
(12) Λ u S -3' v τ £ ftfc
(19)

(43)
2019^4^ 110(11.04.2019) WIPO I PCT

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH

(10)

WO 2019/069996 Al

(51)
E02F 9/24 (2006.01) G05D 1/02 (2006.01)

(21) : PCT/JP2018/037083

(22) gi^tWB : 2018^10^30(03.10.2018)

(25) :

(26) : Bffi

2017-194605 2017^10^4 0(04.10.2017) JP

(71) tBIIIA: O & tt 'JO ff FJt (KOMATSU 
LTD.) [JP/JP]; τ 1078414 M £ JS E Φ
2 — 3 — 6 Tokyo (JP).

(72) : < J11 M 16 (MINAGAWA Masanori);
T1078414 — 3 — 6
'MO'f'FPjTl*] Tokyo (JP). AUj Jttf (OHYAMA 
Yasuhiro); τ1078414 2 — 3 —
6 Tokyo (JP). T A4r

▼ (DINGQi); τ 1078414 2-3
- 6 Tokyo (JP).

(74) m: 4$ B It ;£ Λ S S B 
> Hl (SHIGA INTERNATIONAL PATENT 
OFFICE); τ 1006620 Μ^^ΐ^ΒΘΙΚΛ©  ̂
—T@ 9S2§ Tokyo (JP).

(si)
a^pfsb): AE, AG, AL, AM, AO, AT, AU, AZ, 
BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, 
CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IR, IS, JO, KE, KG, KH, 
KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, 
MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, 
NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, 
QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, 
SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: WORK SYSTEM, WORK MACHINE, AND CONTROL METHOD

w
o 2

01
9/

06
99

96
 A

i IIII
III

III
III

III
III

III
III

III
III

III
III

M

(54) -ίΤϋ’>λτΛ,

(57) Abstract: A work system comprises: an operation device that trans­
mits an operation signal; a work machine that operates on the basis of 
the operation signal; and a transport vehicle that outputs a travel control 
signal when a fault occurs in communication between the operation de­
vice and the work machine.

(57) : ff IS '> Λ T A U, H fF fa £ 5½ Β T H ΙΈ H S

tB© £3ίΚΐϊ3ϋ ib %> ο



WO 2019/069996 A11||||||||||||||||||||||||||||||||||0

(so ±r©am©M«
: ARIPO (BW, GH, GM, KE, LR, LS, 

MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, 
ZW), zl —> 7 (AM, AZ, BY, KG, KZ, RU, TJ, 
I'M), 3 — □ "J (AL, AT, BE, BG, CH, CY, CZ, 
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, 
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, 
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

- (^^21^(3))



1

DESCRIPTION

Title of Invention

WORK SYSTEM, WORK MACHINE, AND CONTROL METHOD

TECHNICAL FIELD

[0001]

The present invention relates to a work system including a work machine that is 

remotely operated and a transport vehicle, the work machine, and a control method of the

work machine.

Priority is claimed on Japanese Patent Application No. 2017-194605, filed on 

October 4, 2017, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

Patent Document 1 discloses a technique of changing an operation control of a 

vehicle as a control target from a normal control to a safety control in a case where 

reception of a control signal is delayed due to deterioration of a communication state 

between a remote operation device and the vehicle as a control target.

Citation List

Patent Literature

[0003]
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[Patent Document 1] Japanese Unexamined Patent Application, First

Publication No. 2016-71585

DISCLOSURE OF INVENTION

Technical Problem

[0004]

On the other hand, in a case where a work machine that is remotely operated and 

a transport vehicle are provided at a work site, it is necessary to control the transport 

vehicle in consideration of a probability that the work machine is stopped because a fault 

in communication between the operation device and the work machine occurs.

An aspect of the present invention is to provide a work system, a work machine, 

and a control method for controlling a transport vehicle in consideration of a fault in 

communication in a case where the work machine that is remotely operated and the 

transport vehicle are provided at a work site.

Solution to Problem

[0005]

According to a first aspect of the present invention, there is provided a work 

system including an operation device that transmits an operation signal, a work machine 

that operates on the basis of the operation signal, and a transport vehicle that stops 

traveling in a case where a fault in communication between the operation device and the

work machine occurs.

Advantageous Effects of Invention

[0006]
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According to the aspect, the work system can control the transport vehicle in

consideration of a fault in communication in a case where the work machine that is

remotely operated and the transport vehicle are provided at a work site.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 is a schematic diagram showing a configuration of a remote operation 

system according to a first embodiment.

FIG. 2 is an external view of a work machine according to the first embodiment. 

FIG. 3 is a schematic block diagram showing a configuration of a control device

of the work machine according to the first embodiment.

FIG. 4 is a schematic block diagram showing a configuration of a management

apparatus according to the first embodiment.

FIG. 5 is a diagram showing an example of a traveling route.

FIG. 6 is a sequence diagram showing an operation of a work system according

to the first embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008]

<First Embodiment

«Remote Operation System»

FIG. 1 is a schematic diagram showing a configuration of a work system 

according to a first embodiment.

The work system 1 includes a work machine 100 that is remotely operated, one 

or more transport vehicles 200, a management apparatus 300, and a remote operation
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room 500. The work machine 100 and the transport vehicle 200 operate at a work site 

(for example, a mine, and the like). The remote operation room 500 is provided at a 

work site or a remote place (for example, a city) away from the work site.

