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(54) IMAGE DISPLAY SYSTEM, IMAGE DISPLAY COMPOSITE SYSTEM, AND IMAGE DISPLAY 
METHOD

(57) An object is to provide an image display system
capable of causing a user to know interaction relation-
ships between work machines and operators related to
the work machines. On an output interface 620 of an
information terminal apparatus 60, face picture images
and face illustration images as indicator images M1i,
which are associated with the positions of work machines
Qi existing in a specified area in a specified area image,
or pieces of identification information about operators of
the work machines Qi, and pieces of operation history
information about the work machines Qi of the operators
are displayed. It is possible to, according to difference
among the indicator images M1i in type and/or design,
cause a user of the information terminal apparatus 60 to
know whether the current operation status is a remote
operation status or an actual-machine operation status,
among a plurality of selectable operation statuses of the
work machines Qi. Since the identification information
about the operators and the pieces of operation history
information about the work machines of the operators
are displayed on a display apparatus, the pieces of op-
eration history information associated with the operators
can be displayed.
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Description

Technical Field

[0001] The present invention relates to an image dis-
play system that causes an output interface of an infor-
mation terminal apparatus to output specification infor-
mation about interactions between work machines and
operators.

Background Art

[0002] There has been proposed a technology of dis-
playing working information about a construction ma-
chine, such as an engine start date and time, an engine
stop date and time, an engine cooling water amount, an
engine oil amount, a hydraulic oil amount, a filter differ-
ential pressure, and a work position, on a monitor screen
of a management computer capable of communicating
with the construction machine (see, for example, Patent
Literature 1).
[0003] There has been proposed a management sys-
tem that superimposes a symbol indicating a position of
each industrial vehicle on a map and displays the symbol
in a different aspect according to the machine number of
the industrial vehicle, location information, the vehicle ID,
time information by an hour meter, a maintenance cost
amount, and a working situation such as the cumulative
number of warnings (see, for example, Patent Literature
2).
[0004] Further, it has been conventionally performed
to present work results of an operator at the time of op-
erating a work machine to the operator in order to improve
the work efficiency and skill level of the operator.
[0005] For example, a work machine operation support
apparatus that calculates work results indicating efficien-
cy of work based on a work amount, work time, and power
consumption of a work machine is disclosed in Patent
Literature 3.

Citation List

Patent Literature

[0006]

Patent Literature 1: Japanese Patent Laid-Open No.
2002-088821
Patent Literature 2: Japanese Patent Laid-Open No.
2013-235485
Patent Literature 3: Japanese Patent Laid-Open No.
2016-141940

Summary of Invention

Technical Problem

[0007] The management system in the conventional

technology assumes a case where a work machine is
operated by an operator who is on board the work ma-
chine (an actual machine operation) but does not assume
a case where a work machine is operated by an operator
in a remote control room installed in a place that is remote
from a specified area (a remote operation) and a case
where a work machine is automatically operated are not
assumed.
[0008] Further, though, in Patent Literature 3, work re-
sults of an operator who is on board one work machine
are acquired, it is difficult to acquire appropriate work
results, for example, in a case where the same operator
transfers from one work machine to another work ma-
chine to perform work.
[0009] Therefore, an object of the present invention is
to provide a system capable of causing a user to know
the state of each of one or more work machines working
in various forms in a specified area, and the like. Further,
another object is to provide an image display system ca-
pable of displaying a work history of each work machine
for each operator who operates the work machine, an
image display composite system, and an image display
method.

Solution to Problem

[0010] An image display system of the present inven-
tion causes an output interface of an information terminal
apparatus to output specification information about inter-
actions between the work machines and operators.
[0011] According to the image display system with the
above configuration, it is possible to cause a user of the
information terminal apparatus to know the specification
information about the interactions between the work ma-
chines and the operators on the output interface of the
information terminal apparatus.
[0012] In the image display system with the above con-
figuration, it is preferable that the image display system
causes the output interface of the information terminal
apparatus to output indicator images associated with po-
sitions of the work machines existing in a specified area
in a specified area image, the indicator images identifia-
bly indicating current operation statuses of the work ma-
chines among a plurality of selectable or interchangeable
operation statuses of the work machines, as the specifi-
cation information.
[0013] According to the image display system with the
above configuration, it is possible to, on the output inter-
face of the information terminal apparatus, cause the us-
er of the information terminal apparatus to know the cur-
rent operation statuses of the work machines among the
plurality of selectable operation statuses of the work ma-
chines through the indicator images outputted in associ-
ation with the positions of the work machines existing in
the specified area in the specified area image.
[0014] In the image display system with the above con-
figuration, it is preferable to cause the output interface of
the information terminal apparatus to output pieces of
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identification information about the operators of the work
machines and pieces of operation history information
about the work machines of the operators, as the spec-
ification information.
[0015] According to the image display system with the
above configuration, it is possible to cause the user of
the information terminal apparatus to know, through the
pieces of identification information about the operators
and the pieces of operation history information about the
work machines of the operators, the pieces of operation
history information associated with the operators.
[0016] An image display composite system of the
present invention comprises: the image display system
described above, and either the information terminal ap-
paratuses, or the work machines and a remote operation
apparatus for remotely operating the work machines.
[0017] An image display method of the present inven-
tion comprises a process of causing an output interface
of an information terminal apparatus to output indicator
images associated with positions of work machines ex-
isting in a specified area in a specified area image, the
indicator images identifiably indicating current operation
statuses of the work machines among a plurality of se-
lectable or interchangeable operation statuses of the
work machines.
[0018] An image display system of the present inven-
tion comprises a process of causing an output interface
of an information terminal apparatus to output pieces of
identification information about operators of work ma-
chines and pieces of operation history information about
the work machines of the operators.

Brief Description of Drawings

[0019]

FIG. 1 is a diagram about configurations of an image
display composite system and an image display sys-
tem as a first embodiment of the present invention.
FIG. 2 is a diagram about a configuration of a remote
operation apparatus as the first embodiment of the
present invention.
FIG. 3 is a diagram about a configuration of a work
machine as the first embodiment of the present in-
vention.
FIG. 4 is a diagram about functions of the image
display system as the first embodiment of the present
invention.
FIG. 5 is a diagram about a specified area image
and a first display form of indicator images as the
first embodiment of the present invention.
FIG. 6A is a diagram about a second display form of
each indicator image as the first embodiment of the
present invention.
FIG. 6B is a diagram about a third display form of
each indicator image as the first embodiment of the
present invention.
FIG. 6C is a diagram about a fourth display form of

each indicator image as the first embodiment of the
present invention.
FIG. 7 is a diagram about one display form of actual-
machine-related information in the specified area im-
age as the first embodiment of the present invention.
FIG. 8 is a diagram about one display form of weather
information in the specified area image as the first
embodiment of the present invention.
FIG. 9 is a diagram about one display form of notifi-
cation information in the specified area image as the
first embodiment of the present invention.
FIG. 10 is a diagram about configurations of an im-
age display composite system and an image display
system as a second embodiment of the present in-
vention.
FIG. 11 is a diagram about a configuration of a re-
mote operation apparatus as the second embodi-
ment of the present invention.
FIG. 12 is a diagram about a configuration of a work
machine as the second embodiment of the present
invention.
FIG. 13 is a diagram about functions of the image
display system as the second embodiment of the
present invention.
FIG. 14 is a diagram showing a display form of an
information terminal apparatus as the second em-
bodiment of the present invention.
FIG. 15 is a diagram showing another display form
in the second embodiment of the present invention.
FIG. 16 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 17 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 18 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 19 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 20 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 21 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 22 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 23 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 24 is a diagram showing still another display
form in the second embodiment of the present in-
vention.
FIG. 25 is a diagram showing still another display
form in the second embodiment of the present in-
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vention.
FIG. 26 is a diagram showing a data structure of
operation history information as the second embod-
iment of the present invention.

Description of Embodiments

(First embodiment)

[0020] The following description is description about
an image display composite system as a first embodi-
ment of the present invention.

(Configuration of image display composite system)

[0021] The image display composite system shown in
FIG. 1 is configured with an image display system 10, a
remote operation apparatus 20, and/or a work machine
40 which is a target of remote operation by the remote
operation apparatus 20. The image display system 10,
the remote operation apparatus 20, and the work ma-
chine 40 are configured to be capable of mutually per-
forming network communication. A mutual communica-
tion network between the image display system 10 and
the remote operation apparatus 20 and a mutual com-
munication network between the image display system
10 and the work machine 40 may be the same or different.

(Configuration of image display system)

[0022] The image display system 10 is configured with
a computer existing separately from the remote operation
apparatus 20 and the work machine 40, and comprises
a database 102, a first functional element 121 and a sec-
ond functional element 122.
[0023] The database 102 may be configured with a da-
tabase server capable of mutually communicating with
the image display system 10. With the database 102,
operator identifiers for identifying operators of work ma-
chines 40, pieces of particular information about and/or
attributes of the operators are registered, being mutually
associated. The particular information about each oper-
ator includes, for example, a face picture image, face
illustration image, and/or name of the operator. The at-
tributes of each operator include, for example, an organ-
ization that the operator belongs to, a language used by
the operator, and/or a work job history of the operator.
[0024] The particular information about and/or at-
tributes of each operator who is remotely operating a
work machine 40 through the remote operation appara-
tus 20 is transmitted from the remote operation apparatus
20 or the work machine 40 to the image display system
10 and then registered with the database 102, being mu-
tually associated. The particular information about and/or
attributes of the operator, and the operator identifier may
be inputted by the operator through a touch panel con-
stituting a remote input interface 210 or may be read from
an electromagnetic storage medium such as a card or

