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ABSTRACT 

An operation control system (1) for a mining machine 

(20) including, based on travel path information including 

5 at least information on moisture content of a travel path 

(R) on which a mining machine (20) operating at a mine runs, 

and position information being information on a position of 

a travel path (R) corresponding to the travel path 

information, generating speed limit information for 

10 changing a speed limit for the mining machine (20) to run 

on the travel path (R) corresponding to the travel path 

information, wherein the travel path information includes 

information on a watering amount on the travel path (R).
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DESCRIPTION 

OPERATI ON CONTROL SYSTEM FOR MINING MACHINE MD OPERATION 

CONTROL METHOD FOR MINING MACH-iTNE 

Field.  

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

method fo cotroiling the operations of mining machines.  

Related Applicacion 

[0002] This application is a divisional of Australian 

Patent Application No. 2012373394, the disclosure of which 

10 is incorporated herein, in its entirety, by cross---reerence.  

Back gr un 

[0003] Anv discussion of the prior art throughout the 

specirficatiori should in no way be considered as an 

admission that such prior art is widely known or forms part 

15 of common general knowledge in the field.  

[00041 Vehicles such as various construction machines 

and mini g machines, for example, excavators and dump 

trucks, operate at civil enoineeringy work sites or workings 

of mines. Ther s a technology for causing a vehicle to 

20 run at such a working(5 by setting travel conditions of a 

travel path on which the vehicle u-ns at a monitoring 

station, and giving a travel instruction in accordance with 

the travel conditions from the monitoring station to -he 

vehicle. The travel instruct ion is to instruct the vehicle 

25 to run at a predetermirned speed limit in a section of a 

certain n travel path , to inst ruct the vehicle such that the 

vehicle decelerates to run in a section of a certain travel 

patn, to instruct the vehi le to stop at a point on a 

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

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

for example, Patent Literature i describes a travel control 

device including upper speed limit setting means for 

setting an ouper speed limit? in part of a section of a



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 -ns the travel path in the 

5 part of the section at speeds that do not exceed te upper 

speed limit if the instruction means cives the travel 

instruction.  

Patent Literature 

[00051 Patent Literature 1: Unexamined Japanese Patent 

10 Application No. 2007-323675 

Summary 

[0006] A travel path provided at a mine is generally 

unp aved, and the road surface condit ion of the travel path 

(an uneven road surface condition or the moisture content 

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

th.e t ravel 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 ar the same time or within a 

predetermined time period on the same mine property. In 

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

stored may water the road surface in ore torevent the 

occurrence of such reduced visibility that h nders the 

travel of the vehicle, the reduced visihi ity being caused 

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

25 [0007] 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 ana accordingly 

the lateral acceleration is set (0065 in. Patent Literature 

30 .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
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accordance with the road surface condition of a travel path 

at a mine, the road surface condition changing with each 

pas.sinFg hour, and preventing the slip of a minin machine 

that runs on the travel path at the mine.  

5 [00081 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 

consumpt ion of the mining machine while suppress ing the 

wear of tires.  

10 [00091 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 

operating at a mine runis, and. position information being 

15 information on a position of a travel path corresponding to 

the t ravel path information, 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, wherein the travel path 

20 information includes information on a wat ering amount on 

the travel path.  

[0010] 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 

25 information as information on a posture of the mining 

machine, and the speed limit information is generated based 

on the set ranking.  

[00111 In the present invention, it is preferable that 

the t ravel path information includes information on a 

30 precipitation amount of the mine.  

[0012] In the present invention, it is preferable that 

the speed imit information is generated based on the 

posture information including information on a slip ratio A
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or a slip angle dh.  

[00131 In the present invention, it is preferable that 

when speed limit information for reducing the speed limit 

is generated speed liM t information for returning the 

5 speed limit to the speed limit before reduction is 

generated based on ela-psd time since water is stopped to 

be supplied to a travel path corresponding to the speed 

lim-t information for reducing the speed limit.  

[0014] In the present invention, it is preferable that 

10 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.  

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

15 the operation control system for a mining machine 

comprises: a plurality of travel path information 

collection devices, placed in a p lurality of places at the 

mine, which collect the travel path information; and a 

speed limit control devil ce which gen rates the speed limit 

20 information.  