[0009]

The transport vehicle 200 performs unmanned traveling on the basis of course 

information received from the management apparatus 300. That is, the transport vehicle 

200 according to the first embodiment is an unmanned transport vehicle that travels in an 

unmanned manner on the basis of the course information which is set. The transport 

vehicle 200 and the management apparatus 300 are connected to each other by 

communication via an access point 360. The management apparatus 300 acquires a 

position and an azimuth direction of the transport vehicle 200 from the transport vehicle 

200, and generates course information and a vessel operation signal used for traveling of 

the transport vehicle 200 on the basis of the position and the azimuth direction of the 

transport vehicle 200. The management apparatus 300 transmits the course information 

to the transport vehicle 200. The transport vehicle 200 performs unmanned traveling on 

the basis of the received course information. That is, the work system 1 includes an 

unmanned conveyance system including the transport vehicle 200 and the management

apparatus 300. The access point 360 is used for communication of the unmanned

conveyance system.

[0010]

The management apparatus 300 receives an instruction signal of the transport 

vehicle 200 from the work machine 100 and the remote operation room 500, and 

transmits the instruction signal to the transport vehicle 200. The work machine 100 and 

the management apparatus 300 are connected to each other by communication via the 

access point 360. Further, the remote operation room 500 and the management apparatus
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300 are connected to each other via a network. Examples of the instruction signal of the 

transport vehicle 200 received from the work machine 100 and the remote operation 

room 500 include an entry instruction signal, a start instruction signal, a stop instruction 

signal, and a stop release signal. The entry instruction signal is a signal for instructing 

the transport vehicle 200 to enter from a standby point Pl to a loading point P3. The start 

instruction signal is a signal for instructing the transport vehicle 200 to start from the 

loading point P3 and leave a loading place Al when loading is completed. The stop 

instruction signal is a signal for instructing the transport vehicle 200 to stop. The stop 

instruction signal is an example of a traveling control instruction signal. The stop release 

signal is a signal for releasing stop of the transport vehicle 200 by the stop instruction 

signal.

[0011]

The work machine 100 is remotely operated on the basis of an operation signal 

transmitted from the remote operation room 500. The work machine 100 and the remote 

operation room 500 are connected to each other by communication via an access point

550. In the remote operation room 500, a first operation device 530 receives an operation 

of the work machine 100 by an operation of an operator, and a control device 540 

transmits an operation signal to the work machine 100. The work machine 100 operates 

on the basis of the operation signal received from the remote operation room 500. That 

is, the work system 1 includes a remote operation system including the work machine

100 and the remote operation room 500. The access point 550 is used for communication 

of the remote operation system.

[0012]

«Transport Vehicle»

The transport vehicle 200 according to the first embodiment is an offload dump
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truck including a vessel. The transport vehicle 200 according to another embodiment 

may be a transport vehicle other than a dump truck.

The transport vehicle 200 includes a position and azimuth direction detector 210 

and a control device 220. The position and azimuth direction detector 210 detects a 

position and an azimuth direction of the transport vehicle 200. The position and azimuth 

direction detector 210 includes two receivers that receive positioning signals from 

satellites of a global navigation satellite system (GNSS). The two receivers are 

respectively provided at different positions of the transport vehicle 200. As an example 

of the GNSS, a global positioning system (GPS) may be used. The position and azimuth 

direction detector 210 detects the position of the transport vehicle 200 in a work site

coordinate system on the basis of the positioning signals received by the receivers. The 

position and azimuth direction detector 210 calculates the direction of the transport 

vehicle 200, as a relationship between a position of one receiver and a position of the

other receiver, using each of the positioning signals received by the two receivers. In 

another embodiment, the configuration is not limited thereto. For example, the transport 

vehicle 200 may include an inertial measurement unit (IMU), and may calculate the

direction on the basis of a measurement result of the inertial measurement unit. In this

case, a drift of the inertial measurement unit may be corrected on the basis of a traveling 

trajectory of the transport vehicle 200. In the case of calculating the direction using the 

inertial measurement unit, the transport vehicle 200 may include one receiver.

[0013]

The control device 220 transmits the position and the azimuth direction detected 

by the position and azimuth direction detector 210 to the management apparatus 300.

The control device 220 receives the course information and the instruction signal from 

the management apparatus 300. The control device 220 causes the transport vehicle 200
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to travel or causes the vessel of the transport vehicle 200 to be raised or lowered on the 

basis of the received course information and the received instruction signal. Further, 

when receiving the stop instruction signal from the management apparatus 300, the 

control device 220 stops traveling of the transport vehicle 200 by outputting a brake 

signal. The brake signal is an example of the traveling control signal.

[0014]

«Work Machine»

FIG. 2 is an external view of the work machine according to the first

embodiment.

The work machine 100 according to the first embodiment is a hydraulic shovel 

that is a type of loading machine. The work machine 100 according to another 

embodiment may be a work machine other than a hydraulic shovel. Although the work 

machine 100 shown in FIG. 2 is a face shovel, the work machine 100 may be a backhoe

shovel or a rope shovel.