mobile information terminal apparatus owned by the op-
erator by a contactless reader constituting the remote
input interface 210.
[0025] With the database 102, an actual-machine iden-
tifier for identifying each work machine 40 and related
information about the work machine 40 are registered in
association with each other. The related information
about the work machine 40 includes, in addition to static
actual-machine-related information, such as the class
and specifications of the work machine 40, the type of
an attachment 445, and the type of crawlers constituting
a lower traveling body 410, dynamic actual-machine-re-
lated information, such as a place where the remote op-
eration apparatus 20 exists if the work machine 40 is
remotely operated, cumulative operation time, a remain-
ing amount of fuel, a remaining amount of soot of an
exhaust gas purification device, or a remaining amount
of urea water per unit period such as one day or one
month.
[0026] The actual-machine identifier and the static ac-
tual-machine-related information are transmitted from
each work machine 40 to the image display system 10
and then registered with the database 102 in association
with each other. The actual-machine identifier and the
dynamic actual-machine-related information are trans-
mitted from each work machine 40 to the image display
system 10 and then cumulatively or sequentially regis-
tered with the database 102 in association with each oth-
er. The dynamic actual-machine-related information is
measured using appropriate sensors constituting an ac-
tual-machine sensor group 416 mounted on the work ma-
chine 40. The dynamic actual-machine-related informa-
tion may include internal state variables and/or external
state variables of the work machine 40. The "external
state variables" are variables indicating an environment
of the work machine 40, which influences the internal
state variables of the work machine 40. For example, an
ambient temperature around the work machine 40 is an
external state variable. The "internal state variables" are
variables indicating states of components of the work ma-
chine 40, for example, a water temperature in piping for
engine cooling water, a temperature of hydraulic piping,
a tank, and the like of a hydraulic system for causing a
work mechanism 440 and the like to operate.
[0027] The related information about each work ma-
chine 40 is transmitted to the image display system 10
through the remote operation apparatus 20 and then reg-
istered with the database 102 in association with its ac-
tual-machine identifier.
[0028] The particular information about and/or at-
tributes of each operator who is actually operating a work
machine 40 may be transmitted to the image display sys-
tem 10 and then registered with the database 102 in as-
sociation with an actual-machine identifier. The particular
information about and/or attributes of the operator may
be inputted by the operator through a touch panel con-
stituting an actual-machine input interface 41 or may be
read from an electromagnetic storage medium such as
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a card or a mobile terminal owned by the operator by a
contactless reader constituting the actual-machine input
interface 41.
[0029] Each functional element is configured with an
arithmetic processing unit (for example, a single-core
processor and/or a multi-core processor, or a processor
core constituting the multi-core processor), and the func-
tional element reads necessary data and software from
a storage device such as a memory and executes arith-
metic processing described later according to the soft-
ware, for the data.

(Configuration of remote operation apparatus)

[0030] Each remote operation apparatus 20 comprises
a remote control device 200, the remote input interface
210, and a remote output interface 220. The remote con-
trol device 200 is configured with an arithmetic process-
ing unit (for example, a single-core processor and/or a
multi-core processor, or a processor core constituting the
multi-core processor), and the remote control device 200
reads necessary data and software from a storage device
such as a memory and executes arithmetic processing
according to the software, for the data.
[0031] The remote input interface 210 comprises a re-
mote operation mechanism 211. The remote output in-
terface 220 comprises a remote image output device 221
and a remote wireless communication equipment 222 for
performing communication via a network.
[0032] The remote operation mechanism 211 includes
a travel operation device, a swing operation device, a
boom operation device, an arm operation device, and a
bucket operation device. Each of the operation devices
has an operation lever to receive a rotation operation.
The operation lever of the travel operation device (a travel
lever) is operated to move the lower traveling body 410
of the work machine 40. The travel lever may serve as a
travel pedal. For example, a travel pedal fixed to a base
part or lower end part of the travel lever may be provided.
The operation lever of the swing operation device (a
swing lever) is operated to move a hydraulic swing motor
constituting a swing mechanism 430 of the work machine
40. The operation lever of the boom operation device (a
boom lever) is operated to move a boom cylinder 442 of
the work machine 40. The operation lever of the arm op-
eration device (an arm lever) is operated to move an arm
cylinder 444 of the work machine 40. The operation lever
of the bucket operation device (a bucket lever) is oper-
ated to move a bucket cylinder 446 of the work machine
40.
[0033] Each of the operation levers constituting the re-
mote operation mechanism 211 are arranged, for exam-
ple, around a seat St for an operator to sit on, as shown
in FIG. 2. Though the seat St is in a form like a high-back
chair with arm rests, it may be a seating portion in any
form where an operator can be seated, such as a form
of a low-back chair without a head rest or a chair without
a backrest.

[0034] In front of the seat St, a pair of left and right
travel levers 2110 corresponding to left and right crawlers
are arranged side by side left and right. One operation
lever may serve as a plurality of operation levers. For
example, a left-side operation lever 2111 provided at the
front of a left-side frame of the seat St shown in FIG. 2
may function as the arm lever when being operated for-
ward and backward and function as the swing lever when
being operated in left and right directions. Similarly, a
right-side operation lever 2112 provided at the front of a
right-side frame of the seat St shown in FIG. 2 may func-
tion as the boom lever when being operated forward and
backward and function as the bucket lever when being
operated in left and right directions. Lever patterns may
be freely changed by operation instructions by an oper-
ator.
[0035] For example, as shown in FIG. 2, the remote
image output device 221 is configured with a central re-
mote image output device 2210, a left-side remote image
output device 2211, and a right-side remote image output
device 2212 that are arranged in front of, diagonally for-
ward to the left of, and diagonally forward to the right of
the seat St, each of which having an approximately rec-
tangular screen. The 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 be the same or
different in shape and size.
[0036] As shown in FIG. 2, the right edge of the left-
side remote image output device 2211 adjoins 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 of θ1 (for
example, 120°≤θ1≤150°). As shown in FIG. 2, the left
edge of the right-side remote image output device 2212
adjoins 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 output device 2212 form an inclination
angle of θ2 (for example, 120°≤θ2≤150°). The inclination
angles θ1 and θ2 may be the same or different.
[0037] The screen of each of the central remote image
output device 2210, the left-side remote image output
device 2211, and the right-side remote image output de-
vice 2212 may be parallel or inclined relative to the ver-
tical direction. At least one of the central remote image
output device 2210, the left-side remote image output
device 2211, and the right-side remote image output de-
vice 2212 may be configured with a plurality of divided
remote image output devices. For example, the central
remote image output device 2210 may be configured with
a pair of vertically adjoining remote image output devices
each of which has an approximately rectangular screen.
[0038] The remote image output device 221 may be
configured with a single remote image output device that
is curved or bent, surrounding the seat St. A single remote
image output device may be configured, for example,
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with the central remote image output device 2210. The
remote image output device 221 may be configured with
two remote image output devices (for example, the cen-
tral remote image output device 2210, and the left-side
remote image output device 2211 or the right-side remote
image output device 2212).

(Configuration of work machine)

[0039] Each work machine 40 comprises an actual-
machine control device 400, the actual-machine input
interface 41, an actual-machine output interface 42, and
the work mechanism 440. The remote control device 400
is configured with an arithmetic processing unit (a single-
core processor, or a multi-core processor or a processor
core constituting the multi-core processor), and the re-
mote control device 400 reads necessary data and soft-
ware from a storage device such as a memory and exe-
cutes arithmetic processing according to the software,
for the data.
[0040] The work machine 40 is, for example, a crawler
shovel (a construction machine) and comprises the
crawler-type lower traveling body 410 and an upper
swinging body 420 that is swingably mounted on the low-
er traveling body 410 via the swinging mechanism 430
as shown in FIG. 3. On a front left-side part of the upper
swinging body 420, a cab 424 (an operation room) is
provided. On a front central part of the upper swinging
body 420, the work mechanism 440 is provided.
[0041] The actual-machine input interface 41 compris-
es an actual-machine operation mechanism 411, an ac-
tual-machine image-pickup device 412, an actual-ma-
chine positioning device 414, and the actual-machine
sensor group 416. The actual-machine operation mech-
anism 411 comprises a plurality of operation levers ar-
ranged similarly to those of the remote operation mech-
anism 211, around a seat arranged inside the cab 424.
A drive mechanism or a robot that receives a signal cor-
responding to an operation aspect of a remote operation
lever and moves an actual-machine operation lever
based on the received signal is provided in the cab 424.
The actual-machine image-pickup device 412 is in-
stalled, for example, inside the cab 424 and picks up an
image of an environment including at least a part of the
work mechanism 440 (for example, the attachment 445)
through a front window. A part or all of the front window
and side windows may be omitted. The actual-machine
positioning device 414 is a device for measuring a current
position of the work machine 40 and is configured, for
example, a GNSS (Global Navigation Satellite System),
and a gyro sensor if necessary. The actual-machine sen-
sor group 416 is configured with various sensors for
measuring the situation of the work machine 40 including
a remaining amount of fuel of the work machine 40 and
the like.
[0042] The actual-machine output interface 42 com-
prises an actual-machine wireless communication equip-
ment 422 for performing communication via a network.

[0043] As shown in FIG. 3, the work mechanism 440
as a work mechanism comprises a boom 441 fitted to
the upper swinging body 420 in a manner that it can be
raised and lowered, an arm 443 rotatably coupled with
the tip of the boom 441, and the attachment 445 (for
example, a bucket) rotatably coupled with the tip of the
arm 443. The boom cylinder 442, the arm cylinder 444
and the bucket cylinder 446, which are configured with
extendable hydraulic cylinders, are fitted to the work
mechanism 440.
[0044] The boom cylinder 442 intervenes between the
boom 441 and the upper swinging body 420 so as to, by
receiving supply of hydraulic oil, extend or contract to
cause the boom 441 to rotate in a raising or lowering
direction. The arm cylinder 444 intervenes between the
arm 443 and the boom 441 so as to, by receiving supply
of hydraulic oil, extend or contract to cause the arm 443
to rotate around a horizontal axis relative to the boom
441. The bucket cylinder 446 intervenes between the at-
tachment 445 and the arm 443 so as to, by receiving
supply of hydraulic oil, extend or contract to cause the
attachment 445 to rotate around a horizontal axis relative
to the arm 443.

(Configuration of information terminal apparatus)

[0045] An information terminal apparatus 60 is a ter-
minal apparatus such as a smartphone, a tablet terminal,
or a personal computer and comprises a control device
600, an input interface 610, and an output interface 620.
The control device 600 is configured with an arithmetic
processing unit (a single-core processor, or a multi-core
processor or a processor core constituting the multi-core
processor), and the control device 600 reads necessary
data and software from a storage device such as a mem-
ory and executes arithmetic processing according to the
software, for the data.
[0046] The input interface 610 is configured with a
touch-panel buttons, switches, and the like. The remote
output interface 620 comprises a remote image output
device and wireless communication equipment for per-
forming communication via a network.

