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DESCRIPTION 

OPERATION CONTROL SYSTEM FOR MINING MACHINE AND OPERATION 

CONTROL METHOD FOR MINING MACHINE 

Field 

5 [0001] The present invention relates to a system and a 

method for controlling the operations of mining machines.  

Background 

[0002] Any discussion of the prior art throughout the 

specification should in no way be considered as an 

10 admission that such prior art is widely known or forms part 

of common general knowledge in the field.  

{0002A] Vehicles such as various construction machines 

and mining machines, for example, excavators and dump 

trucks, operate at civil engineering work sites or workings 

15 of mines. There is a technology for causing a vehicle to 

run at such a working by setting travel conditions of a 

travel path on which the vehicle runs at a monitoring 

station, and giving a travel instruction in accordance with 

the travel conditions from the monitoring station to the 

20 vehicle. The travel instruction is to instruct the vehicle 

to run at a predetermined speed limit in a section of a 

certain travel path, to instruct the vehicle such that the 

vehicle decelerates to run in a section of a certain travel 

path, to instruct the vehicle to stop at a point on a 

25 certain travel path, and the like. As a technology for 

limiting the speed of a vehicle running on a travel path, 

for example, Patent Literature 1 describes a travel control 

device including upper speed limit setting means for 

setting an upper speed limit in part of a section of a 

30 travel path, and instruction means for giving the vehicle 

travel conditions including the set upper speed limit 

associated with the part of the section as a travel 

instruction, where the vehicle runs the travel path in the
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part of the section at speeds that do not exceed the upper 

speed limit if the instruction means gives the travel 

instruction.  

Patent Literature 

5 [0003J Patent Literature 1: Unexamined Japanese Patent 

Application No. 2007-323675 

Summary 

[0004] A travel path provided at a mine is generally 

unpaved, and the road surface condition of the travel path 

10 (an uneven road surface condition or the moisture content 

of the road surface) changes with each passing hour due to 

the travel of vehicles and changes in the weather.  

Moreover, a huge mine may have a place having a clear sky 

and a place having rain, even at the same time or within a 

15 predetermined time period on the same mine property. In 

fine weather, a water truck including a tank where water is 

stored may water the road surface in order to prevent the 

occurrence of such reduced visibility that hinders the 

travel of the vehicle, the reduced visibility being caused 

20 by dust rising in the air from the dry road surface.  

[0005] Patent Literature 1 describes that lateral 

accelerations are respectively associated with three preset 

weather conditions (fine weather, rain, and heavy rain), 

and then the weather condition is selected and accordingly 

25 the lateral acceleration is set (0065 in Patent Literature 

1). However, Patent Literature 1 neither describes nor 

suggests how the weather condition, the amount of watering 

by a water truck, or the like is acquired and selected, and 

is susceptible to improvement in changing a speed limit in 

30 accordance with the road surface condition of a travel path 

at a mine, the road surface condition changing with each 

passing hour, and preventing the slip of a mining machine 

that runs on the travel path at the mine.
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[0006] Preferred embodiments of the present invention 

seek to prevent the slip of a mining machine that runs on a 

travel path at a mine and prevent the deterioration of the 

fuel consumption of the mining machine while suppressing 

5 the wear of tires.  

Solution to Problem 

[00073 According to the present invention, an operation 

control system for a mining machine comprising, based on 

travel path information including at least information on 

10 moisture content of a travel path on which a mining machine 

operating at a mine runs, and position information being 

information on a position of a travel path corresponding to 

the travel path information, generating speed limit 

information for changing a speed limit for the mining 

15 machine to run on the travel path corresponding to the 

travel path information based on travel path information, 

the position information, and posture information, wherein 

the posture information as the information on the posture 

of the mining machine includes information on a slip ratio 

20 X or a slip angle dh.  

[0008] In the present invention, it is preferable that a 

ranking of a condition of the travel path is set based on 

at least the travel path information and posture 

information as information on a posture of the mining 

25 machine, and the speed limit information is generated based 

on the set ranking.  

[0009] In the present invention, it is preferable that 

the travel path information includes information on a 

precipitation amount of the mine or information on a 

30 watering amount on the travel path.  

[0010] In the present invention, it is preferable that 

when speed limit information for reducing the speed limit 

is generated, speed limit information for returning the
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speed limit to the speed limit before reduction is 

generated based on elapsed time since water is stopped to 

be supplied to a travel path corresponding to the speed 

limit information for reducing the speed limit.  

5 [0011] In the present invention, it is preferable that 

the speed limit information for returning the speed limit 

to the speed limit before reduction is generated further 

based on air temperature information including at least 

information on air temperature at the mine.  

10 [00123 In the present invention, it is preferable that 

the operation control system for a mining machine 

comprises: a plurality of travel path information 

collection devices, placed in a plurality of places at the 

mine, which collect the travel path information; and a 

15 speed limit control device which generates the speed limit 

information.  

[0013] In the present invention, it is preferable that 

the operation control system for a mining machine 

comprises: a vehicle-mounted wireless communication device, 

20 mounted on the mining machine, which performs 

communication; and a management-side wireless communication 

device, placed in a control facility at the mine, which 

communicates with the vehicle-mounted wireless 

communication device, wherein the speed limit control 

25 device is placed in the control facility at the mine, 

generates the speed limit information based on the travel 

path information and the position information acquired via 

the management-side wireless communication device, and 

transmits the generated speed limit information via the 

30 vehicle-mounted wireless communication device to a travel 

control device, mounted on the mining machine, which 

controls a travel speed of the mining machine.  

[0014] In the present invention, it is preferable that
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the operation control system for a mining machine comprises 

a vehicle-mounted wireless communication device, mounted on 

the mining machine, which performs communication, wherein 

the speed limit control device is mounted on the mining 

5 machine, and acquires the travel path information and the 

position information via the vehicle-mounted wireless 

communication device.  

[0015] In the present invention, it is preferable that 

the travel path information collection device includes a 

10 collection-side wireless communication device which 

performs communication, and the speed limit control device 

acquires the travel path information collected by the 

travel path information collection device via the 

collection-side wireless communication device and the 

15 management-side wireless communication device.  

[00161 In the present invention, it is preferable that 

the travel path information collection device includes a 

collection-side wireless communication device which 

performs communication, and the speed limit control device 

20 acquires the travel path information collected by the 

travel path information collection device via the 

collection-side wireless communication device and the 

vehicle-mounted wireless communication device.  

[0017] In the present invention, it is preferable that 

25 the mining machine is a driverless vehicle running based on 

previously acquired position information of a travel path, 

and the driverless vehicle includes a travel control device 

which controls a travel speed on the travel path 

corresponding to the position information, based on speed 

30 limit information corresponding to the position information.  

[0018] According to the present invention, an operation 

control method for a mining machine comprises: acquiring 

travel path information including at least information on
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moisture content of a travel path on which a mining machine 

operating at a mine runs, and position information being 

information on a position of the travel path corresponding 

to the travel path information; and generating speed limit 

5 information for changing a speed limit for the mining 

machine to run on the travel path corresponding to the 

travel path information, based on the travel path 

information, the position information, and posture 

information, wherein the posture information as the 

10 information on the posture of the mining machine includes 

information on a slip ratio X or a slip angle dh.  

[0019] In the present invention, it is preferable that a 

ranking of a condition of the travel path is set based on 

at least the travel path information and posture 

15 information as information on a posture of the mining 

machine, and the speed limit information is generated based 

on the set ranking.  

[0020] In the present invention, it is preferable that 

the travel path information includes information on a 

20 precipitation amount of the mine or information on a 

watering amount on the travel path.  

[0021] In the present invention, it is preferable that 

when speed limit information for reducing the speed limit 

is generated, speed limit information for returning the 

25 speed limit to the speed limit before reduction is 

generated based on elapsed time since water is stopped to 

be supplied to a travel path corresponding to the speed 

limit information for reducing the speed limit.  

[0022] In the present invention, it is preferable that 

30 the speed limit information for returning the speed limit 

to the speed limit before reduction is generated further 

based on air temperature information including at least 

information on air temperature at the mine.
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[0022A] According to the present invention, an operation 

control system for a mining machine comprises, based on 

travel path information including at least information on 

moisture content of a travel path on which a mining machine 

5 operating at a mine runs, and position information being 

information on a position of a travel path corresponding to 

the travel path information, generating speed limit 

information for changing a speed limit for the mining 

machine to run on the travel path corresponding to the 

10 travel path information, wherein the travel path 

information includes information on a watering amount on 

the travel path.  

[0023] The present invention may prevent the slip of a 

mining machine that runs on a travel path at a mine and may 

15 prevent the deterioration of the fuel consumption of the 

mining machine while suppressing the wear of tires.  

[0023A] Unless the context clearly requires otherwise, 

throughout the description and the claims, the words 

"comprise", "comprising", and the like are to be construed 

20 in an inclusive sense as opposed to an exclusive or 

exhaustive sense; that is to say, in the sense of 

"including, but not limited to".  

Brief Description of Drawings 

[0024] FIG. 1 is a diagram illustrating a site where an 

25 operation control system for a mining machine according to 

the embodiment is applied.  

FIG. 2 is a block diagram illustrating the
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configuration of a mine management apparatus included in 

the operation control system according to the embodiment.  

FIG. 3 is a diagram illustrating the configuration of 

a dump truck.  

5 FIG. 4 is a block diagram illustrating a vehicle 

control device, its peripheral devices, and the like.  

FIG. 5 is a functional block diagram of a weather

observing device.  

FIG. 6 is a block diagram illustrating the 

10 configuration of a water truck.  

FIG. 7 is a flowchart illustrating an example of an 

operation control method according to the embodiment.  

FIG. 8 is an explanatory view of an example of the 

operation control method according to the embodiment.  

15 FIG. 9 is a diagram illustrating an example of a case 

where the watering amount of the water truck is used as 

travel path information in the operation control method 

according to the embodiment.  

FIG. 10 is a flowchart illustrating another example of 

20 the operation control method according to the embodiment.  

FIG. 11 is a diagram illustrating the another example 

of the operation control method according to the embodiment.  

Description of Embodiment 

[0025] Hereinafter, a mode for carrying out the present 

25 invention (an embodiment) will be described in detail with 

reference to the drawings. The present invention is not to 

be limited by the contents described in the following 

embodiment.  

[0026] FIG. 1 is a diagram illustrating a site where an 

30 operation control system 1 for a mining machine according 

to the embodiment is applied. Based on travel path 

information including at least information on the moisture 

content in the road surface of a travel path on which a
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mining machine operating at a mine M runs, and position 

information indicating information on the position of the 

travel path corresponding to the travel path information, 

the operation control system 1 for a mining machine changes 

5 a speed limit for the mining machine to run on the travel 

path corresponding to the travel path information, in other 

words, the travel path corresponding to the position that 

has obtained the travel path information.  

[0027] The mining machine is a generic name of machinery 

10 used for various operations at a mine. In the embodiment, 

a dump truck 20 that transports earth and sand, stones and 

rocks, or the like that are produced when quarrying or 

excavating crushed stone is taken as an example of a 

transport machine that is a kind of mining machine.  

15 However, as long as the mining machine has a self-propelled 

function, the mining machine is not limited to the dump 

truck 20. For example, the mining machine according to the 

embodiment may be a water truck including a tank where 

water is stored, a motor grader that grades a road surface, 

20 a wheel loader, or the like. Moreover, the dump truck 20 

may be a rigid dump truck having an integrated vehicle body 

frame structure, which is steered by the front wheels, or 

an articulated dump truck having a structure where a 

vehicle body frame is divided into front and rear parts 

25 that are each independent, the articulated dump truck being 

capable of bending to the right and left.  