The work machine 100 includes a traveling body 130, a swing body 120 

supported by the traveling body 130, and work equipment 110 that is operated by a

hydraulic pressure and is supported by the swing body 120. The swing body 120 is 

supported so as to be swingable around the swing center.

[0015]

The work equipment 110 includes a boom 111, an arm 112, a bucket 113, a 

boom cylinder 114, an arm cylinder 115, a bucket cylinder 116, a boom angle sensor 117, 

an arm angle sensor 118, and a bucket angle sensor 119.

[0016]

A base end portion of the boom 111 is attached to the swing body 120 via a pin.

The arm 112 connects the boom 111 and the bucket 113. A base end portion of
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the arm 112 is attached to a front end portion of the boom 111 via a pin.

The bucket 113 includes a blade for excavating earth and sand and a container 

for containing the excavated earth and sand. A base end portion of the bucket 113 is 

attached to a front end portion of the arm 112 via a pin.

[0017]

The boom cylinder 114 is a hydraulic cylinder for operating the boom 111. A 

base end portion of the boom cylinder 114 is attached to the swing body 120. A front 

end portion of the boom cylinder 114 is attached to the boom 111.

The arm cylinder 115 is a hydraulic cylinder for driving the arm 112. A base 

end portion of the arm cylinder 115 is attached to the boom 111. A front end portion of 

the arm cylinder 115 is attached to the arm 112.

The bucket cylinder 116 is a hydraulic cylinder for driving the bucket 113. A 

base end portion of the bucket cylinder 116 is attached to the boom 111. A front end 

portion of the bucket cylinder 116 is attached to the bucket 113.

[0018]

The boom angle sensor 117 is attached to the boom 111, and detects a tilt angle

of the boom 111.

The arm angle sensor 118 is attached to the arm 112, and detects a tilt angle of

the arm 112.

The bucket angle sensor 119 is attached to the bucket 113, and detects a tilt 

angle of the bucket 113.

Each of the boom angle sensor 117, the arm angle sensor 118, and the bucket 

angle sensor 119 according to the first embodiment detects a tilt angle with respect to a 

ground plane. The angle sensors according to another embodiment are not limited 

thereto, and may respectively detect tilt angles with respect to another reference plane.
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For example, in another embodiment, the angle sensors may respectively detect relative 

rotation angles by potentiometers provided at the base end portions of the boom 111, the 

arm 112 and the bucket 113, or may respectively detect tilt angles by measuring cylinder 

lengths of the boom cylinder 114, the arm cylinder 115, and the bucket cylinder 116 and 

converting the cylinder lengths into tilt angles.

[0019]

An operation room 121 is provided on the swing body 120. An imaging device 

122 is provided at an upper portion of the operation room 121. The imaging device 122 

is provided at a forward and upward portion in the operation room 121. The imaging 

device 122 captures an image in front of the operation room 121 via a windshield at a 

front surface of the operation room 121. Examples of the imaging device 122 include,

for example, an imaging device using a charge coupled device (CCD) sensor or a 

complementary metal oxide semiconductor (CMOS) sensor. In another embodiment, the 

imaging device 122 may not necessarily be provided in the operation room 121, and the 

imaging device 122 may be provided at a position at which at least a work target range 

and the work equipment 110 may be imaged.

[0020]

The work machine 100 includes the imaging device 122, a position and azimuth

direction calculator 123, a tilt measurement device 124, and a control device 125.

[0021]

The position and azimuth direction calculator 123 calculates a position of the 

swing body 120 and a direction of the swing body 120. The position and azimuth 

direction calculator 123 includes two receivers 1231 that receive positioning signals from

satellites of the GNSS. The two receivers 1231 are respectively provided at different 

positions of the swing body 120. The position and azimuth direction calculator 123
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detects a position of a representative point of the swing body 120 in a work site

coordinate system (the origin of a vehicle-body coordinate system) on the basis of the 

positioning signals received by the receivers 1231.

The position and azimuth direction calculator 123 calculates the direction of the 

swing body 120, as a relationship between a position of one receiver 1231 and a position 

of the other receiver 1231, using each of the positioning signals received by the two 

receivers 1231. The position and the azimuth direction of the work machine 100 can be 

specified by the position and the azimuth direction of the swing body 120.

[0022]

The tilt measurement device 124 measures acceleration and angular velocity of 

the swing body 120, and detects a posture (for example, a roll angle, a pitch angle, and a 

yaw angle) of the swing body 120 on the basis of the measurement result. The tilt

measurement device 124 is provided, for example, on a lower surface of the swing body 

120. As the tilt measurement device 124, for example, an inertial measurement unit

(IMU) may be used.

[0023]

The control device 125 drives the work equipment 110, the swing body 120, and 

the traveling body 130 on the basis of the operation signal received from the remote

operation room 500.

FIG. 3 is a schematic block diagram showing a configuration of the control 

device of the work machine according to the first embodiment.