00161 In the present invention, it is preferable that 

the operation control system for a mining machine 

compri ses: a vehicle-mounted wireless communication device, 

mounted on the mining machine, which performs 

25 communication; and a mlanagerrent-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 

device is -laced in the control facility at the mine, 

30 generates the speed limit information based on the travel 

pat formation and the position information acquired via 

the management---side wireless communication device, and 

transmit's the generated speed limit informat ion via the



vehicle-mounted wireless communication device to a travel 

control device, mounted on the mining machine, which 

controls a travel speed of the mining machine.  

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

5 the operation control system for a mining machine comprises 

a vehicle -- mounted w reless communication device, mounted on 

t mning machine, which performs communication, wherein 

the speed limit control device iS mounted on the mining 

machine e, arid acquires the travel path information and the 

10 position informaon n via the vehicle-mounted wireless 

communication device.  

[0018] In the present inveti on, it is preferable that 

the travel path information collection device includes a 

collection-side wireless communication device which 

15 performs communication, and the speed limit control device 

acquires the travel oath information collected by the 

travel path information collection device via the 

collection-side wireless communication device and the 

management-sidce wireless communicat ion device.  

20 [0019] In the present invention, it is preferable that 

the tr avel path information collection device includes a 

collection-side wireless communication device which 

performs communication, and the speed limit control device 

acquires the travel oath information collected by the 

25 travel path information collection, device via the 

collection-sidce wireless communication device and the 

vehi cle-mounted wireless communication device.  

[0020] In the present inven tion., it 1s preferable that 

the mning machine is a driverless vehicle running based on 

30 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 oath 

corresponding to the position information, based on speed
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limit information corresponding to the position information.  

[0021] According to the present invention, an operation 

control method for a mining machine comprises: acquiring 

travel path information including at least information on 

5 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- he travel path corresponding 

to the travel path information; and generating speed limit 

information for changing a speed limit for the mining 

10 machine to run on the travel path corresponding to the 

travel path information, based on the travel path 

information and the position information.  

00221 In the present invention, it is preferable that a 

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

15 at least the travel path information and posture 

information as information on a posture of the mining 

machi - ne, and the speed limit information is generated based 

on the set ranking.  

[0023] In the present invention, it is preferable that 

20 te t ravel pa th in formation includes information on a 

pr ecipitatiori amount of the mine or informant ion on a 

watering amount on the travel path.  

[0023A] In the present invention, it is preferable that 

when speed limit information for reducing the speed limit 

25 is generated, speed limit information for returning the 

speed limit to the speed limit before reduct ion is 

generated based on elapsed time since water is stopped to 

be supplied to a travel path corresponding to the speed 

limit informal ion for reducing the speed limit.  

30 [0023B] In the present invention, it is preferable that 

the speed limit information for returning the speed limit 

to the speed limit before reduct ion is generated further 

based on air temperature information including at least
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information on air temperature at the mine.  

[0023C] The present invention may 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 

5 mining machine while suppressing the wear of tires.  

[0023D] According to a further embodiment of the invention, 

there is provided an operation control system for a mining 

machine comprising, based on travel path information 

including at least information on moisture content of a 

10 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 machine to run on the 

15 travel path corresponding to the travel path information, 

wherein the travel path information includes information on 

a watering amount of water used by a water truck to water 

the travel path.  

[0023E] Unless the context clearly requires otherwise, 

20 throughout the description and the claims, the words 

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

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".  

25 Brief Description of Drawings 

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

operation control system for a mining machine according to 

the embodiment is applied.  

FIG. 2 is a block diagram illustrating the 

30 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.
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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.  

5 FIG. 6 is a block diagram illustrating the 

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 

10 operation control method according to the embodiment.  

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 

the operation control method according to the embodiment .  

FG. 11 is a diagram illustrating the another example 

5 of the operation control method according to the embodiment.  

Description of Embodiment 

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

invent ion (an embodiment) will be described in detail with 

reference t.o the drawings The present invention is not to 

10 be limited by the contents described in the following 

embodiment.  

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

ope atori control system I for a mining machine accorcng 

to the embodiment is applied. Based on travel path 

15 information including at least information on the moisture 

content in the road surface of a travel path on which a 

mining machine operating at. a mine M runs, and position 

information indicatinO information on the position of the 

travel path corresponding to the travel path information, 

20 th e operation control system ifor a mining machine changes 

a speed l limit. for the mining mac(h ine to run on the travel 

path corresponding to t.he travel path information, in other 

words, the travel path corresponding to the position that 

has obtained the travel path information.  

