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DISPLAY METHOD

(567)  Provided are a system and the like that can im-
prove the accuracy with which an operator recognizes
the positional relationship between a work mechanism
constituting a work machine and an object present
around the work machine. An operatoris allowed to grasp
the position of a work mechanism 440 (an attachment
445) constituting a work machine 40 and the position of
a second index point pz on the surface of an object Obj
through a work environment image and an index image
M superimposed thereon that are output to a remote im-
age output device 221 constituting a remote output inter-
face 220. The second index point p, is the result of a first
index point pi being projected onto the surface of the
object Ob;.
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Description
Technical Field

[0001] The presentinvention relates to a technique for
assisting an operator’s remote operation of a work ma-
chine such as a hydraulic excavator.

Background Art

[0002] There has been proposed a technique in which
information on the position of a work tool obtained using
the posture of a work apparatus and information on the
position of the ground, which is a work object, obtained
from information on the distance to the work object of a
work machine determined by a distance detection device
are used to generate an image of a portion corresponding
to the work tool along the surface of the work object op-
posing the work tool, the generated image is combined
with an image of the work object captured by an image
capturing device, and the combined image is displayed
on a display device (see, e.g., Patent Literature 1). This
suppresses reduction in work efficiency in working using
a work machine comprising a work apparatus having a
work tool.

Citation List
Patent Literature

[0003]
6777375

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0004] However, when the work apparatus is aligned
with the work object, the position of the work apparatus
is represented by an image formed along the topography
according to the conventional technique. Therefore,
since unnecessary position information other than a pre-
determined part of the work apparatus is also displayed
at the same time, it can be difficult to grasp the position
of the work apparatus with respect to the work object,
which can make it difficult to work efficiently.

[0005] Therefore, an object of the present invention is
to provide a system and the like that can improve the
accuracy with which an operator recognizes the position-
al relationship between a work mechanism constituting
a work machine and an object present around the work
machine.

Solution to Problem
[0006] An image display system according to the

present invention is
animage display system, wherein on awork environment
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image representing a situation of a work mechanism con-
stituting a work machine and an object present around
the work machine, an index image indicating a second
index point resulting from a first index point of the work
mechanism being projected onto a surface of the object
is superimposed and output to an output interface of a
remote operation device for remotely operating the work
machine.

[0007] According to the image display system having
this configuration, an operator is allowed to grasp the
position of the work mechanism constituting the work ma-
chine and the position of the second index point on the
surface ofthe object through the work environmentimage
and the index image superimposed thereon that are out-
put to the output interface of the remote operation device.
The second index point is the result of the firstindex point
being projected onto the surface of the object, and is not
along the surface shape of the object. This prevents the
operator from being provided with position information
on unnecessary parts of the work mechanism other than
the first index point, and improves the accuracy with
which the operator recognizes the positional relationship
between the work mechanism and the object.

Brief Description of Drawings
[0008]

FIG. 1 is an explanatory diagram regarding a con-
figuration of an image display composite system and
an image display system.

FIG. 2 is an explanatory diagram regarding a con-
figuration of a remote operation device.

FIG. 3 is an explanatory diagram regarding a con-
figuration of a work machine.

FIG. 4 is an explanatory diagram regarding functions
of the image display system.

FIG. 5 is an explanatory diagram regarding a work
environmentimage and one display form of an index
image.

FIG. 6A is an explanatory diagram regarding a rela-
tionship between an arm top position and a display
mode of the index image.

FIG. 6B is an explanatory diagram regarding a rela-
tionship between the arm top position and the display
mode of the index image.

FIG. 6C is an explanatory diagram regarding a rela-
tionship between the arm top position and the display
mode of the index image.

FIG. 7A is an explanatory diagram regarding a rela-
tionship between a displacement mode of a work
mechanism and directivity of the index image.

FIG. 7B is an explanatory diagram regarding a rela-
tionship between a displacement mode of the work
mechanism and directivity of the index image.

FIG. 7C is an explanatory diagram regarding a rela-
tionship between a displacement mode of the work
mechanism and directivity of the index image.
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FIG. 8A is an explanatory diagram regarding a rela-
tionship between a posture mode of the work mech-
anism and directivity of the index image.

FIG. 8B is an explanatory diagram regarding a rela-
tionship between a posture mode of the work mech-
anism and directivity of the index image.

FIG. 8C is an explanatory diagram regarding a rela-
tionship between a posture mode of the work mech-
anism and directivity of the index image.

FIG. 9A is an explanatory diagram regarding a dis-
play form of a three-dimensional index image.

FIG. 9B is an explanatory diagram regarding a dis-
play form of the three-dimensional index image.
FIG. 9C is an explanatory diagram regarding a dis-
play form of the three-dimensional index image.
FIG. 10A is an explanatory diagram regarding a re-
lationship between a displacement mode of the work
mechanism and the position of a first index point.
FIG. 10B is an explanatory diagram regarding a re-
lationship between a displacement mode of the work
mechanism and the position of the first index point.
FIG. 10C is an explanatory diagram regarding a re-
lationship between the displacement mode of the
work mechanism and the position of the first index
point.

FIG. 11isan explanatory diagramregarding the work
environment image and another display form of in-
dex images.

FIG. 12A is an explanatory diagram regarding a re-
lationship between a motion mode of the work mech-
anism and a display form of an index image.

FIG. 12B is an explanatory diagram regarding a re-
lationship between a motion mode of the work mech-
anism and a display form of index images.

FIG. 13A is an explanatory diagram regarding a re-
lationship between a displacement mode of the work
mechanism and the position of the first index point.
FIG. 13B is an explanatory diagram regarding a re-
lationship between a displacement mode of the work
mechanism and the position of the first index point.

Description of Embodiments
(Configuration of Image Display Composite System)

[0009] An image display composite system shown in
FIG. 1 is composed of an image display system 10, a
remote operation device 20, and/or a work machine 40
to be remotely operated by the remote operation device
20. The image display system 10, the remote operation
device 20, and the work machine 40 are configured to
be able to communicate with each other over a network.
An intercommunication network between the image dis-
play system 10 and the remote operation device 20 may
be identical to or different from an intercommunication
network between the image display system 10 and the
work machine 40.
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(Configuration of Image Display System)

[0010] In this embodiment, the image display system
10 is implemented by a computer that is present sepa-
rately from the remote operation device 20 and the work
machine 40, and comprises a database 102, a commu-
nication function element 121, and an image processing
function element 122. The database 102 stores and holds
captured image data and the like. The database 102 may
be implemented by a database server that can commu-
nicate with the image display system 10. The function
elements are implemented by an arithmetic processing
device (e.g., a single-core processor and/or a multi-core
processor or a processor core constituting the same),
read necessary data and software from a storage device
such as a memory, and execute later-described arithme-
tic processing according to the software on the data.