[0028] At the mine, a load such as stones and rocks, 

earth and sand, or the like are loaded by an excavator 4 

being a loading machine into a bed (a vessel 22) of the 

30 dump truck 20 in a place LP where a loading operation is 

performed (hereinafter, the load site). A wheel loader may 

be used as the loading machine. The dump truck 20 is then 

unloaded to deposit the loaded stones and rocks, earth and
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sand, or the like in a place DP where a load deposit 

operation is performed (hereinafter, the dump site). The 

dump truck 20 moves between the load site LP and the dump 

site DP, running on travel paths Rg and Rr. Moreover, the 

5 dump truck 20 passes a travel path Rcg to be refilled with 

fuel, moves to a gas station 2 away from its transport 

operation, goes back on a travel path Rcr after being 

refilled with fuel, and returns to the transport operation.  

The travel paths Rg and Rr or the travel paths Rcg and Rcr 

10 may be the same travel path, which may be a travel path 

that allows counterflow traffic for the dump trucks 20, or 

may be different travel paths as illustrated in FIG. 1.  

[0029] If the road surfaces of the travel paths Rg and 

Rr, and the like become dry, dust rises in the air due to 

15 wind or the travel of the dump truck 20 and the like.  

Accordingly, a water truck 5 as a mining machine prevents 

the occurrence of dust by watering the travel paths Rg and 

Rr, and the like. Next, the outline of the operation 

control system 1 for a mining machine will be described. A 

20 description will be given below assuming that the dump 

truck 20 is a driverless vehicle that is controlled by the 

operation control system 1 for a mining machine over the 

magnitude of a travel speed, a route selection of a travel 

path R to run, and work (loading or depositing). Moreover, 

25 in the following, when there is no need to distinguish 

between the travel paths Rr, Rg, Rcg, Rcr, and the like, 

they are expressed as the travel path R.  

[0030] <Outline of Operation Control System for Mining 

Machine> 

30 In the operation control system for a mining machine 

(hereinafter referred to as the operation control system in 

some cases) 1, a mine management apparatus 10 as a speed 

limit control device executes an operation control method
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for a mining machine according to the embodiment 

(hereinafter referred to as the operation control method in 

some cases), and acquires, from a travel path information 

collection device on mine property, travel path information 

5 including at least information on the moisture content of 

the travel path R by wireless communication. The travel 

path information collection device is described in detail 

below. The mine management apparatus 10 then generates, 

based on the obtained travel path information and its 

10 corresponding position information, speed limit information 

used when changing a speed limit during the travel of the 

dump truck 20 as a mining machine on the travel path R in a 

place corresponding to the travel path information.  

[0031] The mine management apparatus 10 is installed in 

15 a control facility 6 at the mine, and is used for 

production management, operations control, or the like at 

the mine. In the embodiment, the mine management apparatus 

10 is used to realize the function of the speed limit 

control device. The operation control system 1 may include 

20 the speed limit control device separately from the mine 

management apparatus 10. In this manner, the method for 

realizing the speed limit control device is not limited in 

the embodiment. Moreover, the mine management apparatus 10 

as the speed limit control device is installed in the 

25 control facility 6 at the mine in the embodiment and 

accordingly moving the mine management apparatus 10 is not 

taken into account. However, the speed limit control 

device may be mounted on, for example, the dump truck 20 or 

a passenger vehicle and move with the dump truck 20 or the 

30 passenger vehicle.  

[0032] When the dump truck 20 runs on the travel path R, 

the mine management apparatus 10 gives the dump truck 20 an 

upper limit value of a speed limit during the travel of the
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dump truck 20 on the travel path R, in other words, a speed 

limit of each travel path R from the viewpoints of 

productivity at the mine, safety, and the suppression of 

the reduction of durability of the travel path R (excessive 

5 roughness of an uneven road surface). The dump truck 20 

runs on the travel path R while performing control such 

that the actual travel speed does not exceed the speed 

limit given by the mine management apparatus 10. A 

specific content of control over travel speed is described 

10 below.  

[0033] The speed limit information generated by the mine 

management apparatus 10 is information for changing the 

speed limit of the dump truck 20. The mine management 

apparatus 10 gives the dump truck 20 the speed limit 

15 information together with the position information of the 

travel path R on which the dump truck 20 runs (the 

geographical information of the travel path R), the 

position information (geographical information) of the load 

site LP and the dump site DP, information on the travel 

20 speed, and the like. The mine management apparatus 10 may 

give the dump truck 20 gradient information indicating the 

magnitude of the gradient of the travel path R. These 

pieces of information are referred to as the operation 

information in some cases. The mine management apparatus 

25 10 is connected to a management-side wireless communication 

device 18 including a management-side antenna 18A to give 

the dump truck 20 the operation information of the dump 

truck 20. The mine management apparatus 10 transmits the 

speed limit information to the dump truck 20 via the 

30 management-side wireless communication device 18 and the 

management-side antenna 18A. If a plurality of the dump 

trucks 20 is operating at the mine M, the operation 

information including the speed limit information is
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transmitted to the plurality of the dump trucks 20.  

[0034] The dump truck 20 can receive the operation 

information and transmit information on its own position 

(the self-position information of a mining machine) to the 

5 mine management apparatus 10. In other words, the dump 

truck 20 is for mutually communicating with the mine 

management apparatus 10. Hence, the dump truck 20 includes 

an antenna 28A together with a vehicle-mounted wireless 

communication device 27. In addition, the dump truck 20 

10 can receive radio waves from GPS (Global Positioning 

System: global positioning system) satellites 7A, 7B, and 

7C by a GPS antenna 28B, and determine the self-position.  

Information on the determined self-position is issued using 

the vehicle-mounted wireless communication device 27 and 

15 the antenna 28A, and transmitted to the mine management 

apparatus 10 via the management-side antenna 18A and the 

management-side wireless communication device 18. The dump 

truck 20 may measure its own position by not limited to the 

GPS satellite but another positioning satellite. In other 

20 words, the position may be determined by GNSS (global 

navigation satellite system: Global Navigation Satellite 

System). The dump truck 20 runs along the travel path R, 

comparing the determined self-position and the position 

information of the travel path R (the geographical 

25 information of the travel path R).  

[0035] The operation control system 1 includes a 

weather-observing device 3 installed as the travel path 

information collection device on the mine property, more 

specifically, in the vicinity of the travel path R. The 

30 weather-observing device 3 collects the travel path 

information that is necessary when the mine management 

apparatus 10 generates speed limit information, and 

transmits the travel path information to the mine
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management apparatus 10.  

[0036] The travel path information includes at least 

information on the moisture content of the road surface of 

the travel path R on which the dump truck 20 runs 

5 (hereinafter referred to as the travel path's moisture 

information in some cases). The moisture content of the 

road surface of the travel path R is, for example, moisture 

content per unit area of the travel path R, and serves as 

an index indicating the slipperiness of the travel path R 

10 during the travel of the dump truck 20. In other words, if 

the moisture content of the travel path R increases, the 

friction coefficient between the travel path R and the tire 

of the dump truck 20 decreases due to the effect of the 

moisture. As a consequence, the dump truck 20 that runs on 

15 such a travel path R is subject to slip (a skid) such as a 

sideslip during travel or a turn, or a wheelspin. Moreover, 

if such slip occurs, the wear of tires of the dump truck 20 

advances, and the fuel for driving the engine is uselessly 

consumed. Moreover, if slip occurs, the road surface of 

20 the travel path R becomes rough to cause unevenness. The 

excessively uneven road surface becomes a cause of the 

occurrence of slip and a cause of the drop of a load during 

the travel of the dump truck 20.  

[0037] The travel path R at the mine is generally 

25 unpaved. Accordingly, if the moisture content contained in 

the travel path R increases due to rainfall or the like, 

the travel path R tends to become muddy. As a consequence, 

it becomes easier to induce the slip of the dump truck 20.  

In this manner, at the mine, the moisture content of the 

30 road surface of the travel path R has a remarkable 

influence on slipperiness for the dump truck 20 running on 

the travel path R. Focusing on this point, the operation 

control system 1 and the operation control method according
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to the embodiment change a speed limit using the travel 

path's moisture information as an index indicating the 

slipperiness of the travel path R at the mine.  

[0038] It is preferred that the travel path's moisture 

5 information include at least information on the moisture 

content (actual moisture content) contained in the travel 

path R. The information on the actual moisture content may 

be, for example, actual moisture content per unit area of 

the travel path R, the amount of rainfall or snowfall on 

10 the travel path R, or the amount of water used by the water 

truck 5 to water the travel path R. In the embodiment, it 

is relatively difficult to directly measure the actual 

moisture content of the travel path R. Therefore, the 

amount of rainfall or snowfall on the travel path R, or the 

15 amount of water used by the water truck 5 to water the 

travel path R is used. Consequently, it is possible to 

relatively easily obtain the actual moisture content and 

obtain the travel path's moisture information.  

[0039] The travel path's moisture information may 

20 further include information on at least one of the air 

temperature and the humidity at the position of the travel 

path R, in addition to the information on the actual 

moisture content. Air temperature and humidity have an 

influence on the evaporation of the moisture of the travel 

25 path R. Therefore, at least one of them is added to the 

travel path's moisture information and accordingly it is 

possible to more appropriately evaluate the slipperiness of 

the travel path R.  

[0040] For example, even if the actual moisture content 

30 is the same, the actual moisture content decreases in 

shorter time if the air temperature is high than if the air 

temperature is low. Hence, if the actual moisture content 

is the same, the higher the air temperature the more



Docket No.PKOA-14061-PCT 
15 

quickly the travel path R becomes dry to increase skid 

resistance. Moreover, even if the actual moisture content 

is the same, the actual moisture content decreases in 

shorter time if the humidity is low than if the humidity is 

5 high. Hence, if the actual moisture content is the same, 

the lower the moisture the more quickly the travel path R 

becomes dry to increase skid resistance. In this manner, 

it is possible to more appropriately evaluate the 

slipperiness of the travel path R and appropriately change 

10 a speed limit, by adding information on at least one of the 

air temperature and the humidity to the travel path's 

moisture information. It is considered that air 

temperature has a greater influence on the actual moisture 

content than humidity. Therefore, it is preferred that 

15 information on at least the air temperature out of the two 

be added to the travel path's moisture information.  

[0041] The travel path's moisture information may 

further include information on the amount of solar 

radiation. Even if the air temperature is the same, the 

20 actual moisture content of the travel path R decreases more 

quickly and the road surface becomes dry if the sky is 

clear and there is a large amount of solar irradiation than 

if the sky is cloudy and there is a little amount of solar 

irradiation. Hence, the travel path's moisture information 

25 including information on the amount of solar radiation is 

used to enable more appropriate evaluation of the 

slipperiness of the travel path R and more appropriate 

change of the speed limit. The amount of solar radiation 

may be measured directly or estimated indirectly from the 

30 weather. If the amount of solar radiation is estimated, 

further consideration may be given to a time period when 

the sun is in the sky and the altitude of the sun that 

changes depending on the season in addition to the weather
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such as fine weather or cloudy weather. Consequently, the 

accuracy of the estimation of the amount of solar radiation 

can be improved and accordingly the influence of the actual 

moisture content can be estimated more correctly. As a 

5 consequence, it is possible to more appropriately evaluate 

the slipperiness of the travel path R and appropriately 

change the speed limit.  

[0042] The weather-observing device 3 includes various 

measuring devices for detecting the travel path's moisture 

10 information and information on the air temperature, 

humidity, and weather. Such measuring devices include, for 

example, a rain gauge, a thermometer, and a hygrometer.  