The control device 125 is a computer including a processor 1100, a main 

memory 1200, a storage 1300, an interface 1400, a first communication device 1410, and

a second communication device 1420. The storage 1300 stores a program pi. The 

processor 1100 reads the program pi from the storage 1300, develops the program pi in
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the main memory 1200, and executes processing according to the program pi. The

interface 1400, the first communication device 1410, and the second communication

device 1420 are connected to each other via a network such as a controller area network

(CAN) or Ethernet (registered trademark). The first communication device 1410 is used 

for communication of the remote operation system, and is wirelessly connected to the 

remote operation room 500 via the access point 550. A communication line passing 

through the first communication device 1410 and the access point 550 is an example of a

first communication line. The second communication device 1420 is used for

communication of the unmanned conveyance system, and is wirelessly connected to the 

management apparatus 300 via the access point 360. A communication line passing 

through the second communication device 1420 and the access point 360 is an example

of a second communication line.

[0024]

The processor 1100 includes a vehicle information transmission unit 1101, an 

operation signal reception unit 1102, a drive control unit 1103, a fault detection unit 

1104, and a stop instruction unit 1105 by an execution of the program pi.

[0025]

The vehicle information transmission unit 1101 transmits the image captured by 

the imaging device 122, the swing speed, the position, and the direction of the swing 

body 120, the tilt angles of the boom 111, the arm 112, and the bucket 113, the traveling

speed of the traveling body 130, and the posture of the swing body 120, to the remote 

operation room 500, via the first communication device 1410. Hereinafter, the image, 

the swing speed, the position, and the direction of the swing body 120, the tilt angles of 

the boom 111, the arm 112, and the bucket 113, the traveling speed of the traveling body 

130, and the posture of the swing body 120 are also referred to as vehicle information.
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The vehicle information according to another embodiment is not limited thereto. For 

example, the vehicle information according to another embodiment may not include any 

of the swing speed, the position, the direction, the tilt angle, the traveling speed, and the

posture, may include a value detected by another sensor, and may include a value

calculated from the detected value.

[0026]

The operation signal reception unit 1102 receives an operation signal from the 

remote operation room 500 via the first communication device 1410.

[0027]

The drive control unit 1103 drives the work equipment 110, the swing body 120, 

and the traveling body 130 on the basis of the operation signal received by the operation 

signal reception unit 1102.

[0028]

The fault detection unit 1104 detects a fault in communication via the first

communication device 1410 by monitoring a reception interval of the operation signals 

received by the operation signal reception unit 1102. Since the operation signals are 

transmitted from the remote operation room 500 at regular intervals, the reception 

interval of the operation signals becomes substantially constant in a case where there is

no fault in communication.

[0029]

The stop instruction unit 1105 transmits a stop instruction signal for stopping the 

transport vehicle 200 to the management apparatus 300 via the second communication

device 1420 in a case where the fault detection unit 1104 detects a fault in

communication. The stop instruction unit 1105 is an example of a traveling control

instruction unit.
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[0030]

«Management Apparatus»

FIG. 4 is a schematic block diagram showing a configuration of the management 

apparatus according to the first embodiment.

The management apparatus 300 manages traveling of the transport vehicle 200. 

The management apparatus 300 is a computer including a processor 3100, a main

memory 3200, a storage 3300, and an interface 3400. The storage 3300 stores a program 

p3. The processor 3100 reads the program p3 from the storage 3300, develops the 

program p3 in the main memory 3200, and executes processing according to the program 

p3. The management apparatus 300 is connected to the network via the interface 3400.

The access point 360 is connected to the interface 3400. The management apparatus 300 

is wirelessly connected to the work machine 100 and the transport vehicle 200 via the

access point 360.

[0031]

The storage 3300 includes storage areas as a traveling route storage unit 3301 

and a position and azimuth direction storage unit 3302. Examples of the storage 3300 

include an HDD, an SSD, a magnetic disk, a magneto-optical disk, a CD-ROM, a DVD- 

ROM, a semiconductor memory, and the like. The storage 3300 may be an internal 

medium directly connected to a common communication line of the management 

apparatus 300, or may be an external medium connected to the management apparatus 

300 via the interface 3400. The storage 3300 is a non-temporary tangible storage

medium.

[0032]

The traveling route storage unit 3301 stores a traveling route R for each 

transport vehicle 200.
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FIG. 5 is a diagram showing an example of a traveling route. The traveling 

route R includes a predetermined connection route R1 connecting two areas A (for 

example, a loading place Al and an earth removal place A2), an entry route R2, an 

approach route R3, and an exit route R4 which are routes in the area A. The entry route 

R2 is a route connecting a standby point Pl as one end of the connection route R1 and a 

predetermined turning point P2 in the area A. The approach route R3 is a route 

connecting the turning point P2 and a loading point P3 or an earth removal point P4 in 

the area A. The exit route R4 is a route connecting the loading point P3 or the earth 

removal point P4 and an exit point P5 as the other end of the connection route R1 in the 

area A. The loading point P3 is a point which is set by an operation of the operator of the 

work machine 100. The turning point P2 is a point which is set by the management 

apparatus 300 according to the position of the loading point P3.

[0033]

The position and azimuth direction storage unit 3302 stores position information 

and direction information of each transport vehicle 200.

[0034]

The processor 3100 includes a position and azimuth direction collection unit 

3101, a traveling course generation unit 3102, a stop instruction reception unit 3103, a 

stop target specifying unit 3104, and a stop instruction transmission unit 3105 by an 

execution of the program p3.

[0035]

The position and azimuth direction collection unit 3101 receives position 

information and direction information of the transport vehicle 200 from the transport 

vehicle 200 via the access point 360. The position and azimuth direction collection unit 

3101 causes the position and azimuth direction storage unit 3302 to store the received
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position information and the received direction information.