25 [0027] The mining machine is a generic name of machinery 

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 

30 transport machine that is a kind of mining machine.  

However, as long as the minin machine has a self---propelled 

function th mining machine is not limited to the dump 

truck 20. F or example, ther ining machine according to the



embodrment may be a water truck including a tank where 

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

awheel loader, or the like Moreover, the dump truck 20 

may be a rigid dump truck having an integrated vehicle body 

5 frame st ructure, whiLc0h 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 

that- are each independent., the articulated dump truck being 

capable of bending to the right and left.  

10 [00281 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 

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

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

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

unloaded to deposit the loaded stones and rocks, earth and 

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 

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

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.  

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

m.av be the same travel path, which may be a travel path 

that allows coun.terflow traffic. for the dump trucks 20, or 

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

[0029] If the road surfaces of- thetravel paths Rg and 

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

wind or the travel of the dump truck 20 an.d the like.  

Accordingly, a water truck 5 as a mining machine prevents 

thI>e occurrence of dust by watering the travel paths Rg and
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Rr, and the like. Next, the outline of the operation 

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

description will be given below assuming that the dump 

truck 20 Is a driverless vehicle that is controlled by the 

5 operation control system I 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, 

in the fol lowing, when there is rio need t.o distinguish 

between the travel paths Rr, Rg, -Rg, .cr, and the like, 

10 they are expressed as the travel path P.  

[00301 <Outline of Operation Control System for Mining 

Mac hi ne> 

in the operation control system for a. miig machine 

(hereinafter referred to as the operarton control system in 

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

limit coritrol device executes an operation control method 

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 infortion 

20 collect io- device on mine property, travel path information 

including at least information on the moisture content of 

the travel patti R by wir eless communication. The travel 

path information collection device is described in detail 

below. The mi ne management apparatus 10 the generates, 

25 based on the obta ined travel path information and its 

correspooniding position information, speed limit information 

used when changing a speec 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.  

30 [ 00311 The mine management apparatus 10 is installed in 

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

production management, operations control, or the like at 

Ine. In the embodimen, the mine management apparatus
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10 is used to realize the function of the speed limit 

control device. The operation control system 1 may include 

the speed limit control device separately from the mine 

management apparatus 10 .In this manner, the method for 

5 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 

control facility 6 at. the mine in the embodiment and 

accordingly moving the mine management apparatus 10 is not 

10 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 

passenger vehicle.  

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

15 the mine management apparatus 10 gives the duT truck 20 an 

upper limit value of- a speed limit during the travel of the 

dump truck 20 on the travel path R, in ot her words, a speed 

limit of each travel path R from the viewpoints of 

prooductivity at the mine, safety, and the supressi on or 

20 the reduction of durability of the travel path R (excessive 

roughness of an uneven road surfacee. 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 

25 specific content of control over travel speed is described 

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 minei management 

30 apparatus 10 gives the dump truck 20 the speed limit 

information together with the position information of the 

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

geographical information of t travel path R) , the
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position information (geographical information) of the load 

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

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

give the dump truck 20 gradient information indicating the 

5 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 

10 is connected to a management-side wireless communication 

device 18 including a management-s-ice antenna I8A, to give 

10 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 

management-side wireless communi-cation device 18 and the 

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

15 trucks 20 is operating at the mine M, the operation 

information including the speed limit information is 

transmitted to the plurality of the dump trucks 20.  

[00134] The dump truck 20 can receive the operation 

information and transmit information on its own position 

20 (the self-position information of a mining machnirne) to the 

mine management apparatus 10 . In other words, the dump 

truck 20 is for mutually communi cating with the mine 

management apparatus 10. Hence, the dump truck 20 includes 

an antenna 28A together with a vehicle-mounted wireless 

25 communication device 27. In addition, the dump truck 20 

can receive radio waves from GPS (Global Positioning 

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

7C by a GPS antenna 20 B, and determine rhe self-position.  

Information on the determined self-position is issued using 

30 the vehicle-mounted wireless communication vice 2 7 and 

the antenna 28A, and transmitted to the mine management 

apparatus 10 via the management-side antenna 182A and the 

management-side wireless communication device 18. The dump
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truck 20 may measure its own position by not limited to the 

GPS satellite but another positioning satellite. In other 

words, the position may be determined by GNSS (global 

navigation satellite system: Global Navigation Satellite 

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

comparing the determined se f -pos ition and the position 

information of the travel p at R (the geogr aphIcal 

information of the travel path R).  

