
machine, and that the loading work cannot be assisted appropriately.

[0008] The presentinvention has been made in view of the matters described above, and an object thereofis to provide a
work machine that can more accurately sense the position of a vessel of a stopped transporting machine and can



10

15

20

25

30

35

40

45

50

55

EP 4 464 846 A1
appropriately assist loading work by the work machine.
Means for Solving the Problem

[0009] The present application includes a plurality of means for solving the problem described above, and an example
thereof is a work machine that has an articulated front work device and performs loading work to load a transporting
machine with a transporting target object. The work machine includes an external environment measurement device that
is provided to the work machine, measures an object existing in a predetermined measurement area around the work
machine and a position of the object, and outputs information about the object and the position as object position
information, a posture measurement device that measures a state quantity related to a posture of the work machine and
outputs information about the state quantity as posture information, and a controller configured to compute a position and a
posture of a transporting machine relative to the work machine on the basis of the posture information about the work
machine and the object position information and perform loading assist control of the work machine on the basis of the
computed position and posture of the transporting machine. The controller is configured to compute the posture of the work
machine on the basis of the posture information about the work machine output from the posture measurement device, set
aloading area that is an area where the transporting machine stops and where loading work by the work machine to load
the transporting machine is performed, assess whether or not the work machine is at such a posture that the external
environment measurement device can compute the transporting machine having stopped in the loading area, on the basis
of the posture of the work machine, the measurement area, and the loading area, and compute the position and posture of
the transporting machine in the loading area on the basis of the object position information output from the external
environment measurement device, when it is assessed that the work machine is at such a posture that the transporting
machine can be computed.

Advantages of the Invention

[0010] According to the presentinvention, it is possible to more accurately sense the position of a vessel of a stopped
transporting machine and can appropriately assist loading work by a work machine.

Brief Description of the Drawings
[0011]

FIG. 1is a side view schematically depicting an external appearance of a hydraulic excavator depicted as an example
of a work machine.

FIG. 2 is a functional block diagram depicting functions of a hydraulic system and a control system of the hydraulic
excavator that are extracted along with related configuration.

FIG. 3 is a functional block diagram depicting functions of a controller that are extracted along with related
configuration.

FIG. 4 is a side view depicting a reference coordinate system along with the hydraulic excavator.

FIG. 5 is a top view depicting the reference coordinate system along with the hydraulic excavator.

FIG. 6 is a figure depicting an example of an action of the hydraulic excavator.

FIG. 7 is a figure depicting an example of a loading area setting method.

FIG. 8 is a flowchart depicting processing contents of a transporting machine sensing process.

FIG. 9 is a flowchart depicting processing contents of transporting machine sensing assessment in the transporting
machine sensing process.

FIG. 10 is a figure depicting an example of calculation of an area overlap degree.

FIG. 11 is a figure depicting an example of output of a swing action instruction to a display device.

FIG. 12 is a figure depicting an example of a process of calculating a stop tolerance range.

FIG. 13isafunctional block diagram depicting functions of the hydraulic system and the control system of the hydraulic
excavator according to a third embodiment that are extracted along with related configuration.

FIG. 14 is a functional block diagram depicting functions of the controller according to the third embodiment that are
extracted along with related configuration.

FIG. 15 is a figure depicting an overview of a loading area acquisition process.

FIG. 16 is a flowchart depicting processing contents of the loading area acquisition process according to the third
embodiment.

FIG. 17 is a figure illustrating a state of an external environment measurement device azimuth output process
performed by a transporting machine sensing section according to a fourth embodiment.

FIG. 18 is a flowchart depicting processing contents of the transporting machine sensing assessment in the
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transporting machine sensing process according to the fourth embodiment.

FIG. 19 is a flowchart depicting processing contents of a measurement azimuth calculation process according to the
fourth embodiment.

FIG. 20 is a figure depicting an example of the transporting machine sensing assessment according to a fifth
embodiment.

FIG. 21 is a flowchart depicting processing contents of the transporting machine sensing assessment in the
transporting machine sensing process according to the fifth embodiment.

FIG. 22 is a figure depicting an example of output to the display device according to the fifth embodiment.

Modes for Carrying Out the Invention
[0012] Hereinbelow, embodiments of the present invention are explained with reference to the figures.
<First Embodiment>

[0013] A first embodiment of the present invention is explained in detail with reference to FIG. 1 to FIG. 11.

[0014] FIG. 1 is a side view schematically depicting an external appearance of a hydraulic excavator depicted as an
example of a work machine according to the present embodiment.

[0015] InFIG.1,ahydraulicexcavator 1 (work machine)is one that performs, ata work site, excavation work to excavate
an excavation target surface such as a ground, loading work to load to-be-loaded machines such as transporting machines
including dump trucks (mentioned later) with transporting target objects such as excavated earth and sand, and the like. In
addition, the transporting machines such as dump trucks perform a transporting action to transport the earth and sand or
the like loaded in the loading work to a predetermined location and a dumping action to dump the earth and sand at the
predetermined location. The hydraulic excavator 1 includes an articulated front work device 2 (work arm) that retains the
objects and pivots up and down or forward and backward and a machine body 3 on which the front work device 2 is
mounted.

[0016] The machine body 3includes a lower track structure 5 that travels by using a travel right hydraulic motor 4aand a
travel left hydraulic motor 4b provided at a right portion and a left portion of the lower track structure 5, and an upper swing
structure 7 that is attached to an upper portion of the lower track structure 5 via a swing device and swings by using a swing
hydraulic motor 6 of the swing device.

[0017] Thefrontworkdevice 2is an articulated work device including a plurality of frontimplement members attached to
a front portion of the upper swing structure 7. The upper swing structure 7 swings with the front work device 2 mounted
thereon. The front work device 2 includes a boom 8 vertically pivotably coupled with the front portion of the upper swing
structure 7, an arm 9 vertically pivotably coupled with a front end portion of the boom 8, and a bucket 10 vertically pivotably
coupled with a front end portion of the arm 9.

[0018] The boom 8 is coupled with the upper swing structure 7 by a boom pin 8a and pivots due to extension and
retraction of a boom cylinder 11. The arm 9 is coupled with the front end portion of the boom 8 by an arm pin 9a and pivots
due to extension and retraction of an arm cylinder 12. The bucket 10 is coupled with the front end portion of the arm 9 by a
bucket pin 10a and a bucket link 16 and pivots due to extension and retraction of a bucket cylinder 13.

[0019] A boom angle sensor 14 that senses the pivot angle of the boom 8 is attached to the boom pin 8a. An arm angle
sensor 15 that senses the pivot angle of the arm 9 is attached to the arm pin 9a. A bucket angle sensor 17 that senses the
pivot angle of the bucket 10 is attached to the bucket link 16. Note that FIG. 1 depicts reference characters of the boom
angle sensor 14, the arm angle sensor 15, and the bucket angle sensor 17 in parentheses.

[0020] Note thatthe pivot angle of each of the boom 8, the arm 9, and the bucket 10 may be acquired by sensing, with an
inertial measurement unit, the angle of the boom 8, the arm 9, or the bucket 10 relative to a reference plane such as a
horizontal plane and converting the sensed angle into the pivot angle. Alternatively, the pivot angle of each of the boom 8,
the arm 9, and the bucket 10 may be acquired by sensing, with a stroke sensor, the stroke of the boom cylinder 11, the arm
cylinder 12, or the bucket cylinder 13 and converting the sensed stroke into the pivot angle.

[0021] An inclination angle sensor 18 that senses the inclination angle of the machine body 3 relative to a reference
plane such as a horizontal plane is attached to the upper swing structure 7. A swing angle sensor 19 that senses the swing
angle, which is a relative angle of the upper swing structure 7 relative to the lower track structure 5, is attached to the swing
device provided between the lower track structure 5 and the upper swing structure 7. An angular velocity sensor 20 that
senses the angular velocity of the upper swing structure 7 is attached to the upper swing structure 7.