The traveling course generation unit 3102 generates course information 

including information of an area in which movement of the transport vehicle 200 is 

permitted, on the basis of the traveling route stored in the traveling route storage unit 

3301 and the position information and the direction information stored in the position and 

azimuth direction storage unit 3302. The generated course information is transmitted to 

the transport vehicle 200. The course information includes position information of points 

which are set at predetermined intervals on the traveling route, target speed information 

at the points, and information of a traveling permission area that does not overlap with 

traveling permission areas of the other transport vehicles 200.

[0036]

The stop instruction reception unit 3103 receives a stop instruction signal from

the work machine 100 via the access point 550.

[0037]

The stop target specifying unit 3104 specifies the transport vehicle 200 as a stop 

target on the basis of the stop instruction signal. The stop target specifying unit 3104 

specifies, as the stop target, the transport vehicle 200 existing in the same loading place 

A1 as the work machine 100 that is a transmission source of the stop instruction signal 

and traveling on the entry route R2 or the approach route R3. That is, the stop target 

specifying unit 3104 sets the transport vehicle 200 approaching the work machine 100 in 

the loading place Al, as the stop target.

The stop instruction transmission unit 3105 transmits a stop instruction signal to 

the transport vehicle 200 specified by the stop target specifying unit 3104 via the access

point 360.

[0038]
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«Remote Operation Room»

The remote operation room 500 includes a driver's seat 510, a display device 

520, a first operation device 530, a second operation device 531, and a control device

540.

The display device 520 is disposed in front of the driver's seat 510. The display 

device 520 is disposed in front of the operator’s eyes when the operator sits on the 

driver's seat 510. The display device 520 may be configured with a plurality of displays 

arranged side by side as shown in FIG. 1, or may be configured with one large display. 

Further, the display device 520 may a device that projects an image on a curved surface 

or a spherical surface by a projector or the like.

[0039]

The first operation device 530 is an operation device for the remote operation 

system. The first operation device 530 generates an operation signal of the boom 

cylinder 114, an operation signal of the arm cylinder 115, an operation signal of the 

bucket cylinder 116, an operation signal for left swing or right swing of the swing body 

120, or an operation signal for forward traveling or backward traveling of the traveling 

body 130 according to an operation of the operator, and outputs the generated signal to

the control device 540. The first operation device 530 is configured with, for example, a 

lever, a knob switch, and a pedal.

The second operation device 531 is an operation device for the unmanned 

conveyance system. The second operation device 531 generates an entry instruction 

signal, a start instruction signal, a stop instruction signal, or a stop release signal 

according to an operation of the operator, and transmits the generated signal to the

management apparatus 300. The second operation device 531 is configured with, for 

example, a touch panel.
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The first operation device 530 and the second operation device 531 are disposed 

in the vicinity of the driver's seat 510. The first operation device 530 and the second 

operation device 531 are located within an operable range of the operator when the

operator sits on the driver's seat 510.

[0040]

The control device 540 causes the display device 520 to display the image

received from the work machine 100. In addition, the control device 540 causes the

display device 520 to display the vehicle information received from the work machine 

100. At this time, the control device 540 may calculate a delay time of communication 

with the work machine 100, and cause the display device 520 to display the delay time. 

The control device 540 may calculate the delay time on the basis of, for example, a 

reception interval of the images received from the work machine 100. The operator can 

determine whether or not a fault in communication is eliminated, for example, by 

visually recognizing the delay time of the communication displayed on the display device 

520, and instruct transmission of the stop release signal by operating the second 

operation device 531 on the basis of the determination.

Further, the control device 540 transmits an operation signal indicating an 

operation of the first operation device 530, to the work machine 100. The control device 

540 periodically transmits an operation signal regardless of the presence or absence of an 

operation of the first operation device 530. That is, in a case where the first operation 

device 530 is not operated, the control device 540 transmits an operation signal 

indicating neutral.

[0041]

«Method»

FIG. 6 is a sequence diagram showing an operation of the work system



18

according to the first embodiment.

The control device 540 of the remote operation room 500 transmits an operation 

signal to the work machine 100 at regular intervals via the access point 550 (step SI).

When the operation signal reception unit 1102 of the work machine 100 receives 

the operation signal from the remote operation room 500, the fault detection unit 1104 

calculates a difference between a reception time of the previous operation signal and the 

current time, as the reception interval of the operation signal (step S2). The fault 

detection unit 1104 determines whether or not the calculated reception interval is equal to

or more than a predetermined threshold value (for example, one second) (step S3).

In a case where the fault detection unit 1104 determines that the calculated

reception interval is equal to or more than the predetermined threshold value (YES in 

step S3), the stop instruction unit 1105 transmits a stop signal to the management

apparatus 300 via the access point 360 (step S4).