(Functions)

[0047] FIG. 4 shows a flowchart showing the image
display system configured as above and functions of the
image display system. In the flowchart, each block indi-
cated by "C∼" is used for simplification of description,
means transmission and/or reception of data, and means
such a condition branch that processing in a branch di-
rection is executed subject to the transmission and/or
reception of the data.
[0048] In the information terminal apparatus 60, it is
determined by the control device 600 whether a first spec-
ification operation through the input interface 610 has
been made or not (FIG. 4/STEP610). The "first specifi-
cation operation" includes, for example, an operation of

9 10 



EP 4 414 507 A1

7

5

10

15

20

25

30

35

40

45

50

55

tapping a keyboard and/or a menu choice through the
input interface 610 for specifying factors to identify a
specified area, and the like.
[0049] If a result of the determination is negative (FIG.
4/STEP610: NO), the process of and after the determi-
nation about whether the first specification operation has
been made or not is repeated. On the other hand, if the
result of the determination is positive (FIG. 4/STEP610:
YES), a specified area information request is transmitted
from the information terminal apparatus 60 to the image
display system 10 by the control device 600 (FIG.
4/STEP612). The request includes, for example, identi-
fication factors for identifying a specified area. The iden-
tification factors may include the name of the specified
area, the name or address of the location thereof, or the
latitude and longitude, or a latitude/longitude range of a
representative spot, or the like. The identification factors
may include actual-machine identifiers for identifying
work machines 40 existing in the specified area, operator
identifiers for identifying operators operating the work
machines 40, and/or remote identifiers for identifying re-
mote operation apparatus 20 operating or scheduled to
operate the work machines 40.
[0050] In the image display system 10, when the spec-
ified area information request is received (FIG. 4/C1 1),
a specified area image showing a situation of the spec-
ified area identified by the identification factors included
in the request is acquired by the first functional element
121 (FIG. 4/STEP110). Thereby, for example, as shown
in FIG. 5, a bird’s-eye-view image of the specified area
in which eight work machines Q1 to Q8 are included, is
acquired.
[0051] The specified area image is acquired through
an image pickup apparatus mounted on an airplane (for
example, an unmanned airplane) flying above the spec-
ified area or an artificial satellite, an image pickup appa-
ratus installed in the specified area, and/or actual-ma-
chine image-pickup devices 412 mounted on work ma-
chines 40 existing in the specified area. The picked-up
images may be accumulated in the database 102 and/or
an external database and retrieved by the first functional
element 121.
[0052] In the image display system 10, the position (the
actual-machine positions) and identifier (actual-machine
identifier) of each work machine 40 existing in the spec-
ified area shown by the specified area image are recog-
nized by the first functional element 121 (FIG. 4/STEP
112).
[0053] Specifically, in the work machine 40, the actual-
machine position (the latitude and longitude) of the work
machine 40 in the actual space is recognized through
the actual-machine positioning device 414 by the actual-
machine control device 400. The actual-machine position
or actual-machine position data indicating the actual-ma-
chine position is transmitted to the image display system
10 together with the actual-machine identifier through the
actual-machine wireless communication equipment 422
by the actual-machine control device 400 and then reg-

istered with the database 102 in association with each
other. The actual-machine position of the work machine
40 included in the latitude/longitude range indicating the
specified area, and the actual-machine identifier associ-
ated with the actual-machine position are retrieved from
the database 102 by the first functional element 121. The
actual-machine position (pixel positions) in a specified
area image coordinate system by the first functional el-
ement 121 is recognized based on the actual-machine
position in an actual space coordinate system.
[0054] Thereby, for example, in addition to the work
machines Q1 to Q8 included in the specified area image
as shown in FIG. 5, the actual-machine position and ac-
tual-machine identifier of a work machine 40 existing in
the specified area are recognized even if the work ma-
chine 40 is not in the specified area image because it is
hidden behind a structure or the like.
[0055] In the image display system 10, the current op-
eration status of each work machine 40 existing in the
specified area shown by the specified area image, among
a plurality of selectable or changeable operation status-
es, is recognized by the first functional element 121 (FIG.
4/STEP114).
[0056] Specifically, in the work machine 40, the current
operation status is recognized by the actual-machine
control device 400. The plurality of operation statuses
includes a "remote operation status" in which the work
machine 40 is remotely operated by an operator through
the remote operation apparatus 20, an "actual-machine
operation status" in which the work machine 40 is oper-
ated by the operator who is on board the cab 424, and a
"no operation status" in which the work machine 40 is not
being operated. The no operation status may include, in
addition to the status of the work machine 40 being
stopped, a status of being automatically operated accord-
ing to software.
[0057] When communication between the work ma-
chine 40 and the remote operation apparatus 20 is es-
tablished, a remote operation command corresponding
to the operation aspect of the remote operation mecha-
nism 211 is transmitted from the remote operation appa-
ratus 20 to the actual-machine control device 400, and
operation and the like of the work mechanism 440 are
being controlled according to the remote operation com-
mand, it is recognized that the current operation status
is the "remote operation status." In this case, the operator
identifier of an operator who is operating the remote op-
eration apparatus 20 is recognized. At the time of per-
forming a remote operation of the work machine 40, a
picked-up image acquired through the actual-machine
image-pickup device 412 or a model image generated
according thereto is outputted to the remote image output
device 221 of the remote operation apparatus 20.
[0058] When communication between the work ma-
chine 40 and the remote operation apparatus 20 has not
been established, an actual-machine operation com-
mand corresponding to the operation aspect of the actu-
al-machine operation mechanism 411 is transmitted to
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the actual-machine control device 400, and operation
and the like of the work mechanism 440 are being con-
trolled according to the actual-machine operation com-
mand, it is recognized that the current operation status
is the "actual-machine operation status." In this case, the
operator identifier of an operator who is operating the
work machine is recognized.
[0059] When the operation command has not been
transmitted to the actual-machine control device 400, it
is recognized that the current operation status is the "no
operation status."
[0060] The current operation status or current opera-
tion status data indicating the current operation status is
transmitted to the image display system 10 together with
the actual-machine identifier and/or the operator identi-
fier through the actual-machine wireless communication
equipment 422 by the actual-machine control device 400
and then registered with the database 102 being mutually
associated. Then, the current operation status of the work
machine 40 associated with the actual-machine identifier
is retrieved from the database 102 by the first functional
element 121.
[0061] In the image display system 10, specified area
image and indicator image output commands are gener-
ated by the second functional element 122 and then
transmitted to the information terminal apparatus 60
(FIG. 4/STEP116). The specified area image output com-
mand and the indicator image output command may be
transmitted to the information terminal apparatus 60 not
at the same timing but at different timings.
[0062] In the information terminal apparatus 60, when
the indicator image output command is received (FIG.
4/C21), the indicator images are outputted to the remote
image output device constituting the output interface 620
by the control device 600, as specification information
(FIG. 4/STEP614). The "indicator images" are images
that are associated with the positions of the work ma-
chines 40 existing in the specified area and identifiably
indicates the current operation statuses of the work ma-
chines 40. The conception of "being associated with the
positions" is a conception that encompasses all such
forms that relations to the work machines 40 existing at
the positions can be inferred, such as being arranged at
or near the positions and being connected to the positions
by lines or the like.
[0063] Thereby, for example, in the specified area im-
age shown in FIG. 5, face picture images M11, M12, and
M15 are outputted as indicator images near images in-
dicating the work machines Q1, Q2, and Q5, respectively.
The face picture images M11, M12, and M15 as indicator
images are face picture images of operators remotely
operating the work machines Q1, Q2, and Q5, respec-
tively. The face picture images of the operators are re-
trieved from the database 102, for example, based on
actual-machine identifiers and/or operator identifiers. In
a specified area image, a face picture image as an indi-
cator image that is outputted in association with the po-
sition of a work machine 40 indicates that the current

operation status of the work machine 40 is the remote
operation status (one first operation status). In addition
to particular information about the operators, attributes
of the operators may be identifiably indicated by the in-
dicator images M1i.
[0064] In the specified area image shown in FIG. 5,
face illustration images (or icons imitating a human fig-
ure) M13, M14, M17, and M18 are outputted near images
indicating the work machines Q3, Q4, Q7, and Q8, re-
spectively, as indicator images. The face illustration im-
ages M13, M14, M17, and M18 as the indicator images
are face illustration images of operators remotely oper-
ating the work machines Q3, Q4, Q7, and Q8, respec-
tively. The face illustration images of the operators are
retrieved from the database 102, for example, based on
actual-machine identifiers and/or operator identifiers. In
a specified area image, a face illustration image as an
indicator image that is outputted in association with the
position of a work machine 40 indicates that the current
operation status of the work machine 40 is the actual-
machine operation status (another first operation status).
When a work machine 40 is automatically operated, an
image indicating automatic operation (for example, an
icon image imitating a humanoid robot) or a face illustra-
tion image of a person who has given an automatic op-
eration instruction is displayed as the face illustration im-
age as an indicator image.
[0065] In the specified area image shown in FIG. 5,
neither a face picture image nor a face illustration image
is displayed near the image indicating the work machine
Q6. An indicator image not being outputted in association
with the position of a work machine 40 indicates that the
current operation status of the work machine 40 is the
no operation status (a second operation status).
[0066] As shown in FIG. 6A, in addition to or instead
of the face picture images and the face illustration imag-
es, approximately circular indicator images M2i may be
displayed around the work machines Qi (i=1, 2, ...) or the
positions of the work machines Qi may be displayed in
the specified area image. For example, the current op-
eration statuses of the work machines Qi are identifiably
indicated by different colors and/or blinking patterns of
the indicator images M2i. The current operation status
may include a status of communication between a work
machine 40 and the remote operation apparatus 20, spe-
cifically, a communication established status and a com-
munication unestablished status, and/or a status of a
work machine 40 waiting in the remote operation status
and the communication established status.
[0067] In addition, as shown in FIG. 6B, an approxi-
mately triangular indicator image M3i may be displayed
near the position of a work machine Qi in the specified
area image. For example, according to whether the indi-
cator image M3i is displayed or not, whether there is an
abnormality in a corresponding work machine Qi or not
is identifiably indicated. If there is some abnormality in
the work machine Qi, (example: an abnormality of the
actual-machine sensor group 416), the indicator image
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M3i is displayed.
[0068] If the abnormality of the work machine Qi is a
failure in communication with the remote operation ap-
paratus 20 of the work machine 40 (example: decrease
in communication speed, decrease in communication
speed stability), an indicator image M4i configured with
a plurality of circular arcs and a 3 sign may be displayed
near the position of the work machine Qi as shown in
FIG. 6C. For example, according to whether the indicator
image M4i is displayed or not, it is identifiably indicated
whether there is a communication failure in the work ma-
chine Qi or not. If there is a communication failure in the
work machine Qi, the indicator image M4i is displayed.
[0069] In the information terminal apparatus 60, it is
determined by the control device 600 whether a second
specification operation through the input interface 610
has been made on any indicator image M1i in the spec-
ified area image or not (FIG. 4/STEP616). The "second
specification operation" includes, for example, an oper-
ation of tapping on a specified position, such as the in-
dicator image M1i, through the input interface 610.
[0070] If a result of the determination is negative (FIG.
4/STEP616: NO), the process of and after the determi-
nation about whether the first specification operation has
been made or not is repeated. On the other hand, if the
result of the determination is positive (FIG. 4/STEP616:
YES), an actual-machine-related information request is
transmitted from the information terminal apparatus 60
to the image display system 10 by the control device 600
(FIG. 4/STEP618). The request includes, for example,
an operator identifier and/or an actual-machine identifier.
[0071] In the image display system 10, when the actu-
al-machine-related information request is received (FIG.
4/C12), actual-machine-related information related to a
work machine 40 and/or an operator of the work machine
40 identified by the identifier/identifiers included in the
request is recognized by the first functional element 121
(FIG. 4/STEP118). For example, the actual-machine-re-
lated information is retrieved from the database 102
based on the actual-machine identifier.
[0072] In the image display system 10, the actual-ma-
chine-related information or a command to output the
information is transmitted to the information terminal ap-
paratus 60 by the second functional element 122 (FIG.
4/STEP120).
[0073] In the information terminal apparatus 60, when
the actual-machine-related information or the command
to output the information is received (FIG. 4/C22), the
actual-machine-related information is outputted to the re-
mote image output device constituting the output inter-
face 620 by the control device 600 (FIG. 4/STEP620).
The actual-machine-related information includes, in ad-
dition to the static actual-machine-related information,
such as the class and specifications of the work machine
40, the type of the attachment 445, and the type of the
crawlers constituting the lower traveling body 410, the
dynamic actual-machine-related information, such as a
place where the remote operation apparatus 20 exists if