[0022] Here, the boom angle sensor 14, the arm angle sensor 15, the bucket angle sensor 17, the inclination angle
sensor 18, and the swing angle sensor 19 are included in a posture measurement device 53 that measures state quantities
related to the posture of the front work device 2, for example, each pivot angle, the swing angle of the upper swing structure
7, and the like, and that outputs information about the posture of the front work device 2 as posture information.
[0023] Operation devices that are used to operate a plurality of hydraulic actuators 4a, 4b, 6, 11, 12, and 13 are installed
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in an operation room provided to the upper swing structure 7. Specifically, the operation devices include a travel right lever
23afor operating the travel right hydraulic motor 4a, a travel left lever 23b for operating the travel left hydraulic motor 4b, an
operation right lever 22a for operating the boom cylinder 11 and the bucket cylinder 13, and an operation left lever 22b for
operating the arm cylinder 12 and the swing hydraulic motor 6. The operation levers 22 and 23 are of the electric lever type.
Hereinafter, the travel right lever 23a, the travel left lever 23b, the operation right lever 22a, and the operation leftlever 22b
are collectively referred to as the operation levers 22 and 23 in some cases.

[0024] In addition, an external environment measurement device 70 that senses the depths to objects existing around
the hydraulic excavator 1 is attached to the upper swing structure 7. For example, the external environment measurement
device 70 may be a LiDAR (Light Detection And Ranging) device or may be a stereo camera. The external environment
measurement device 70 has, as a measurement area 220 (mentioned later), a predetermined range around the hydraulic
excavator 1 and can acquire depth information about objects in the area. A plurality of the external environment
measurement devices 70 may be attached to the hydraulic excavator 1.

<Control System>

[0025] FIG.2isafunctional block diagram depicting functions of a hydraulic system and a control system of the hydraulic
excavator that are extracted along with related configuration.

[0026] InFIG. 2, anengine 103 which is a prime mover mounted on the upper swing structure 7 drives a hydraulic pump
102 and a pilot pump 104. A machine body control section 40 (mentioned later) of a controller 54 controls a pivot action of
the front work device 2, a travel action of the lower track structure 5, and a swing action of the upper swing structure 7
according to operation information (operation amounts and operation directions) about the operation levers 22 and 23
operated by an operator. Specifically, the machine body control section 40 of the controller 54 senses, with sensors 52a to
52f such as rotary encoders or potentiometers, operation information (operation amounts and operation directions) of the
operation levers 22 and 23 operated by the operator and outputs control commands according to the sensed operation
information to solenoid proportional valves 47a to 471. The solenoid proportional valves 47ato 471 are provided on a pilot
line 100, are actuated when control commands from the machine body control section 40 of the controller 54 are input, and
output pilot pressures to a flow control valve 101 to actuate the flow control valve 101. Hereinafter, the solenoid
proportional valves 47a to 471 are collectively referred to as solenoid proportional valves 47 in some cases.

[0027] According to the pilot pressures from the solenoid proportional valves 47a to 471, the flow control valve 101
controls a hydraulic fluid supplied from the hydraulic pump 102 to each of the swing hydraulic motor 6, the arm cylinder 12,
the boom cylinder 11, the bucket cylinder 13, the travel right hydraulic motor 4a, and the travel left hydraulic motor 4b. Note
that the solenoid proportional valves 47a and 47b output, to the flow control valve 101, pilot pressures for controlling the
hydraulic fluid supplied to the swing hydraulic motor 6. The solenoid proportional valves 47c and 47d output, to the flow
control valve 101, pilot pressures for controlling the hydraulic fluid supplied to the arm cylinder 12. The solenoid
proportional valves 47e and 47f output, to the flow control valve 101, pilot pressures for controlling the hydraulic fluid
supplied to the boom cylinder 11. The solenoid proportional valves 47g and 47h output, to the flow control valve 101, pilot
pressures for controlling the hydraulic fluid supplied to the bucket cylinder 13. The solenoid proportional valves 47i and 47j
output, to the flow control valve 101, pilot pressures for controlling the hydraulic fluid supplied to the travel right hydraulic
motor 4a. The solenoid proportional valves 47k and 471 output, to the flow control valve 101, pilot pressures for controlling
the hydraulic fluid supplied to the travel left hydraulic motor 4b.

[0028] Each of the boom cylinder 11, the arm cylinder 12, and the bucket cylinder 13 is extended and retracted by the
supplied hydraulic fluid and causes the boom 8, the arm 9, or the bucket 10 to pivot. Thus, the position and posture of the
bucket 10 change. The swing hydraulic motor 6 rotates due to the supplied hydraulic fluid and causes the upper swing
structure 7 to swing. The travel right hydraulic motor 4a and the travel left hydraulic motor 4b rotate due to the supplied
hydraulic fluid and cause the lower track structure 5 to travel.

[0029] The controller 54 is a computer in which a CPU (Central Processing Unit) 73, a RAM (Random Access Memory)
72,aROM (Read Only Memory) 71, an external I/F (Interface) 74, and the like are interconnected by a bus 75. The external
I/F 74 is connected to a display device 55, the external environment measurement device 70, the posture measurement
device 53, and a storage device 57 (e.g., a hard disk drive, a large-capacity flash memory, etc.) and, in addition to these, is
connected to the operation levers 22 and 23, the solenoid proportional valves 47, and the like.

<Functional Blocks>

[0030] FIG. 3 is a functional block diagram depicting functions of the controller that are extracted along with related
configuration. In addition, FIG. 4 is a side view depicting a reference coordinate system along with the hydraulic excavator.
FIG. 5 is a top view.

[0031] InFIG. 3, the controller 54 includes a posture computing section 81, a claw tip position computing section 82, a
coordinate transforming section 83, a loading area acquiring section 84, a transporting machine sensing section 86, and
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the machine body control section 40.

[0032] A machine body coordinate system 400 is preset for the controller 54 as a reference coordinate system for
identifying the position and posture of each constituent element of the hydraulic excavator 1. As depicted in FIG. 4 and FIG.
5, the machine body coordinate system 400 of the present embodiment is defined as a right-handed coordinate system
having, as its origin, the intersection of a swing center line 120, which is the axis of rotation of the upper swing structure 7,
and a surface on which the lower track structure 5 and a ground G contact each other. In the machine body coordinate
system 400, the forward movement direction of the lower track structure 5 is defined as the positive direction of the X axis.
In the machine body coordinate system 400 of the presentembodiment, the upward extending direction of the swing center
line 120 is defined as the positive direction of the Z axis. In the machine body coordinate system 400 of the present
embodiment, the Y axis is orthogonal to both the X axis and the Z axis, and the leftward direction is defined as the positive
direction of the Y axis.

[0033] Inaddition,inthe presentembodiment, areference coordinate system of the external environment measurement
device 70 is a sensor coordinate system 300, a reference coordinate system of the hydraulic excavator 1 is the machine
body coordinate system 400, and a reference coordinate system of a site is a site coordinate system 500. In the machine
body coordinate system 400 of the present embodiment, a swing angle 6sw of the upper swing structure 7 is defined as
such an angle that it becomes 0 degrees when the front work device 2 becomes parallel to the X axis.

<Overview of Actions>

[0034] First, an overview of actions of the hydraulic excavator 1 in the present embodiment is explained.

[0035] FIG. 6 is a figure depicting an example of an action of the hydraulic excavator.

[0036] AsdepictedinFIG.6, first, the hydraulic excavator 1 appropriately sets such aloading area 210 which servesas a
general indication of a stop position of a transporting machine 200 that the transporting machine 200 stops in the
measurement area 220, which is an area where the external environment measurement device 70 can measure depth
information about the surrounding environment, and the external environment measurement device 70 can acquire depth
information about the transporting machine 200. Then, the hydraulic excavator 1 gives an instruction about a swing action
to the operator through the display device 55 or the like such that, when the hydraulic excavator 1 waits for the transporting
machine 200 which is about to stop in the set loading area 210, the swing angle 6sw of the hydraulic excavator 1 becomes
such a swing angle that the measurement area 220 covers the loading area 210. Then, by sensing the transporting
machine 200 having stopped in the loading area 210, it becomes possible to surely implement loading assist mentioned
later when the hydraulic excavator 1 loads the transporting machine 200 with earth and sand.

[0037] As depictedin FIG. 6, it is assumed in the present embodiment that the transporting machine 200 stops in the
loading area 210 designated by the hydraulic excavator 1 (here, the loading area 210 is set in the machine body coordinate
system). Specifically, it is assumed that, at a work site, a position/assignment management system for transporting
machines like an FMS (Fleet Management System) is managing the position of the transporting machine 200. In addition, it
isassumed in the presentembodiment that the transporting machine 200 travels autonomously and stops accurately in the
loading area 210 designated by the hydraulic excavator 1.

[0038] As depicted in FIG. 6, the loading area 210 is represented by a quadrangle in the machine body coordinate
system 400, and coordinate values (Xpd1, Ypd1) to (Xpd4, Ypd4) of vertices Pd1 to Pd4 of the area on the X-Y plane are
stored on the storage device 57. Note that the shape of the loading area 210 is not limited to a quadrangle and, for example,
may be a polygon with three or five sides or more (including a reentrant polygon), a circular shape, or the like.