[00351 The operation control system I includes a 

10 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 

weather-observing device 3 col lects the travel path 

information that is necessary when the mine management 

15 apparatus 10 generate es speed limit information, and 

transmits the travel path information to the mine 

management apparatus 10.  

[0036]' The travel path information includes at least 

information on the moisture content of the road surface of 

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

(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 

25 an index indicating the slipperiness of the travel path R 

during the t ravel of the dump truck 2.0 In other words, if 

the moisture content of the travel path R increases, the 

friction coefficient between the travel path R and the tre 

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

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

suc a t travel path Ri-s subject to slip (a skid) such as a 

sideslip during travel or a turn, or a wheel spin Moreover, 

if such slip occurs, the wear of tires of the dump truck 20
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advances, and the fuel for driving the engiLne is useless-yr 

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

thne t ravel path R becomes rough to cause unevenness. The 

excessively uneven road surface becomes a cause of the 

5 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 

unpaved. Accordingly, if the moisture content contained in 

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

10 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 

road surface of the travel path R has a remarkable 

influence on slipperiness for the dump truck 20 running on 

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

control system i and the operation control method accordi og 

to the embodiment change a speed limit, using the travel 

pat's moisture information as an index indicating the 

slipperiness of the travel path R at the mine.  

20 [0038] It is preferred that the travel oath's moisture 

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 

25 the travel path R, the amount of rainrall or snowfall on 

the tr-avel path R, or the amount of water used by the water 

truck 5 to water the travel path P. In the embodiment,.  

is relatively difficult t to directly measure the actual 

moisture content of the travel path R. Therefore, the 

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

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

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

relatively easily obtain the actual moisture content and



obtain the travel path's moisture informal tion.  

[0039] The travel path's moisture information may 

further include information on at least one of the air 

temperature and the humidity at. the position of the travel 

5 path R, in addition to the information on the actual 

moisture content. Air temperature and humidity have an 

influence on the evauorat i on of the moisture of the travel 

path R. Therefore, at east- one of them is added to the 

travel path' s moisture information and accordingly it is 

10 possible to more appropriately evaluate the slipperiness of 

the travel path R.  

[0040 For example, even if the actual moisture content 

is tlie same, the actual moisture content decreases in 

shorter time if the air temperature is nich than, if the air 

15 temperature is low. Hence, if the actual moisture content 

is the same, the higher the air temperature the more 

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 

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

high. ence, if the actual moisture content is the samte, 

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 

25 slipperiness of the travel path R and appropriately change 

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 in f _l unce on the actual moisture 

30 content than humidity. Therefore, it is preferred that 

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 _i rformation may



further include information on the amount of solar 

radiation. Even if the a r temperature is thoe sae, the 

actual moisture content of the travel pato R decreases more 

quickly and the road surface becomes dry if the sky is 

5 clear and there is a large amount of solar irradiation han 

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

irradiation. Hence, the travel path 's moIsture info rmation 

inning information on the amount of solar radiation is 

used to enable more appropriate evaluate on of the 

10 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 

weather. If the amount of solar radiation is estimated, 

further consideration may be oiven to a time period when 

15 the sun is In the sky and the altitude of the sun that 

changes depending on the season in addition to the weather 

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 

20 moisture content can be estimated more correctly. As a 

consequence, it is possible to more appropriately evaluate 

the slipperiness of the travel path R and appropriately 

change the speed limit.  

[00421 The weather -- observing devil ce 3 includes various 

25 measuring devices for detecting the travel path's moist ure 

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 

30 plurality of places on the mine property. It is desirable 

that the installation place of the weather-observing device 

3 be deer-mi ned while associated with at least one of the 

design content of the travel path R at the i ne (the
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characteristic of the travel path R such as a straight line, 

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

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

path R and a place susceptible to shade) In otherwords, 

5 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 

lim-t can be changed accurately.  