(Configuration of Remote Operation Device)

[0011] The remote operation device 20 comprises a
remote control device 200, a remote input interface 210,
aremote output interface 220, and remote wireless com-
munication equipment 224. The remote control device
200 is implemented by an arithmetic processing device
(e.g., a single-core processor and/or a multi-core proc-
essor or a processor core constituting the same), reads
necessary data and software from a storage device such
as a memory, and executes arithmetic processing ac-
cording to the software on the data.

[0012] The remote inputinterface 210 comprises a re-
mote operation mechanism 211. The remote output in-
terface 220 comprises a remote image outputdevice 221.
[0013] Theremote operation mechanism 211 includes
a travel operation device, a turning operation device, a
boom operation device, an arm operation device, and a
bucket operation device. Each of the operation devices
has an operation lever which receives a pivot operation.
The operation lever of the travel operation device (travel
lever) is operated to move a lower traveling body 410 of
the work machine 40. The travel lever may also function
as a travel pedal. For example, a travel pedal which is
fixed to a base portion or a lower end portion of the travel
lever may be provided. The operation lever of the turning
operation device (turn lever) is operated to move a hy-
draulic turning motor constituting a turning mechanism
430 of the work machine 40. The operation lever of the
boom operation device (boom lever) is operated to move
a boom cylinder 442 of the work machine 40. The oper-
ation lever of the arm operation device (arm lever) is op-
erated to move an arm cylinder 444 of the work machine
40. The operation lever of the bucket operation device
(bucket lever) is operated to move a bucket cylinder 446
of the work machine 40.

[0014] As shownin FIG. 2, for example, the operation
levers constituting the remote operation mechanism 211
are disposed around a seat St for an operator to sit on.
The seat Stis in the form of a high back chair with arm-
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rests, but may be a seatin any form on which the operator
can sit, for example, a form such as a low back chair with
no headrest, or a form such as a chair with no backrest.
[0015] A pair of left and right travel levers 2110 corre-
sponding to left and right crawlers are disposed side by
side on the left side and right side in front of the seat St.
One operation lever may also function as a plurality of
operation levers. For example, a left-side operation lever
2111 provided in front of a left-side frame of the seat St
shown in FIG. 2 may function as an arm lever when the
left-side operation lever 2111 is operated in a front-rear
direction, and also function as a turn lever when the left-
side operation lever 2111 is operated in a left-right direc-
tion. Similarly, a right-side operation lever 2112 provided
in front of a right-side frame of the seat St shown in FIG.
2 may function as a boom lever when the right-side op-
eration lever 2112 is operated in the front-rear direction,
and also function as a bucket lever when the right-side
operation lever 2112 is operated in the left-right direction.
Alever pattern may be changed in any manner according
to an operation instruction from the operator.

[0016] For example, as shown in FIG. 2, the remote
image output device 221 is composed of a central remote
image output device 2210, a left-side remote image out-
put device 2211, and a right-side remote image output
device 2212 disposed in front, on the diagonally front left
side, and the diagonally front right side, respectively, of
the seat St, each remote image output device having a
substantially rectangular screen. The respective screens
(image display areas) of the central remote image output
device 2210, the left-side remote image output device
2211, and the right-side remote image output device
2212 may have the same shape and size, or different
shapes and sizes.

[0017] As shown in FIG. 2, the right edge of the left-
side remote image output device 2211 is adj acent to the
left edge of the central remote image output device 2210
such that the screen of the central remote image output
device 2210 and the screen of the left-side remote image
output device 2211 form an inclination angle 61 (e.g.,
120° < 61 < 150°). As shown in FIG. 2, the left edge of
the right-side remote image output device 2212 is adj
acentto the right edge of the central remote image output
device 2210 such that the screen of the central remote
image output device 2210 and the screen of the right-
side remote image outputdevice 2212 form an inclination
angle 62 (e.g., 120° < 02 < 150°). The inclination angles
61 and 62 may be the same, or different from each other.
[0018] The respective screens of the central remote
image output device 2210, the left-side remote image
output device 2211, and the right-side remote image out-
put device 2212 may be parallel to a vertical direction, or
inclined with respect to the vertical direction. At least one
image output device of the central remote image output
device 2210, the left-side remote image output device
2211, and the right-side remote image output device
2212 may be composed of a plurality of splitimage output
devices. For example, the central remote image output
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device 2210 may be composed of a pair of image output
devices which have substantially rectangular screens
and are disposed adjacent to each other in the up-down
direction.

[0019] The remote image output device 221 may be
composed of a single image output device that is curved
or bent so as to surround the seat St. The single image
output device may be implemented by, for example, the
central remote image output device 2210. The remote
image output device 221 may be composed of two image
output devices (e.g., the central remote image output de-
vice 2210 and the left-side remote image output device
2211 orthe right-side remote image output device 2212).

(Configuration of Work Machine)

[0020] The work machine 40 comprises an actual ma-
chine control device 400, an actual machine input inter-
face 41, an actual machine output interface 42, actual
machine wireless communication equipment 422, and a
work mechanism 440. The actual machine control device
400 is implemented by an arithmetic processing device
(a single-core processor or a multi-core processor or a
processor core constituting the same), reads necessary
data and software from a storage device such as a mem-
ory, and executes arithmetic processing according to the
software on the data.

[0021] The work machine 40 is, for example, a crawler
excavator (a construction machine), and as shown in
FIG. 3, comprises a crawler-type lower traveling body
410, and an upper turning body 420 mounted on the lower
traveling body 410 via a turning mechanism 430 in a turn-
able manner. A cab 424 (driver’s cabin) is provided on
the front left side of the upper turning body 420. The work
mechanism 440 is provided at the front center of the up-
per turning body 420.

[0022] The actual machine input interface 41 compris-
es an actual machine operating mechanism 411, an ac-
tual machine image capturing device 412, an actual ma-
chine distance measuring device 414, and an actual ma-
chine sensor group 416. The actual machine operating
mechanism 411 comprises a plurality of operation levers
disposed in the same manner as the remote operation
mechanism 211 around the seat installed in the cab 424.
The cab 424 is provided with a driving mechanism or a
robot that receives a signal corresponding to an operation
mode of the remote operation levers, and moves the ac-
tual machine operation levers based on the received sig-
nal. The actual machine image capturing device 412 is
installed, for example, in the cab 424, and captures an
image of the environment including at least a portion
(e.g., an attachment 445) of the work mechanism 440
through a front window. Some or all of the front window
and the side windows may be omitted. The actual ma-
chine distance measuring device 414 is a device for
measuring the real space distance to an object present
around the work machine 40 and therefore its real space
position, and isimplemented by, for example, LIDAR and
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a TOF sensor. The actual machine sensor group 416 is
composed of various sensors for measuring the motion
state of the work machine 40, such as a turning angle
sensor for measuring the turning angle of the upper turn-
ing body 420 with respect to the lower traveling body 410,
and a posture angle sensor for measuring the posture
angle representing the posture of the work mechanism
440.