[0042]

When the stop signal is received from the work machine 100, the stop target 

specifying unit 3104 of the management apparatus 300 specifies the transport vehicle 200 

as a stop target on the basis of the stop instruction signal (step S5). Specifically, the stop 

target specifying unit 3104 reads the position information of the work machine 100 and 

the position information of the transport vehicle 200 from the position and azimuth 

direction storage unit 3302, and specifies the transport vehicle 200 existing in the same 

loading place A1 as the work machine 100 that is a transmission source of the stop 

instruction signal. The stop target specifying unit 3104 reads the traveling route of the 

specified transport vehicle 200 from the traveling route storage unit 3301, and specifies 

the transport vehicle 200 traveling on the entry route R2 or the approach route R3, as a 

stop target. The stop target specifying unit 3104 determines whether or not the transport
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vehicle 200 as a stop target exists (step S6).

[0043]

In a case where the transport vehicle 200 as a stop target exists (YES in step S6), 

the stop instruction transmission unit 3105 transmits a stop instruction signal to the 

transport vehicle 200 specified by the stop target specifying unit 3104 via the access

point 360 (step S7). When receiving the stop instruction signal, the control device 220 of 

the transport vehicle 200 outputs a brake signal and stops the transport vehicle 200 until a

stop release signal is received (step S8). The transport vehicle 200 causes the transport 

vehicle 200 not to travel even when course information is received from the management 

apparatus 300 during a period from reception of the stop instruction signal to reception of 

a stop release signal.

In a case where the transport vehicle 200 as a stop target does not exist (NO in 

step S6), the stop instruction transmission unit 3105 does not transmit a stop signal.

[0044]

In a case where a stop signal is transmitted in step S4 or the reception interval is 

less than the predetermined threshold value (NO in step S3), the drive control unit 1103 

of the work machine 100 determines a gain of a drive amount on the basis of the 

reception interval (step S9). The gain of the drive amount is a value of 0 or more and 1

or less, and becomes smaller as the reception interval becomes longer. In a case where 

the reception interval is equal to or less than a first threshold value (for example, 0.5 

seconds), the gain of the drive amount is 1. In a case where the reception interval is 

equal to or more than a second threshold value (for example, one second), the gain of the 

drive amount is 0. In a case where the reception interval is more than the first threshold 

value and is less than the second threshold value, the gain of the drive amount

monotonously decreases with respect to the reception interval.
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[0045]

The drive control unit 1103 drives the work equipment 110, the swing body 120, 

and the traveling body 130 on the basis of an operation amount obtained by multiplying 

an operation amount indicated by the received operation signal by the gain (step S10).

[0046]

In addition, when the operator instructs transmission of a stop release signal by

operating the second operation device 531 of the remote operation room 500, the second 

operation device 531 transmits a stop release signal to the management apparatus 300 

(step Sil). The management apparatus 300 transmits the stop release signal received 

from the remote operation room 500, to the transport vehicle 200 (step S12). When 

receiving the stop release signal, the control device 220 of the transport vehicle 200 

restarts to drive the transport vehicle 200 (step SI3). That is, the control device 220 of 

the transport vehicle 200 causes the transport vehicle 200 to travel on the basis of the 

course information received from the management apparatus 300 after the stop release 

signal is received. In the first embodiment, in step Sil, the operator determines that a 

fault is eliminated and instructs transmission of the stop release signal; however, the 

present invention is not limited thereto. For example, the control device 540 may 

determine whether or not a fault in communication is eliminated by comparing the delay 

time of communication with a predetermined set time shorter than a delay time when 

determining a fault, and automatically transmit a stop release signal.

[0047]

«Operation and Effect»

According to the first embodiment, the transport vehicle 200 stops traveling in a 

case where a fault in communication between the first operation device 530 and the work 

machine 100. Accordingly, the work system 1 can control the transport vehicle 200 such
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that the work machine 100 and the transport vehicle 200 do not contact with each other.

[0048]

Further, according to the first embodiment, the control device 125 of the work 

machine 100 drives the work machine 100 on the basis of a value obtained by 

multiplying the operation amount indicated by the operation signal by the gain which

decreases as the delay time increases. Accordingly, even in a case where the operation 

signal from the first operation device 530 is received with a delay, the work machine 100

reduces the speeds of the work equipment 110, the swing body 120, and the traveling 

body 130, and thereby allowing the operator to operate the work machine 100.

[0049]

Further, according to the first embodiment, the control device 125 receives the 

operation signal transmitted from the first operation device 530 via the access point 550, 

and transmits the stop signal via the access point 360. That is, different communication 

lines are used for transmission of the operation signal and transmission of the stop signal. 

Accordingly, even in a case where the operation signal is not transmitted due to a fault in 

the communication lines, the control device 125 can transmit the stop signal using the 

communication line on which a fault may not occur.

[0050]

Further, according to the first embodiment, the stop signal is transmitted to the 

transport vehicle 200, which exists in the same loading place A1 as the work machine 

100 on which a fault in communication occurs and approaches the work machine 100.

On the other hand, the stop signal is not transmitted to the transport vehicle 200 that does 

not exist in the same loading place A1 as the work machine 100 on which a fault in 

communication occurs, and to the transport vehicle 200 existing in the same loading 

place A1 as the work machine 100 and away from the work machine 100. Accordingly,
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in a case where a fault in communication occurs, the work system 1 can selectively stop 

the transport vehicle 200 having a probability of contact while continuing traveling of the 

transport vehicle 200 having no probability of contact. In another embodiment, the work 

system 1 may stop or decelerate the transport vehicle 200 existing in the same loading 

place A1 as the work machine 100 regardless of whether or not the transport vehicle 200 

approaches the work machine 100 on which a fault in communication occurs. 