Such weather-observing devices 3 are installed in a 

plurality of places on the mine property. It is desirable 

15 that the installation place of the weather-observing device 

3 be determined while associated with at least one of the 

design content of the travel path R at the mine (the 

characteristic of the travel path R such as a straight line, 

a curve, an upgrade, or a downgrade), and the terrain of 

20 the mine (the height of a place where there is the travel 

path R and a place susceptible to shade). In other words, 

the weather-observing device 3 is installed in a place 

where the moisture content (actual moisture content) of the 

travel path R is likely to change. Accordingly, the speed 

25 limit can be changed accurately.  

[0043] When the mine management apparatus 10 generates 

the speed limit information, the above-mentioned travel 

path information and also position information being 

information on the position of the travel path R, the 

30 position information corresponding to the travel path 

information, are required. The position information 

includes at least information on a position where the 

weather-observing device 3 is installed. The position
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information includes at least the latitude and longitude of 

the place where the weather-observing device 3 is installed, 

and may further include altitude. The mine management 

apparatus 10 can use, as the position information, a 

5 position determined by the weather-observing device 3 

itself using, for example, radio waves from the GPS 

satellites 7A, 7B, and 7C. Moreover, it may be configured 

such that the position information of the place where the 

weather-observing device 3 is installed is measured in 

10 advance, and the weather-observing device 3 is associated 

with identification information to store the information in 

a storage device 13 included in the mine management 

apparatus 10. According to the method where the weather

observing device 3 itself determines its own position, 

15 there is the advantage to save trouble and time to measure 

the position of the weather-observing device 3 and store 

the position in the mine management apparatus 10. Moreover, 

the travel path R is newly installed or changed at the mine 

according to the progress of quarrying or the like. In 

20 step with this, the weather-observing device 3 needs to be 

relocated. However, also in this case, according to the 

method where the weather-observing device 3 itself 

determines its own position, there is the advantage to save 

trouble and time to measure the position of the weather

25 observing device 3 and store the position in the mine 

management apparatus 10. The method where the position 

information of a place where the weather-observing device 3 

is installed is measured in advance has the advantage that 

there is no need to mount, on the weather-observing device 

30 3, a device for measuring position information.  

[0044] As described above, it is preferred that the 

weather-observing device 3 be placed in the vicinity of the 

travel path R to collect the travel path information that
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is necessary to generate speed limit information. The 

weather-observing devices 3 are installed in the plurality 

of places at the mine. In other words, the operation 

control system 1 includes a plurality of the weather

5 observing devices 3. The higher the number of places to 

install the weather-observing device 3, the mine management 

apparatus 10 can acquire the travel path information from 

more places. Accordingly, the speed limit information can 

be generated more appropriately. Next, the mine management 

10 apparatus 10 as the speed limit control device will be 

described in more detail.  

[0045] <Speed Limit Control Device> 

FIG. 2 is a block diagram illustrating the 

configuration of the mine management apparatus 10 included 

15 in the operation control system 1 according to the 

embodiment. The mine management apparatus 10 as the speed 

limit control device includes a processing device 12, the 

storage device 13, and an input/output unit (I/0) 15. The 

input/output unit 15 of the mine management apparatus 10 is 

20 connected to a display device 16, an input device 17, and 

the management-side wireless communication device 18. The 

mine management apparatus 10 is, for example, a computer.  

The processing device 12 is, for example, a CPU (Central 

Processing Unit). The storage device 13 is, for example, a 

25 RAM (Random Access Memory), a ROM (Read Only Memory), a 

flash memory, or a hard disk drive, or a combination 

thereof. The storage device 13 may be a server. The 

input/output unit 15 is used for the input/output 

(interface) of information into/from the processing device 

30 12, the display device 16 connected to the outside of the 

processing device 12, the input device 17, and the 

management-side wireless communication device 18.  

[0046] The processing device 12 executes the operation
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control method according to the embodiment. In other words, 

the processing device 12 generates speed limit information 

based on the above-described travel path information and 

position information. In this case, the processing device 

5 12 reads, from the storage device 13, a computer program 

that realizes the operation control method according to the 

embodiment and executes the computer program. The storage 

device 13 stores things such as the computer program that 

realizes the operation control method according to the 

10 embodiment, and a database including information (the speed 

limit information corresponding to each travel path R, 

which has been set in the past, and the like) necessary for 

the computer program that realizes the operation control 

method according to the embodiment.  

15 [0047] The display device 16 is, for example, a liquid 

crystal display, and displays, for example, the travel path 

information of the travel path R. The input device 17 is, 

for example, a keyboard, a touch panel, or a mouse, and 

inputs information necessary for the operation control 

20 method according to the embodiment. The management-side 

wireless communication device 18 includes the management

side antenna 18A and mutually executes wireless 

communication with the vehicle-mounted wireless 

communication device 27 of the dump truck 20. An 

25 established communication infrastructure capable of data 

communication only within the mine property (for example, 

pursuant to a wireless LAN standard), or wireless 

communication pursuant to a standard for satellite wave 

communication or ground wave communication, or the like can 

30 be applied as a wireless communication mode. Considering 

the establishment situation of the communication 

infrastructure at a site at the mine, communication cost, 

and the like, the wireless communication mode is
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appropriately selected and used. Next, the dump truck 20 

will be described in more detail.  

[0048] <Dump Truck> 

FIG. 3 is a diagram illustrating the configuration of 

5 the dump truck 20. The dump truck 20 runs with a load 

thereon, and deposits the load in a desired place. the 

dump truck 20 includes a vehicle body 21, the vessel 22, 

wheels 23, suspension cylinders 24, rotary sensors 25, a 

front information detection sensor 26, the vehicle-mounted 

10 wireless communication device 27 connected to the antenna 

28A, a vehicle-mounted position information detection 

device (GPS receiver in the embodiment) 29 to which the GPS 

antenna 28B is connected, and a vehicle control device 30 

functioning as a travel control device. The dump truck 20 

15 includes various mechanisms and functions, which are 

included in a common transport vehicle, other than the 

above configurations. In the embodiment, a description is 

given taking, as an example, the rigid dump truck 20 that 

steers the front wheels (the wheels 23). The dump truck 20 

20 may be an articulated truck made by dividing its vehicle 

body frame into front and rear parts and coupling them with 

a free joint.  

[0049] The dump truck 20 drives a motor 33B by electric 

power generated by causing an internal combustion engine 

25 33A such as a diesel engine to drive a generator, and 

drives the wheels 23. In this manner, the dump truck 20 is 

what is called an electric drive. However, the drive 

method of the dump truck 20 is not limited to the electric 

drive. For example, the dump truck 20 may be the 

30 mechanical drive dump truck 20 including a configuration 

where power generated by the internal combustion engine 33A 

is transmitted to the wheels (tires) 23 via an 

unillustrated transmission. In this case, the amount of



Docket No.PKOA-14061-PCT 
21 

fuel supplied from a fuel injection device to the internal 

combustion engine 33A is adjusted at the instruction of the 

vehicle control device 30 and the output of the internal 

combustion engine 33A is adjusted.  

5 [0050] The vessel 22 functions as a bed where a load is 

loaded, and is placed on top of the vehicle body 21.  

Quarried crushed stone, rocks or earth, or the like is 

loaded as a load by a loading machine such as the excavator 

4 into the vessel 22. Moreover, an unillustrated hydraulic 

10 cylinder (hoist cylinder) is connected to the vessel 22.  

The deposit operation can be performed by extending the 

hoist cylinder at the instruction of the vehicle control 

device 30 and lifting the vessel 22. The wheel 23 includes 

a tire and a wheel, and is attached to the vehicle body 21.  

15 Power from the motor mounted on the vehicle body 21 is 

transmitted to rotate and drive the wheels 23. Moreover, 

the front wheels of the wheels 23 can be steered in the 

right and left directions by an unillustrated hydraulic 

cylinder (steering cylinder). The dump truck 20 can turn 

20 and run by causing the steering cylinder to perform 

extension and contraction operations at the instructions of 

the vehicle control device 30 and causing the wheels 23 to 

operate toward the right and left. The suspension cylinder 

24 is placed between the wheel 23 and the vehicle body 21.  

25 Load in accordance with the weight of the vehicle body 21, 

the vessel 22, and a load when loaded works on the wheels 

23 via the suspension cylinders 24. A hydraulic fluid is 

sealed inside the suspension cylinder 24. The suspension 

cylinder performs extension and contraction operations in 

30 accordance with the weight of a load.  

[0051] The rotary sensor 25 detects the rotational speed 

of the wheel 23 to measure the travel speed of the dump 

truck 20. The GPS antenna 28B receives radio waves output



Docket No.PKOA-14061-PCT 
22 

from the plurality of GPS satellites 7A, 7B, and 7C (see 

FIG. 1) constituting GPS (Global Positioning System). The 

GPS antenna 28B outputs the received radio waves to the 

vehicle-mounted position information detection device 29.  

5 The vehicle-mounted position information detection device 

29 converts the radio wave received by the GPS antenna 28B 

into an electrical signal and calculates (determines) its 

own position information, in other words, the position 

information of the dump truck 20 (hereinafter, the self

10 position information). The travel speed of the dump truck 

20 can also be obtained based on the self-position 

information determined by the vehicle-mounted position 

information detection device 29. The vehicle-mounted 

wireless communication device 27 mutually performs wireless 

15 communication with the management-side antenna 18A 

illustrated in FIG. 1 via the antenna 28A. The vehicle

mounted wireless communication device 27 is connected to 

the vehicle control device 30. Furthermore, the vehicle

mounted position information detection device 29 is 

20 connected to the vehicle control device 30. With such a 

configuration, the vehicle control device 30 can transmit 

and receive various pieces of information including the 

self-position information of the dump truck 20 and the 

operation information via the antenna 28A. Next, the 

25 vehicle control device 30 will be described.  

[0052] <Vehicle Control Device> 

FIG. 4 is a block diagram illustrating the vehicle 

control device 30, its peripheral devices, and the like.  

The vehicle control device 30 included in the dump truck 20 

30 is connected to a vehicle-mounted storage device 31, the 

vehicle-mounted wireless communication device 27, and the 

vehicle-mounted position information detection device 29.  

The vehicle control device 30 is connected to the rotary



Docket No.PKOA-14061-PCT 
23 

sensor 25, the front information detection sensor 26, and a 

turning angle sensor 32 as detection devices that detect a 

state of the dump truck 20 itself and the ambient 

environment. For example, a computer (information 

5 processing device) that is a combination of a CPU (Central 

Processing Unit) and a memory is used as the vehicle 

control device 30.  

[0053] The front information detection sensor 26 detects 

an object existing ahead of the dump truck 20 with respect 

10 to the travel direction (for example, the dump truck 20 or 

another mining machine that runs ahead, or an obstacle such 

as a rockfall existing on the travel path R). For example, 

a sensor using a millimeter wave radar or a laser 

rangefinder is used as, for example, the front information 

15 detection sensor 26. Information detected by the front 

information detection sensor 26 is used for automatic 

driving of the driverless dump truck 20. In other words, 

when the front information detection sensor 26 detects the 

existence of an obstacle ahead of the dump truck 20, the 

20 dump truck 20 is reduced in speed or stopped by 

transmitting obstacle detection information to the vehicle 

control device 30 and causing the vehicle control device 30 

to give the fuel injection device an instruction to reduce 

engine output or to give a braking instruction to a brake 

25 provided to the wheel 23. For example, a yaw sensor is 

used for the turning angle sensor 32, and the turning angle 

sensor 32 detects the turning angle during the turn of the 

dump truck 20.  