[0023] The actual machine output interface 42 com-
prises the actual machine wireless communication
equipment 422.

[0024] As shown in FIG. 3, the work mechanism 440
as a work mechanism comprises a boom 441 attached
to the upper turning body 420 in an elevatable manner,
an arm 443 pivotably connected to a tip of the boom 441,
and an attachment 445 (e.g., a bucket) pivotably con-
nected to a tip of the arm 443. The work mechanism 440
are equipped with the boom cylinder 442, the arm cylinder
444, and the bucket cylinder 446, each implemented by
an extendable hydraulic cylinder.

[0025] The boom cylinder 442 is interposed between
the boom 441 and the upper turning body 420 such that
the boom cylinder 442 is supplied with hydraulic oil to
extend and shorten, thereby pivoting the boom 441 in an
elevating direction. The arm cylinder 444 is interposed
between the arm 443 and the boom 441 such that the
arm cylinder 444 is supplied with hydraulic oil to extend
and shorten, thereby pivoting the arm 443 around a hor-
izontal axis with respect to the boom 441. The bucket
cylinder 446 is interposed between the attachment 445
and the arm 443 such that the bucket cylinder 446 is
supplied with hydraulic oil to extend and shorten, thereby
pivoting the attachment 445 around a horizontal axis with
respect to the arm 443.

(Functions)

[0026] FIG. 4 is a flowchart illustrating the image dis-
play system having the above-described configuration
and functions of the image display system. In the flow-
chart, the blocks "C+" are used to simplify the description,
mean the transmission and/or reception of data, and
mean a conditional branch in which the processing in the
branch direction is executed under the condition of hav-
ing transmitted and/or received the data. The flowchart
is repeated for each control period, and after the process
has reached "END", it returns to "START" and executes
the subsequent processing.

[0027] In the remote operation device 20, it is deter-
mined whether there is an environment confirmation re-
quest operation (a second specified operation) per-
formed by the operator through the remote input interface
210 (FIG. 4/STEP 210). For example, the "environment
confirmation request" is an operation, such as a tap on
the remote inputinterface 210, for the operator to instruct
the work machine 40, which the operator intends to re-
motely operate, to perform an environment confirmation
request operation. If the determination result is negative
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(FIG. 4/STEP 210 .. NO), the process returns to START.
On the other hand, if the determination result is affirma-
tive (FIG. 4/STEP 210 .. YES), an environment confirma-
tion request is transmitted to the image display system
10 through the remote wireless communication equip-
ment 224 (FIG. 4/STEP 211).

[0028] Inthe image display system 10, when the envi-
ronment confirmation request is received, the environ-
ment confirmation request is transmitted to the corre-
sponding work machine 40 by the communication func-
tion element 121 (FIG. 4/C10). The environment confir-
mation request may be transmitted to the work machine
40 not via the image display system 10.

[0029] In the work machine 40, when the environment
confirmation request is received through the actual ma-
chine wireless communication equipment 422 (FIG.
4/C40), a captured image of a work object Obj (e.g., the
ground, earth and sand, materials, and/or structures that
are present around the work machine 40) is acquired by
the actual machine image capturing device 412, a three-
dimensionalimage of the work object Obj is also acquired
by the actual machine distance measuring device 414,
and three-dimensional image data representing the
three-dimensional image is transmitted to the image dis-
play system 10 through the actual machine wireless com-
munication equipment 422 (FIG. 4/STEP 410).

[0030] The three-dimensional image is an image hav-
ing the direction of and the distance to the work object
Obj or the real space position of the work object Obj ac-
quired through the actual machine distance measuring
device 414. The "real space position" is defined by coor-
dinate values in a real space coordinate system (e.g.,
latitude, longitude, and altitude) or coordinate values in
an actual machine coordinate system (a coordinate sys-
tem whose position or posture is fixed relative to the work
machine 40). When the work object Obj appears in the
captured image, the real space position of each point
constituting the point cloud of the surface of the work
object Obj corresponding to each pixel of the three-di-
mensional image is included as the pixel value of that
pixel.

[0031] The three-dimensional image data may be ac-
quired and transmitted as a combination of data of the
captured image acquired through the actual machine im-
age capturing device 412 or a model image equivalent
thereto and data of the distance or real space position
acquired through the actual machine distance measuring
device 414, which are separate data.

[0032] The captured image in which at least the work
object Obj appears may not be acquired through the ac-
tual machine image capturing device 412, but through
an image capturing device installed around the work ma-
chine 40, an image capturing device mounted on an un-
manned drone, and/or an image capturing device of
equipment carried by a site worker. The distance or real
space position, which is the pixel value of the three-di-
mensional image, may be acquired through a distance
measuring device installed around the work machine 40
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and/or a distance measuring device mounted on an un-
manned drone.

[0033] Instead of the combination of the actual ma-
chineimage capturing device 412 and the actual machine
distance measuring device 414, a captured image and a
three-dimensional image of the work object Obj may be
acquired through a stereo camera (a pair of left and right
actual machine image capturing devices 412) mounted
on the work machine 40.

[0034] Inthe image display system 10, when the three-
dimensional image data is received by the communica-
tion function element 121 (FIG. 4/C11), work environ-
mentimage data corresponding to the three-dimensional
image data is transmitted to the remote operation device
20 by the image processing function element 122 (FIG.
4/STEP 110). The work environmentimage data isimage
data representing a simulated work environment image
generated based on the captured image data, in addition
to the captured image data itself (which does not include
real space positions and distance information as pixel
values), which is the basis of the three-dimensional im-
age data.

[0035] In the remote operation device 20, when the
work environment image data is received through the
remote wireless communication equipment 224 (FIG.
4/C21), a work environment image corresponding to the
work environment image data is output to the remote
image output device 221 by the remote control device
200 (FIG. 4/STEP 212).

[0036] As a result, for example, as shown in FIG. 5, a
work environment image in which the boom 441, the arm
443, and the attachment 445, which are part of the work
mechanism 440, as well as earth and sand, which are
the object Obj, etc. are captured in front of the cab 424
through the window frame defining the cab 424 is output
to the remote image output device 221.

[0037] Inthe work machine 40, the real space position
of a first index point pi of the work mechanism 440 is
acquired by the actual machine sensor group 416, and
datarepresenting the real space position of the firstindex
point pi is transmitted to the image display system 10
through the actual machine wireless communication
equipment 422 (FIG. 4/STEP 412).

[0038] The process of transmitting the three-dimen-
sionalimage data (see FIG.4/STEP 410)and the process
of transmitting the data representing the real space po-
sition of the first index point pi (see FIG. 4/STEP 412)
may be executed simultaneously as a process of trans-
mitting a batch of data.