[0039] Inaddition, itis assumed thatthe measurementarea 220 is a sector on the X-Y plane thatis represented by X and
Y coordinates of the attachment position of the external environment measurement device 70 in the machine body
coordinate system 400, a measurable distance Lsr, and a measurable horizontal angle of view 0sr. Note that the shape of
the measurement area 220 is not limited to a sector, and, forexample, the measurement area 220 may be a polygonal area
obtained by projecting, onto the X-Y plane in the machine body coordinate system 400, the effective measurement area
220 of the external environment measurement device 70 taking the attachment angle of view into consideration. It is
assumed in the present embodiment that the attachment angle of the external environment measurement device 70 is
measured in advance before an action of the hydraulic excavator 1, and the measurement area 220 is retained in advance
in a predetermined area of the storage device 57.

[0040] Hereinbelow, a process performed by the controller 54 of the hydraulic excavator 1 is explained in detail.

<Posture Computing Section 81>

[0041] The posture computing section 81 computes the postures and the like of constituent elements of the hydraulic
excavator 1 in the machine body coordinate system 400 from sensing signals of the posture measurement device 53.
Specifically, the posture computing section 81 computes a pivot angle 6bm of the boom 8 relative to the X axis from a
sensing signal about the pivot angle of the boom 8 output from the boom angle sensor 14. The posture computing section
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81 computes a pivot angle 6am of the arm 9 relative to the boom 8 from a sensing signal about the pivot angle of the arm 9
output from the arm angle sensor 15. The posture computing section 81 computes a pivot angle 6bk of the bucket 10
relative to the arm 9 from a sensing signal about the pivot angle of the bucket 10 output from the bucket angle sensor 17.
The posture computing section 81 computes the swing angle 6sw of the upper swing structure 7 relative to the X axis (the
lower track structure 5) from a sensing signal about the swing angle of the upper swing structure 7 output from the swing
angle sensor 19.

[0042] Further, the posture computing section 81 computes an inclination angle 6 of the machine body 3 (the lower track
structure 5) relative to a reference plane DP from a sensing signal about the inclination angle of the machine body 3 output
from the inclination angle sensor 18. For example, the reference plane DP is a horizontal plane orthogonal to the direction
of gravity. The inclination angle 6 includes 6p, which is the rotation angle about the Y axis, and 0r, which is the rotation angle
about the X axis.

[0043] Furthermore, the posture computing section 81 computes a swing angular velocity wsw of the upper swing
structure 7 from a sensing signal of the posture measurement device 53.

<Claw Tip Position Computing Section 82>

[0044] On the basis of the computed pivot angles 6bm, 6am, and 6bk of the front work device 2, the computed swing
angle 6sw of the upper swing structure 7, a dimension Lbm of the boom 8, a dimension Lam of the arm 9, and a dimension
Lbk of the bucket 10, the claw tip position computing section 82 computes a position (claw tip position) 130 of the front end
of the bucket 10. Note that the dimension Lbm of the boom 8 is the length from the boom pin 8a to the arm pin 9a. The
dimension Lam of the arm 9 is the length from the arm pin 9a to the bucket pin 10a. The dimension Lbk of the bucket 10is the
length from the bucket pin 10a to the front end portion (e.g., the front end portion of the tooth) of the bucket 10.

<Coordinate Transforming Section 83>

[0045] Using the posture information about the machine body output by the posture computing section 81, the
coordinate transforming section 83 transforms the reference coordinate system of the depth information acquired by
the external environment measurementdevice 70, from the sensor coordinate system 300 to the machine body coordinate
system 400. It is assumed that the depth information output by the external environment measurement device 70 is given
as a set (point cloud data) of three-dimensional point data represented in the sensor coordinate system 300.

[0046] Forexample, the transformation from point data (Xps, Yps, Zps) in the sensor coordinate system 300 output by
the external environment measurement device 70 to point data Pv (Xpv, Ypv, Zpv) in the machine body coordinate system
400 uses (Formula 1) to (Formula 3) described below.

[Math. 1]

Po=Ry B+Ty (Formula 1)

[Math. 2]

Cmmyﬂ%ﬁmﬁ - SIS & B @)

sinfwe 48, cumiys+ ALY 0

i !
By = r 0 posas  =sing ﬁ) i 3 {
Y i 14

W osines  cosay J\-sinfs 0 cosfs))

f) 0 cosfs 0 sin ,!?x}
L ... (Formula 2)

[Math. 3]

Tep = (Lsx,Lsy,Lsz) (Formula 3)

[0047] Here, in (Formula 1) to (Formula 3) described above, Rsv denotes a rotation matrix for transformation from the
sensor coordinate system 300 to the machine body coordinate system 400, and as, Bs, and ys denote angles of the axes of
the external environment measurement device 70 in the machine body coordinate system 400.

[0048] In a case where the external environment measurement device 70 is fixed to the hydraulic excavator 1, it is
sufficient if, for example, the posture of the external environment measurement device 70 in the machine body coordinate
system 400 is measured in advance and the angles are stored in advance on the storage device 57. In addition, in a case
where the external environment measurement device 70 performs measurement while changing its posture relative to the
hydraulic excavator 1, a posture measurement sensor may be installed on the external environment measurement device
70, for example, and a coordinate transformation matrix may be calculated by using angles sensed by the posture
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measurement sensor. 6sw denotes the swing angle of the upper swing structure 7 and is output by the posture computing
section 81.

[0049] Tsv denotes a translation vector from the origin of the machine body coordinate system 400 to the sensor
coordinate system 300. Lsx, Lsy, and Lsz are equal to the coordinates of the origin of the sensor coordinate system 300 as
seen from the machine body coordinate system 400. The attachment position of the external environment measurement
device 70 is fixed to the hydraulic excavator 1 in many cases. Accordingly, in that case, it is sufficient if the attachment
position of the external environment measurement device 70 on the hydraulic excavator 1is measured in advance and the
value of this measurement is stored in advance on the storage device 57.

<Loading Area Acquiring Section 84>

[0050] The loading area acquiring section 84 acquires the loading area 210, which is a stop area of the transporting
machine 200, and stores the loading area 210 on the storage device 57.

[0051] The operator of the hydraulic excavator 1 performs operation for designating the loading area 210 via the display
device 55. The controller 54 performs a process of accepting the operation and setting the loading area 210.

[0052] FIG. 7 is a figure depicting an example of a loading area setting method.

[0053] AsdepictedinFIG.7,the claw tip position 130 outputby the claw tip position computing section 82 is displayed on
the display device 55, and the operator performs operation of pressing a loading area setting button 230 displayed on the
display device 55 at a loading position. When the operation input is performed, the controller 54 sets the loading area 210.
Note that the decision button may not be present on a screen, but may be based on particular lever operation or the like. In
addition, for example, the rotation angle of the loading area 210 at this time is set such that the longitudinal direction of the
rectangle of the loading area 210 matches the direction of the front work device 2 of the hydraulic excavator 1. In addition,
the loading area 210 is calculated such that the claw tip position 130 matches the center of the rear wheel axis of the
transporting machine 200. Note that the method of calculating the loading area 210 from the claw tip position 130 is not
limited to this, and the operator may set the longitudinal direction of the rectangle via the display device 55.

[0054] Note that, when the loading area 210 has been set at the hydraulic excavator 1, the hydraulic excavator 1 may
share the loading area 210 with the transporting machine 200 by using wireless communication or the like. Itis possible to
designate the stop position of the transporting machine 200 by allowing the hydraulic excavator 1 and the transporting
machine 200 to share information about the loading area 210. In addition, the position of the work machine in the site
coordinate system 500 may be measured by using a position measurement device such as a GNSS or a device that
calculates positions such as a TS (Total Station), and the position of the work machine may be transmitted to the
transporting machine 200, or an FMS or the like provided at the work site, along with the information about the loading area
210. Further, vehicle-to-vehicle communication may be used to allow the hydraulic excavator 1 and the transporting
machine 200 to share the loading area 210. The method for communication of information about the loading area 210
between the hydraulic excavator 1 and the transporting machine 200 is not limited to those mentioned before in the present
embodiment.

[0055] In addition, the loading area 210 may be designated by a site manager or the like by using an FMS or the like. In
this case, itis possible to designate the stop position of the transporting machine 200 by allowing the hydraulic excavator 1
and the transporting machine 200 to share the information about the loading area 210 by using a communication device or
the like.