[0054] For example, the vehicle control device 30 

30 controls the output of the internal combustion engine 33A 

mounted on the dump truck 20, the output of the motor 33B, 

and the operation of a hydraulic control device 32C. In 

this manner, the vehicle control device 30 executes each
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control operation and accordingly the dump truck 20 

consecutively controls the acceleration and deceleration of 

the travel speed on the travel path R, the steering 

direction of the wheels 23, and the like based on the 

5 operation information transmitted from the mine management 

apparatus 10 illustrated in FIGS. 1 and 2. Furthermore, 

the extension and contraction of the unillustrated 

hydraulic cylinder for lifting up and down the vessel 22 at 

the load site LP and the dump site DP are controlled. In 

10 other words, the dump truck 20 compares the geographical 

information of the travel path R included in the operation 

information with the self-position information while 

successively calculating (determining) its own position by 

the vehicle-mounted position information detection device 

15 29 and accordingly can run at a travel speed (speed limit) 

set for each travel path R so as not to deviate from the 

travel path R and further can stop at the load site LP and 

the dump site DP and perform predetermined loading and 

deposit operations. At this point in time, the vehicle 

20 control device 30 controls the travel speed of the dump 

truck 20 based on the speed limit information included in 

the operation information transmitted from the mine 

management apparatus 10 so as not to exceed the speed limit 

of the travel path R. Moreover, the vehicle control device 

25 30 controls the travel speed of the dump truck 20 or the 

steering direction of the wheels 23 based on obstacle 

information detected by the front information detection 

sensor 26, and controls the posture of the dump truck 20 

based on the information detected by the turning angle 

30 sensor 32.  

[0055] The vehicle-mounted storage device 31 is, for 

example, a RAM (Random Access Memory), a ROM (Read Only 

Memory), a flash memory, or a hard disk drive, or their
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combination. The vehicle-mounted storage device 31 stores 

a computer program where instructions used for the control 

of the dump truck 20 are described and data used for the 

control of the dump truck 20. Moreover, the vehicle

5 mounted storage device 31 stores the operation information, 

the travel path information, or the speed limit information 

that is received from the mine management apparatus 10 via 

the vehicle-mounted wireless communication device 27. If 

the speed limit control device generates speed limit 

10 information based on travel path information, the vehicle

mounted storage device 31 does not always need to store the 

travel path information. The vehicle control device 30 

reads and executes the computer program stored in the 

vehicle-mounted storage device 31 and reads and uses 

15 various pieces of information and data that are stored in 

the vehicle-mounted storage device 31 if needed and 

accordingly controls the travel operation and turning 

operation of the dump truck 20 or the vertical movement of 

the vessel 22.  

20 [0056] In the embodiment, if the speed limit control 

device is mounted on the dump truck 20, the vehicle control 

device 30 realizes the function of the speed limit control 

device. In this case, the vehicle control device 30 

executes the operation control method according to the 

25 embodiment. In this case, the vehicle control device 30 

acquires travel path information and position information 

via the antenna 28A and the vehicle-mounted wireless 

communication device 27. The vehicle control device 30 

then generates speed limit information based on the 

30 acquired travel path information and position information, 

and controls the travel speed of the dump truck 20 based on 

the speed limit information so as not to exceed the speed 

limit of the travel path R.
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[0057] If the speed limit control device is not included 

in the mine management apparatus 10, but is mounted on the 

dump truck 20, the vehicle control device 30 may acquire 

travel path information and position information directly 

5 from the weather-observing device 3, or may acquire travel 

path information and its corresponding position information 

via the mine management apparatus 10 illustrated in FIGS. 1 

and 2. Moreover, for example, after an identifier 

indicating each weather-observing device 3 is associated 

10 with position information, the identifier and the position 

information are stored in advance in the vehicle-mounted 

storage device 31. The vehicle control device 30 may 

acquire a plurality of pieces of travel path information 

together with identifiers, read position information 

15 corresponding to the acquired identifiers from the vehicle

mounted storage device 31, and accordingly extract travel 

path information necessary to generate speed limit 

information, and position information corresponding to the 

travel path information. Next, the weather-observing 

20 device 3 will be described.  

[0058] <Weather-observing Device> 

FIG. 5 is a block diagram illustrating the 

configuration of the weather-observing device 3. The 

weather-observing device 3 includes a travel path 

25 information collection device 40, a collection-side storage 

device 41, a collection-side wireless communication device 

42, and a collection-side position information detection 

device 43. The travel path information collection device 

40 is, for example, an information processing device, and 

30 includes a CPU and the like. The collection-side storage 

device 41 is, for example, a RAM, a ROM, a flash memory, or 

a hard disk drive, or their combination, and is a storage 

device that stores various pieces of information and data.
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[0059] The collection-side wireless communication device 

42 is connected to a collection-side antenna 44A. The 

collection-side wireless communication device 42 mutually 

performs wireless communication with the management-side 

5 antenna 18A illustrated in FIG. 1 via the collection-side 

antenna 44A. On the other hand, if the speed limit control 

device is mounted on the dump truck 20, the collection-side 

wireless communication device 42 mutually performs wireless 

communication with the antenna 28A illustrated in FIG. 4 

10 via the collection-side antenna 44A. The collection-side 

position information detection device 43 is connected to a 

collection-side GPS antenna 44B. The collection-side 

position information detection device 43 converts a radio 

wave received by the collection-side GPS antenna 44B into 

15 an electrical signal, and calculates (determines) its own 

position information, in other words, the position 

information of the weather-observing device 3.  

[0060] The travel path information collection device 40 

collects travel path information and generates travel path 

20 information for transmission from the weather-observing 

device 3 to the outside. A group of various sensors for 

collecting travel path information is connected to the 

travel path information collection device 40. The group of 

various sensors for collecting travel path information 

25 includes, for example, a precipitation amount detection 

sensor 45A, a thermometer 45B, and a hygrometer 45C, which 

are connected to the travel path information collection 

device 40. The precipitation amount detection sensor 45A 

can be realized by, for example, various rain gauges, 

30 quantitatively measures the amount of rainfall per 

predetermined time, and transmits numerical data indicating 

the amount of rainfall to the travel path information 

collection device 40. Moreover, in an area where snowfall
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is expected at a mine, it is configured to provide a snow 

gauge as the precipitation amount detection sensor 45A, and 

transmit numerical data indicating the amount of snowfall 

to the travel path information collection device 40.  

5 Naturally, it is preferred at a mine in an area having both 

rainfall and snowfall to provide both a rain gauge and a 

snow gauge as the precipitation amount detection sensor 45A.  

Moreover, the precipitation amount detection sensor 45A may 

include a rain sensor or a snow sensor that detects rain or 

10 snow. It may be configured such that the activation of the 

device such as the rain gauge, the snow gauge, or the 

travel path information collection device 40 is triggered 

by the detection of rainfall or snowfall by the rain sensor 

or snow sensor. The device then starts measuring the 

15 amount of rainfall or snowfall. Moreover, such a rain 

sensor or snow sensor can detect the presence or absence of 

rainfall or snowfall, and detect whether or not rainfall or 

snowfall is continuing. However, if the weather-observing 

device 3 does not include such a rain sensor or snow sensor 

20 but includes only a rain gauge or snow gauge, it is 

configured such that the snow gauge or rain gauge detects 

an increase in the amount of rainfall or snowfall per unit 

time. Accordingly, it is possible to detect whether or not 

rainfall or snowfall is continuing. The group of various 

25 sensors for collecting travel path information is not 

limited to them. An appropriate sensor is used in 

accordance with the kind of travel path information 

collected by the travel path information collection device 

40, whenever appropriate.  

30 [0061] The travel path information collection device 40 

transmits travel path information generated by being 

collected from the precipitation amount detection sensor 

45A, the thermometer 45B, and the like to the management-
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side antenna 18A illustrated in FIGS. 1 and 2 via the 

collection-side wireless communication device 42 and the 

collection-side antenna 44A. The mine management apparatus 

10 as the speed limit control device receives the travel 

5 path information via the management-side wireless 

communication device 18. Consequently, the mine management 

apparatus 10 can acquire the travel path information from 

the travel path information collection device 40 included 

in the weather-observing device 3.  

10 [0062] Moreover, the travel path information collection 

device 40 transmits position information calculated 

(determined) by the collection-side position information 

detection device 43, the position information indicating 

the current position of the weather-observing device 3 

15 (hereinafter, the position information of the weather

observing device 3), to the management-side antenna 18A 

illustrated in FIGS. 1 and 2 via the collection-side 

wireless communication device 42 and the collection-side 

antenna 44A. The mine management apparatus 10 as the speed 

20 limit control device receives the position information of 

the weather-observing device 3 via the management-side 

wireless communication device 18. Consequently, the mine 

management apparatus 10 can acquire the position 

information of the weather-observing device 3 from the 

25 travel path information collection device 40 of the 

weather-observing device 3. Since the place where the 

weather-observing device 3 is installed is known in advance, 

position information on the installation place may be 

measured and obtained in advance, and stored in the storage 

30 device 13 of the mine management apparatus 10 illustrated 

in FIG. 2. In this case, the weather-observing device 3 

does not need to include the collection-side position 

information detection device 43 and the collection-side GPS
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antenna 44B. Accordingly, the number of components of the 

weather-observing device 3 can be reduced. Therefore, 

installation cost and operation cost can be reduced.  

[0063] If the speed limit control device is not included 

5 in the mine management apparatus 10 but is mounted on the 

dump truck 20, the travel path information collection 

device 40 uses the collection-side wireless communication 

device 42 and the collection-side antenna 44A to transmit 

travel path information to the outside. The dump truck 20 

10 receives the travel path information via the antenna 28A 

and the vehicle-mounted wireless communication device 27, 

which are illustrated in FIG. 4, and transmits the travel 

path information to the vehicle control device 30 as the 

speed limit control device. In this case, as described 

15 above, the dump truck 20 may acquire travel path 

information via the mine management apparatus 10 or acquire 

travel path information directly from the weather-observing 

device 3. Consequently, the vehicle control device 30 of 

the dump truck 20 can acquire the travel path information 

20 from the travel path information collection device 40 

included in the weather-observing device 3.  

[0064] Moreover, if the speed limit control device is 

mounted on the dump truck 20, the travel path information 

collection device 40 transmits position information 

25 calculated (determined) by the collection-side position 

information detection device 43 to the antenna 28A and the 

vehicle-mounted wireless communication device 27, which are 

illustrated in FIG. 4, via the collection-side wireless 

communication device 42 and the collection-side antenna 44A.  

30 The vehicle control device 30 receives the position 

information of the weather-observing device 3.  

Consequently, the vehicle control device 30 of the dump 

truck 20 can acquire the position information of the
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weather-observing device 3 from the travel path information 

collection device 40 of the weather-observing device 3.  

[0065] If the speed limit control device is mounted on 

the dump truck 20, as described above, the position 

5 information of the weather-observing device 3 may be 

associated with an identifier indicating the weather

observing device 3 and stored in the vehicle-mounted 

storage device 31 illustrated in FIG. 4, and the vehicle 

control device 30 may generate speed limit information 

10 using the position information of the weather-observing 

device 3 stored in the vehicle-mounted storage device 31.  

Consequently, the weather-observing device 3 does not need 

to include the collection-side position information 

detection device 43 and the collection-side GPS antenna 44B.  

15 Accordingly, the number of components of the weather

observing device 3 can be reduced. Therefore, installation 

cost and operation cost can be reduced. Next, the water 

truck 5 as a mining machine will be described.  