Alternatively, the work system 1 may stop or decelerate all traveling transport vehicles 

200 regardless of whether or not the transport vehicles 200 exist in the loading place Al.

[0051]

<Other Embodiments>

As described above, although an embodiment has been described in detail with 

reference to the drawings, a specific configuration is not limited to the embodiment, and

various design changes may be made.

For example, in the work system 1 according to the embodiment, although the 

control device 125 of the work machine 100 detects a fault in communication, the present 

invention is not limited thereto. For example, in the work system 1 according to another 

embodiment, the management apparatus 300 or the control device 540 of the remote 

operation room 500 may detect a fault in communication. That is, the fault detection unit 

1104 and the stop instruction unit 1105 may be provided in the management apparatus

300 or the control device 540. For example, the control device 540 may periodically 

transmit a confirmation signal for detecting a fault in communication to the work

machine 100, and detect a fault on the basis of the presence or absence of a response 

from the work machine 100. In this case, the control device 540 of the remote operation 

room 500 outputs a stop signal to the management apparatus 300.

[0052]
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Further, in the embodiment, although the control device 125 determines the 

presence or absence of a fault in communication on the basis of the reception interval of 

the operation signals, the present invention is not limited thereto. For example, in the 

work system 1 according to another embodiment, the control device 125 may determine 

the presence or absence of a fault in communication on the basis of an error detection

rate of received data, the number of times of retransmission of data, the number of times

of loss of data, or the like. In addition, for example, in the work system 1 according to 

another embodiment, the control device 540 of the remote operation room 500 may 

return data transmitted by the control device 125 of the work machine 100, and the 

control device 125 may determine the presence or absence of a fault in communication 

on the basis of a difference between a transmission time and a reception time of the data.

[0053]

Further, in the embodiment, although the transport vehicle 200, which exists in 

the same loading place Al as the work machine 100 that is a transmission source of the 

stop instruction signal and travels on the entry route R2 or the approach route R3, is 

specified as a stop target, the present invention is not limited thereto. For example, in

another embodiment, in a case where the work machine 100 on which a fault in

communication occurs exists on the traveling route R, the transport vehicle 200 traveling 

on the traveling route R may be specified as a stop target. That is, the transport vehicle 

200 stops traveling in a case where a fault in communication between the first operation

device 530 and the work machine 100 occurs and the work machine 100 is positioned on 

the traveling route R of the transport vehicle 200. For example, the management 

apparatus 300 may specify an area in which the work machine 100 exists by specifying 

an area in which the swing body 120 of the work machine 100 exists on the basis of the 

position and the azimuth direction of the work machine 100 and specifying an extension
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distance of the work equipment 110 on the basis of the tilt angles of the boom 111, the 

arm 112, and the bucket 113. The management apparatus 300 may determine whether or 

not the work machine 100 exists on the traveling route R by detecting an overlap between 

the area in which the work machine 100 exists and the traveling route R. In this case, 

when a fault in communication occurs, the work system 1 can selectively stop the 

transport vehicle 200 having a probability of contact while continuing traveling of the 

transport vehicle 200 having no probability of contact. In addition, in another 

embodiment, all the transport vehicles 200 may be a stop target.

[0054]

Further, in the embodiment, although the work machine 100 transmits a stop 

instruction signal to the transport vehicle 200 via the management apparatus 300, the 

present invention is not limited thereto. For example, the work machine 100 according to 

another embodiment may transmit a stop instruction signal to the transport vehicle 200 

by inter-vehicle communication. In this case, inter-vehicle communication between the 

work machine 100 and the transport vehicle 200 is an example of the second 

communication line. Further, in the embodiment, although the second operation device 

531 transmits a stop release signal to the transport vehicle 200 via the management 

apparatus 300, the present invention is not limited thereto. For example, the second

operation device 531 according to another embodiment may be connected to the access 

point 360, and transmit a stop release signal to the transport vehicle 200 via the access

point 360.

[0055]

Further, in the embodiment, the control device 540 transmits a stop instruction 

signal to the transport vehicle 200, and the transport vehicle 200 outputs a brake signal 

on the basis of the stop instruction signal. That is, in the embodiment, the control device
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540 outputs the stop instruction signal as a traveling control instruction signal, and the 

transport vehicle 200 outputs the brake signal as a traveling control signal. On the other 

hand, in another embodiment, the present invention is not limited thereto. For example, 

the control device 540 according to another embodiment may output a deceleration 

instruction signal as a traveling control instruction signal, and the transport vehicle 200 

may output a deceleration signal as a traveling control signal. That is, the transport 

vehicle 200 may not necessarily stop on the basis of the traveling control instruction 

signal.

[0056]

Further, according to the embodiment, although the control device 125 

determines the gain of the drive amount on the basis of the reception interval of the 

operation signals, the present invention is not limited thereto. For example, the control 

device 125 according to another embodiment may not adjust the gain of the drive

amount.