the work machine 40 is remotely operated, cumulative
operation time, a remaining amount of fuel, a remaining
amount of soot of the exhaust gas purification device, or
a remaining amount of urea water per unit period such
as one day or one month.
[0074] Thereby, for example, as shown in FIG. 7, a
window PM showing the actual-machine-related informa-
tion is displayed in association with the indicator image
M1 5 associated with the position of the work machine
Q5 in the specified area image. In a window PM, the
model number of a work machine 40, the name and icon
of an operator OP who is on board the work machine Q5,
the remaining fuel of the work machine 40, the remaining
amount of urea water of the work machine 40, working
time after the last maintenance of the work machine 40,
time at the work site, a map of the work site, and the like
are displayed. By a tap operation of a specification icon
included in the window PM being performed, a call func-
tion and/or a chat function between a user of the infor-
mation terminal apparatus 60 and the operator of the
work machine 40 may be activated through the remote
operation apparatus 20 and/or the work machine 40,
through the information terminal apparatus 60.

(Advantageous effects)

[0075] According to the image display system 10 with
the above configuration, on the output interface 620 of
the information terminal apparatus 60, face picture im-
ages and face illustration images as the indicator images
M1i, which are associated with the positions of work ma-
chines Qi existing in a specified area in a specified area
image, are displayed as specification information (see
FIG.
4/STEP610→STEP612→...→STEP110→STEP112→S
TEP114→STEP116→...→STEP 614, and FIG. 5). It is
possible to, according to difference among the indicator
images M1i in type and/or design (including color, shape,
pattern, or a combination thereof, or a dynamic change
aspect of the design such as a blinking pattern), cause
the user of the information terminal apparatus 60 to know
whether the current operation status is the remote oper-
ation status or the actual-machine operation status,
among a plurality of selectable operation statuses of the
work machines Qi. The face picture image and the face
illustration image correspond to an indicator image that
identifiably indicating particular information about an op-
erator.
[0076] It is possible to cause the user of the information
terminal apparatus 60 to know that a work machine Qi
which is included in a specified area image and for which
the indicator image M2i is displayed is in the remote op-
eration status, and a work machine Qi for which the in-
dicator image M2i is not displayed is in the actual-ma-
chine operation status or being automatically operated.
Further, it is possible to cause the user of the information
terminal apparatus 60 to know a communication status
(example: whether communication has been established
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or not) between a work machine Qi and the remote op-
eration apparatus 20 according to a display aspect of the
indicator image M2i (see FIG. 6A). It is possible to cause
the user of the information terminal apparatus 60 to know
whether there is an abnormality in a work machine Qi or
not, by the indicator image M3i (see FIG. 6B).
[0077] It is possible to, through indicator images M1i
associated with the positions of work machines Qi (in
FIG. 5, i=1 to 5, 7, and 8), cause the user of the informa-
tion terminal apparatus 60 to know that the current op-
eration statuses of the work machines Qi are the remote
operation status or the actual-machine operation status
as the "first operation status." On the other hand, it is
possible to, through an indicator image not being asso-
ciated with the position of a work machine Qi (in FIG. 5,
i=6), cause the user of the information terminal apparatus
60 to know that the current operation status of the work
machine Qi is the no operation status as the "second
operation status". In this meaning, the indicator image
M1i corresponds to an indicator image that identifiably
indicates presence/absence of an operator as the current
operation status.
[0078] If the second specification operation is per-
formed through the input interface 610 of the information
terminal apparatus 60, actual-machine-related informa-
tion about a work machine Qi the position of which is
associated with a corresponding indicator image Mi is
outputted to the output interface 620 of the information
terminal apparatus 60 (see FIG.
4/STEP616→STEP618→...→STEP118→STEP120→..
.→STEP620, and FIG. 7). Thereby, it is possible to cause
the user of the information terminal apparatus 60 to know
through the actual-machine-related information.

(Other forms of the first embodiment of the present in-
vention)

[0079] In the above embodiment, the image display
system 10, and the first functional element 121 and the
second functional element 122 constituting the image
display system 10 are configured with a computer that
exists separately from the remote operation apparatus
20 and the work machine 40. As another form, an image
display system may be mounted on the remote operation
apparatus 20 and/or the work machine 40, and the first
functional element 121 and/or the second functional el-
ement 122 may be configured with the remote control
device 200 and/or the actual-machine control device 400.
[0080] The information terminal apparatus 60 may be
configured with the remote operation apparatus 20 or the
work machine 40. When the information terminal appa-
ratus 60 is configured with the remote operation appara-
tus 20, a specified area image and indicator images such
as shown in FIG. 5 are outputted to the remote image
output device 221.
[0081] Weather information WR may be acquired from
a weather database by the first functional element 121;
the weather information WR may be transmitted to the

information terminal apparatus 60 by the second func-
tional element 122; and the weather information WR may
be displayed on a remote image output device constitut-
ing the output interface 620 by the control device 600 of
the information terminal apparatus 60. Thereby, as
shown in FIG. 8, the weather in the area where the work
machines 40 exist in the specified area image or weather
information about the time series of the weather is out-
putted to the output interface 620 of the information ter-
minal apparatus 60. It is possible to cause the user of
the information terminal apparatus 60 to know the weath-
er in the area where the work machines 40 exist or the
time series of the weather (past weather and/or predicted
future weather) through the weather information.
[0082] A message MSG (notification information) in-
putted through the remote input interface 210 of the re-
mote operation apparatus 20, the actual-machine input
interface 41 of the work machine 40, and/or the input
interface of the information terminal apparatus 60 may
be outputted to the remote output interface 220, the ac-
tual-machine output interface 42, and/or the output inter-
face 620. For example, as shown in FIG. 9, in the spec-
ified area image outputted on the output interface 620,
other users and/or operators can be notified of a message
MSG sent from one user and/or operator.

(Second embodiment)

[0083] The following description is description about a
second embodiment of the present invention.

(Configuration of image display composite system)

[0084] An image display composite system as the sec-
ond embodiment of the present invention shown in FIG.
10 is configured with an image display system 10, a re-
mote operation apparatus 20 and/or a plurality of work
machines 40 which are targets of remote operation by
the remote operation apparatus 20, and an information
terminal apparatus 60. The image display system 10, the
remote operation apparatus 20, and each of the plurality
of work machines 40 are configured to be capable of
mutually performing communication via a common net-
work or separate networks. Though the image display
system 10 is shown as being capable of connecting to
the plurality of work machines 40 in FIG. 10, the image
display system 10 only has to be capable of connecting
to one or more work machines 40, and the number of
work machines 40 to be connected is not limited.
[0085] The concept that components (hardware) of the
present invention "acquire" various kinds of information
is a concept that encompasses all kinds of arithmetic
processing for preparing the various kinds of information
in a form that can be used in subsequent arithmetic
processing, such as receiving the information, reading
or retrieving the information from an internal storage de-
vice (for example, a memory) and/or an external storage
device (for example, an external database server), per-
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forming, for the received, read, or retrieved information,
calculation, estimation, prediction, identification, and the
like by executing arithmetic processing.

(Configuration of image display system)

[0086] The image display system 10 is configured with
a computer existing separately from the remote operation
apparatus 20 and the work machine 40. The image dis-
play system 10 comprises a first functional element 121,
a second functional element 122, and a database 102.
[0087] Each of the first functional element 121 and the
second functional element 122 is configured with an arith-
metic processing unit (a single-core processor, or a multi-
core processor or a processor core constituting the multi-
core processor), and reads necessary data and software
from a storage device such as a memory and executes
arithmetic processing described later according to the
software, for the data.
[0088] The database 102 may be configured with a da-
tabase server capable of mutually communicating with
the image display system 10. With the database 102,
operator identifiers as pieces of identification information
for identifying operators OP of the work machines 40,
pieces of particular information about and/or attributes
of the operators OP are registered, being mutually asso-
ciated. The particular information about each operator
OP includes, for example, the face picture image, face
illustration image, and/or name of the operator. The at-
tributes of the operator include, for example, an organi-
zation that the operator belongs to, a language used by
the operator, and/or a work job history of the operator.
[0089] The operator identifier may be information
about an operator OP who is directly on board a work
machine 40 or may be information about an operator OP
who remotely operates work machines 40 by operating
the remote operation apparatus 20. Further, when a work
machine 40 works by automatic operation, the operator
identifier may be information about a person who instruct-
ed the work machine 40 to perform automatic operation.
As the operator identifier, for example, an ID number or
the like such as an employee number is exemplified.
[0090] The particular information about and/or at-
tributes of each operator who is remotely operating a
work machine 40 through the remote operation appara-
tus 20 are transmitted from the remote operation appa-
ratus 20 or the work machine 40 to the image display
system 10 and then registered with the database 102,
being mutually associated. The particular information
about and/or attributes of the operator, and the operator
identifier may be inputted by the operator through a touch
panel constituting a remote input interface 210 or may
be read from an electromagnetic storage medium such
as a card or mobile information terminal apparatus owned
by the operator by a contactless reader constituting the
remote input interface 210.
[0091] With the database 102, an actual-machine iden-
tifier for identifying each work machines 40 and related