<Transporting Machine Sensing Section 86>

[0056] The transporting machine sensing section 86 assesses whether the loading area 210 acquired by the loading
area acquiring section 84 is covered by the measurement area 220 of the external environment measurementdevice 70 in
a case where the swing speed of the hydraulic excavator 1 is equal to or lower than a predetermined speed. The
transporting machine sensing section 86 performs a transporting machine sensing process when the loading area 210 is
covered by the measurement area 220, and outputs information for giving an instruction about the swing angle of the
hydraulic excavator 1 when the loading area 210 is not covered by the measurement area 220.

[0057] In addition, the transporting machine sensing section 86 calculates the position and posture of the transporting
machine 200 by using point cloud data which is a measurement result of the external environment measurement device 70
in the machine body coordinate system 400 output by the coordinate transforming section 83. In a method of calculation
regarding the transporting machine 200, for example, a three-dimensional mesh model obtained by measuring the
transporting machine 200 is retained in advance on the storage device 57, and the point cloud data that has been
transformed to the machine body coordinate system 400 and acquired from the coordinate transforming section 83 and the
three-dimensional mesh model are collated with each other regarding positions, so that the position and posture of the
target transporting machine 200 can be calculated. Note that the sensing method is not limited to this. For example, the
transporting machine 200 may be sensed by a process of extracting a particular plane of the transporting machine 200 from
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the point cloud data obtained from the external environment measurement device 70. The method of sensing the
transporting machine is not limited to the one mentioned before in the present embodiment.

<Loading Assist Control>

[0058] At the machine body control section 40, on the basis of position/posture information about the transporting
machine, action control of the hydraulic excavator 1, for example, control to assist the operator in a loading action, is
performed.

[0059] Forexample, in a method of the loading assist control, when the operator of the hydraulic excavator 1 inclines a
swing operation lever in order to start loading onto the transporting machine 200 in a state where the transporting machine
200 has successfully been sensed, interference with the transporting machine 200 can be avoided by performing boom
raising automatically to such a height that the hydraulic excavator 1 does notinterfere with the transporting machine 200 on
the basis of the position/posture information about the transporting machine.

<Transporting Machine Sensing Process>

[0060] FIG. 8 is aflowchart depicting processing contents of the transporting machine sensing process, and FIG. 9is a
flowchart depicting processing contents of transporting machine sensing assessment in the transporting machine sensing
process. Inaddition, FIG. 10is a figure depicting an example of calculation of an area overlap degree, and FIG. 11 is afigure
depicting an example of output of a swing action instruction to the display device.

[0061] Inthe transporting machine sensing process, first, the controller 54 acquires the loading area 210 (Step S111).
The loading area acquiring section 84 acquires the loading area 210, which is an area where the transporting machine 200
stops and the hydraulic excavator 1 performs work to load the transporting machine 200.

[0062] Subsequently, the controller 54 performs the transporting machine sensing assessment (Step S112). As
explained regarding the process performed by the transporting machine sensing section 86, in the transporting machine
sensing assessment, it is assessed whether the measurement area 220 covers the loading area 210 set at Step S111.
When the measurement area 220 does not cover the loading area 210, a swing action instruction is given to the operator
such that an appropriate swing angle is attained. Details of the transporting machine sensing assessment are mentioned
later.

[0063] Subsequently, the controller 54 assesses whether or not the transporting machine sensing assessment at Step
S112is completed (Step S113). When the assessment result of Step S113 is YES, that is, when the transporting machine
sensing assessmentis completed, the procedure proceeds to a next process (Step S114). When the assessment resultis
NO, thatis, when the transporting machine sensing assessmentis not ended, the procedure returns to the process at Step
S112.

[0064] When the result of the assessment at Step S113 is YES, the controller 54 waits for the transporting machine 200
to complete stopping in the loading area 210 (Step S114) .

[0065] Subsequently, the controller 54 performs the transporting machine sensing process (Step S115). The transport-
ing machine sensing section 86 senses the transporting machine 200 having stopped in the loading area 210, on the basis
of the depth information output from the external environment measurement device 70.

[0066] Next, the controller 54 performs loading assist control start assessment by sensing an operation command for a
loading action from the operator (Step S116). For example, in the start assessment, it is assessed that a loading action by
the operator is started, that is, the loading assist control is to be started, when the operator operates the operation right
lever 22a for operating the boom 8 by a predetermined amount, for example.

[0067] Whenitis assessed at Step S116 that a loading action by the operator is started, the controller 54 performs the
loading assist control for the operation by the operator (Step S117).

[0068] Subsequently, the controller 54 performs assessmentregarding the end of loading onto the transporting machine
200 (Step S118). For example, the loading end assessment is made on the basis of whether the operator has output a
loading end command by using a horn sound or predetermined communication equipment to the transporting machine
200. When the result of the assessment at Step S118 is YES, that is, when it is assessed that the loading has ended, the
procedure proceeds to a next process (Step S119). In addition, when the result of the assessment at Step S118is NO, that
is, when itis assessed that the loading has not ended, the procedure returns to the process at Step S114, operation of the
operation lever 22 by the operator is sensed, and the loading assist control is performed. Note that it may be assessed that
the loading has ended when the external environment measurement device 70 senses that the transporting machine 200
has moved.

[0069] When the result of the assessment at Step S118 is YES, the controller 54 performs work end assessment (Step
S119). For example, the work end assessment is made on the basis of whether or not the engine of the hydraulic excavator
1 has stopped. When the result of the assessmentat Step S119is YES, thatis, whenitis assessed thatthe work has ended,
the hydraulic excavator 1 ends the series of processing. In addition, when the result of the assessment at Step S119is NO,
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thatis, when itis assessed that the work has not ended, the procedure returns to the process at Step S112, the transporting
machine sensing assessment is performed before a next transporting machine 200 stops, and loading onto the
transporting machine 200 is performed.

<Transporting Machine Sensing Assessment: Step S112>

[0070] Here, the processing contents of the transporting machine sensing assessment in the transporting machine
sensing process are explained.

[0071] InFIG.9, first, the transporting machine sensing section 86 assesses whether or not the swing angular velocity
wsw output by the posture computing section 81 is smaller than a predetermined angular velocity Qsw (Step S201). When
the assessment result of Step S201 is YES, that is, when the swing angular velocity wsw of the hydraulic excavator 1 is
smaller than the predetermined angular velocity Qsw, itis determined that the transporting machine 200 is being waited for
to stop, and the procedure proceeds to a next process (Step S202). In addition, when the assessment result of Step S201 is
NO, thatis, when the swing angular velocity wsw of the hydraulic excavator 1 is equal to or greater than the predetermined
angular velocity Qsw, the transporting machine sensing section 86 assesses that the hydraulic excavator 1 is performing
loading work, and repeats the assessment until the swing angular velocity @sw becomes smaller than Qsw.

[0072] When the result of the assessment at Step S201 is YES, the transporting machine sensing section 86 acquires
the measurement area 220 from a predetermined location in the storage device 57 (Step S202).

[0073] Subsequently, the transporting machine sensing section 86 acquires the loading area 210 acquired by the
loading area acquiring section 84, from the predetermined location in the storage device 57 (Step S203).

[0074] Subsequently, the transporting machine sensing section 86 performs an overlap degree calculation process
(Step S204). An overlap degree Acover between the measurement area 220 and the loading area 210 is calculated in
reference to the storage device 57. Acover is given by (Formula 4) described below.

[Math. 4]

Acover = Scover/ S ... (Formula 4)

[0075] Here,in(Formula4)described above, So denotes the area size of the loading area 210, and Scover denotes the
area size of a range where the loading area 210 and the measurement area 220 overlap.

[0076] Forexample, asin FIG. 10, assuming that the measurement area 220 approximates to a polygon (Ps0 to Psn),
determination of the area size Scover of the range where the loading area 210 and the measurement area 220 overlap can
be reduced to a problem for determining the area size of a crossing area of two convex polygons, and accordingly, Scover
can be determined by solving a numerical calculation problem. Accordingly, it is sufficient if it is assumed first that the
loading area 210 and the measurement area 220 approximate to polygons, the vertex coordinates of a common area of
both of them are calculated, and thereafter, on the basis of information about the calculated vertices of the common area,
the area size Scover of the common area is determined.