[0043] When the mine management apparatus 1 ge 

10 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 

position information corresponding to the travel path 

information, are required. The position information 

15 includes at least information on a position where the 

weather-observing device 3 is installed. The position 

information includes at least the latitude and longitude of 

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

and may further include altituide. The mine management 

20 apparatus 10 can use, as the position information, a 

positi on 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 positi on information of the place where the 

25 weather-observing device 3 i's installed is measured -in 

advance, and the weather-observing device 3 is associated 

with identification information to store the information in 

a srorage devil ce 13 included n the mi ne management 

apparatus 10. According to the method where the weather

30 observing device 3 itself determines its own position, 

there is the advantage to save trouble and t ime to measure 

the position of the weather---observing device 3 and store 

the position in the mine management apparatus 10. Moreover,
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the travel path R is newly installed or changed at the mine 

according to the progress of quarrying or the like. In 

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

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

5 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

observing device 3 and store the position in the mine 

management- apparatus 10. The method where the position 

10 information of a place where the weather--observing device 3 

is installed is measured in advance has the advantage that 

thee is no need to mount, on the weather-observino device 

3, a device for measuring position information.  

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

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

travel path R to collect the tr avel path information that 

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 

20 control system I includes a plurality of the weather

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 

25 be generated more appropriately. Next, the mine management 

apparatus 10 as the speed limit control device will be 

described in more detail.  

[0045] <Speed Limit Control Device> 

FG. 2 is a block diagram illustrating the 

30 confi gurat ion of the mine management apparatus 10 included 

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 

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

the management-side wireless communication device 18. The 

5 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 

RAM (Random Access Memory) , a ROM (Re ad Only Memory) , a 

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

10 thereof. The st orange device 13 may be a server. The 

input/output unit 1.5 is used for the input/output 

(int'.-erface) of information into/from the processing device 

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

processing device 12, the input device 17, and the 

15 manaqemen- side wireless communication device 18.  

[0046] The processing device 12 executes the operation 

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 

20 position information. In this case, the process ing device 

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 

devil e 13 stores things such as the computer program that 

25 realizes the operate ion control method according to the 

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 

30 method according to the embodiment.  

[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 deice 17 is,
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for example, a keyboard, a touch panel, or a mouse, and 

inputs information necessary for the operation control 

method according to the embodiment. The management-side 

wireless communication device 18 includes the management

5 side antenna 18A and mutually executes wireless 

communication with the vehicle -mounted wireless 

communication device 27 of the dump truck 20. An 

established cormunication infrast.uture capable of data 

communiucat ion only within the mine property (for example, 

10 piursuant to a wireless LAN standard) , or 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 communication 

15 infrastructure at a site at the mine, communication cost, 

and t-he like, the wireless communication mode is 

appropriately selected and used. Next, the dump truck 20 

will be described in more detail.  

[00481 <Dump Truck> 

20 FIG. 3 is a diraram illustrating the configuration or 

the dump truck 0. The dump truck 20 runs with a load 

ther eon, 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 

25 front information detection sensor 26, the vehicle-mounted 

wireless communication device 27 connected to the antenna 

28A, a vehicle-mounted position information detection 

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

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

30 functioning as a travel control device. The dump truck 20 

includes various mechanisms and functions, which are 

included in a common transport vehicle, other than the 

above configurations. In the embodiment, a description is
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given taking, as an example, the rigid dump truck 20 that 

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

may be an articulated truck made by dividing its vehicle 

body frame into front and rear parts and coupling them with 

5 a free joint.  

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

power generated by causing an internal combustion engine 

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

drives the wheeIs 23. In this manner, the dumo truck 20 is 

10 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 

mechanical drive dump truck 20 including a con figuration 

where power generated by the internal combustion engine 33A 

15 is transmitted to the wheels (tires) 23 via an 

unillustrated transmission. In this case, the amount of 

fuel supplied from a ffuel in jection devi ce to the internal 

combustion engine 33A is adjusted at the instruction of the 

veh cle control device 30 and the output of the internal 

20 combustion engine 33A is adjusted.  

[00501 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 

25 4 into the vessel 22. Moreover, an unillustrated hydraulic 

cylrider (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 lft ing the vessel 22. The wheel 23 includes 

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

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
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right and left directions by an uilIust rated hydraulic 

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

and run by causing the steering cylinder to perform 

extension and contraction operations at. the instructions of 

5 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.  

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

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

10 23 via the suspension cylinders 24. A hydrauliC filOu is 

sealed inside the suspension cylinder 24. The suspension 

cylinder performs extension and contraction operations in 

accordance with the weight of a load.  

[00511 The rotary sensor 25 detects the rotaI.oa speed 

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

tr uck 20 .The GPS antenna 28B receives radio waves output 

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 

20 vehicle-mounted position information detection device 29.  