[0039] Specifically, a point corresponding to the tip
(arm top) of the arm 443 is defined as the first index point
pi. The real space position of the first index point pi de-
fined in the work mechanism 440 is forward-kinematically
calculated based on an output signal from the posture
angle sensor that constitutes the actual machine sensor
group 416 mounted on the work machine 40 and the size
of each component of the work mechanism 440. The pos-
ture angle sensor is configured to output a signal corre-
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sponding to at least part of the elevation angle of the
boom 441 with respect to the upper turning body 420,
the pivot angle of the arm 443 at the connection part with
the boom 441, and the pivot angle of the attachment 445
at the connection part with the arm 443. Any point on the
boom 441, the arm 443, the attachment 445, and the like
that constitute the work mechanism 440 may be defined
as the first index point pi.

[0040] When the first index point pi of the work mech-
anism 440 appears in the three-dimensional image, the
real space position of the first index point pi may be rec-
ognized by the actual machine control device 400 based
on the three-dimensional image. Specifically, using im-
age analysis processing (e.g., grayscaling processing,
edge extraction processing, and/or pattern matching
processing) of the three-dimensional image, the average
value of the pixel values of one or more pixels corre-
sponding to the first index point pi in the work mechanism
440 is recognized as the real space position of the first
index point pi. Based on one of the real space position
of each point of the work mechanism 440 recognized
using the posture angle sensor and the real space posi-
tion thatis the pixel value of the three-dimensional image,
the other may be corrected.

[0041] In the image display system 10, when the data
representing the real space position of the firstindex point
pi is received (FIG. 4/C12), the real space position of a
second index point p, is recognized by the image
processing function element 122 based on the real space
position of the first index point pi and the real space po-
sitions or three-dimensional shape of points constituting
the point cloud of the surface of the object Obj included
in the three-dimensional image (FIG. 4/STEP 112). The
second index point p, is a point resulting from the first
index point pi being projected onto the surface of the obj
ect Obj. The projection direction of the first index point pi
onto the surface of the object Obj is, for example, the
vertical direction. In this case, among the points on the
surface of the object Obj, the real space position of the
point with the same horizontal position (x (longitude), y
(latitude)) as the first index point pi or the point closest
thereto, or the centroid of a plurality of points at horizontal
positions close to the first index point pi is recognized as
the second index point pz.

[0042] When the work machine 40 or the upper turning
body 420 is tilted with respect to the vertical axis of the
real space, the projection direction of the firstindex point
pi onto the surface of the object Obj may be defined as
the direction tilted in the same way with respect to the
vertical axis of the real space. The tilt angle of the work
machine 40 with respect to the vertical axis is measured
by a machine body tilt angle sensor (e.g., a gyro sensor)
that constitutes the actual machine sensor group 416.
[0043] When the first index point pi of the work mech-
anism 440 appears in the three-dimensional image, the
recognition of the real space position of the first index
point pi and the transmission of data by the actual ma-
chine control device 400 (FIG. 4/STEP 412) may be omit-
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ted. In this case, the image processing function element
122 uses image analysis processing (e.g., grayscaling
processing, edge extraction processing, and/or pattern
matching processing) of the three-dimensional image to
recognize one or more pixels corresponding to the point
defined as the first index point pi in the work mechanism
440, and recognize the pixel values of the pixels or their
average value as the real space position of the first index
point pi.

[0044] Further, in the image display system 10, index
image data obtained by superimposing an index image
M indicating the second index point pz on the work en-
vironment image using the image processing function
element 122 is transmitted to the remote operation device
20 (FIG. 4/STEP 114). The command includes the real
space position of the second index point p, and/or the
pixel position (u, v) corresponding to the second index
point p, in the three-dimensional image or the work en-
vironment image.

[0045] In the remote operation device 20, when the
index image data is received through the remote wireless
communication equipment 224 (FIG. 4/C22), the index
image M corresponding to the command is output by the
remote control device 200 to the remote image output
device 221 in the form of being superimposed on the
work environment image (FIG. 4/STEP 214).

[0046] The process of transmitting the work environ-
mentimage data (see FIG.4/STEP 110) and the process
of transmitting the index image data (see FIG. 4/STEP
114) from the image display system 10 to the remote
operation device 20 may be executed simultaneously as
a process of transmitting a batch of data. In this case, in
the remote operation device 20, the process of outputting
the work environmentimage (see FIG. 4/STEP 212) and
the process of outputting the index image superimposed
on the work environment image (see FIG. 4/STEP 214)
may be executed simultaneously as a single image out-
put process.

[0047] As a result, for example, as shown in FIG. 5,
the index image M indicating the second index point p,
resulting from the first index point pi being projected onto
the surface of the object Obj (e.g., earth and sand around
the work machine 40) is output to the remote image out-
put device 221 in the form of being superimposed on the
work environment image. Here, the index image M is an
image of a triangular or arrow-shaped figure directed to-
ward the second index point p, in the vertical direction
in real space. As shown in FIG. 5, the first index point pi
and the second index point p, may be displayed super-
imposed on the captured image, or the superimposed
display of the first index point pi and/or the second index
point p, may be omitted.

[0048] Inthe remote operation device 20, an operation
mode of the remote operation mechanism 211 is recog-
nized by the remote control device 200, and a remote
operation command corresponding to the operation
mode is transmitted to the image display system 10
through the remote wireless communication equipment
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224 (FIG. 4/STEP 220).

[0049] In the image display system 10, when the re-
mote operation command is received by the image
processing function element 122, the remote operation
command is transmitted to the work machine 40 by the
communication function element 121 (FIG. 4/C14). The
remote operation command may be transmitted to the
work machine 40 not via the image display system 10.
[0050] In the work machine 40, when the operation
command is received by the actual machine control de-
vice 400 through the actual machine wireless communi-
cation equipment 422 (FIG. 4/C44), the motion of the
work mechanism 440 and the like is controlled (FIG.
4/STEP 420). For example, a work of scooping up earth
and sand, which is the object Obj, in front of the work
machine 40 with the attachment 445, turning the upper
turning body 420, and then dropping the earth and sand
from the attachment 445 is executed.

(Operational Effects)

[0051] According to the image display system consti-
tuting the image display system having this configuration,
the operator is allowed to grasp the position of the work
mechanism 440 (the attachment 445) constituting the
work machine 40 and the position of the second index
point pz on the surface of the object Obj through the work
environment image and the index image M superim-
posed thereon that are output to the remote image output
device 221 constituting the remote output interface 220
(see FIG. 5). The second index point p, is the result of
the first index point pi being projected onto the surface
of the object Obj, so this prevents the operator from being
provided with position information on unnecessary parts
of the work mechanism 440 other than the first index
point p4, and improves the accuracy with which the op-
erator recognizes the positional relationship between the
work mechanism 440 and the object Obj.