[0077] Subsequently, the transporting machine sensing section 86 assesses whether or not the overlap degree Acover
determined at Step S205 is greater than a threshold Ath (Step S205). When the assessment result of Step S205 is YES,
that is, when Acover is greater than Ath, the procedure proceeds to a next process (Step S206). When the assessment
result is NO, that is, when Acover is equal to or lower than Ath, the procedure proceeds to another next process (Step
[0078] S207).

[0079] When the result of the assessment at Step S205 is YES, the transporting machine sensing section 86 gives an
assessment result for starting the transporting machine sensing process (Step S206), and the transporting machine
sensing assessment process is ended.

[0080] In addition, when the result of the assessment at Step S205 is NO, the transporting machine sensing section 86
outputs the swing action instruction (Step S207). For example, the swing action instruction is given by causing the display
device 55 to display the loading area 210 and the measurement area 220 as well as an indication that prompts the operator
to perform operation for a swing action as depicted in FIG. 11. Thereafter, the procedure returns to the process at Step
S201, and the processes from Step S201 to Step S205 are repeated until an appropriate swing angle is attained.
[0081] Advantages of the thus configured present embodiment are explained.

[0082] In conventional technologies, in a case where a transporting machine is not stopped at an appropriate position
when an operator of a work machine performs loading onto the transporting machine, it is necessary to correct the stop
position of the transporting machine or adjust the position of the work machine, and the efficiency of the loading work by the
work machine lowers undesirably. In addition, since, when the position of the transporting machine is to be sensed with a
depth sensor, the operator of the work machine cannot determine whether the transporting machine is positioned in a
measurement area of an external environment measurement device attached to the work machine, the transporting
machine may not be able to be sensed with the external environment measurement device of the work machine before
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loading by the work machine, and the loading work may not be able to be assisted appropriately.

[0083] Incontrast,inthe presentembodiment, the hydraulic excavator 1 waits for the transporting machine 200 at such a
swing angle that the measurement area 220 covers the loading area 210. Thus, when the transporting machine 200 has
stopped intheloading area 210, the position of the vessel of the transporting machine 200 stopped at aloading position can
be sensed accurately, and the loading assist control appropriately assists loading work by the work machine, thereby
making it possible to enhance the operability of the hydraulic excavator 1.

<Second Embodiment>

[0084] A second embodiment of the present invention is explained with reference to FIG. 12. In the figures, members
similar to their counterparts in other embodiments are given the same reference characters, and explanations are omitted.
[0085] In the first embodiment, the loading area 210 is set supposing that the transporting machine 200 stops surely in
the loading area 210, for example, in a case where the transporting machine 200 is caused to autonomously travel/stop by
a control system or the like. However, for example, in a case where the transporting machine 200 operated by the operator
stops in the loading area 210, itis possible that the actual stop position of the transporting machine 200 does not coincide
with a predetermined stop position. In view of this, in a case depicted in the present embodiment, a stop tolerance range
211 taking into consideration the distance between the predetermined stop position and the actual stop position is
calculated for the manually operated transporting machine 200 which an operator gets in, and is used as the loading area
210 for the transporting machine sensing assessment.

[0086] FIG. 12 is a figure depicting an example of a process of calculating the stop tolerance range.

[0087] Inthe presentembodiment, in addition to the loading area 210 of the transporting machine 200, the loading area
acquiring section 84 calculates the stop tolerance range 211 taking into consideration the difference between the
predetermined stop position and the actual stop position, stores the stop tolerance range 211 on the storage device
57,and uses the stop tolerance range 211 for the transporting machine sensing assessment process instead of the loading
area 210.

[0088] As depicted in FIG. 12, the stop tolerance range 211 is represented by a quadrangle in the machine body
coordinate system 400, and coordinate values (Xal1, Yal1) to (Xal4, Yal4) of vertices Pall to Pal4 of the area on the X-Y
plane are stored on the storage device 57.

[0089] As with the first embodiment, in the present embodiment, the stop tolerance range 211 is set by adding Dr in the
longitudinal direction and D6 in the lateral direction to the loading area 210 that is set via the display device 55 by the
operator of the excavator, as depicted in FIG. 12. Predetermined values are used for Drand D6. For example, Dris alength
corresponding to a position where the claw tip position can be, taking into consideration an arm angle at which the hydraulic
excavator 1 can dump earth and sand. In addition, for example, 6dump is set in advance regarding the swing direction of
the loading position, and D8 is Ltip-tan(6dump/2) according to the length Ltip from the current position of the center of swing
of the hydraulic excavator 1 to the claw tip position.

[0090] The configuration is similar to that in the first embodiment in other respects.

[0091] In the thus configured present embodiment, too, advantages similar to those in the first embodiment can be
attained.

[0092] In addition, in the present embodiment, the stop tolerance range 211 is set, and the stop tolerance range 211 is
used as the loading area 210 even in a case where the actual stop position of the transporting machine 200 is at a distance
from the predetermined stop position when an operator manually operates the transporting machine 200. Accordingly, the
position of the vessel of the transporting machine 200 stopped in the stop tolerance range 211 can be sensed accurately,
and the loading assist control can enhance the operability of the hydraulic excavator 1.

<Third Embodiment>

[0093] A third embodiment of the present invention is explained with reference to FIG. 13 to FIG. 16. In the figures,
members similar to their counterparts in other embodiments are given the same reference characters, and explanations
are omitted.

[0094] Inthe presentembodiment, the loading area210is set at the loading area acquiring section 84 by using a result of
sensing by the transporting machine sensing section 86, and the loading area 210 acquired by the loading area acquiring
section 84 is moved along with a movement amount of the hydraulic excavator 1.

[0095] Itisassumed inthe firstand second embodiments that the transporting machine stops at a position designated by
the hydraulic excavator 1. However, systems like an FMS (Fleet Management System) for position/assignment manage-
ment of transporting machines are not introduced to some work sites, and the hydraulic excavator 1 cannot designate the
stop position of a transporting machine 200.

[0096] The present embodiment pays attention to a fact that, at such a site, an operator of a transporting machine 200
visually checks the position of the hydraulic excavator 1, determines a position suited for loading, and stops the
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transporting machine 200, and in many cases, every time a transporting machine 200 stops, the positional relation
between the hydraulic excavator 1 and the stopped transporting machine 200 is substantially the same. That is, an area
where a transporting machine 200 which is the target of the last loading cycle has been sensed can be regarded as a stop
position of another transporting machine 200 which is the target of the next loading cycle. Accordingly, in the present
embodiment, when a transporting machine 200 is approaching to stop, the hydraulic excavator 1 is caused to swing to
have such an azimuth that the measurement area 220 of the external environment measurement device 70 can cover the
loading area 210, so that the sensing rate of transporting machines 200 can be enhanced.

[0097] FIG. 13 is a functional block diagram depicting functions of the hydraulic system and the control system of the
hydraulic excavator according to the present embodiment that are extracted along with related configuration.

[0098] The external I/F 74 of the controller 54 is connected to the display device 55, a position measurement device 60,
the external environment measurement device 70, the posture measurement device 53, and the storage device 57 (a hard
disk drive, a large-capacity flash memory, etc.) and, in addition to these, is connected to the operation levers 22 and 23, the
solenoid proportional valves 47, and the like.

[0099] FIG. 14 is a functional block diagram depicting functions of an information processing device according to the
present embodiment that are extracted along with related configuration.

[0100] The controller 54 includes a position information computing section 87 in addition to the posture computing
section 81, the claw tip position computing section 82, the coordinate transforming section 83, the loading area acquiring
section 84, and the transporting machine sensing section 86.

<Coordinate Systems>

[0101] Since amovementofthe hydraulic excavator 1 is taken into consideration in the presentembodiment, the loading
area 210 and the measurement area 220 are treated in the site coordinate system 500. For example, transformation of
point data represented by coordinate values Pv (Xv, Yv, Zv) in the machine body coordinate system 400 into data Pg (Xg,
Yg, Zg) in the site coordinate system 500 uses (Formula 5) to (Formula 7) described below.

[Math. 5]

[Math. 6]
1 il 0 cosbp O sinfip\ reos fiy =sinfly {h
Rog = (ﬂ cosflr  —sin e’i‘r)@ b 0 (sm Ay cosf @y ﬂ')
WP osinfr cosfr J \—sindp 0 cosbp/h 0 il 1 (Formula 6)
[Math. 7]

fyg = (x0, 0, 20) ... (Formula 7)

[0102] Here, in (Formula 5) to (Formula 7) described above, Rvg denotes a rotation matrix for transformation from the
machine body coordinate system 400 to the site coordinate system 500, and 0r, 6p, and 0y denote angles of the axes of the
machine body coordinate system 400 in the site coordinate system 500. These values can be calculated by using a value
calculated by the posture computing section 81 from an output of the posture measurement device 53, an azimuth angle
calculated by the position information computing section 87, a swing angle output by the posture computing section 81,
and the inclination angle of the machine body.