The vehicle-mounted position informat ion 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 

25 information of the dump truck 20 (hereinafter, the self

position information) The travel speed of the dump truck 

20 can also be obtained based on the self---position 

information determined by the vehicie-mounted position 

information detection device 29. The vehicle-mounted 

30 wireless communication device 27 mutually performs wireless 

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
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the vehicle control device 30. Furthermore, the vehicle-

mounted position information detection device 29 is 

connected to the vehicle control device 30. With such a 

config ration, the vehicle control device 30 can transmit 

5 and receive various pieces of information including the 

seIf--position information of the dump truck 20 and the 

operation information via the antenna 28A. Next, the 

vehicle control device 30 will be described.  

[0052] <Vehicle Control Device> 

10 FIG,. 4 is a block diagram illustrating the vehicle 

control device 30, its pe ripheral devices, and the like.  

The vehicle control device 30 included in the dump truck 20 

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

vehi cle---mounted wireless communication device 27, and the 

15 vehicle-mounted position information detection device 29.  

The vehicle control device 30 is connect-ed to the rotary 

sensor 25, the front information detect on sensor 26, and a 

turning angle se nsor 32 as detection devices that deter a 

state of the dump truck 20 itself and the ambient 

20 eni7 ronrmet. For example, a computer (information 

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

Processing Unit.) and a memory is used as the vehicle 

control device 30.  

[00.531 The front information detection sensor 26 detects 

25 an object existing ahead of-the dump truck 20 with respect 

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

another mming machine that runs ahead, or an obstacle sun 

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

a sensor using a millimeter wave radar or a laser 

30 rangefinder is used as, for example, the fIront information 

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,
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wnen the front information detection sensor 26 detects the 

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

dump truck 20 is reduced in speed or stopped by 

transmittirng obstacle detection information to the vehicle 

5 control device 30 and causing the vehicle control device 30 

to give the f1e injection device an instruction to reduce 

engine output or to give a braking instruction to a brake 

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

used for the turning angle sensor 32, and. the turn ing angle 

10 sensor 32 detects the turning angle during the turn or the 

dump truck 20.  

[0054] For example, the vehicle control device 30 

controls the output of the internal combustion engine 33A 

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

15 and the operation of a hydraulic control device 32C. in 

this manner, the vehicle control device 30 executes each 

control operation and accordingly the dump truck 20 

consecutively cont rols the acceleration and deceleration of 

the travel speed on the travel path R, the steering 

20 direction of the wheels 23, and the 1ke based on the 

oper at ion informant ion transmitted from the miLn.e management 

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

the extension and contraction of the unillustrated 

hydraulic cylinder for lifting op and do wn the vessel 22 at 

25 the oad site LP and the dump site DP a controlled In 

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 

30 the vehicle-mounted position information detection device 

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

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

travel path R and further can stop at the load site LP and
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deposit operate ions. At this point in time, the vehicle 

control device 30 controls the travel speed of the dump 

truck 20 based on the speed limit information included in 

5 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 

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

steering direction of the wheels 23 based on obstacle 

10 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 

sensor 32.  

[00551 The vehicle-mounted storage device 31 is, for 

15 example, a RAM (Random Access Memory) , a ROM (Read C)nlv 

Memory) , a flash memory, or a hard disk drive, or their 

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 

20 contr-ol of the dump truck 20. Moreover, the vhcle

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 

25 the speed limit control device generates speed limit 

information based on travel path in formation, 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 

30 vehi cle-mounted storage devi ce 31 and reads and uses 

various pieces of information and data that are stored in 

the vehicle-mounted storage devil ce 31 if needed and 

accordingly controls the travel operation and turning,
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operation of the dump truck 20 or the vertical movement of 

the vessel 22.  

[ 00561 In the embodiment, if the speed limit control 

devi cc is mounted on the dump truck 20, the vehicle control 

5 device 30 realizes the function of the speed limit control 

devicre. In this case, the vehicle control device 30 

executes the operation control method according to the 

embodiment. In this case, the vehicle control device 30 

acquires travel path information and position information 

10 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 

acquired travel Path information and position information, 

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

15 the speed limit information so as not to exceed the speed 

limit of the t-ravel path R.  