[0052] Each of FIGS. 6A to 6C shows a positional re-
lationship between the arm top and the attachment 445
when excavating the ground. The work mechanism 440
can apply the strongest force under the arm top, which
is the connection point of the attachment 445. Taking this
into account, the operator usually brings the tip of the
attachment 445 into contact with the ground under the
arm top or on the far side from there, then moves the
attachment 445 so that the tip comes under the arm top,
and performs operation so that the tip finally comes to
the nearer side than the arm top. That is, when consid-
ering a series of motions for excavation with the attach-
ment 445, the arm top is often more suitable as a position
index for the work mechanism 440 than the tip of the
attachment 445.

[0053] Furthermore, the attachment 445 can be re-
placed with a breaker, a grapple, a lifting magnet, or the
like in addition to the bucket mentioned above, but even
if the attachment 445 is replaced, the position of the "arm
top" does not change, so there is an advantage that the
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same image display can be applied.

[0054] Further, the indeximage M is an image that has
directivity toward the second index point pz on the surface
of the object Obj, or an image that points to its position
by the apex of a substantially triangular shape, an arrow,
or the like (see FIG. 5). Therefore, it is made possible for
the operator to more easily recognize the positional re-
lationship between the work mechanism 440, especially
the attachment 445 for which the first index point pi is
defined, and the object Obj while avoiding the operator’'s
misunderstanding about the three-dimensional shape of
the surface of the object Ob;.

(Other Embodiments of the Present Invention)

[0055] Although the image display system 10 and the
communication function element 121 and the image
processing function element 122 constituting the same
are implemented by a computer that is present separately
from the remote operation device 20 and the work ma-
chine 40 in the embodiment described above, an image
display system may be mounted on the remote operation
device 20 and/or the work machine 40 and the commu-
nication function element 121 and/or the image process-
ing function element 122 may be implemented by the
remote control device 200 and/or the actual machine con-
trol device 400 as another embodiment. In that case, the
communication function in the image display system 10
can be omitted.

[0056] Although the firstindex point pi is defined as the
arm top in the embodiment described above, it may be
defined at the tip of the attachment 445. In that case, it
is made possible for the operator to more accurately rec-
ognize the positional relationship in respect of the contact
between the attachment 445 and the object Obj based
on the index image M indicating the second index point
p, resulting from the first index point pi being projected
onto the surface of the object Ob;.

[0057] In response to the index image output com-
mand, the index image M indicating the second index
point p, resulting from the first index point pi being pro-
jected onto the surface of the object Obj in the direction
corresponding to the displacement mode of the attach-
ment (e.g., attachment 445) on which the firstindex point
pi is arranged in the work mechanism 440 may be su-
perimposed on the work environment image and output
to theremote image output device 221. The displacement
mode of the work mechanism 440 or the attachment is
recognized based on the posture angle sensor and/or
the turning angle sensor that constitute the actual ma-
chine sensor group 416. The displacement mode of the
work mechanism 440 or the attachment may be recog-
nized based on the operation mode of the operation le-
vers that constitute the remote operation mechanism
211.

[0058] For example, as shown in FIG. 7A, when the
attachment 445 is displaced vertically downward, the in-
dex image M indicating the second index point p, result-
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ing from the first index point pi being projected vertically
downward onto the surface of the object Obj is superim-
posed on the work environment image and output to the
remote image output device 221. As shown in FIG. 7B,
when the attachment 445 is displaced forward and down-
ward as viewed from the work machine 40, the index
image M indicating the second index point p, resulting
from the first index point pi being projected onto the sur-
face ofthe object Objin aforward and downward direction
of the work machine 40 is superimposed on the work
environment image and output to the remote image out-
put device 221. As shown in FIG. 7C, when the attach-
ment 445 is displaced backward and downward as
viewed from the work machine 40, the index image M
indicating the second index point p, resulting from the
first index point pi being projected onto the surface of the
object Obj in a backward and downward direction of the
work machine 40 is superimposed on the work environ-
mentimage and output to the remote image output device
221.

[0059] According to the image display system having
this configuration, it is possible to improve the accuracy
with which the operator recognizes the positional rela-
tionship between the firstindex point pi of the work mech-
anism 440 and the second index point pz on the surface
of the object Obj in the work environment image in the
direction corresponding to the displacement mode of the
work mechanism 440 constituting the work machine 40
through the work environmentimage and the indeximage
M superimposed thereon that are output to the remote
image output device 221 of the remote operation device
20.

[0060] In response to the index image output com-
mand, the index image M indicating the second index
point p, resulting from the first index point pi being pro-
jected onto the surface of the object Obj in the direction
corresponding to the posture mode of the work mecha-
nism 440 or the attachment 445 may be superimposed
on the work environment image and output to the remote
image output device 221.

[0061] Forexample, as showninFIG. 8A, when a chis-
el, whichis a striking part for striking the object, of a break-
er 445, which is the attachment 445 having directional
action on the object, is directed vertically downward, the
index image M indicating the second index point p, re-
sulting from the first index point pi being projected verti-
cally downward onto the surface of the object Obj is su-
perimposed on the work environment image and output
to the remote image output device 221. As shown in FIG.
8B, when the chisel of the breaker 445 is directed forward
and downward as viewed from the work machine 40, the
index image M indicating the second index point p, re-
sulting from the first index point pi being projected onto
the surface of the object Obj in a forward and downward
direction of the work machine 40 is superimposed on the
work environment image and output to the remote image
output device 221. As shown in FIG. 8C, when the chisel
of the breaker 445 is directed backward and downward
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as viewed from the work machine 40, the index image M
indicating the second index point p, resulting from the
firstindex point pi being projected onto the surface of the
object Obj in a backward and downward direction of the
work machine 40 is superimposed on the work environ-
mentimage and output to the remote image output device
221.

[0062] According to the image display system having
this configuration, the operator can easily recognize the
position and direction of action on the object depending
on the posture mode of the work mechanism 440 or the
attachment 445 constituting the work machine 40 through
the work environment image and the index image M su-
perimposed thereon that are output to the remote image
output device 221 of the remote operation device 20, so
the operator’s recognition accuracy can be improved and
work efficiency can be improved.

[0063] The first index point is defined on the attach-
ment 445, and while transmission is continued (a specific
operation is continued) after the start of transmission of
a specific remote operation command, the position infor-
mation of the first index point may be not updated but
remain the position of the first index point pi immediately
before the operation command is transmitted.