information about the work machines 40 are registered
in association with each other. The related information
about the work machine 40 includes, in addition to static
actual-machine-related information, such as the class
and specifications of the work machine 40, the type of
an attachment 445, and the type of crawlers constituting
a lower traveling body 410, dynamic actual-machine-re-
lated information, such as a place where the remote op-
eration apparatus 20 exists if the work machine 40 is
remotely operated, content of operations performed to
the work machine 40, cumulative operation time, a re-
maining amount of fuel, a remaining amount of soot of
an exhaust gas purification device, or a remaining
amount of urea water per unit period such as one day or
one month.
[0092] The actual-machine identifier and the static ac-
tual-machine-related information are transmitted from
each work machine 40 to the image display system 10
and then registered with the database 102 in association
with each other. The actual-machine identifier and the
dynamic actual-machine-related information are trans-
mitted from the work machine 40 to the image display
system 10 and then cumulatively or sequentially regis-
tered with the database 102 in association with each oth-
er. The dynamic actual-machine-related information is
inputted to the actual-machine control device 400 mount-
ed on the work machine 40 and is measured using ap-
propriate sensors constituting an actual-machine sensor
group (not shown). The dynamic actual-machine-related
information includes content of operations to the work
machine 40, for example, the number of adsorptions of
a lifting magnet per unit time and the amount of earth and
sand excavated per unit time. Further, the dynamic ac-
tual-machine-related information may include internal
state variables and/or external state variables of the work
machine 40. The "external state variables" are variables
indicating an environment of the work machine 40, which
influence the internal state variables of the work machine
40. For example, an ambient temperature around the
work machine 40 is an external state variables. The "in-
ternal state variables" are variables indicating states of
components of the work machine 40, for example, a water
temperature in piping for engine cooling water, a temper-
ature of hydraulic piping, a tank, and the like of a hydraulic
system for causing a work mechanism 440 and the like
to operate.
[0093] The related information about each work ma-
chine 40 is transmitted to the image display system 10
through the remote operation apparatus 20 and then reg-
istered with the database 102 in association with its ac-
tual-machine identifier.
[0094] The particular information about and/or at-
tributes of each operator who is actually operating a work
machine 40 may be transmitted to the image display sys-
tem 10 and then registered with the database 102 in as-
sociation with an actual-machine identifier. The particular
information about and/or attributes of the operator may
be inputted by the operator through a touch panel con-
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stituting an actual-machine input interface 41 or may be
read from the electromagnetic storage medium such as
a card or a mobile terminal, owned by the operator by a
contactless reader constituting the actual-machine input
interface 41.
[0095] Further, the database 102 stores pieces of op-
eration history information about work machines 40 in
association with operator identifiers. Each piece of oper-
ation history information is stored, for example, in asso-
ciation with types of work machines 40 operated by an
operator OP, operation time for each of the types of the
work machines 40, the number of operations to be no-
ticed, which were measured during operation of the work
machines 40, work efficiencies of the operations of the
work machines 40, dates and time when the operations
of the work machines 40 were performed. Further, the
operation history information may be stored in associa-
tion with each of work sites where the work machines 40
were operated, that is, pieces of position information.
[0096] The operation history information may be infor-
mation about each work machine 40 accompanying an
operation of the operator OP. As such operation history
information, an average value of fuel consumption of
each work machine 40 (ecooperation evaluation), nu-
merical values required for maintenance corresponding
to working time of each work machine 40, and the like
are exemplified.
[0097] The above pieces of operation history informa-
tion is transmitted to the image display system 10 from
each remote operation apparatus 20 or each work ma-
chine 40 and then registered with the database 102, be-
ing mutually associated.
[0098] In the database 102, pieces of image pickup
data picked up by the actual-machine image-pickup de-
vices 412 of each of the plurality of the work machines
40 are registered in association with the operator identi-
fiers, respectively. The pieces of image pickup data are
stored in association with the operator identifiers, respec-
tively. Further, it is favorable that the pieces of image
pickup data are registered in association with the pieces
of operation history information.

(Configuration of remote operation apparatus)

[0099] The remote operation apparatus 20 comprises
a remote control device 200, the remote input interface
210, and a remote output interface 220.
[0100] The remote control device 200 is configured
with an arithmetic processing unit (a single-core proces-
sor, or a multi-core processor or a processor core con-
stituting the multi-core processor), and the remote control
device 200 reads necessary data and software from a
storage device such as a memory and executes arithme-
tic processing according to the software, for the data.
[0101] The remote input interface 210 comprises a re-
mote operation mechanism 211.
[0102] The remote operation mechanism 211 includes
a travel operation device, a swing operation device, a

boom operation device, an arm operation device, a buck-
et operation device, and a hydraulic lock lever (a shutoff
lever) for switching between a reception status of receiv-
ing an operation by an operator OP, who is an operating
person, and a non-reception status of not receiving an
operation. Each of the operation devices has an opera-
tion lever to receive a rotation operation. The operation
lever of the travel operation device (a travel lever) is op-
erated to move the lower traveling body 410 of each work
machine 40, which comprises a pair of left and right crawl-
ers. The travel lever may serve as a travel pedal. For
example, a travel pedal fixed to a base part or lower end
part of the travel lever may be provided. The operation
lever of the travel operation device (a swing lever) is op-
erated to move a hydraulic swing motor constituting a
swing mechanism 430 of each work machine 40. The
operation lever of the boom operation device (a boom
lever) is operated to move a boom cylinder 442 of each
work machine 40. The operation lever of the arm opera-
tion device (an arm lever) is operated to move an arm
cylinder 444 of each work machine 40. The operation
lever of the bucket operation device (a bucket lever) is
operated to move a bucket cylinder 446 of each work
machine 40. As for the shutoff lever, in the reception sta-
tus, a signal for operating any work machine 40 is out-
putted according to an operation performed to the shutoff
lever, and the work machine 40 is operated according to
the signal; and, in the non-reception status, the signal for
operating the work machine 40 is not outputted even if
an operation is performed to the shutoff lever, and the
work machine 40 is not operated.
[0103] Each of the operation levers constituting the re-
mote operation mechanism 211 are arranged, for exam-
ple, around a seat St for an operator OP to sit on as
shown in FIG. 11. Though the seat St is in a form like a
high-back chair with arm rests, it may be a seating portion
in any form where an operator OP can be seated, such
as a form of a low-back chair without a head rest or a
chair without a backrest.
[0104] In front of the seat St, a pair of left and right
travel levers 2110 corresponding to left and right crawlers
are arranged side by side left and right. One operation
lever may serve as a plurality of operation levers. For
example, a left-side operation lever 2111 provided at the
front of a left-side frame of the seat St shown in FIG. 11
may function as the arm lever when being operated for-
ward and backward and function as the swing lever when
being operated in left and right directions. Similarly, a
right-side operation lever 2112 provided at the front of a
right-side frame of the seat St shown in FIG. 11 may
function as the boom lever when being operated forward
and backward and function as the bucket lever when be-
ing operated in left and right directions. Lever patterns
may be freely changed by operation instructions by an
operator OP.
[0105] The remote output interface 220 comprises a
remote image output device 221 and a remote wireless
communication equipment 222 for performing communi-
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cation via a network.
[0106] For example, as shown in FIG. 11, the remote
image output device 221 as a display device is configured
with a central remote image output device 2210, a left-
side remote image output device 2211, and a right-side
remote image output device 2212 that are arranged in
front of, diagonally forward to the left of, and diagonally
forward to the right of the seat St, each of which having
an approximately rectangular screen, and a lower-side
remote image output device 2213 that is arranged below
the central remote image output device 2210 and has an
approximately rectangular screen. The screens (image
display areas) of the central remote image output device
2210, the left-side remote image output device 2211, the
right-side remote image output device 2212, and the low-
er-side remote image output device 2213 may be the
same or different in shape and size.
[0107] The screen (the image display areas) of each
of the central remote image output device 2210, the left-
side remote image output device 2211, the right-side re-
mote image output device 2212, and the lower-side re-
mote image output device 2213 may be parallel or in-
clined relative to the vertical direction. At least one of the
central remote image output device 2210, the left-side
remote image output device 2211, the right-side remote
image output device 2212, and the lower-side remote
image output device 2213 may be configured with a plu-
rality of divided remote image output devices. For exam-
ple, the central remote image output device 2210 may
be configured with a pair of vertically adjoining remote
image output devices each of which has an approximate-
ly rectangular screen. Each of the central remote image
output device 2210, the left-side remote image output
device 2211, the right-side remote image output device
2212, and the lower-side remote image output device
2213 can function as input units capable of inputting in-
formation with a touch panel display or the like.

(Configuration of work machine)

[0108] As shown in FIG. 10, each work machine 40
comprises an actual-machine control device 400, the ac-
tual-machine input interface 41, an actual-machine out-
put interface 42, and the work mechanism 440.
[0109] The remote control device 400 is configured
with an arithmetic processing unit (a single-core proces-
sor, or a multi-core processor or a processor core con-
stituting the multi-core processor), and the remote control
device 400 reads necessary data and software from a
storage device such as a memory and executes arithme-
tic processing according to the software, for the data.
[0110] Each work machine 40 is, for example, a hy-
draulic, an electric or a hybrid-drive crawler shovel (a
work machine), which is hydraulic electric combined
crawler shovel, and comprises the lower traveling body
410 and an upper swinging body 420 that is swingably
mounted on the lower traveling body 410 via the swinging
mechanism 430 as shown in FIG. 12. On a front left-side

part of the upper swinging body 420, a cab 424 (an op-
eration room) is provided. On a front central part of the
upper swinging body 420, the work mechanism 440 is
provided.
[0111] The actual-machine input interface 41 compris-
es an actual-machine operation mechanism 411 and an
actual-machine image-pickup device 412. The actual-
machine operation mechanism 411 comprises a plurality
of actual-machine operation levers arranged similarly to
those of the remote operation mechanism 211, around
a seat arranged inside the cab 424.
[0112] The work machine 40 is provided with a drive
mechanism or a robot that receives a signal correspond-
ing to an operation aspect of a remote operation lever
and moves an actual-machine operation lever based on
the received signal is provided in the cab 424.
[0113] The actual-machine image-pickup device 412
(hereinafter also referred to as a main camera) is in-
stalled, for example, inside the cab 424. The actual-ma-
chine image-pickup device 412 picks up an image of an
environment including at least a part of the work mech-
anism 440 through a front window and a pair of left and
right side windows. For example, the actual-machine im-
age-pickup device 412 picks up an image of an environ-
ment including at least a part of the bucket 445 which is
an attachment.
[0114] Further, another actual-machine image-pickup
device 412 may be appropriately added according to an
aspect of implementation.
[0115] The actual-machine input interface 41 includes
an actual-machine status sensor group (not shown). The
actual-machine status sensor group (not shown) is con-
figured with angle sensors for measuring a rotation angle
(a raising/lowering angle) of the boom 441 relative to the
upper swinging body 420, a rotation angle of the arm 443
relative to the boom 441, and a rotation angle of the buck-
et 445 relative to the arm 443, respectively, a swing angle
sensor for measuring a swing angle of the upper swinging
body 420 relative to the lower traveling body 410, an ex-
ternal force sensor for measuring external force acting
on the bucket 445, a three-axis acceleration sensor for
measuring three-axis acceleration acting on the upper
swinging body 420, a position information acquisition
sensor such as a GNSS (Global Navigation Satellite Sys-
tem), and the like.
[0116] The actual-machine output interface 42 com-
prises an actual-machine wireless communication equip-
ment 422 for performing communication via a network.
[0117] The work mechanism 440 comprises a boom
441 fitted to the upper swinging body 420 in a manner
that it can be raised and lowered, an arm 443 rotatably
coupled with the tip of the boom 441, and the bucket 445
rotatably coupled with the tip of the arm 443. The boom
cylinder 442, the arm cylinder 444 and the bucket cylinder
446, which are configured with extendable hydraulic cyl-
inders, are fitted to the work mechanism 440. As a work-
ing portion, various attachments, such as a nibbler, a
cutter, and a magnet, may be used in addition to the
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bucket 445.
[0118] The boom cylinder 442 intervenes between the
boom 441 and the upper swinging body 420 so as to, by
receiving supply of hydraulic oil, extend or contract to
cause the boom 441 to rotate in a raising or lowering
direction. The arm cylinder 444 intervenes between the
arm 443 and the boom 441 so as to, by receiving supply
of hydraulic oil, extend or contract to cause the arm 443
to rotate around a horizontal axis relative to the boom
441. The bucket cylinder 446 intervenes between the
bucket 445 and the arm 443 so as to, by receiving supply
of hydraulic oil, extend or contract to cause the bucket
445 to rotate around a horizontal axis relative to the arm
443.