[0066] <Water Truck> 

20 FIG. 6 is a block diagram illustrating the 

configuration of the water truck 5. The water truck 5 is a 

mining machine that waters the travel path R at the mine 

while running at the instruction of the mine management 

apparatus 10 illustrated in FIGS. 1 and 2. There is a 

25 controller who monitors or controls the road surface 

condition of the travel path R on the mine property in the 

control facility 6, and the controller issues an 

instruction to water or stop watering to an operator who 

drives and operates the water truck 5 in accordance with 

30 the controller's judgment. The water truck 5 includes a 

watering apparatus 50 having a water tank 50T where water W 

is stored, a pump 50P, and a watering nozzle 50N. Moreover, 

the water truck 5 includes a vehicle control device 51
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functioning as the travel control device, a vehicle-mounted 

storage device 52, a vehicle-mounted wireless communication 

device 53, and a vehicle-mounted position information 

detection device 54. The vehicle control device 51 is 

5 connected to a travel speed sensor 56A that detects the 

travel speed of the water truck 5, and a flow sensor 56B 

that detects the flow rate of the water W discharged by the 

pump 50P to the watering nozzle 50N (the amount of water 

discharged per unit time by the pump 50P, and hereinafter 

10 referred to as the watering flow rate in some cases).  

[0067] The vehicle control device 51 is, for example, a 

computer (information processing device) that is a 

combination of a CPU and a memory. The vehicle-mounted 

storage device 52 is, for example, a RAM, a ROM, a flash 

15 memory, or a hard disk drive, or their combination, and is 

a storage device that stores various pieces of information 

and data. The vehicle control device 51 controls, for 

example, the watering operation of the water truck 5. The 

vehicle-mounted storage device 52 stores a computer program 

20 where instructions necessary to control the water truck 5 

are described, data used for the control of the water truck 

5, and the like. The vehicle control device 51 reads and 

executes the computer program stored in the vehicle-mounted 

storage device 52 and reads and uses the data stored in the 

25 vehicle-mounted storage device 52 if needed and accordingly 

controls the operation of the water truck 5.  

[0068] The water truck 5 can receive radio waves from 

the GPS (Global Positioning System: global positioning 

system) satellites 7A, 7B, and 7C by a GPS antenna 55B, and 

30 determine the self-position. The GPS antenna 55B outputs 

the received radio wave to the vehicle-mounted position 

information detection device 54. The vehicle-mounted 

position information detection device 54 converts the radio
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wave received by the GPS antenna 55B into an electrical 

signal and calculates (determines) its own position 

information, in other words, the position information of 

the water truck 5 (hereinafter, the self-position 

5 information). The vehicle-mounted wireless communication 

device 53 mutually performs wireless communication with the 

management-side antenna 18A illustrated in FIG. 1 via an 

antenna 55A. An established communication infrastructure 

capable of data communication only within the mine property 

10 (for example, pursuant to a wireless LAN standard), 

wireless communication pursuant to a standard for satellite 

wave communication or ground wave communication, or the 

like can be applied as a wireless communication mode.  

Considering the establishment situation of the 

15 communication infrastructure at a site at the mine, and 

communication cost, the wireless communication mode is 

appropriately selected and used.  

[0069] In the embodiment, the vehicle control device 51 

can compute and obtain a watering amount using, as travel 

20 path information, information on the amount of the water W 

used by the water truck 5 to water the travel path R (the 

watering amount). Since the watering flow rate can be 

measured by the flow sensor 56B provided to the water truck 

5, the watering flow rate by the pump 50P is multiplied by 

25 watering time and accordingly the watering amount can be 

obtained. Moreover, the watering flow rate by the pump 50P 

is divided by a travel speed detected by the travel speed 

sensor 56A of the water truck and accordingly the watering 

amount per unit length for the travel path R can be 

30 obtained. If the width of the travel path R is constant, 

the watering flow rate by the pump 50P is divided by the 

travel speed of the water truck and the width of the travel 

path. Accordingly, the watering amount per unit area for
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the travel path R can be obtained. In this case, data on 

the width of the travel path R related to a position to be 

watered may be stored in advance in the vehicle-mounted 

storage device 52. Moreover, data on the widths of the 

5 travel paths R, the data being associated with data 

indicating their positions on the mine property, may be 

received from the mine management apparatus 10 via the 

vehicle-mounted wireless communication device 53 and the 

antenna 55A. The position of the water truck 5 itself 

10 detected by the vehicle-mounted position information 

detection device 54 is compared to the positions associated 

with the data on the widths of the travel paths R.  

Accordingly, data on the width of the travel path R may be 

selected to obtain the watering amount.  

15 [0070] The vehicle control device 51 transmits 

information on the watering amount as the travel path 

information to the management-side antenna 18A and the 

management-side wireless communication device 18, which are 

illustrated in FIGS. 1 and 2, via the vehicle-mounted 

20 wireless communication device 53 and the antenna 55A. The 

mine management apparatus 10 receives the travel path 

information. Moreover, the vehicle control device 51 

transmits the self-position information of the water truck 

5 determined by the vehicle-mounted position information 

25 detection device 54 using the GPS antenna 55B to the mine 

management apparatus 10 via the vehicle-mounted wireless 

communication device 53 and the antenna 55A. In this 

manner, the mine management apparatus 10 acquires the 

travel path information and the self-position information 

30 of the water truck 5 from the water truck 5. Next, the 

operation control method according to the embodiment will 

be described.  

[0071] <Operation Control Method>



Docket No.PKOA-14061-PCT 
35 

FIG. 7 is a flowchart illustrating an example of the 

operation control method according to the embodiment. FIG.  

8 is an explanatory view of an example of the operation 

control method according to the embodiment. Upon the 

5 execution of the operation control method according to the 

embodiment, in step S101, the mine management apparatus 10 

as the speed limit control device, more specifically, the 

processing device 12 (see FIG. 2) acquires travel path 

information and its corresponding position information from 

10 the weather-observing device 3 installed at the mine. As 

described above, if position information is stored in 

advance in the storage device 13 of the mine management 

apparatus 10, the processing device 12 acquires position 

information corresponding to the travel path information 

15 from the storage device 13 (an information acquisition 

step).  

[0072] For example, if weather-observing devices 3a, 3b, 

3c, 3d, 3e, and 3f are installed in the vicinities of 

travel paths Ra, Rb, and Rc constructed on the mine 

20 property as illustrated in FIG. 8, the mine management 

apparatus 10 acquires travel path information collected 

respectively by the weather-observing devices 3a, 3b, 3c, 

3d, 3e, and 3f together with position information (the 

position information of the weather-observing devices 3a, 

25 3b, 3c, 3d, 3e, and 3f), respectively from the weather

observing devices 3a, 3b, 3c, 3d, 3e, and 3f. The 

processing device 12 then associates the plurality of 

pieces of travel path information acquired by the mine 

management apparatus 10 respectively with the position 

30 information of the weather-observing devices 3a, 3b, 3c, 3d, 

3e, and 3f, and stores them in the storage device 13. In 

the following, when there is no need to distinguish between 

the travel paths Ra, Rb, and Rc, they are referred to as
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the travel path R as appropriate. Moreover, if there is no 

need to distinguish between the weather-observing devices 

3a, 3b, 3c, 3d, 3e, and 3f, they are referred to as the 

weather-observing device 3 as appropriate.  

5 [0073] Next, in step S102, the mine management apparatus 

10 generates speed limit information based on the travel 

path information acquired from the weather-observing 

devices 3a, 3b, 3c, 3d, 3e, and 3f (in this example, 

including data indicating precipitation amounts in areas Aa, 

10 Ab, Ac, Ad, Ae, and Af) and the position information 

corresponding respectively to the weather-observing devices 

3 (a speed limit information generation step). In this 

example, assume that the road surface of the travel path R 

in a certain place actually is slippery due to 

15 precipitation (at least one of rainfall and snowfall).  

Hence, the speed limit information generated by the mine 

management apparatus 10 includes, for example, information 

to change the speed limit to a speed limit lower than a 

speed limit based on a design value for the travel path R 

20 at the mine. The speed limit based on the design value for 

the travel path R at the mine is a speed limit of the 

travel path R set in a state of no precipitation based on, 

for example, the radius of curvature, a gradient, and an 

average friction coefficient of the travel path R.  

25 Moreover, the speed limit is also a speed limit at which 

the dump truck 20 can run on the travel path R safely and 

excellently in production efficiency in the state of no 

precipitation. The speed limit information used to change 

the speed limit when there is precipitation is not limited 

30 to speed limit information with reference to the speed 

limit based on the design value for the travel path R at 

the mine. For example, the speed limit information may 

include information to change the speed limit to a lower
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speed limit with reference to a speed limit immediately 

before generating the speed limit information, in other 

words, a speed limit immediately before changing the speed 

limit. In the embodiment, the speed limit information is 

5 generated as follows.  

[0074] For example, assume that in the areas Aa, Ab, Ac, 

Ad, Ae, and Af having a predetermined radius with their 

respective weather-observing devices 3a, 3b, 3c, 3d, 3e, 

and 3f as centers, the areas being illustrated in FIG. 8, 

10 an area inside each area has the same weather condition.  

Assume that the area Aa has a precipitation amount of 40, 

the area Ab 50, the area Ac 100, the area Ad 30, the area 

Ae 20, and the area Af 70 (they are all relative values).  

The mine management apparatus 10 predicts areas where the 

15 road surface condition of the travel path R is bad (bad 

road areas) Ba and Bb based on the acquired travel path 

information (in this example, including data indicating the 

precipitation amounts in the areas Aa, Ab, Ac, Ad, Ae, and 

Af) and their corresponding position information.  

20 [0075] The areas Aa, Ab, Ac, Ad, Ae, and Af may be 

defined as rectangular or square areas with their 

respective weather-observing devices 3a, 3b, 3c, 3d, 3e, 

and 3f as centers even if they are areas within the 

predetermined radius with the weather-observing devices 3a, 

25 3b, 3c, 3d, 3e, and 3f as centers. Moreover, the travel 

path information transmitted from the water truck 5 to the 

mine management apparatus 10 includes data indicating the 

watering amount by the water truck 5. In other words, in 

step S101, the mine management apparatus 10 acquires the 

30 data indicating the watering amount and a place watered by 

the water truck 5 (the self-position information of the 

water truck 5). If a plurality of the water trucks 5 is 

operating, the mine management apparatus 10 acquires data
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indicating a plurality of watering amounts and a plurality 

of pieces of the self-position information.  

[0076] In this example, the precipitation amounts of the 

areas Aa and Ab are different. However, for example, the 

5 mine management apparatus 10 creates a model where the 

precipitation amount changes between the two areas 

according to a linear function. With the use of the model, 

it is possible to predict the precipitation amount at a 

position between the areas Aa and Ab. Next, assuming that 

10 a position indicating that the precipitation amount is 

equal to or more than a predetermined amount is a position 

where the road surface condition of the travel path R is 

bad, the mine management apparatus 10 sets such a position 

as the bad road area Ba. In this manner, the mine 

15 management apparatus 10 predicts the bad road areas Ba and 

Bb. In other words, according to the road surface 

condition of the travel path R in a place close to the 

weather-observing device 3, the speed limit can be changed 

with travel path information (including data indicating a 

20 precipitation amount) acquired from a single weather

observing device 3. However, the speed limit of the travel 

path R can be changed in a wider area with the use of 

travel path information (including data indicating 

precipitation amounts) acquired from at least two or more 

25 weather-observing devices 3. The method for predicting the 

bad road areas Ba and Bb is not limited to the above method.  