[0064] For example, a lever of the remote operation
mechanism is provided with an operation switch that is
a push switch for causing a breaker 445, which is the
attachment 445, to work, and when an operation is per-
formed using the remote operation mechanism 211 such
thatthe breaker 445 works, aremote operation command
to cause the breaker 445 to work is transmitted to the
work machine 40 by the remote operation device 20, and
an update stop signal is transmitted to the image display
system 10 so as not to update the position information
of the first index point pi. Further, the update stop signal
is continuously transmitted while the operation switch is
pressed. As a result, the position information of the first
index point pi remains the position information immedi-
ately before the operation switch is operated while the
operation is continued. When the operation switch is no
longer pressed, the update stop signal to the image dis-
play system 10 is no longer transmitted. As a result, up-
dating of the position information of the first index point
pi is resumed.

[0065] According to the image display system having
this configuration, the position information of the first in-
dex point is not updated while the attachment 445 is at
work. Therefore, the work environment image and the
index image M superimposed thereon that are output to
the remote image output device 221 of the remote oper-
ation device 20 vibrate because of vibration of the first
index point due to vibration of the attachment 445 that is
caused by the working of the attachment 445. This can
prevent a phenomenon in which the operator who is per-
forming remote operation while gazing atthe indeximage
M gets motion sickness.

[0066] As described above, when the second index
point p, is defined as a result of the first index point pi
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being projected onto the surface of the object Obj in a
direction corresponding to the displacement mode or the
posture mode of the work mechanism 440 or the attach-
ment, a three-dimensional index image M in the work
environment image may be output to the remote image
output device 221 of the remote operation device 20.
[0067] For example, when the second index point p,
is defined as a result of the first index point pi being pro-
jected vertically downward onto the surface of the object
Obj (see FIGS. 7A and 8A), a substantially conical index
image M that has a central axis parallel to the vertical
direction of the real space and whose apex is directed
downward in real space as shown in FIG. 9A is superim-
posed on the work environment image and output to the
remote image output device 221. When the second index
point p, is defined as a result of the first index point pi
being projected onto the surface of the object Obj in a
forward and downward direction of the work machine 40
(see FIGS. 7B and 8B), a substantially conical index im-
age M whose apex is directed forward and downward in
real space as shown in FIG. 9B is superimposed on the
work environment image and output to the remote image
output device 221. When the second index point p, is
defined as a result of the first index point pi being pro-
jected onto the surface of the object Obj in a backward
and downward direction of the work machine 40 (see
FIGS. 7C and 8C), a substantially conical index image
M whose apex is directed backward and downward in
real space as shown in FIG. 9C is superimposed on the
work environment image and output to the remote image
output device 221.

[0068] According to the image display system having
this configuration, since the index image M output to the
remote image output device 221 of the remote operation
device 20 is a three-dimensional image, the operator is
allowed to easily grasp the positional relationship be-
tween the first index point pi of the work mechanism 440
and the second index point pz on the surface of the object
Obj through the output form of the index image M.
[0069] An index image M indicating the second index
point p, resulting from the first index point p,, whose po-
sition differs depending on the displacement mode of the
work mechanism 440, being projected onto the surface
of the object Obj may be superimposed on the work en-
vironment image and output to the remote image output
device 221 of the remote operation device 20.

[0070] For example, when the upper turning body 420
is not turning with respect to the lower traveling body 410,
the center point of the tip of the bucket 445 is defined as
the firstindex point pi as shown in FIG. 10A. On the other
hand, when a counterclockwise turn of the upper turning
body 420 with respect to the lower traveling body 410 as
viewed from above is estimated, predicted, or measured
(see the left-pointing white arrow) according to the oper-
ation mode of the remote operation mechanism 211
and/or the actual machine operating mechanism 411 or
based on the output signal from the actual machine sen-
sor group 416, a point on the left side of the tip of the
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bucket 445 is defined as the first index point pi as shown
in FIG. 10B. Further, when a clockwise turn of the upper
turning body 420 with respect to the lower traveling body
410 as viewed from above is estimated, predicted, or
measured (see the right-pointing white arrow) according
to the operation mode of the remote operation mecha-
nism 211 and/or the actual machine operating mecha-
nism 411 or based on the output signal from the actual
machine sensor group 416, a point on the right side of
the tip of the bucket 445 is defined as the first index point
pi as shown in FIG. 10C. Then, in each case, the index
image M indicating the second index point p, resulting
from the first index point pi being projected onto the sur-
face of the object Obj is superimposed on the work en-
vironment image and output to the remote image output
device 221.

[0071] When operating the work machine 40, the part
of the work mechanism 440 that should be gazed at
changes depending on the mode of change of the posi-
tion and/or posture of the work mechanism 440. For ex-
ample, if the operation is to turn the upper turning body
420 with respect to the lower traveling body 410, the part
is the foremost end in the turning direction, and if the
operation is to move the work mechanism 440 away from
the center of the machine, the part is the foremost end
in the direction in which the work mechanism 440 moves
away from the center of the machine.

[0072] According to the image display system having
this configuration, it becomes easier to grasp the posi-
tional relationship between the part to be gazed at and
the object Obj according to the mode of change of the
position and/or posture of the work mechanism 440 con-
stituting the work machine 40 through the work environ-
ment image and the index image M superimposed ther-
eon that are output to the remote image output device
221 ofthe remote operation device 20, and the operator’'s
recognition accuracy can be improved.

[0073] A plurality of index images M indicating a re-
spective plurality of second index points p, resulting from
a respective plurality of first index points pi being project-
ed onto the surface of the object Obj may be superim-
posed on the work environment image and output to the
remote image output device 221 of the remote operation
device 20.

[0074] For example, as shown in FIG. 11, the left end
point and the right end point of the tip of the attachment
445 are defined as first index points p,4 and p,,, respec-
tively, and a plurality of index images M, and M, indicat-
ing the second index points p,4 and p,,, respectively,
resulting from the first index points p44 and p4,, respec-
tively, being projected vertically downward onto the sur-
face of the object Obj may be superimposed on the work
environment image and output to the remote image out-
put device 221 of the remote operation device 20. The
respective numbers of the first index points pi and their
corresponding second index points p, may be three or
more.

[0075] According to the image display system having
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this configuration, the operator is allowed to grasp the
respective positions of the plurality of second index points
p,4 and p,, resulting from the plurality of first index points
pn and p4,, respectively, of the work mechanism 440
being projected onto the surface of the object Objthrough
the work environment image and the plurality of index
images M, and M, that are output to the remote image
output device 221 of the remote operation device 20. This
improves the accuracy with which the operator recogniz-
es the positional relationship between the work mecha-
nism 440 and the object Obj as compared to the case
where only a single index image is output to the remote
image output device 221.