(Configuration of information terminal apparatus)

[0119] The information terminal apparatus 60 as a dis-
play apparatus is a terminal apparatus such as a smart-
phone, a tablet terminal, or a personal computer and
comprises a control device 600, an input interface 610,
and an output interface 620. The control device 600 is
configured with an arithmetic processing unit (a single-
core processor, or a multi-core processor or a processor
core constituting the multi-core processor), and the con-
trol device 600 reads necessary data and software from
a storage device such as a memory and executes arith-
metic processing according to the software, for the data.
[0120] The input interface 610 is configured, for exam-
ple, with a touch-panel buttons, switches, and the like.
The remote output interface 620 comprises a remote im-
age output device and wireless communication equip-
ment for performing communication via a network.
[0121] FIG. 13 is a flowchart explaining an image dis-
play processing method of the image display system im-
plemented by cooperation among the image display sys-
tem 10, the remote operation apparatus 20, and each
work machine 40 that have been described above.
[0122] The image display system starts the image dis-
play process, being triggered by activation of the remote
operation apparatus 20. For example, the remote oper-
ation apparatus 20 is activated by an operator OP who
is an operating person, the remote operation apparatus
20 transmits an operation signal to the image display
system 10 (STEP201). The operation signal may be
transmitted in response to processing after activation of
the remote operation apparatus 20, such as at a timing
when a work machine 40 connected to (in cooperation
with) the remote operation apparatus 20 is selected by
the operator OP and at a timing when the shutoff lever
is switched from an ON status to an OFF status by the
operator OP.
[0123] When receiving the operation signal by the first
functional element 121, the image display system 10 re-
quests the remote operation apparatus 20 to transmit the
operator identifier as the identification information about
the operator OP by the second functional element 122
(STEP101).

[0124] When receiving the operator identification
transmission request, the remote operation apparatus 20
transmits the operator identifier to the image display sys-
tem 10 (STEP202).
[0125] In the processing of STEP202, the remote op-
eration apparatus 20 transmits the operator identifier to
the image display system 10, for example, based on a
result of authentication by existing user identification
means such as face identification.
[0126] Further, acquisition of the operator identifier is
not limited to the above aspect. For example, the operator
identifier may be acquired by reading an IC card holding
the operator identifier, which is identification information,
or may be acquired by inputting an ID number such as
an employee number inputted by a keyboard not shown.
The identification information may be acquired by the op-
erator OP performing an operation or may be acquired
by a third person, such as an administrator who manages
the operator OP, performing an operation.
[0127] The image display system 10 receives the op-
erator identifier by the first functional element 121. The
second functional element 122 requests the work ma-
chine 40 connected to the remote operation apparatus
20 to transmit operation information (STEP102). The op-
eration information includes information that can be reg-
istered with the database 102, such as the dynamic ac-
tual-machine-related information.
[0128] When receiving the operation information re-
quest, the work machine 40 sequentially transmits pieces
of operation information to the image display system 10
(STEP401). It is better for the work machine 40 to, at the
time of transmitting the pieces of operation information,
also transmit position information showing a current po-
sition of the work machine 40 obtained by the position
information acquisition sensor or the like. Further, for ex-
ample, when connection with the remote operation ap-
paratus 20 is released, when the shutoff lever of the work
machine 40 is ON, or the like, the work machine 40 may
stop the transmission processing of STEP401.
[0129] The first functional element 121 of the image
display system 10 registers the acquired pieces of oper-
ation information with the database 102 in association
with the operator identifier. The second functional ele-
ment 122 aggregates the pieces of operation information
registered with the database 102 to generate operation
history information (STEP 103). In the image display sys-
tem 10, a command to output the information aggregated
by the second functional element 122 is generated, and
the information (the operator identifier and the operation
history information) is transmitted to the information ter-
minal apparatus 60 by the second functional element 122
(STEP 104). At the time of the transmission processing
of STEP 104, the first functional element 121 may acquire
map information about the work site based on work site
information inputted in advance, and the second func-
tional element 122 may transmit the acquired map infor-
mation to the information terminal apparatus 60.
[0130] When receiving the operator identifier and the
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operation history information, the information terminal
apparatus 60 displays the identification information and
the operation history information on the remote image
output device 221 of the output interface 620 as specifi-
cation information (STEP601).
[0131] If a work machine 40 to be connected to the
remote operation apparatus 20 is switched from the one
work machine to another work machine, the image dis-
play process shown in FIG. 13 may be started from when
the work machine 40 that has been switched to and is
connected to the remote operation apparatus 20 is re-
quested to transmit operation information (STEP 102).
That is, since the operator identifier has been already
acquired by the image display system 10, the process
until requesting the operator identifier
(STEP201→STEP101→STEP202) can be omitted. Fur-
ther, it is better for the work machine 40 the connection
of which with the remote operation apparatus 20 has
been released to stop transmission of operation informa-
tion.
[0132] FIG. 14 shows a display aspect on the output
interface 620 of the information terminal apparatus 60 as
a display apparatus. As shown in FIG. 14, together with
a map of a certain work site AR (hereinafter also referred
to as a yard), icons A to F of six work machines 40 are
displayed at positions on the map where the work ma-
chines 40 are arranged, respectively, on the center of
the screen of the output interface 620.
[0133] Near the icons of the work machines 40, icons
X1 to X6 of operators OP who operate the work machines
40, respectively, are displayed. As the icons X1 to X6 of
the operators OP, pictures of the operators OP registered
in advance may be displayed, or avatars indicating the
operators OP may be displayed. Each of the icons only
has to be such that can identify one operator among a
plurality of operators, without being limited to an image,
and may be, for example, character information indicat-
ing a name.
[0134] On the upper left of the output interface 620 of
the information terminal apparatus 60, an icon X7 indi-
cating a user of the information terminal apparatus 60 is
displayed. Below the icon X7 on the output interface 620,
various display menu choices may be arranged.
[0135] FIG. 15 shows a display in a case where the
icon A of the work machine 40 shown in FIG. 14 is se-
lected. The selection can be made, for example, by per-
forming an operation such as tapping of a keyboard
and/or a menu choice.
[0136] As shown in FIG. 15, when any of the icons A
to F of the work machines 40 is selected, working infor-
mation showing a working status of the work machine 40
and particular information about the operator OP oper-
ating the work machine 40 are displayed.
[0137] As the working information, for example, the
model number of the work machine 40, video at the time
of the work machine 40 being operated, the remaining
fuel of the work machine 40, working time after the last
maintenance of the work machine 40, time at the work

site, and a map of the work site are exemplified. The
working information may be any information about the
work machine 40, without being especially limited, and,
for example, information required for maintenance of the
work machine 40 and the like are exemplified.
[0138] As the particular information about the operator
OP, the name of the operator OP who is on board the
work machine 40 and the icon of the operator OP are
displayed in FIG. 15. It is better to display the identifica-
tion information, for example, by color so that it can be
identified which of a status of the operator OP operating
the work machine 40, being directly on board the work
machine 40, a status of the operator OP operating the
work machine 40 via the remote operation apparatus 20,
and a status of the work machine 40 having been given
an automatic operation instruction is the current status.
[0139] Information displayed on the output interface
620 of the information terminal apparatus 60 is not limited
to the above information. A call button for starting a call
using a voice call function of another terminal, for exam-
ple, a communication apparatus (a smartphone) carried
by an administrator or an operator and/or the work ma-
chine 40, the remote operation apparatus 20, or the in-
formation terminal apparatus 60, and an icon indicating
a remaining amount of urea water may be displayed.
[0140] For example, when the icon X1 of an operator
OP is selected in FIG. 15, a display shown in FIG. 16 is
displayed. In FIG. 16, cumulative time spent for perform-
ing operation of "lifting magnet", "breaker", "high reach
crane", and/or "nibbler" by each of operators 1 to 5 is
displayed. The start date or start time, and the end date
or end time of aggregating the cumulative time can be
freely determined. The operators 1 to 5 show any five
operators among the icons X1 to X6 of the operators
displayed in FIG. 14. That is, in FIG. 16, information as-
sociated with the operators 1 to 5 who operate work ma-
chines 40 in the certain work site AR is displayed.
[0141] Further, for example, by the user making a se-
lection from a menu bar not shown, the operators may
be displayed in descending order of cumulative time or
in ascending order of cumulative time. In FIG. 16, the
operators are displayed in descending order of cumula-
tive time from the left side of the screen.
[0142] Furthermore, the operation histories of the op-
erators may be displayed being arranged based on the
cumulative number of operations instead of the cumula-
tive time. As the cumulative number of operations, for
example, the number of days when attachments such as
the "lifting magnet", "breaker", "high reach crane", and
"nibbler" are operated is exemplified.
[0143] By such a display being displayed, it becomes
possible to visually display the operators’ operation ex-
periences. The display is not limited to being displayed
by selection from the icons X1 to X6. A menu bar may
be appropriately displayed so that the user can make a
selection from the menu bar to display the display.
[0144] For example, when a scroll-down operation is
performed in FIG. 16, a display shown in FIG. 17 is dis-