[0057]

Further, in the embodiment, although the transport vehicle 200 is an unmanned 

transport vehicle, the present invention is not limited thereto. For example, the transport 

vehicle 200 according to another embodiment may be a manned transport vehicle. In this 

case, the control device 220 of the transport vehicle 200 may stop the transport vehicle 

200 by outputting a brake signal on the basis of the stop instruction signal received from 

the management apparatus 300 regardless of an operation of the operator, or may prompt 

the operator to stop the transport vehicle 200 by outputting an alarm signal on the basis 

of the stop instruction signal. When the control device 220 outputs an alarm signal, a 

speaker (not shown) provided on the transport vehicle 200 outputs a warning sound, or a 

monitor (not shown) displays warning information. The alarm signal is an example of a
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traveling control signal.

[0058]

In the work system 1 according to the embodiment, the work machine 100 loads 

earth and sand; however, in another embodiment, the present invention is not limited 

thereto. For example, an object to be loaded according to another embodiment may be

ore, crushed stone, coal, or the like.

[0059]

In the control device 125 according to the embodiment, although a case where 

the program Pl is stored in the storage 1300 has been described, the present invention is 

not limited thereto. For example, in another embodiment, the program pi may be 

distributed to the control device 125 by a communication line. In this case, when the 

distributed program pi is received, the control device 125 develops the program pi in the 

main memory 1200, and executes the processing according to the program pi.

[0060]

Further, the program pi may be a program for realizing some of the above­

described functions. For example, the program pi may be a program for realizing the 

above-described functions in combination with another program pi already stored in the

storage 5300 or another program pi embedded in another device.

[0061]

Further, the control device 125, the management apparatus 300, and the control 

device 540 may include a programmable logic device (PLD) in addition to or instead of 

the configuration. Examples of PLD include a programmable array logic (PAL), a 

generic array logic (GAL), a complex programmable logic device (CPLD), and a field 

programmable gate array (FPGA). In this case, some of the functions realized by the

processor may be realized by PLD.



27

Industrial Applicability

[0062]

The work system according to the present invention can control the transport

vehicle in consideration of a fault in communication in a case where the work machine

that is remotely operated and the transport vehicle are provided at a work site.

Reference Signs List

[0063]

1: Work System

100: Work Machine

125: Control Device

1101: Vehicle Information Transmission Unit

1102: Operation Signal Reception Unit

1103: Drive Control Unit

1104: Fault Detection Unit

1105: Stop Instruction Unit (Traveling Control Instruction Unit)

1410: First Communication Device

1420: Second Communication Device

200: Transport Vehicle

300: Management Apparatus

360: Access Point

550: Access Point

3101: Position Information Collection Unit

3102: Traveling Course Generation Unit
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3103: Transmission Unit

3104: Stop Target Specifying Unit 

3105: Stop Instruction Transmission Unit 

3301: Traveling Route Storage Unit 

3302: Position Information Storage Unit

500: Remote Operation Room

510: Driver's Seat

520: Display Device

530: First Operation Device

531: Second Operation Device

540: Control Device
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CLAIMS

1. A work system comprising:

a work machine that operates on the basis of an operation signal;

an operation device that is provided outside the work machine and transmits the

operation signal;

a transport vehicle that transports a load loaded by the work machine; and 

a control device that transmits a traveling control instruction signal to the

transport vehicle in a case where a fault in communication between the operation device

and the work machine is detected.

2. The work system according to Claim 1,

wherein the control device includes

a fault detection unit that detects the fault in communication between the

operation device and the work machine, and

a traveling control instruction unit that transmits the traveling control instruction

signal to the transport vehicle in a case where the fault is detected.

3. The work system according to Claim 2,

wherein the fault detection unit calculates a delay time of the communication,

and

wherein the traveling control instruction unit transmits the traveling control 

instruction signal in a case where the delay time exceeds a predetermined time.

4. The work system according to Claim 3,
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wherein the control device further includes a drive control unit that drives the

work machine on the basis of a value obtained by multiplying an operation amount 

indicated by the operation signal by a gain in a case where the delay time is within the 

predetermined time, the gain being decreased as the delay time increases, and

wherein the control device is provided in the work machine.

5. The work system according to Claim 4,

wherein the operation device transmits the operation signal to the control device

via a first communication line, and

wherein the traveling control instruction unit transmits the traveling control 

instruction signal via a second communication line different from the first

communication line.

6. The work system according to any one of Claims 1 to 5,

wherein the transport vehicle outputs a traveling control signal in a case where 

the fault in communication between the operation device and the work machine occurs 

and the work machine is positioned on a traveling route of the transport vehicle.

7. The work system according to any one of Claims 1 to 6,

wherein the transport vehicle outputs a traveling control signal in a case where 

the fault in communication between the operation device and the work machine occurs 

and the transport vehicle approaches the work machine in the same loading place as the 

transport vehicle.

8. A work machine including work equipment for loading a load onto a
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transport vehicle, the work machine comprising:

an operation signal reception unit that receives an operation signal from an

operation device;

a drive control unit that operates the work equipment on the basis of the 

operation signal; and

a traveling control instruction unit that transmits a traveling control instruction 

signal for stopping traveling of the transport vehicle in a case where a fault in

communication between the operation device and the work machine occurs.

9. A control method comprising the steps of:

transmitting an operation signal to a work machine by an operation device; and 

transmitting a traveling control instruction signal to a transport vehicle that

transports a load loaded by the work machine in a case where a fault in communication

between the operation device and the work machine occurs.
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