[0076] A plurality of index images M directed toward a
respective plurality of second index points p, correspond-
ing to a respective plurality of first index points pi whose
relative positions change as the posture of the work
mechanism 440 changes may be superimposed on the
work environment image and output to the remote image
output device 221 of the remote operation device 20.
[0077] Forexample,asshowninFIG. 12A, when a pair
of constituent members 4451 and 4452 constituting the
attachment 445 (e.g., a grapple or a crusher) are closed,
the centroid of the respective tips of the pair of constituent
members 4451 and 4452 is defined as a first index point
p4, and a single index image M indicating the second
index point p, resulting from the first index point pi being
projected onto the surface of the object Obj is superim-
posed on the work environment image and output to the
remote image output device 221 of the remote operation
device 20. On the other hand, as shown in FIG. 12B,
when the pair of constituent members 4451 and 4452
constituting the attachment 445 are opened, the respec-
tive tips of the pair of constituent members 4451 and
4452 are defined as the first index points py4 and py,,
and a plurality of index images M, and M, indicating the
second index points py4 and py, resulting from the first
index points p41 and p4, being projected onto the surface
of the object Obj are superimposed on the work environ-
mentimage and output to the remote image output device
221 of the remote operation device 20.

[0078] According to the image display system having
this configuration, the operator is allowed to grasp the
respective positions of the plurality of second index points
p,1 and py, resulting from the respective plurality of first
index points p44 and p4,, whose relative positions change
as the posture of the work mechanism 440 (e.g., the pair
of constituent members 4451 and 4452 of the attachment
445) changes, being projected onto the surface of the
object through the work environment image and the plu-
rality ofindex images that are output to the remote image
output device of the remote operation device 20. This
improves the accuracy with which the operator recogniz-
es the positional relationship between the plurality of
parts of the work mechanism 440 and the object Obj that
corresponds to the mode of change of the posture.
[0079] The plurality of parts may be composed of, for
example, one part of the attachment 445 and another
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part of the arm 443 and/or the boom 441. For example,
the center point of the tip of the attachment 445 and the
center point of the tip (the connection part with the at-
tachment 445) of the arm 443 may be defined as the first
index points py4 and p4,, respectively. In this case, the
index images M, and M, superimposed on the work en-
vironment image are identifiably expressed using colors,
shapes, patterns, or a combination thereof, so that the
operator can recognize the mode of arrangement of the
index images M, and M, in the front-rear direction in real
space and therefore the posture of the attachment 445
(e.g., a bucket).

[0080] Although the index image M having directivity
toward the second index point p, is output to the remote
image output device 221 in the embodiment described
above (see FIG. 5), an index image M having no direc-
tivity toward the second index point p, may be output to
the remote image output device 221 as another embod-
iment. For example, an index image M such as a two-
dimensional figure in a specified shape such as a circle
or a square with the second index point pz as the center
or centroid arranged in a posture parallel to the horizontal
plane may be output to the remote image output device
221. An index image M such as a three-dimensional fig-
ure in a specified shape such as a sphere, a cube, or a
polyhedron with the second index point pz as the center
or centroid arranged in a posture parallel to the horizontal
plane may be output to the remote image output device
221.

[0081] Inthe remote operation device 20, based on the
operation mode of the remote operation mechanism 211
atafirsttimet=tirecognized by the remote control device
200, the mode of occupation of the space by the work
mechanism 440 at the first time t = t; or a second time t
=t, laterthan the first time may be estimated or predicted,
and the first index point pi may be defined in the work
mechanism 440 at the second time t=t,. The time differ-
ence between the first time t=t, and the second time t=t,
may be set according to the displacement speed of the
first index point pi corresponding to the change speed of
the position and/or posture of the work mechanism 440
in real space.

[0082] For example, consider the case where a coun-
terclockwise turn of the upper turning body 420 with re-
spect to the lower traveling body 410 as viewed from
above is estimated, predicted, or measured at the first
time t = ti (see the left-pointing white arrow in FIG. 13A)
according to the operation mode of the remote operation
mechanism 211 and/or the actual machine operating
mechanism 411 or based on the output signal from the
actual machine sensor group 416. In this case, the center
point of the tip of the bucket 445 at the second time t=t,
as showninFIG. 13A as abroken line, which is displaced
to the left of the bucket 445 at the first time t=t; as shown
in FIG. 13A as a solid line is defined as the first index
point pi.

[0083] In addition, the following description considers
the case where a clockwise turn of the upper turning body
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420 with respect to the lower traveling body 410 as
viewed from above is estimated, predicted, or measured
at the first time t = ti (see the right-pointing white arrow
in FIG. 13B) according to the operation mode of the re-
mote operation mechanism 211 and/or the actual ma-
chine operating mechanism 411 or based on the output
signal from the actual machine sensor group 416. In this
case, the center point of the tip of the bucket 445 at the
second time t=t, as shown in FIG. 13B as a broken line,
which is displaced to the right of the bucket 445 at the
first time t=t; as shown in FIG. 13B as a solid line is
defined as the first index point pi.

[0084] Then, in each case, the index image M indicat-
ing the second index point p, resulting from the firstindex
point pi being projected onto the surface of the object Obj
is superimposed on the work environmentimage and out-
put to the remote image output device 221.

[0085] According to the image display system having
this configuration, the operator can recognize the mode
of change of the position and/or posture in which a part
or the whole of the communication delay time and the
response delay time of the work mechanism 440 consti-
tuting the work machine 40 is taken into account through
the work environment image and the index image M su-
perimposed thereon that are output to the remote image
output device 221 of the remote operation device 20, so
the accuracy of recognizing the positional relationship of
the work mechanism 440 with respect to the object Obj
isimproved in consideration of the operating environment
specific to remote operation, and operations can be per-
formed more efficiently.

[0086] Preferably, intheimage display system accord-
ing to the present invention,

the index image having directivity toward the second in-
dex point is superimposed on the work environment im-
age and output to the output interface of the remote op-
eration device.

[0087] According to the image display system having
this configuration, the index image output to the output
interface of the remote operation device has directivity
toward the second index point (the index image points
to the position of the second index point), so the operator
is allowed to easily grasp the positional relationship be-
tween the first index point of the work mechanism and
the second index point on the surface of the object.
[0088] Preferably, intheimage display system accord-
ing to the present invention,

the index image indicating the second index point result-
ing from the first index point being projected onto the
surface of the object in a direction corresponding to a
displacement mode of the work mechanism or a posture
mode of the work mechanism is superimposed on the
work environment image and output to the output inter-
face of the remote operation device.

[0089] According to the image display system having
this configuration, it is possible to improve the accuracy
with which the operator recognizes the positional rela-
tionship between the first index point of the work mech-
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anism and the second index point on the surface of the
object in the work environment image in the direction
corresponding to the displacement mode or the posture
mode of the work mechanism constituting the work ma-
chine through the work environment image and the index
image superimposed thereon that are output to the output
interface of the remote operation device.