[)07 L: If the speed limit control device is not included 

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

dump ruck 20, the vehicle control device 30 may acquire 

20 t r-alvel path informal ion and position information directly 

from t-he weat.her-obse-ving device 3, or may acquire travel 

pat'h information and its corresponding position information 

via the mine management apparatus 10 illustrated in FIGS. I 

and 2. Moreover, for example, after an identifier 

25 indicating each weather-observinq device 3 is associated 

with positiio r m a tin- on, tie 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 

30 together with identifiers, read position information 

corresponding to the accuired identifiers from the vehicle

mou-nted storage device 31, and accordingly extract tavel 

path information necessary to generate speed limit
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information, and position information corresponding to the 

travel path information. Next, the weather-observing 

device 3 will be described.  

0058] <Weather-observing Device> 

5 FIG. 5 is a blook diagram illustrating the 

Confriouration of the weather-observino device 3. The 

weather-observing device 3 includes a travel path 

information collection device 40, a collection-side storage 

devi ce 41, a colIection-side wireless communication device 

10 42, and a collection-side position information detection 

devicme 43. The travel path information ollection device 

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

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

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

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

device that stores various pieces of information annd data.  

[0059] The collection-side wireless communication device 

42 is connected to a collection--side antenna 24A. The 

ll eCtion-side wireless communication device 42 mutually 

20 performs wireless commuunication with the management-side 

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

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

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

wireless communiation device 42 mutually performs wireless 

25 communication with the antenna 28A illustrated in FIG. 4 

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

position information detection device 43 is connected to a 

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

position information detection device 43 converts a radio 

30 wave received by the collection-side GPS antenna 441B into 

an electrical signal, and calculates (determines) its own 

position information, in other words, the position 

informal ion of the weather-observing device 3.
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[0060] The travel path information collection device 40 

collects travel path information and generates travel path 

information for transmission from the weather-observIng 

device 3 to the out.s ide A group of various sensors for 

5 collecting travel path information is connected to the 

travel path information col ect on device 40. The group of 

various sensors for collecting travel path information 

includes, for example, a precipitation amount detect ion 

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

10 are connected to the travel Path information collection 

device 40. The precipitation amount detection sensor 45A 

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

quant.itat.ively measures the amount of rainfall per 

predetermined tIme, and transmits numerical data indicating 

15 the amount of rainfall to the travel path information 

collection- device 40. Moreover, in an area where snowfall 

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 

20 to the travel path information collection device 40.  

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

rainfall and snowfa.l1 to provide both a rain gauge and a.  

snow gauge as the precipitation amount detection sensor 45A.  

_ ecipitation amount detection sensor 45A may 

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

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 

30 or snow sensor. The device then st.a.rts measuring the 

amount of rainfall or snowfall. Moreover, suco a rain 

sensor or snow sensor can detect the presence or absence of 

rainfall or snowfall, and detect whether or not rainfall or
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snowfall is continuing. However, if the weather-observing 

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

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

configured such that: the snow gauge or rain gauge detects 

5 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 

sensors for collecting travel path information is not 

limited to them. An appropriate sensor is used in 

10 accordance with the kind of travel path informal ion 

collected by the travel path information collection device 

40, whenever appropriate.  

[00611 The travel path information collection device 40 

transmits travel path informa-ion generated by being 

15 collected from the precipitation amount detection sensor 

45A, the thermometer 45B, and the like to the management

side anitenria. 18A illustrated in FIGS. 1 and 2 via the 

collection-side wireless communication device 42 and the 

coll c -tion-side antenna 44A. The mI ne management apparatus 

20 10 as the speed limit control device receives the travel 

path information on via the management-side wireless 

communicat ion device 18. Consequent ly, the mine management 

apparatus 10 can acquire the travel Path information from 

the travel path information colle-ction device 40 included 

25 in the weather-observing device 3 

[00 62 Moreover, the travel path information collection 

device 40 transmits position information calculated 

(determined) by the collection -side position information 

detect ion device 43, the position information indicating 

30 the current position of the weather-observing device 3 

(herein after, the positioninformation of the weather

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

illustrated in FIGS. I and 2 via the collection-side
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wireless communication device 42 and the collect on-side 

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

limit control device receives the position information of 

the weather-observing device 3 via the management-side 

5 wireless communication device 18. Consequently, the mine 

management apparatus 10 can acquire the position 

information of the weather-observing device 3 from the 

travel path informant ion collection device 40 of the 

weather-observing device 3. Since the place where the 

10 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 ir the storage 

device 13 of the mine management apparatus 10 illustrated 

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

15 does not need to include the collection --side position 

information detection device 43 and the collection-side GPS 

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.  