27 28 



EP 4 414 507 A1

16

5

10

15

20

25

30

35

40

45

50

55

played. In FIG. 17, the number of times each of the "lifting
magnet", "breaker", "high reach crane", and "nibbler" op-
erations was performed in an organization to which the
operators 1 to 5 belong during a period from 2019 to 2021
is displayed. By such a display being displayed, it be-
comes possible to grasp the frequency of particular work
performed in business.
[0145] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 16 is
displayed. In FIG. 16, total time of operation of a work
machine/work machines 40 by each of the operators 1
to 5 in a time zone of a certain date. By such a display
being displayed, it becomes possible to grasp a ratio of
content of work performed by each operator. The display
is not limited to being displayed by selection from the
icons X1 to X6. A menu bar may be appropriately dis-
played so that the user can make a selection from the
menu bar to display the display.
[0146] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 19 is
displayed. In FIG. 19, work efficiency of the work machine
40 for the operator 1 in time zones of a certain date is
shown. For example, in the case of operating the "lifting
magnet", the work efficiency is a value of operation time
(minutes)/the number of adsorptions. By such a display
being displayed, it is possible to grasp, for example, the
ability of the operator OP. The display is not limited to
being displayed by selection from the icons X1 to X6. A
menu bar may be appropriately displayed so that the user
can make a selection from the menu bar to display the
display.
[0147] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 20 is
displayed. In FIG. 20, an average of fuel consumption
per unit time (1/Hr) in a case where the operator 1 has
operated a plurality of work machines 40 is shown. In
FIG. 20, for example, it can be read that, for one work
machine (a black triangle (m)), the amount of fuel con-
sumed for one hour from 12:00 to 13:00 is 1.2 liters. By
such a display being displayed, it is possible to grasp the
operator’s operations with little loss, that is, work efficien-
cy. The display is not limited to being displayed by se-
lection from the icons X1 to X6. A menu bar may be ap-
propriately displayed so that the user can make a selec-
tion from the menu bar to display the display.
[0148] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 21 is
displayed. In FIG. 21, total operation time of operation of
work machines 40 of the operators 1 to 4 in a certain
work site is shown for each time zone. By such a display
being displayed, it is possible to grasp work time of each
of the operators 1 to 4 in each time zone. The display is
not limited to being displayed by selection from the icons
X1 to X6. A menu bar may be appropriately displayed so
that the user can make a selection from the menu bar to
display the display.
[0149] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 22 is

displayed. In FIG. 22, work efficiency of the work machine
40 for each of the operators 1 and 2 is shown. Since
calculation of the work efficiency is the same as described
above, description thereof will be omitted. By such a dis-
play being displayed, it is possible to grasp the work ef-
ficiency of each of the operators 1 and 2 in each time
zone. The display is not limited to being displayed by
selection from the icons X1 to X6. A menu bar may be
appropriately displayed so that the user can make a se-
lection from the menu bar to display the display.
[0150] For example, when the icon X1 of the operator
OP is selected in FIG. 15, a display shown in FIG. 23 is
displayed. In FIG. 23, the number of times of work of the
work machine 40 to be noticed, for each of the operators
1 and 2 is shown. By such a display being displayed, it
is possible to grasp the number of times of the work to
be noticed, for each of the operators 1 and 2 in each time
zone. As for the work to be noticed, for example, if the
operation history information includes operations corre-
sponding to sudden operations (start, swing, or attach-
ment operations) and a sudden stop, the number of times
of such work is counted. As for the work to be noticed,
not only the number of sudden operations (start, swing,
and attachment operations) and sudden stops but the
number of times of such work or operation that destabi-
lizes the operation condition of the work machine 40 may
be counted. Therefore, it is possible to recognize work
time zones in which safety is considered. The display is
not limited to being displayed by selection from the icons
X1 to X6. A menu bar may be appropriately displayed so
that the user can make a selection from the menu bar to
display the display.
[0151] For example, when an icon indicating weather
(not shown) is selected in FIG. 15, a display shown in
FIG. 24 is displayed. In FIG. 24, precipitation amounts
and temperatures at a place where the work machine 40
operated by the operator OP is located are shown. By
such a display being displayed, it is possible to grasp
weather at a place where the work machine 40 is/was
located. Thereby, it is possible to confirm whether the
quality of work depends on weather or not. In the display
shown in FIG. 24, wind speeds may be displayed instead
of temperatures as shown in FIG. 25. The display is not
limited to being displayed by selection of an icon. A menu
bar may be appropriately displayed so that the user can
make a selection from the menu bar to display the display.
[0152] For example, when an icon indicating video is
selected in FIG. 15, a display shown in FIG. 26 is dis-
played. In FIG. 26, for each of the operators OP, the type
of an operated work machine 40 (a construction machine
name in FIG. 26), a recording start date, recording start
time, the type of a camera used for recording (Main), the
length of time of video, a link to the uploaded video, and
a deletion status of video data are shown. By such a
display being displayed, it is possible to, for each operator
OP, confirm an aspect of operation of the work machine
40 by video taken by the actual-machine image-pickup
device 412. For example, by identifying time during which
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an operation with little loss was performed, based on the
fuel consumption information shown in FIG. 20 and con-
firming video corresponding to the time, the user can con-
firm the aspect of the operation with little loss. The display
is not limited to being displayed by selection of an icon.
A menu bar may be appropriately displayed so that the
user can make a selection from the menu bar to display
the display.
[0153] Based on the above example, it is possible to,
even if an operator OP transfers from one work machine
40 to another work machine 40, acquire appropriate work
results of the operator OP.
[0154] Further, for example, it is possible to facilitate
calculation of remuneration paid to operators OP. Spe-
cifically, since aggregation of work for each operator OP
is not conventionally performed, it is difficult to, when an
operator OP transfers among a plurality of work ma-
chines 40 to perform work, calculate remuneration based
on work results. Especially, in the case of operating a
work machine 40 using the remote operation apparatus
20, an operator OP can perform an operation without
going to the work machine 40. Therefore, it is expected
that the operator OP operates more work machines 40
in comparison with the case of actually getting on board
work machines 40, and, therefore, it is necessary to man-
age operation information about each work machine 40
for each operator OP. Further, since it is expected that
a work machine 40 is operated by a plurality of operators
OP in turn, it is necessary to differentiate operation infor-
mation among operators OP. Since work results of each
operator OP can be acquired even in such a situation, it
is possible to easily calculate remuneration of each op-
erator OP based on work results. Furthermore, it be-
comes possible to, by adding up work results of operators
OP, calculate work results of each group (party or com-
pany) to which the plurality of operators OP belong, and
it is also possible to confirm the rank of particular oper-
ators OP in the group.
[0155] The description of the above example has been
made on the assumption that the display apparatus is
the information terminal apparatus 60. The display ap-
paratus is not limited to such an aspect. For example,
the remote image output device 221 of the remote oper-
ation apparatus 20 may be implemented as the display
apparatus. Further, the number of information terminal
apparatuses 60 is not limited to one. The display appa-
ratus may be implemented with a plurality of information
terminal apparatuses 60. For example, the information
terminal apparatus 60 may be installed near each of the
cab 424 of the work machine 40 and the remote operation
apparatus 20.
[0156] Further, in the description of FIG. 16 and the
like, the operators 1 to 5 are described as operators who
operate the work machines 40 in the work site AR. As
for the operators 1 to 5, however, operators who work in
work sites different from the work site AR may be freely
selected and displayed. Further, the number of operators
to be displayed in FIG. 16 and the like, and the types of

attachments shown in FIG. 17 and the like may be ap-
propriately changed.
[0157] Furthermore, in the description of the above ex-
ample, it is described that the image display process is
executed by the image display system 10. The image
display process, however, may be performed by the re-
mote operation apparatus 20 or the work machine 40.
[0158] Further, in the description of the above exam-
ple, a request for an operator identifier by the image dis-
play system 10 is made only once after the remote op-
eration apparatus 20 starts. There may be, however, a
case where, after the remote operation apparatus 20
starts, an operator OP operating the remote operation
apparatus 20 transfers operation to another operator OP,
and the other operator OP operates the remote operation
apparatus 20 midway. In such a case, it is necessary for
the image display system 10 to acquire the operator iden-
tifier of each operator OP. In order to realize this, the
image display system 10 may request transmission of an
operator identifier, for example, when seating on the seat
St is detected again after detection of an operator OP
leaving from the seat St. As for detection of an operator
OP leaving from the seat St, the detection is made in a
case where the face of an operator OP is not detected
on a picked-up image of a camera used for face authen-
tication, a case where a load is not detected by a load
sensor provided on the seat St, or the like.
[0159] Further, replacement of an operator OP may be
detected by change of an operator identifier. For exam-
ple, replacement of an operator OP may be detected by
using an authentication result by user authentication
means so as to confirm whether an operator identifier
has not been changed. Specifically, the image display
system 10 may acquire an authentication result of au-
thentication by user authentication means such as face
authentication at regular intervals and confirm whether
an operator identifier has not been changed, based on
the authentication result. Thereby, it becomes possible
to certainly set an operator identifier.
[0160] It becomes possible to, even when an operator
OP performing an actual-machine operation of a work
machine 40 transfers the operation, and another operator
OP performs the operation midway, certainly set an op-
erator identifier by similarly detecting the replacement of
the operator OP.
[0161] In the description of the above example, the
function of arranging the operators 1 to 5 in descending
or ascending order of cumulative time or the cumulative
number of operations is described in FIG. 16. The oper-
ators, however, may be arranged and displayed in de-
scending order of operation score. The operation score
is an indicator (a numerical value) set such that the higher
the evaluation of an operator OP in the operation history
information is, the higher the score is. As conditions for
a high operation score, for example, the cumulative time
and cumulative operation time described above being
long and the operation experience being sufficient, the
work efficiency being high, the average fuel consumption
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being low, and the amount of work to be noticed being
small are exemplified. Further, at the time of calculating
an operation score, it may be calculated by setting eval-
uation of operation history information at the time of bad
weather higher. Further, the work efficiency may be eval-
uated based on whether the amount of earth and sand
excavated per unit time is large or not, whether a devia-
tion of an operation amount relative to a standard oper-
ation amount is small or not, and the like. The operation
score may be calculated by compositely evaluating a plu-
rality of pieces of operation history information.
[0162] In the image display system of the present in-
vention, it is preferable that, for each of work machines,
if the current operation status of the work machine is a
first operation status, the image display system causes
an output interface of an information terminal apparatus
to output a corresponding indicator image among the in-
dicator images in association with the position of the work
machine, and, if the current operation status of the work
machine is a second operation status, the image display
system does not cause the output interface of the infor-
mation terminal apparatus to output the corresponding
indicator image in association with the position of the
work machine.
[0163] According to the image display system with the
above configuration, it is possible to, on the output inter-
face of the information terminal apparatus, cause the us-
er of the information terminal apparatus to know that the
current operation status of a work machine is in the first
operation status through a corresponding indicator im-
age associated with the position of the work machine
existing in a specified area. On the other hand, it is pos-
sible to, on the output interface of the information terminal
apparatus, cause the user of the information terminal ap-
paratus to know that the current operation status of the
work machine is in the second operation through the fact
that an indicator image is not associated with the position
of the work machine existing in the specified area.
[0164] In the image display system of the present in-
vention, it is preferable that, for each of the work ma-
chines, the image display system causes the output in-
terface of the information terminal apparatus to output
the corresponding indicator image identifiably indicating
at least one of the following, that is, presence/absence
of an operator, particular information about the operator,
and attributes of the operator, as the current operation
status of the work machine in association with the position
of the work machine.
[0165] According to the image display system with the
above configuration, it is possible to, on the output inter-
face of the information terminal apparatus, cause the us-
er of the information terminal apparatus to know pres-
ence/absence of an operator, particular information
about the operator, and/or attributes of the operator as
the current operation status, through the corresponding
indicator image associated with the position of the work
machine existing in a specified area in a specified area
image.