[0077] After the bad road areas Ba and Bb are predicted, 

the mine management apparatus 10 generates speed limit 

information for the travel paths R included in the bad road 

30 areas Ba and Bb. As described above, the speed limit 

information includes the information to change the speed 

limits to the speed limits based on the design values for 

the travel paths R at the mine, in other words, speed
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limits lower than when there is no precipitation. The mine 

management apparatus 10 associates the generated speed 

limit information with the position information 

(geographical information) of the travel paths R 

5 corresponding to the bad road areas Ba and Bb, and 

transmits the speed limit information and the position 

information to the vehicle control device 30 of the dump 

truck 20 via the management-side wireless communication 

device 18 and the vehicle-mounted wireless communication 

10 device 27. In other words, the mine management apparatus 

10 transmits the speed limit information on the changes of 

the speed limits and the geographical information of the 

travel paths R where their speed limits need to be changed, 

as the operation information, to the dump truck 20 by 

15 wireless communication. When running on the travel path R 

where its speed limit has been changed, the vehicle control 

device 30, which has acquired the speed limit information, 

controls the dump truck 20 so as to prevent the travel 

speed of the dump truck 20 from exceeding the speed limit 

20 changed by the speed limit information. In the example 

illustrated in FIG. 8, the travel paths R where the speed 

limits have been changed are part of the travel path Rb 

included in the bad road area Ba and part of the travel 

paths Ra and Rc included in the bad road area Bb.  

25 [0078] Next, in step S103, the mine management apparatus 

10 wirelessly communicates with the weather-observing 

device 3 and acquires information on precipitation or 

watering (hereinafter, precipitation or the like) (for 

example, a precipitation amount or watering amount). If 

30 precipitation or the like is not continuing, in other words, 

if the weather-observing device 3 does not detect 

precipitation or the like (step S103, Yes), proceed to step 

S104. In step S104, the mine management apparatus 10
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compares time t elapsed since water is stopped to be 

supplied to the travel path R corresponding to the 

generated speed limit information (elapsed time) with speed 

limit lifting time tc for lifting the speed limit, which is 

5 a predetermined time period. The supply of water to the 

travel path R includes watering by the water truck 5 in 

addition to the weather such as rainfall and snowfall. The 

lifting of the speed limit is to return a speed limit set 

to be lower than a reference speed limit (for example, the 

10 speed limit based on the design value for the travel path R 

at the mine, or a speed limit immediately before generating 

speed limit information for reducing a speed limit) to the 

"reference speed limit." 

[0079] The time to start counting the elapsed time t 

15 will be described. The travel path information collection 

device 40 of the weather-observing device 3 acquires the 

time when the precipitation amount detection sensor 45A of 

the weather-observing device 3 no longer detects 

precipitation, and transmits data indicating the acquired 

20 time to the mine management apparatus 10. Accordingly, the 

mine management apparatus 10 can start counting the elapsed 

time t. Moreover, the precipitation amount detection 

sensor 45A of the weather-observing device 3 detects the 

presence or absence of rainfall at preset cycles, and 

25 transmits data indicating the presence or absence of 

rainfall to the mine management apparatus 10 at the cycles, 

and accordingly time-of-day data included in no-rainfall 

data obtained when the transmitted data changes from data 

indicating rainfall to data indicating no rainfall may be 

30 set as the time to start counting the elapsed time t. In a 

case of not rainfall but snowfall, if the time when the 

snow sensor of the precipitation amount detection sensor 

45A no longer detects snowfall is acquired, it is possible
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to start counting the elapsed time t similarly to rainfall.  

With respect to the stop of the supply of water by the 

water truck 5, the time when watering has been stopped is 

acquired by a signal indicating the stop of watering 

5 detected by the flow sensor 56B, another sensor (for 

example, a sensor that detects a watering stop signal 

generated by the operator of the water truck 5 operating a 

watering stop button provided to the water truck 5), or the 

like. Data indicating the acquired time is transmitted 

10 from the water truck 5 to the mine management apparatus 10.  

Accordingly, the mine management apparatus 10 can start 

counting the elapsed time t.  

[0080] If the elapsed time t reaches the speed limit 

lifting time tc or more (step S104, Yes), proceed to step 

15 S105. The mine management apparatus 10 generates speed 

limit information for returning the speed limit to the 

reference speed limit (a speed limit lifting step). The 

mine management apparatus 10 associates the generated speed 

limit information with the position information 

20 (geographical information) of the travel path R being a 

target whose speed limit is returned to the reference speed 

limit, and transmits the information as the operation 

information to the vehicle control device 30 of the dump 

truck 20 via the management-side wireless communication 

25 device 18 and the vehicle-mounted wireless communication 

device 27. During travel along the travel path R where the 

travel speed has been changed (returned) to the "reference 

speed limit," the vehicle control device 30, which has 

acquired the new speed limit information, controls the 

30 travel speed of the dump truck 20 so as to prevent the 

actual travel speed of the dump truck 20 from exceeding an 

upper limit being a travel speed indicated by the 

"reference speed limit" to which the speed limit has been
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changed (returned) by the speed limit information. If the 

dump truck 20 continues running at a speed lower than the 

reference speed limit on the mine property, the travel time 

between the load site LP and the dump site DP is extended, 

5 or the like. Accordingly, productivity at the mine 

decreases. Therefore, as in the embodiment, under 

conditions that rainfall or the like is not continuing and 

predetermined time (the elapsed time t) has elapsed, the 

speed limit of the targeted travel path R is returned to 

10 the reference speed limit and accordingly the productivity 

of the dump truck 20 operating on the mine property can be 

increased.  

[0081] Next, returning to step S103, a description will 

be given. If rainfall or the like is continuing, in other 

15 words, if the weather-observing device 3 detects rainfall 

or the like (step S103, No), the road surface of the travel 

path R may become more slippery. In this case, the mine 

management apparatus 10 returns to step S101, acquires 

travel path information and position information from the 

20 weather-observing device 3, and newly generates (updates) 

speed limit information if needed.  

[0082] Next, returning to step S104, a description will 

be given. With respect to the road surface of the travel 

path R, if the elapsed time t has not reached the speed 

25 limit lifting time tc (step S104, No), the moisture content 

of the road surface is changing to a decrease. Therefore, 

it is possible to predict that the travel path R will, in 

the future, become less slippery than the present time. In 

this case, the mine management apparatus 10 proceeds to 

30 step S106 and maintains the current speed limit. In other 

words, the mine management apparatus 10 performs a process 

of maintaining the current speed limit information for the 

targeted travel path R. Return to step S103 to execute the
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following procedure.  

[0083] In the embodiment, as described above, when speed 

limit information for reducing the speed limit is generated, 

speed limit information for returning the speed limit to 

5 the speed limit before reduction, in other words, the 

reference speed limit is generated based on the elapsed 

time t. It is also possible to set such that the magnitude 

relation between the elapsed time t until returning the 

speed limit to the reference speed limit and the speed 

10 limit lifting time tc can be changed. In other words, in 

the embodiment, the length of the speed limit lifting time 

tc may be set in accordance with the magnitude of the 

precipitation amount detected by the weather-observing 

device 3. For example, the processing device 12 of the 

15 mine management apparatus 10 determines from travel path 

information transmitted from the weather-observing device 3 

that the precipitation amount is increasing, changes the 

speed limit lifting time tc to a longer time, and set the 

time. The relationship between the precipitation amount 

20 and the speed limit lifting time tc is stored in advance in 

the storage device 13 of the mine management apparatus 10.  

If the precipitation amount increases, the moisture content 

of the travel path R also increases. The time required for 

the road surface to become dry after the end of 

25 precipitation is also extended. The operation control 

system or the operation control method that extends the 

speed limit lifting time tc with an increasing 

precipitation amount is used. Accordingly, a speed limit 

lower than the reference speed limit can be set until the 

30 slipperiness of the travel path R is reduced if the travel 

path R has a large moisture content. As a consequence, 

safety on the mine property is further improved.  

[0084] If the speed limit information for returning the
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speed limit to the reference speed limit is generated, the 

mine management apparatus 10 may generate the speed limit 

information for returning the speed limit to the reference 

speed limit based on air temperature information including 

5 information on at least the air temperature at the mine, 

more specifically, the air temperature on the travel path R 

transmitted from the weather-observing device 3. The air 

temperature has an influence on the evaporation of the 

moisture of the travel path R. Therefore, the speed limit 

10 information for returning the speed limit to the reference 

speed limit is generated based on the information on the 

air temperature on the travel path R. Accordingly, it is 

possible to more appropriately evaluate the slipperiness of 

the travel path R and appropriately generate the speed 

15 limit information for returning the speed limit to the 

reference speed limit.  

[0085] For example, the speed limit lifting time tc is 

extended as the air temperature on the travel path R drops.  

Consequently, until the moisture of the travel path R 

20 becomes dry and the slipperiness of the travel path R is 

reduced, a speed limit lower than the reference speed limit 

can be maintained. As a consequence, safety on the mine 

property is further improved. If the speed limit 

information for returning the speed limit to the reference 

25 speed limit is generated, the speed limit information for 

returning the speed limit to the reference speed limit may 

be generated further based on humidity information 

including information on the humidity at the mine, more 

specifically, the humidity on the travel path R. In these 

30 cases, the relationship between at least one of the air 

temperature and the humidity, and the speed limit lifting 

time tc is stored in advance in the storage device 13 of 

the mine management apparatus 10. In this manner, with the
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use of the operation control system and the operation 

control method that has taken into account at least one of 

the air temperature and the humidity, the slipperiness of 

the travel path R can be evaluated more appropriately.  

5 Accordingly, the speed limit information for returning the 

speed limit to the reference speed limit can be generated 

more appropriately.  

[0086] FIG. 9 is a diagram illustrating an example of a 

case where the watering amount of the water truck 5 is used 

10 as the travel path information in the operation control 

method according to the embodiment. The case of using the 

watering amount of the water truck 5 as the travel path 

information is also similar to the above-mentioned case of 

using a precipitation amount as the travel path information.  

15 In this case, the mine management apparatus 10 illustrated 

in FIGS. 1 and 2 acquires data indicating the watering 

amount as the travel path information and data indicating a 

watered position (the self-position information of the 

water truck 5) as the position information (an information 

20 acquisition step). In this example, the water truck 5, 

more specifically, the vehicle control device 51 included 

in the water truck 5 functions as one corresponding to the 

travel path information collection device of the weather

observing device 3. Therefore, if the water truck 5 

25 includes a temperature sensor or a humidity sensor, data 

indicating the air temperature or data indicating the 

humidity together with the self-position information and 

the data indicating the watering amount are transmitted to 

the mine management apparatus 10. Accordingly, the speed 

30 limit of the travel path R can be changed as described 

above.  

[0087] In the example, after the information acquisition 

step, speed limit change areas Ch, Cm, and Cl ranked by the
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watering amount are set. In other words, the speed limit 

change areas Ch, Cm, and Cl are respectively places that 

have been watered by one or a plurality of the water trucks 

5. Assume that the watering amounts of the speed limit 

5 change areas Ch, Cm, and Cl decrease in the order of Ch, Cm 

and Cl. Therefore, the dump truck 20 becomes less slippery 

in the order of Ch, Cm, and Cl in the speed limit change 

areas Ch, Cm, and Cl. In the example, the three rankings, 

the speed limit change areas Ch, Cm, and Cl, are set, but 

10 ranking is not limited to this.  