[0090] Preferably, in the image display system accord-
ing to the present invention,

the index image indicating the second index point result-
ing from the first index point, whose position differs de-
pending on a displacement mode of the work mecha-
nism, being projected onto the surface of the object is
superimposed on the work environment image and out-
putto the outputinterface of the remote operation device.
[0091] According to the image display system of the
present invention, it is possible to improve the accuracy
with which the operator recognizes the positional rela-
tionship between the first index point of the work mech-
anism, which is displaced to a position corresponding to
the displacement mode of the work mechanism consti-
tuting the work machine, and the second index point on
the surface of the object in the work environment image
through the work environmentimage and the indeximage
superimposed thereon that are output to the output in-
terface of the remote operation device.

[0092] Preferably, in the image display system accord-
ing to the present invention,

a position of the first index point of the work mechanism
that is determined based on an output from a sensor
mounted on the work machine is recognized, and then
the index image indicating the second index point result-
ing from the first index point being projected onto the
surface of the object is superimposed on the work envi-
ronment image and output to the output interface of the
remote operation device.

[0093] According to the image display system having
this configuration, for example, even if it is difficult for the
distance measuring device mounted on the work ma-
chine to recognize the real space position of the firstindex
point, the operator is allowed to easily grasp or infer the
positional relationship between the first index point and
the second index point resulting from the first index point
being projected onto the surface of the object through
the index image output to the output interface of the re-
mote operation device.

[0094] Preferably, in the image display system accord-
ing to the present invention,

the first index point is set at an arm top.

[0095] According to the image display system having
this configuration, when excavating the ground using the
work mechanism, the position of the tip of the attachment
is operated relative to the position of the arm top in a
series of motions for excavation in order to apply strong
force, so the arm top is suitable as the position index.
Furthermore, since the position of the arm top does not
change even if the attachment is replaced, there is an
advantage that the same image display can be applied.
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[0096] Preferably, intheimage display system accord-
ing to the present invention,

a plurality of the index images indicating a respective
plurality of the second index points resulting from a re-
spective plurality of the first index points being projected
onto the surface of the object are superimposed on the
work environment image and output to the output inter-
face of the remote operation device.

[0097] According to the image display system having
this configuration, the operator is allowed to grasp the
respective positions of the plurality of second index points
resulting from the respective plurality of firstindex points
of the work mechanism being projected onto the surface
of the object through the work environment image and
the plurality of index images that are output to the output
interface of the remote operation device. This improves
the accuracy with which the operator recognizes the po-
sitional relationship between the work mechanism and
the object as compared to the case where only a single
index image is output to the output interface of the remote
operation device.

[0098] Preferably, inthe image display system accord-
ing to the present invention,

a plurality of the index images directed toward a respec-
tive plurality of the second index points corresponding to
a respective plurality of the first index points whose rel-
ative positions change as the posture of the work mech-
anism changes are superimposed on the work environ-
ment image and output to the output interface of the re-
mote operation device.

[0099] According to the image display system having
this configuration, the operator is allowed to grasp the
respective positions of the plurality of second index points
resulting from the respective plurality of firstindex points,
whose relative positions change as the posture of the
work mechanism changes, being projected onto the sur-
face of the object through the work environment image
and the plurality of index images that are output to the
output interface of the remote operation device. This im-
proves the accuracy with which the operator recognizes
the positional relationship between the plurality of parts
of the work mechanism and the object that corresponds
to the mode of change of the posture.

Reference Signs List

[0100] 10 Image display system, 20 Remote operation
device, 40 Work machine, 41 Actual machine input inter-
face, 42 Actual machine output interface, 102 Database,
121 Communication function element, 122 Image
processing function element, 200 Remote control device,
210 Remote input interface, 211 Remote operation
mechanism, 220 Remote output interface, 221 Remote
image output device, 222 Remote sound output device,
400 Actual machine control device, 410 Lower traveling
body, 420 Upper turning body, 424 Cab (driver’s cabin),
440 Work mechanism, 445 Attachment (breaker, bucket,
etc.), M, M4, M, Index image, Obj Object, p4, P11, P12
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First index point, p,, pyq, P2, Second index point

Claims

An image display system, wherein

on a work environment image representing a situa-
tion of a work mechanism constituting a work ma-
chine and an object present around the work ma-
chine, an index image indicating a second index
point resulting from a first index point of the work
mechanism being projected onto a surface of the
object in real space is superimposed and output to
an output interface of a remote operation device for
remotely operating the work machine.

The image display system according to claim 1,
wherein

the index image having directivity toward the second
index point is superimposed on the work environ-
ment image and output to the output interface of the
remote operation device.

The image display system according to claim 1,
wherein

the index image indicating the second index point
resulting from the first index point being projected
onto the surface of the object in a direction corre-
sponding to a displacement mode of the work mech-
anism or a posture mode of the work mechanism is
superimposed on the work environment image and
output to the output interface of the remote operation
device.

The image display system according to claim 1,
wherein

the index image indicating the second index point
resulting from the first index point, whose position
differs depending on a displacement mode of the
work mechanism, being projected onto the surface
of the object is superimposed on the work environ-
ment image and output to the output interface of the
remote operation device.

The image display system according to claim 1,
wherein

a position of the first index point of the work mech-
anism that is determined based on an output from a
sensor mounted on the work machine is recognized,
andthen the indeximage indicating the second index
point resulting from the first index point being pro-
jected onto the surface of the object is superimposed
on the work environment image and output to the
output interface of the remote operation device.

The image display system according to claim 1,
wherein
the first index point is set at an arm top.
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The image display system according to claim 1,
wherein

a plurality of the index images indicating a respective
plurality of the second index points resulting from a
respective plurality of the first index points being pro-
jected onto the surface of the object are superim-
posed on the work environment image and output to
the output interface of the remote operation device.

The image display system according to claim 7,
wherein

a plurality of the index images directed toward a re-
spective plurality of the second index points corre-
sponding to a respective plurality of the first index
points whose relative positions change with motion
of the work mechanism are superimposed on the
work environment image and output to the output
interface of the remote operation device.

An image display composite system, comprising:

a work machine that has an actual machine im-
age capturing device, an actual machine dis-
tance measuring device, and a work mecha-
nism;

a remote operation device that has an output
interface and is for remotely operating the work
machine; and

an image display system, wherein

the image display system superimposes, on a
work environment image representing a situa-
tion of a work mechanism constituting a work
machine and an object present around the work
machine that is acquired through the actual ma-
chine image capturing device, an index image
indicating a second index point resulting from a
first index point of the work mechanism being
projected onto a surface of the object, whose
three-dimensional shape is measured through
the actual machine distance measuring device,
inreal space, and outputs the work environment
image on which the index image is superim-
posed to an output interface of the remote op-
eration device.

10. An image display method, comprising

a step of superimposing, on a work environment im-
age representing a situation of a work mechanism
constituting a work machine and an object present
around the work machine, an index image indicating
a second index point resulting from a firstindex point
of the work mechanism being projected onto a sur-
face of the object in real space, and outputting the
work environment image on which the index image
is superimposed to an output interface of a remote
operation device for remotely operating the work ma-
chine.
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