[0103] In addition, Tvg denotes a translation vector from the origin of the site coordinate system 500 to the origin of the
machine body coordinate system 400. An output result of the position information computing section 87 can be used as
Tvg.

<Position Information Computing Section 87>

[0104] From the position information acquired from the position measurement device 60, the position information
computing section 87 outputs the position of the origin of the machine body coordinate system 400 of the hydraulic
excavator 1 in the site coordinate system 500 and an azimuth 6dir of the front work device 2 in the site coordinate system
500. For example, a position measurement device such as a GNSS, a TS (Total Station), or the like may be used as the
position measurement device 60. The position sensing method is not limited to this, and, for example, the position may be
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calculated on the basis of information about the hydraulic excavator 1 sensed by a camera fixed at a site. In addition, at
least two position measurement devices are used for calculating the azimuth of the hydraulic excavator 1.

<Loading Area Acquiring Section 84>

[0105] The loading area acquiring section 84 calculates the loading area 210 by using a sensing result of the position
information computing section 87.

<Loading Area Acquisition Process>

[0106] FIG. 15is afigure depicting an overview of a loading area acquisition process. In addition, FIG. 16 is a flowchart
depicting processing contents of the loading area acquisition process according to the present embodiment.

[0107] In FIG. 15, the loading area acquiring section 84 assesses whether position/posture information about a
transporting machine 200 sensed by the transporting machine sensing section 86 immediately before is retained (Step
S301). Forexample, the assessment can be performed by referring to a predetermined location in the storage device 57 of
the information processing device and using the presence or absence of position/posture information about the
transporting machine 200 sensed immediately before. When the assessment result of Step S301 is YES, that is, when
itis assessed that position/posture information about the transporting machine 200 is retained, the procedure proceeds to
a next process (Step S302). When the assessment result is NO, that is, when it is assessed that position/posture
information about the transporting machine 200 is not retained, the procedure proceeds to another next process (Step
S303) .

[0108] When the result of the assessment at Step S301 is YES, the loading area acquiring section 84 acquires the
position/posture information about the transporting machine 200 sensed by the transporting machine sensing section 86
(Step S302) .

[0109] Inaddition, when the result of the assessment at Step S301 is NO, the loading area acquiring section 84 sets an
initial loading area 210 assuming that there is no position/posture information about the transporting machine 200 in the
storage device 57 (Step S303). In a method of setting the initial loading area 210, for example, asin FIG. 7 referred to in the
first embodiment, the operator may set the initial loading area 210 by pressing the loading area setting button 230 of the
display device 55 by using claw tip position information about the hydraulic excavator 1. In addition, this method is not the
sole example, and a position predetermined for the hydraulic excavator 1 may be setin advance on the basis of operational
use of a work site where the hydraulic excavator 1 operates.

[0110] When the process at Step S302 ends, subsequently, the loading area acquiring section 84 acquires information
about the current position/posture of the hydraulic excavator 1 in the site coordinate system 500 calculated by the position
information computing section 87 (Step S304).

[0111] Subsequently, the loading area acquiring section 84 performs machine body movement assessment (Step
S305). The machine body movement assessment is made by comparing, on the X-Y plane in the site coordinate system
500, the position/azimuth information about the hydraulic excavator 1 acquired at Step S304 and previous position/a-
zimuth information retained on the storage device 57 at Step S308 mentioned later. In a case where position/azimuth
information is not retained on the storage device 57, it is assessed that there has not been a machine body movement.
When the result of the assessment at Step S305 is YES, that is, when it is assessed that there has been a machine body
movement, the procedure proceeds to a next process (Step S307). In addition, when the result of the assessment at Step
S305is NO, that is, when it is assessed that there has not been a machine body movement, the procedure proceeds to
another next process (Step S306).

[0112] Whentheresultofthe assessmentat Step S305is NO, the loading area acquiring section 84 sets the loading area
210 on the basis of a sensing result of the transporting machine sensing section 86 (Step S306). In a method of setting the
loading area 210, for example, the four vertices of the loading area 210 on the X-Y plane are calculated on the basis of the
position/posture of the transporting machine 200 output by the transporting machine sensing section 86.

[0113] Inaddition, when the result of the assessmentat Step S305is YES, the loading area acquiring section 84 sets the
loading area 210 on the basis of a sensing result of the transporting machine sensing section 86 taking into consideration
the machine body movement (Step S307). In a method of setting the loading area 210, for example, after the four vertices
of arectangle as seen on the X-Y plane are calculated on the basis of the position/posture of the transporting machine 200
output by the transporting machine sensing section 86, as depicted in FIG. 15, a machine body movement amount Lmove
(Xm, Ym) is added to each of the output four vertices.

[0114] When the process of any of Steps S303, S306, and S307 ends, subsequently, the loading area acquiring section
84 outputs, to the storage device 57, the position/azimuth information about the hydraulic excavator 1 acquired at Step
S304 (Step S308), and the process is ended.

[0115] The configuration is similar to that in the first embodiment in other respects.

[0116] In the thus configured present embodiment, too, advantages similar to those in the first embodiment can be
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attained.

[0117] Inaddition, in the presentembodiment, the loading area 210 is set by using the sensing result of the transporting
machine sensing section 86 and the movement amount of the hydraulic excavator 1, and therefore, it becomes possible to
set the loading area 210 even at a site where a system for position/assignment management of the transporting machine
200 is not introduced. Accordingly, it becomes possible for the hydraulic excavator 1 to wait for the transporting machine
200 at such a swing angle that the measurement area 220 covers the loading area 210. When the transporting machine
200 comes to a stop in the loading area 210, the position of the vessel of the transporting machine 200 can be sensed
accurately, so that the loading assist can enhance the operability of the hydraulic excavator 1.

<Fourth Embodiment>

[0118] The third embodiment of the present invention is explained with reference to FIG. 17 to FIG. 19. In the figures,
members similar to their counterparts in other embodiments are given the same reference characters, and explanations
are omitted.

[0119] In a case depicted in the present embodiment, the attachment angle of the external environment measurement
device 70 can be changed, and the measurement angle can thus be changed. It is assumed in the present embodiment
that the external environment measurement device 70 has an actuator that can control the attachment angle such that it
becomes adesignated attachmentangle. Note that the presentembodiment can be applied to both a transporting machine
200 operated by an operator and an autonomously traveling transporting machine 200, and can be used in combination
with any of the first to third embodiments.

[0120] FIG. 17 is a figure illustrating a state of an external environment measurement device azimuth output process
performed by a transporting machine sensing assessing section in the present embodiment.

<Transporting Machine Sensing Section 86>

[0121] The transporting machine sensing section 86 in the present embodiment assesses whether the loading area 210
acquired by the loading area acquiring section 84 is covered by the measurement area 220 of the external environment
measurement device 70. The transporting machine sensing section 86 performs the transporting machine sensing
process when the loading area 210 is covered by the measurement area 220. When the loading area 210 is not covered by
the measurement area 220, the transporting machine sensing section 86 calculates such an attachment angle ys of the
external environment measurement device 70 about the Z axis that the measurement area 220 can cover the loading area
210 as depicted in FIG. 17, and sends a control command to the external environment measurement device 70.

<Transporting Machine Sensing Assessment>

[0122] FIG. 18 is a flowchart depicting processing contents of the transporting machine sensing assessment in the
transporting machine sensing process according to the present embodiment.

[0123] In FIG. 18, processes at Steps S201 to S204 are similar to processes depicted by FIG. 9 regarding the first
embodiment, and explanations thereof are omitted.

[0124] When the process at Step S204 ends, subsequently, the transporting machine sensing section 86 assesses
whether or not the overlap degree Acover is greater than the threshold Ath (Step S245). When the assessment result of
Step S245is YES, thatis, when Acover is greater than Ath, the procedure proceeds to a next process (Step S206). When
the assessment result is NO, that is, when Acover is equal to or lower than Ath, the procedure proceeds to another next
process (Step S247) .

[0125] The process at Step S206 is similar to the process depicted by FIG. 9 regarding the first embodiment, and an
explanation thereof is omitted.