[0088] If the speed limit change areas Ch, Cm, and Cl 

are set, the mine management apparatus 10 generates speed 

limit information respectively for the speed limit change 

areas (a speed limit information generation step). In this 

15 example, it becomes less slippery in the order of the speed 

limit change areas Ch, Cm, and Cl. Accordingly, the speed 

limits are relaxed, that is, increased, in the order of the 

speed limit change areas Ch, Cm, and Cl. However, any of 

the speed limits are set to be lower than the reference 

20 speed limits that are respectively set for the speed limit 

change areas. Consequently, appropriate speed limit 

information in accordance with the moisture content of the 

travel path R can be generated. Accordingly, a speed limit 

according to the slipperiness of the travel path R can be 

25 set in more detail. As a consequence, it is possible to 

further improve safety on the mine property, and it is also 

possible to reduce the possibility of indiscriminately 

reducing the speed limit and suppress the reduction of 

productivity at the mine. The operation control method 

30 according to the embodiment may be executed setting both 

data indicating a precipitation amount and data indicating 

the watering amount of the water truck 5 as the travel path 

information. Consequently, more appropriate speed limit
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information can be generated. Therefore, it is more 

effective to improve safety on the mine property and 

suppress the tire wear of and the deterioration of the fuel 

consumption of the dump truck 20, and further suppress the 

5 reduction of the mine's and productivity.  

[0089] FIG. 10 is a flowchart illustrating another 

example of the operation control method according to the 

embodiment. FIG. 11 is a diagram illustrating the another 

example of the operation control method according to the 

10 embodiment. The example is similar to the above-mentioned 

example but is different in the respect that the mine 

management apparatus 10 (see FIGS. 1 and 2) as the speed 

limit control device sets the ranking of the road surface 

condition of the travel path R based on at least travel 

15 path information and posture information as information on 

the posture of the dump truck 20 as a mining machine, and 

generates speed limit information based on the set ranking.  

[0090] In the operation control method of the example, 

firstly, the mine management apparatus 10 as the speed 

20 limit control device, more specifically, the processing 

device 12 (see FIG. 2) acquires various pieces of 

information in step S201 (an information acquisition step).  

Various pieces of information include travel path 

information acquired from the weather-observing device 3 

25 installed at the mine, position information corresponding 

to the travel path information, a watering flow rate q and 

watering time ts of water discharged from the pump 50P, 

which are acquired from the water truck 5, and a slip ratio 

A and a slip angle dh that are acquired from the dump truck 

30 20. If a travel speed Vv of the dump truck 20 and a 

rotational speed Vw of the wheel 23 are used, the slip 

ratio A can be expressed by (Vv - Vw)/Vv. The slip angle 

dh is obtained based on the operation information taking,
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as an angle, the difference between an original direction 

of the dump truck 20 toward which the dump truck 20 should 

point, and a direction toward which the dump truck 20 is 

pointing as a result of skidding across the road surface.  

5 In other words, an unillustrated speed sensor provided to 

the dump truck 20 detects the travel speed Vv, and the 

rotary sensor 25 further detects the rotational speed Vw.  

Accordingly, the slip ratio A can be obtained. The vehicle 

control device 30 computes the slip ratio A and transmits 

10 the obtained slip ratio A to the mine management apparatus 

10 via the vehicle-mounted wireless communication device 27 

and the antenna 28A. The slip angle dh is obtained using 

the turning angle sensor 32. The slip angle dh is 

transmitted to the mine management apparatus 10 via the 

15 vehicle-mounted wireless communication device 27 and the 

antenna 28A. The travel path information acquired from the 

weather-observing device 3 includes a precipitation amount 

qw, air temperature tw, and humidity sw.  

[0091] The above-mentioned operation information 

20 includes a direction toward which the dump truck 20 should 

move on each travel path R together with the position 

information of the travel path R (the geographical 

information of the travel path R) on which the dump truck 

20 runs. The operation information is wirelessly 

25 communicated from the mine management apparatus 10 to the 

dump truck 20 and stored in the vehicle-mounted storage 

device 31 of the dump truck 20. Moreover, the turning 

angle sensor 32 mounted on the dump truck 20 successively 

detects the posture of the dump truck 20. The vehicle 

30 control device 30 compares an original direction toward 

which the dump truck 20 should point (corresponding to the 

above-mentioned direction toward which the dump truck 20 

should move) based on the operation information with the
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direction of the dump truck 20 detected by the turning 

angle sensor 32, and computes the angular difference 

between the two. In other words, the angular difference 

between the two directions is the slip angle dh.  

5 [0092] In step S202, the mine management apparatus 10 

uses various pieces of information acquired in step S201 

and creates evaluation parameters. In the embodiment, the 

evaluation parameters are a watering level parameter SP, a 

vehicle posture parameter Pp, and a weather parameter WP.  

10 The evaluation parameters are indicated in Equations (1) to 

(3). The watering level parameter SP is a scale indicating 

the slipperiness of the travel path R due to the water used 

by watering the travel path R. The vehicle posture 

parameter Pp is a scale indicating the slipperiness of the 

15 travel path R predicted from the posture of the dump truck 

20. The weather parameter WP is a scale indicating the 

slipperiness of the travel path R due to the weather.  

SP = F(q, ts) (1) 

Pp = G(A, dh) (2) 

20 WP = H(qw, tw, sw) (3) 

[0093] In the example, each evaluation parameter 

indicates that the travel path R becomes slippery for the 

dump truck 20 as its value increases. The watering level 

parameter SP increases as the watering flow rate q and the 

25 watering time ts increase. The vehicle posture parameter 

Pp increases as the slip ratio A and the slip angle dh 

increase. The weather parameter WP increases as the 

precipitation amount qw and humidity sw increases, and 

increases as the temperature tw drops.  

30 [0094] Next, proceed to step S203. The mine management 

apparatus 10 assigns weights to the evaluation parameters 

and then creates an evaluation function FRr indicated in 

Equation (4). a, b, and c of Equation (4) are weighting
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coefficients, and their magnitudes are set in accordance 

with the evaluation parameters' influence on the 

slipperiness of the travel path R, as appropriate. For 

example, if rainfall continues for a long time, the water 

5 truck 5 does not perform watering. Accordingly, the 

weighting coefficient a of the watering level parameter SP 

is reduced and the weighting coefficient c of the weather 

parameter WP is increased.  

FRr = J(a x SP, b x Pp, c x WP) (4) 

10 [0095] If the evaluation function FRr is created, 

proceed to step S204. The mine management apparatus 10 

sets a ranking L of the travel path R (a travel path 

ranking) based on the evaluation function FRr. In the 

example, as illustrated in FIG. 11, there are four travel 

15 path rankings Li, L2, L3, and L4. The travel path R 

becomes less slippery in the order of Li, L2, L3, and L4.  

As described above, the travel path R becomes slippery as 

the evaluation function FRr increases. In other words, the 

travel path R becomes less slippery as the evaluation 

20 function FRr decreases. In the example, there are four 

travel path rankings, but the number of the travel path 

rankings is not limited to four. As illustrated in FIG. 11, 

the travel path ranking is set in accordance with the 

position information of each travel path R (the 

25 geographical information of the travel path R).  

Accordingly, different travel path rankings may be set at 

different positions of one travel path R (each of Ra, Rb, 

and Rc).  

[0096] When the travel path ranking is set based on the 

30 evaluation function FRr, proceed to step S205. In step 

S205, the mine management apparatus 10 executes a process 

of changing the speed limit for each travel path R. In 

other words, the mine management apparatus 10 generates
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speed limit information based on the travel path ranking 

and its corresponding position information (geographical 

information) (a speed limit information generation step).  

[0097] In the example, it becomes less slippery in the 

5 order of the travel path rankings Li, L2, L3, and L4.  

Accordingly, the speed limits are also relaxed, that is, 

increased in the order of the travel path rankings Li, L2, 

L3, and L4. However, any of the speed limits are lower 

than the reference speed limits set for each travel path R 

10 (or each section included in each travel path R).  

Consequently, appropriate speed limit information in 

accordance with the slipperiness of the travel path R can 

be generated. Therefore, the speed limit of the travel 

path R can be set in more detail. As a consequence, it is 

15 possible to promote the suppression of the wear of tires 

(the wheels 23) of the dump truck 20 and the suppression of 

fuel consumption deterioration, and further improve safety 

on the mine property, and is also possible to reduce the 

possibility of indiscriminately reducing the speed limit 

20 and suppress the reduction of productivity at the mine.  

[0098] If the speed limit information is generated, 

proceed to step S206. The mine management apparatus 10 

wirelessly communicates with the weather-observing device 3 

and acquires information on precipitation or the like and 

25 the position information of the weather-observing device 3.  

If the water truck 5 has performed watering here, 

information on watering or the like and the position 

information of the water truck 5 are acquired from the 

water truck 5. If precipitation or the like is not 

30 continuing, in other words, the weather-observing device 3 

does not detect precipitation or the like in step S206 

(step S206, Yes), proceed to step S207. Alternatively, if 

the water truck 5 is not continuing watering, in other
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words, the water truck 5 has stopped watering (step S206, 

Yes), proceed to step S207. In step S207, the mine 

management apparatus 10 compares the elapsed time t with 

the speed limit lifting time tc when the speed limit is 

5 lifted. If the elapsed time t reaches the speed limit 

lifting time tc or more (step S206, Yes), proceed to step 

S208. The mine management apparatus 10 generates speed 

limit information for returning the speed limit to the 

reference speed limit (a speed limit lifting step). The 

10 subsequent process is similar to the above-mentioned 

process of step S105. Moreover, the subsequent process is 

described assuming that a similar process is performed even 

if precipitation is replaced with watering by the water 

truck 5.  

15 [0099] Next, returning to step S206, a description will 

be given. If precipitation or the like is continuing, in 

other words, the weather-observing device 3 detects 

precipitation or the like (step S206, No), the moisture 

content of the road surface of the relevant travel path R 

20 increases and accordingly it may become more slippery for 

the dump truck 20. In this case, the mine management 

apparatus 10 returns to step S201, acquires various pieces 

of information including travel path information and 

position information, and newly generates (updates) speed 

25 limit information if needed.  

[0100] Next, returning to step S207, a description will 

be given. With respect to the road surface of the travel 

path R, if the elapsed time t has not reached the speed 

limit lifting time tc (step S207, No), the moisture content 

30 of the road surface is changing to a decrease. Therefore, 

it is possible to predict that the travel path R will, in 

the future, become less slippery than the present time. In 

this case, the mine management apparatus 10 proceeds to
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step S209 and maintains the current speed limit. In other 

words, the mine management apparatus 10 performs the 

process of maintaining the current speed limit information 

for the targeted travel path R. Return to step S206 to 

5 execute the following procedure.  

[0101] As described above, the embodiment generates in 

advance speed limit information for changing the speed 

limit based on travel path information and position 

information. The dump truck 20 runs following the speed 

10 limit of the speed limit information. Hence, it is 

possible to reduce the speed limit before the occurrence of 

the slip (including the sideslip of the dump truck 20 

itself and the spin of the wheel 23) on the dump truck 20 

running on the travel path R at the mine. As a consequence, 

15 if the travel path R becomes slippery due to precipitation 

or the like, it is possible to prevent the dump truck 20 

from skidding. Accordingly, safety on the mine property is 

improved, and it is possible to suppress the wear of tires 

(the wheels 23) of the dump truck 20 and also cut needless 

20 fuel consumption. In other words, the dump truck 20 can be 

prevented from skidding. Accordingly, the wear of tires 

(the wheels 23) can also be suppressed. Furthermore, the 

dump truck 20 can be prevented from skidding. Accordingly, 

fuel consumption deterioration due to recovery from the 

25 spin and slip of the tire (the wheel 23) can be suppressed.  

[0102] Furthermore, in the embodiment, the speed limit 

of the travel path R is automatically changed based on 

travel path information including at least information on 

the moisture content of the travel path R, and position 

30 information. Therefore, it is possible to promote an 

increase in the efficiency of the operation control of the 

dump truck 20. Moreover, the embodiment does not need to 

rely on the experience and skill of an operator who
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controls operations if the speed limit of the travel path R 

is changed. Therefore, variation in operations control 

resulting from differences in the experience and the like 

of the operator who controls operations can be kept to a 

5 minimum.  