[0166] In the image display system of the present in-
vention, it is preferable that, for each of the work ma-
chines, the image display system causes the output in-
terface of the information terminal apparatus to output
the corresponding indicator image identifiably indicating
a status of communication with a remote operation ap-
paratus as the current operation status of the work ma-
chine, in association with the position of the work ma-
chine.
[0167] According to the image display system with the
above configuration, it is possible to, on the output inter-
face of the information terminal apparatus, cause the us-
er of the information terminal apparatus to know a com-
munication state (example: whether communication has
been established or not) between the work machine and
the remote operation apparatus as the current operation
status, through the indicator image associated with the
position of the work machine existing in the specified area
in the specified area image.
[0168] In the image display system of the present in-
vention, it is preferable that, for each of the work ma-
chines, the image display system causes the output in-
terface of the information terminal apparatus to output,
in addition to the specified area image, weather of the
area where the work machine exists or weather informa-
tion about a time series of the weather.
[0169] According to the image display system with the
above configuration, it is possible to cause the user of
the information terminal apparatus to know the weather
in the area where the work machine exists or the time
series of the weather (predicted weather of and after the
current time and time zone) through the weather infor-
mation outputted to the output interface of the information
terminal apparatus.
[0170] In the image display system of the present in-
vention, it is preferable that, if a specification operation
is performed through an input interface of the information
terminal apparatus, the image display system causes the
output interface of the information terminal apparatus to
output actual-machine-related information related to any
of the work machines, the position of the work machine
being associated with a specified indicator image among
the indicator images.
[0171] According to the image display system with the
above configuration, it is possible to, if a specification
operation is performed through the input interface of the
information terminal apparatus, cause the user of the in-
formation terminal apparatus to know through the actual-
machine-related information about a corresponding work
machine outputted to the output interface.
[0172] In the image display system of the present in-
vention, it is preferable that, for each of the pieces of
identification information, the image display system
causes the output interface of the information terminal
apparatus to output pieces of operation history informa-
tion about one or more of the work machines correspond-
ing to a piece of operation history information about a
corresponding operator.
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[0173] According to the image display system with the
above configuration, it is possible to cause the user of
the information terminal apparatus to know the operation
history information associated with each of the plurality
of operators.
[0174] In the image display system of the present in-
vention, it is preferable that, if a predetermined operation
for any of the work machines is performed in a state in
which the pieces of operation history information are dis-
played on the output interface of the information terminal
apparatus, the image display system causes the output
interface of the information terminal apparatus to output
map information.
[0175] According to the image display system with the
above configuration, it is possible to, when a predeter-
mined operation is performed for any work machine,
cause the user of the information terminal apparatus to
know the map information. Further, by displaying a dis-
play on the information terminal apparatus, it is possible
to, if the user of the information terminal apparatus is an
operator, display a display corresponding to an operation
by the operator.
[0176] In the image display system of the present in-
vention, it is preferable that the image display system
causes the output interface of the information terminal
apparatus to output the plurality of pieces of operation
history information in order of numerical values included
in the plurality of pieces of operation history information.
[0177] According to the image display system with the
above configuration, it is possible to cause the user of
the information terminal apparatus to know the pieces of
operation history information in order of numerical values
included in the pieces of operation history information. If
the user of the information terminal apparatus is an ad-
ministrator, the administrator can compare, for example,
the plurality of operators according to lengths (sizes) of
operation histories.
[0178] In the image display system of the present in-
vention, it is preferable that the image display system
causes the output interface of the information terminal
apparatus to output the pieces of operation history infor-
mation for each work area determined in advance.
[0179] According to the image display system with the
above configuration, pieces of operation history informa-
tion corresponding to work areas are ranked for each
operator. Therefore, it is possible to cause the user of
the information terminal apparatus to know work efficien-
cies corresponding work areas (work environments) for
each operator.
[0180] In the image display system of the present in-
vention, it is preferable that, the work machines are re-
motely operated.
[0181] According to the image display system with the
above configuration, it is possible to display operation
history information about each operator on the display
apparatus for each of remotely operated work machines.
[0182] In the image display system of the present in-
vention, it is preferable that the image display system

comprises a remote operation apparatus for remotely op-
erating the work machines, and the remote operation ap-
paratus switches an operation target from one work ma-
chine to another work machine.
[0183] According to the image display system with the
above configuration, it becomes possible to display piec-
es of operation history information about a plurality of
work machines operated by one remote operation appa-
ratus, in association with operators, respectively. For ex-
ample, there may be a case where two operators operate
one work machine by switching a remote operation ap-
paratus connected to the one work machine. Even in such
a case, it is possible to display operation history informa-
tion about each of the operators on the display apparatus.

Reference Signs List

[0184] 10 image display system, 20 remote operation
apparatus, 40 work machine, 41 actual-machine input
interface, 42 actual-machine output interface, 102 data-
base, 121 first functional element, 122 second functional
element, 200 remote control device, 210 remote input
interface, 211 remote operation mechanism, 220 remote
output interface, 221 remote image output device, 400
actual-machine control device, 424 cab (operation
room), 440 work mechanism, 445 attachment (bucket)

Claims

1. An image display system causing an output interface
of an information terminal apparatus to output spec-
ification information about interactions between work
machines and operators.

2. The image display system according to claim 1,
wherein
the image display system causes the output interface
of the information terminal apparatus to output indi-
cator images associated with positions of the work
machines existing in a specified area in a specified
area image, the indicator images identifiably indicat-
ing current operation statuses of the work machines
among a plurality of selectable or interchangeable
operation statuses of the work machines, as the
specification information.

3. The image display system according to claim 2,
wherein
for each of the work machines, if the current opera-
tion status of the work machine is a first operation
status, the image display system causes the output
interface of the information terminal apparatus to out-
put a corresponding indicator image among the in-
dicator images in association with the position of the
work machine, and, if the current operation status of
the work machine is a second operation status, the
image display system does not cause the output in-
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terface of the information terminal apparatus to out-
put the corresponding indicator image in association
with the position of the work machine.

4. The image display system according to claim 2,
wherein
for each of the work machines, the image display
system causes the output interface of the information
terminal apparatus to output the corresponding indi-
cator image identifiably indicating at least one of the
following, that is, presence/absence of an operator,
particular information about the operator, and at-
tributes of the operator, as the current operation sta-
tus of the work machine in association with the po-
sition of the work machine.

5. The image display system according to claim 2,
wherein
for each of the work machines, the image display
system causes the output interface of the information
terminal apparatus to output the corresponding indi-
cator image identifiably indicating a status of com-
munication with a remote operation apparatus as the
current operation status of the work machine, in as-
sociation with the position of the work machine.

6. The image display system according to claim 2,
wherein
for each of the work machines, the image display
system causes the output interface of the information
terminal apparatus to output, in addition to the spec-
ified area image, weather of the area where the work
machine exists or weather information about a time
series of the weather.

7. The image display system according to claim 2,
wherein
if a specification operation is performed through an
input interface of the information terminal apparatus,
the image display system causes the output interface
of the information terminal apparatus to output actu-
al-machine-related information related to any of the
work machines, the position of the work machine be-
ing associated with a specified indicator image
among the indicator images.

8. The image display system according to claim 1,
wherein
the image display system causes the output interface
of the information terminal apparatus to output piec-
es of identification information about the operators
of the work machines and pieces of operation history
information about the work machines of the opera-
tors, as the specification information.

9. The image display system according to claim 8,
wherein
for each of the pieces of identification information,

the image display system causes the output interface
of the information terminal apparatus to output piec-
es of operation history information about one or more
of the work machines corresponding to a piece of
operation history information about a corresponding
operator.

10. The image display system according to claim 8,
wherein
if a predetermined operation for any of the work ma-
chines is performed in a state in which the pieces of
operation history information are displayed on the
output interface of the information terminal appara-
tus, the image display system causes the output in-
terface of the information terminal apparatus to out-
put map information.

11. The image display system according to claim 8,
wherein
the image display system causes the output interface
of the information terminal apparatus to output the
plurality of pieces of operation history information in
order of numerical values included in the plurality of
pieces of operation history information.

12. The image display system according to claim 8,
wherein
the image display system causes the output interface
of the information terminal apparatus to output the
plurality of pieces of operation history information for
each work area determined in advance.

13. The image display system according to any one of
claims 1 to 12, wherein
the work machines are remotely operated.

14. The image display system according to claim 13,
comprising a remote operation apparatus for re-
motely operating the work machines; wherein
the remote operation apparatus switches an opera-
tion target from one work machine to another work
machine.

15. An image display composite system comprising:

the image display system according to any one
of claims 1 to 12; and
either the information terminal apparatus, or the
work machines and a remote operation appara-
tus for remotely operating the work machines.

16. An image display composite system comprising:

the image display system according to claim 13;
and
either the information terminal apparatuses, or
the work machines and the remote operation ap-
paratus for remotely operating the work ma-

37 38 



EP 4 414 507 A1

21

5

10

15

20

25

30

35

40

45

50

55

chines.

17. An image display method comprising a process of
causing an output interface of an information termi-
nal apparatus to output indicator images associated
with positions of work machines existing in a speci-
fied area in a specified area image, the indicator im-
ages identifiably indicating current operation status-
es of the work machines among a plurality of selecta-
ble or interchangeable operation statuses of the work
machines, as specification information.

18. An image display method comprising a process of
causing an output interface of an information termi-
nal apparatus to output pieces of identification infor-
mation about operators of work machines and pieces
of operation history information about the work ma-
chines of the operators, as specification information.
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