[0126] When the result of the assessment at Step S245 is NO, the transporting machine sensing section 86 performs a
process of calculating the measurement azimuth of the external environment measurement device 70 (Step S247) .

<Process of Calculating Measurement Azimuth of External Environment Measurement Device>

[0127] FIG. 19is aflowchart depicting processing contents of the measurement azimuth calculation process according
to the present embodiment.

[0128] In the present embodiment, as depicted in FIG. 17, when the overlap degree Acover between the loading area
210 and the measurement area 220 is equal to or lower than the threshold Ath, such an angle ys of the external
environment measurement device 70 about the Z axis that the overlap degree Acover becomes greater than the threshold
Ath is calculated, and is output to the external environment measurement device 70. Note that the process of calculating
the measurement azimuth of the external environment measurement device 70 may include not only an angle adjustment
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of ys but also an angle as about the X axis or an angle s about the Y axis, for example.

[0129] In FIG. 19, first, the transporting machine sensing section 86 updates the attachment angle ys of the external
environment measurement device 70 about the Z axis to ys + 8ys by using predetermined &ys, and performs a process at
Step S402 (Step S401).

[0130] Subsequently, the transporting machine sensing section 86 calculates the overlap degree Acover by using
(Formula 4) (Step S402).

[0131] Subsequently, the transporting machine sensing section 86 assesses whether or not Acover is greater than the
threshold Ath (Step S403). When the result of the assessment at Step S403 is YES, thatis, when Acover is greater than the
threshold Ath, the procedure proceeds to a next process (Step S404). In addition, when the result of the assessment at
Step S403is NO, that is, when Acover is equal to or lower than the threshold Ath, the procedure returns to Step S401, and
ys is updated.

[0132] Whentheresultofthe assessmentat Step S403 is YES, the transporting machine sensing section 86 outputs the
updated attachment angle ys of the external environment measurement device 70 about the Z axis to the external
environment measurement device 70 (Step S404), and the process is ended.

[0133] The configuration is similar to that in the first embodiment in other respects.

[0134] In the thus configured present embodiment, too, advantages similar to those in the first embodiment can be
attained.

[0135] In addition, in the present embodiment, in a case where the attachment angle of the external environment
measurement device 70 attached to the hydraulic excavator 1 can be changed, the external environment measurement
device 70 rotates such that the measurement area 220 covers the loading area 210 independently of the state of the
hydraulic excavator 1. Accordingly, when the transporting machine 200 comes to a stop in the loading area 210, the
position of the vessel of the transporting machine 200 can be sensed accurately, and the loading assist control can
enhance the operability of the hydraulic excavator 1. In addition, since an action for adjusting the swing angle is not
necessary for the hydraulic excavator 1 to sense the transporting machine 200, the productivity of the hydraulic excavator
1 is enhanced.

<Fifth Embodiment>

[0136] A fifth embodiment of the present invention is explained with reference to FIG. 20 to FIG. 22. In the figures,
members similar to their counterparts in other embodiments are given the same reference characters, and explanations
are omitted.

[0137] Inacase depicted in the present embodiment, a plurality of the external environment measurement devices 70
are attached to the hydraulic excavator 1, and the transporting machine sensing process is performed for measurement
areas of the plurality of external environment measurement devices 70 (e.g., measurement areas 220a, 220b, and 220c of
the plurality of external environment measurement devices 70 depicted in FIG. 20). That is, in the present embodiment,
while the hydraulic excavator 1 is waiting for the transporting machine 200 to stop, an external environment measurement
device 70 most suitable for sensing the transporting machine 200 with the current posture of the hydraulic excavator 1 (i.e.,
one of the plurality of measurement areas 220a, 220b, and 220c) is selected, and it is assessed whether the hydraulic
excavator 1 is oriented at a swing angle suitable for sensing the transporting machine 200 with the measurement area of
the selected external environment measurement device 70. If the front work device 2 is included in the measurement area
(e.g., the measurement area 220a) of the external environment measurement device 70, the controller 45 performs the
transporting machine sensing process after an instruction for moving the front work device 2 out of the measurement area
of the external environment measurement device 70 is output.

[0138] Note that the present embodiment can be applied to both a transporting machine 200 operated by an operator
and an autonomously traveling transporting machine 200, and can be used in combination with any of the first to third
embodiments.

[0139] FIG. 20 is a figure depicting an example of the transporting machine sensing assessment according to the
presentembodiment. In addition, FIG. 21 is a flowchart depicting processing contents of the transporting machine sensing
assessment in the transporting machine sensing process according to the present embodiment. In addition, FIG. 22 is a
figure depicting an example of output to the display device according to the present embodiment.

[0140] As depicted in FIG. 20, the plurality of external environment measurement devices that sense the depths to
objects around the hydraulic excavator 1 (e.g., those similar to the external environment measurement device 70in FIG. 1)
are attached to the upper swing structure 7 of the hydraulic excavator 1, and can acquire depth information about objects in
each area ofthe measurement area 220a, which is a predetermined range in front of the upper swing structure 7 where the
front work device 2 is installed, the measurement area 220b, which is a predetermined range to the left of the upper swing
structure 7, and the measurement area 220c, which is a predetermined range to the right of the upper swing structure 7.

15



10

15

20

25

30

35

40

45

50

55

EP 4 464 846 A1
<Transporting Machine Sensing Section 86>

[0141] Inthe present embodiment, the transporting machine sensing section 86 calculates the overlap degree Acover
between the measurement area 220 of each of all the external environment measurement devices 70 attached to the
hydraulic excavator 1 and the loading area 210, and assesses whether the hydraulic excavator 1 has such an azimuth that
the measurement area 220 of the external environment measurement device 70 with the highest value of Acover covers
the loading area 210.

<Transporting Machine Sensing Assessment>

[0142] InFIG. 21, first, the transporting machine sensing section 86 assesses whether or not the swing angular velocity
wsw output by the posture computing section 81 is smaller than the predetermined angular velocity Qsw (Step S201).
When the assessmentresult of Step S201 is YES, thatis, when the swing angular velocity wsw of the hydraulic excavator 1
is smaller than the predetermined angular velocity Qsw, it is determined that the transporting machine 200 is being waited
for to stop, and the procedure proceeds to a next process (Step S252). In addition, when the assessment result of Step
S201 is NO, that is, when the swing angular velocity wsw of the hydraulic excavator 1 is equal to or greater than the
predetermined angular velocity Qsw, the transporting machine sensing section 86 assesses that the hydraulic excavator 1
is performing loading work, and repeats the assessment until the swing angular velocity wsw becomes smaller than Qsw.
[0143] When the result of the assessment at Step S201 is YES, the transporting machine sensing section 86 acquires
the measurement areas 220 of all the external environment measurement devices 70 attached to the hydraulic excavator 1
(Step S252).

[0144] Subsequently, the transporting machine sensing section 86 acquires the loading area 210 acquired by the
loading area acquiring section 84 (Step S253).

[0145] Subsequently, the transporting machine sensing section 86 calculates the overlap degree Acover between the
measurement area 220 of each of all the external environment measurement devices 70 attached to the hydraulic
excavator 1 and the loading area 210 (Step S254). Acover is given by (Formula 4).

[0146] Subsequently, the transporting machine sensing section 86 selects an external environment measurement
device 70 with the greatest value of the overlap degree Acover determined at Step S254 (Step S255).

[0147] Subsequently, the transporting machine sensing section 86 assesses whether or not the overlap degree Acover
of the external environment measurement device 70 selected at Step S255 is greater than the threshold Ath (Step S256).
When the assessment result of Step S256 is YES, that is, when Acover is greater than Ath, the procedure proceeds to a
next process (Step S256). When the assessment result is NO, that is, when Acover is equal to or lower than Ath, the
procedure proceeds to another next process (Step S257).

[0148] When the result of the assessment at Step S256 is YES, the transporting machine sensing section 86 assesses
whether or not the front work device 2 is included in the measurement area of the external environment measurement
device 70 selected at Step S255 (Step S257). Whether or not the front work device 2 isincluded in the measurement area of
the external environment measurement device 70 can be assessed by retaining, on the storage device 57 in advance,
combinations of external environment measurement devices 70 whose measurement areas include the front work device
2 and ranges of the joint angles of the front work device 2 at the time when the measurement areas include the front work
device 2, and comparing a calculation result of the posture computing section 81 with the combinations. When the result of
the assessment at Step S257 is YES, that is, when the front work device 2 is included in the measurement area, the
procedure proceeds to a next process (Step S259). When the assessmentresultis NO, thatis, when the frontwork device 2
is not included in the measurement area, the procedure proceeds to another next process (Step S258).