[0103] Moreover, the embodiment collects a plurality of 

pieces of travel path information for generating speed 

limit information from the weather-observing devices 3 

installed in a plurality of places at the mine. In this 

10 manner, speed limit information according to the plurality 

of places is generated using the plurality of pieces of 

travel path information. Therefore, speed limit 

information can be generated according to the installation 

place of the weather-observing device 3 to change the speed 

15 limit of the travel path R. Accordingly, the speed limit 

of the travel path R can be changed only within part of the 

area of the huge mine. As a consequence, even if there is 

precipitation or the like in part of the huge mine, there 

is no need to change the speed limits in the whole area of 

20 the mine. Therefore, the reduction of productivity at the 

mine can be kept to a minimum. Moreover, it is possible to 

minutely set and change a speed limit for each travel path 

R constructed on the huge mine property.  

[0104] Moreover, the mine is huge and the road surface 

25 condition of the travel path R changes with each passing 

hour due to the travel of the dump truck 20 and the like, 

and precipitation or the like. The travel path R at the 

mine is generally unpaved. Accordingly, the road surface 

condition of the travel path R is all the more susceptible 

30 to change due to the travel of the dump truck 20 and the 

like, and precipitation or the like. The embodiment 

collects travel path information for generating speed limit 

information from the weather-observing devices 3 installed
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in the plurality of places at the mine at predetermined 

cycles or at predetermined timings and accordingly can give 

the dump truck 20 a speed limit in accordance with the road 

surface condition of the travel path R, the road surface 

5 condition changing with each passing hour. Hence, it is 

possible to improve safety during the travel of the dump 

truck 20, and it is possible to suppress the wear of tires 

of the dump truck 20, also cut needless fuel consumption, 

and suppress the reduction of productivity at the mine.  

10 [0105] In the embodiment, the mine management apparatus 

10 as the speed limit control device acquires travel path 

information from the weather-observing device 3 by wireless 

communication. However, the embodiment is not limited to 

this. For example, the mine management apparatus 10 may 

15 acquire travel path information from the weather-observing 

device 3 by wired communication. Moreover, in the 

embodiment, the driverless dump truck 20 (a driverless 

vehicle) is targeted as a mining machine. However, the 

embodiment can also be applied to a manned mining machine, 

20 in other words, a mining machine operated by an operator.  

In this case, it may be configured such that the speed 

limit control device transmits to the dump truck 20 the 

operation information including speed limit information 

based on the generated speed limit information, the dump 

25 truck 20 displays the change of the speed limit on a 

monitor (display device) provided in a driver's seat of the 

dump truck 20 in accordance with the operation information, 

and accordingly it is possible to urge the operator to 

reduce the travel speed on the targeted travel path R or 

30 notify the operator of the change of the travel speed by a 

speaker or the like. Moreover, it may be configured such 

that the speed limit control device transmits to the dump 

truck 20 the operation information including speed limit
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information based on the generated speed limit information, 

and even if the operator performs an operation to increase 

the travel speed of the dump truck 20 (for example, an 

acceleration operation), the dump truck 20 performs engine 

5 output limit control and braking control based on the 

generated speed limit information, and is caused to run so 

as to prevent the travel speed of the dump truck 20 from 

exceeding the changed speed limit.  

[0106] Moreover, if the travel path R is a grade, it 

10 becomes more slippery. In the embodiment, speed limit 

information may be generated based on travel path 

information and position information so as to set a speed 

limit for the travel path R being a grade to be lower than 

a speed limit for the flat travel path R based on at least 

15 one of gradient information indicating the gradient of the 

travel path R at the mine and altitude information 

indicating altitude. Consequently, safety during the 

travel of the dump truck 20 is further improved.  

[0107] Furthermore, in the embodiment, if speed limit 

20 information is generated for the travel path R having a 

factor of making the time taken to dry the water on the 

road surface longer than others, such as the travel path R 

constructed in a place at a high altitude where water tends 

to be accumulated, and the travel path R that is in the 

25 shade for a long time due to the influence of the terrain 

or season, the speed limit lifting time tc may be made 

longer. Consequently, the speed limit can be set to be 

lower than the reference speed limit during a period of 

time until slipperiness is reduced on the travel path R 

30 having a factor of making the time taken to dry the water 

on the road surface longer than others. As a consequence, 

safety on the mine property is improved.  

[0108] The above elements include elements that can be
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easily assumed by those skilled in the art, and 

substantially the same elements. Furthermore, the elements 

can be combined as appropriate. Moreover, various 

omissions, replacements, or modifications can be made to 

5 the elements without departing from the spirit of the 

embodiment.  

Reference Signs List 

[0109] 1 OPERATION CONTROL SYSTEM FOR MINING MACHINE 

(OPERATION CONTROL SYSTEM) 

10 3, 3a, 3b, 3c, 3d, 3e, 3f WEATHER-OBSERVING DEVICE 

5 WATER TRUCK 

6 CONTROL FACILITY 

10 MINE MANAGEMENT APPARATUS 

12 PROCESSING DEVICE 

15 13 STORAGE DEVICE 

15 INPUT/OUTPUT UNIT 

18 MANAGEMENT-SIDE WIRELESS COMMUNICATION DEVICE 

20 DUMP TRUCK 

25 ROTARY SENSOR 

20 26 FRONT INFORMATION DETECTION SENSOR 

27, 53 VEHICLE-MOUNTED WIRELESS COMMUNICATION DEVICE 

28A, 55A ANTENNA 

28B, 55B GPS ANTENNA 

29, 54 VEHICLE-MOUNTED POSITION INFORMATION DETECTION 

25 DEVICE 

30, 51 VEHICLE CONTROL DEVICE 

31, 52 VEHICLE-MOUNTED STORAGE DEVICE 

32 TURNING ANGLE SENSOR 

40 TRAVEL PATH INFORMATION COLLECTION DEVICE 

30 41 COLLECTION-SIDE STORAGE DEVICE 

42 COLLECTION-SIDE WIRELESS COMMUNICATION DEVICE 

43 COLLECTION-SIDE POSITION INFORMATION DETECTION 

DEVICE
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45A PRECIPITATION AMOUNT DETECTION SENSOR 

45B THERMOMETER 

45C HYGROMETER 

50 WATERING APPARATUS 

5 56A TRAVEL SPEED SENSOR 

56B FLOW SENSOR
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CLAIMS 

1. An operation control system for a mining machine 

comprising, based on travel path information including at 

least information on moisture content of a travel path on 

5 which a mining machine operating at a mine runs, and 

position information being information on a position of a 

travel path corresponding to the travel path information, 

generating speed limit information for changing a speed 

limit for the mining machine to run on the travel path 

10 corresponding to the travel path information based on 

travel path information, the position information, and 

posture information, 

wherein the posture information as the information on 

the posture of the mining machine includes information on a 

15 slip ratio A or a slip angle dh.  

2. The operation control system for a mining machine 

according to claim 1, wherein 

a ranking of a condition of the travel path is set 

20 based on at least the travel path information and posture 

information as information on a posture of the mining 

machine, and 

the speed limit information is generated based on the 

set ranking.  

25 

3. The operation control system for a mining machine 

according to claim 2, wherein the travel path information 

includes information on a precipitation amount of the mine 

or information on a watering amount on the travel path.  

30 

4. The operation control system for a mining machine 

according to any one of claims 1 to 3, wherein when speed 

limit information for reducing the speed limit is generated,
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speed limit information for returning the speed limit to 

the speed limit before reduction is generated based on 

elapsed time since water is stopped to be supplied to a 

travel path corresponding to the speed limit information 

5 for reducing the speed limit.  

5. The operation control system for a mining machine 

according to claim 4, wherein the speed limit information 

for returning the speed limit to the speed limit before 

10 reduction is generated further based on air temperature 

information including at least information on air 

temperature at the mine.  

6. The operation control system for a mining machine 

15 according to any one of claims 1 to 5, comprising: 

a plurality of travel path information collection 

devices, placed in a plurality of places at the mine, which 

collect the travel path information; and 

a speed limit control device which generates the speed 

20 limit information.  

7. The operation control system for a mining machine 

according to claim 6, comprising: 

a vehicle-mounted wireless communication device, 

25 mounted on the mining machine, which performs 

communication; and 

a management-side wireless communication device, 

placed in a control facility at the mine, which 

communicates with the vehicle-mounted wireless 

30 communication device, wherein 

the speed limit control device is placed in the 

control facility at the mine, generates the speed limit 

information based on the travel path information and the
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position information acquired via the management-side 

wireless communication device, and transmits the generated 

speed limit information via the vehicle-mounted wireless 

communication device to a travel control device, mounted on 

5 the mining machine, which controls a travel speed of the 

mining machine.  

8. The operation control system for a mining machine 

according to claim 6, comprising a vehicle-mounted wireless 

10 communication device, mounted on the mining machine, which 

performs communication, wherein the speed limit control 

device is mounted on the mining machine, and acquires the 

travel path information and the position information via 

the vehicle-mounted wireless communication device.  

15 

9. The operation control system for a mining machine 

according to claim 7, wherein 

the travel path information collection device includes 

a collection-side wireless communication device which 

20 performs communication, and 

the speed limit control device acquires the travel 

path information collected by the travel path information 

collection device via the collection-side wireless 

communication device and the management-side wireless 

25 communication device.  

10. The operation control system for a mining machine 

according to claim 8, wherein 

the travel path information collection device includes 

30 a collection-side wireless communication device which 

performs communication, and 

the speed limit control device acquires the travel 

path information collected by the travel path information
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collection device via the collection-side wireless 

communication device and the vehicle-mounted wireless 

communication device.  

5 11. The operation control system for a mining machine 

according to any one of claims 1 to 5, wherein 

the mining machine is a driverless vehicle running 

based on previously acquired position information of a 

travel path, and 

10 the driverless vehicle includes a travel control 

device which controls a travel speed on the travel path 

corresponding to the position information, based on speed 

limit information corresponding to the position information.  

15 12. An operation control method for a mining machine 

comprising: 

acquiring travel path information including at least 

information on moisture content of a travel path on which a 

mining machine operating at a mine runs, and position 

20 information being information on a position of the travel 

path corresponding to the travel path information; and 

generating speed limit information for changing a 

speed limit for the mining machine to run on the travel 

path corresponding to the travel path information, based on 

25 the travel path information, the position information, and 

posture information, 

wherein the posture information as the information on 

the posture of the mining machine includes information on a 

slip ratio A or a slip angle dh.  

30 

13. The operation control method for a mining machine 

according to claim 12, wherein 

a ranking of a condition of the travel path is set
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based on at least the travel path information and posture 

information as information on a posture of the mining 

machine, and 

the speed limit information is generated based on the 

5 set ranking.  

14. The operation control method for a mining machine 

according to claim 13, wherein the travel path information 

includes information on a precipitation amount of the mine 

10 or information on a watering amount on the travel path.  

15. The operation control method for a mining machine 

according to any one of claims 12 to 14, wherein when speed 

limit information for reducing the speed limit is generated, 

15 speed limit information for returning the speed limit to 

the speed limit before reduction is generated based on 

elapsed time since water is stopped to be supplied to a 

travel path corresponding to the speed limit information 

for reducing the speed limit.  

20 

16. The operation control method for a mining machine 

according to claim 15, wherein the speed limit information 

for returning the speed limit to the speed limit before 

reduction is generated further based on air temperature 

25 information including at least information on air 

temperature at the mine.




















	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