[0149] When the result of the assessment at Step S257 is YES, the transporting machine sensing section 86 gives an
assessment result for starting the transporting machine sensing process with the external environment measurement
device 70 whose value of Acoveris the greatest (Step S258), and the transporting machine sensing assessment process is
ended.

[0150] In addition, when the result of the assessment at Step S257 is NO, the transporting machine sensing section 86
outputs an instruction for moving the front work device 2 out of the measurement area of the external environment
measurement device 70 (Step S259), and the transporting machine sensing assessment process is ended. In an
instruction method, for example, as in FIG. 22, a front implement raising command 240 is displayed on the display
device 55 to prompt the operator to perform operation. Note that the command method is not limited to this, and an
operation amount of the front implement may be output as a control command to the machine body control section 40.
[0151] In addition, when the result of the assessment at Step S256 is NO, the transporting machine sensing section 86
outputs a swing action instruction (Step S260), and the transporting machine sensing assessment process is ended. For
example, a swing command is given by causing the display device 55 to display the loading area 210 and the measurement
area 220 as well as an indication that prompts the operator to perform operation for a swing action as depicted in FIG. 11.
[0152] The configuration is similar to that in the first embodiment in other respects.
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[0153] In the thus configured present embodiment, too, advantages similar to those in the first embodiment can be
attained.

[0154] Inaddition, inthe presentembodiment, evenin a case where the plurality of external environment measurement
devices 70 are attached to the hydraulic excavator 1, an external environment measurement device 70 most suitable for
sensing the transporting machine 200 can be selected. In addition, since such a swing angle that the measurement area
220 of the selected external environment measurement device 70 covers the loading area 210 can be calculated, the
position of the vessel of the transporting machine 200 can be sensed accurately when the transporting machine 200 comes
toa stop inthe loading area 210, and the loading assist control can enhance the operability of the hydraulic excavator 1. In
addition, since the transporting machine 200 can be sensed with an appropriate one of the plurality of external environment
measurement devices 70, the process efficiency of the transporting machine sensing process is enhanced.

<Supplementary Notes>

[0155] Note that the present invention is not limited to the embodiments described above and includes various
modification examples and combinations within the scope not departing from the gist of the present invention.

[0156] For example, while it is assumed in the embodiments described above that an operator gets in the hydraulic
excavator 1 and performs earth and sand excavation, and a loading action to load a transporting machine, this is not the
sole example. For example, the presentinvention may be applied to a case where a hydraulic excavator 1 is operated from
aremote operation room. In addition, itis also possible to apply the embodiments described above to a work machine that
operates autonomously. In configuration in this case, a command is sent to the machine body control section 40 such thata
swing action is performed to make the measurement area 220 cover the loading area 210.

[0157] In addition, the present invention is not limited to those including all the constituent elements explained in the
embodiments described above, and also includes those from which some of the constituent elements are deleted. Further,
some or all of the constituent elements, functions, and the like described above may be realized by designing them in an
integrated circuit, for example. Moreover, the constituent elements, functions, and the like described above may be
realized by software by a processor interpreting and executing a program to realize the functions.

Description of Reference Characters
[0158]

1: Hydraulic excavator

2: Front work device

3: Machine body

4a: Travel right hydraulic motor
4b: Travel left hydraulic motor
5: Lower track structure

6: Swing hydraulic motor

7: Upper swing structure

8: Boom

8a: Boom pin

9: Arm

9a: Arm pin

10: Bucket

10a: Bucket pin

11: Boom cylinder

12: Arm cylinder

13: Bucket cylinder

14: Boom angle sensor

15: Arm angle sensor

16: Bucket link

17: Bucket angle sensor
18: Inclination angle sensor
19: Swing angle sensor

20: Angular velocity sensor
22: Operation lever

22a: Operation right lever
22b: Operation left lever
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Operation lever

: Travel right lever

: Travel left lever

Machine body control section

to 471: Solenoid proportional valve
to 52f: Sensor

Posture measurement device
Controller

Display device

Storage device

Position measurement device
External environment measurement device
External I/F

Bus

Posture computing section

Claw tip position computing section
Coordinate transforming section
Loading area acquiring section
Transporting machine sensing section
Position information computing section
Pilot line

Flow control valve

Hydraulic pump

Engine

Pilot pump

Swing center line

: Claw tip position

Transporting machine

Loading area

: Stop tolerance range
Measurement area

Loading area setting button
Command

Sensor coordinate system
Machine body coordinate system
Site coordinate system

1. A work machine that has an articulated front work device and performs loading work to load a transporting machine
with a transporting target object, the work machine comprising:

an external environment measurement device that is provided to the work machine, measures an object existing
in a predetermined measurement area around the work machine and a position of the object, and outputs
information about the object and the position as object position information;

a posture measurement device that measures a state quantity related to a posture of the work machine and
outputs information about the state quantity as posture information; and

a controller configured to compute a position and a posture of a transporting machine relative to the work machine
on a basis of the posture information about the work machine and the object position information and perform
loading assist control of the work machine on a basis of the computed position and posture of the transporting
machine, wherein

the controller is configured to

compute the posture of the work machine on a basis of the posture information about the work machine output
from the posture measurement device,

set a loading area that is an area where the transporting machine stops and where loading work by the work
machine to load the transporting machine is performed,
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assess whether or not the work machine is at such a posture that the external environment measurement
device can compute the transporting machine having stopped in the loading area, on a basis of the posture of
the work machine, the measurement area, and the loading area, and

compute the position and posture of the transporting machine in the loading area on a basis of the object
position information output from the external environment measurement device, when it is assessed that the
work machine is at such a posture that the transporting machine can be computed.

The work machine according to claim 1, wherein
the controlleris configured to assess whether or not the work machine is at such a posture that the position and posture
of the transporting machine can be computed, on a basis of an overlap degree representing a degree to which the
loading area and the measurement area overlap.

The work machine according to claim 2, wherein the controller is configured to

calculate a position of a front end of the front work device of the work machine on a basis of the posture information
about the work machine output from the posture measurement device, and
set the loading area on a basis of the position of the front end of the front work device.

The work machine according to claim 3, wherein
the controller is configured to

calculate a tolerance range of a stop position of the transporting machine as a stop tolerance range when the
loading area is set, and

assess that the work machine has such an azimuth that the position and posture of the transporting machine can
be computed, when an overlap degree between the stop tolerance range and the measurement areais equal to or
greater than a predetermined degree.

The work machine according to claim 3, comprising:

a position measurement device that outputs own machine position information about a position of the work
machine in a site coordinate system, wherein

the controller is configured to assess whether or not the work machine has moved on a basis of the own machine
position information, and move a position of the loading area according to a movement amount of the work
machine when it is assessed that the work machine has moved.

The work machine according to claim 3, wherein

the controller is configured to externally acquire, as own machine position information, position information about the
work machine in a site coordinate system by using a communication device, assess whether or not the work machine
has moved on a basis of the acquired own machine position information, and move a position of the loading area
according to a movement amount of the work machine when it is assessed that the work machine has moved.

The work machine according to claim 3, wherein

the measurement area of the external environment measurement device can be adjusted, and

the controller is configured to assess that the work machine has such an azimuth that the position and posture of
the transporting machine can be computed, when an overlap degree between the loading area and arange over
which the measurement area of the external environment measurement device can be adjusted is equal to or
greater than a predetermined degree, and compute the position and posture of the transporting machine after the
measurementarea is adjusted such that the overlap degree between the loading area and the measurement area
is maximized.

8. The work machine according to claim 3, wherein

the external environment measurement device has a plurality of mutually different measurement areas, and

the controller is configured to assess that the work machine has such an azimuth that the position and posture of
the transporting machine can be computed, when an overlap degree between the loading area and at least one
measurement area of the plurality of measurement areas of the external environment measurement device is
equal to or greater than a predetermined degree, and sense the position and posture of the transporting machine
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by using a measurement area having a high overlap degree with the loading area in the plurality of measurement
areas.

9. The work machine according to claim 3, wherein
the controller is configured to

calculate the position of the front end of the front work device of the work machine on the basis of the posture
information about the work machine output from the posture measurement device, and

assess whether or not the front end of the front work device is positioned above the measurement area of the
external environment measurement device, and sense the position and posture of the transporting machine when
it is assessed that the front end of the front work device is positioned outside the measurement area.
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FIG. 1
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