20 [0063] If the speed limit control device is not included 

in the mine management apparatus 10 but is mounted on the 

dump truck 20, the travel path information collection 

device 40 uses the collect ion-side wireless communication 

devil ce 42 and the collection--side antenna 44A to transmit 

25 travel path information to the outside. The dump truck 20 

receives the travel path information on via the antenna 2 8A 

and the vehicle---mounted wireless communication device 2.7, 

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

Path information to the vehicle control device 30 as the 

30 speed limit control device. In this case, as described 

above, the dump truck 20 may acquire travel path 

information via the mine management apparatus 10 or acquire 

travel path information direct lv from the weather-obsc-evin
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device 3. Consequently, the vehicle control device 30 of 

the dump truck 20 can acquire the travel path information 

from the travel path information collection device 40 

included in the weather-observing device 3.  

5 [00641 Moreover, if2 the speed limit control device 

mounted on the dump truck 20, the travel path inforrtion 

collection device 40 transmits position information 

calculated (determined) by the collection-side position 

information detection device 43 to the antenna 28A and the 

10 vehile -moted wireless communication device 27, which are 

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

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

The vehicle control device 30 receives the position 

information of the weather---observing device 3.  

15 Consequently, the vehicle control devil ce 30 of the dump 

truck 20 can acquire the position information of the 

weather-observing device 3 from the travel path information 

collection device 40 of the weather--observing device 3.  

[00651 If the speed limit control device is mounted on 

20 the du'mp truck 20, as described above, the position 

informant ion of the weather-observi ng 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 

25 control device 30 may generate speed limit information 

using the position information of the weather-observinq 

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 

30 detection device 43 and the collection-side GPS 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. Next, the water
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truck 5 as a mining machine will be described.  

[0066] <Vater Truck> 

FIG. 6 is a block diagram illustrating the 

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

5 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 

controller who monitors or controls the road surface 

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

10 control facility y 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 

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

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

15 is stored, a pump 5OP, and a watering nozzle 50N. Moreover, 

the water truck 5 includes a vehicle control device 51 

fiunctioning as the travel control device, a vehicle-mounted 

storage device 52, a vehicle---mounted wireless communica ion 

device 53, and a vehicle-mounted position information 

20 detection devil ce 54 The v ehic le control device 51 s 

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 5OP to the watering nozzle 50N (the amount of water 

25 discharged per unit time by the pump SOP, and hereinafter 

referred to as the watering flow rate in some cases) 

[00671 The vehicle control device 51 is, for example, a 

computer informalt ion processing device) that is a 

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

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

memory, or a hard disk drive, or their combination, and i's 

a storage device that stores various pieces of information 

and data. The vehicle control device 51 controls, for
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example, the watering operation of the water truck 5. The 

vehi _c e --mounted storage device 52 stores a computer program 

where instructions necessary to control the water truck 5 

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

5 5, and the like. The vehicle control device. D areas and 

executes the computer rogram stored in the vehicle-mounted 

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

vehicle-mounted storage device 52 if needed and accordingly 

controls the operations of the water truck 5.  

10 [00681 The water truck 5 can receive radio waves from 

the GPS (Global Positioning System: global positioning 

systemll) satellfites 7A, 7B, and 7C by a GPS antenna 55B, and 

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

the received radio wave to the vehicle-mounted position 

15 information detection device 54. The vehicle-mounted 

position information detection device 54 converts the radio 

wave received by the GPS antenna 5SF ino an electrical 

signal and calculates (determines) its own position 

information, in other words, the position information or 

20 the water truck 5 (hereinafter, the self-position 

information) . The vehicle-mounted wireless communication 

device 53 mutually performs wireless communication with the 

management-side antenna l18A illustrated in FIG. I via an 

antenna 55A. An established communication infrastructure 

25 capable of data communication only within the mine property 

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

wireless communnication pursuant to a standard for satellite 

wave communication or ground wave communication, or the 

like can be applied as a wireless communication mode.  

30 Considerig the est1abl ishment situat -ion of th 1e 

communication infrastructure at a site at the mine, and 

communication cost, the wireless communication mode is 

appropriately selected and used.
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[00691 In the embodiment, the vehicle control device 51 

can compute and obtain a watering amount using, as travel 

Path information, information on the amount of the water W 

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

5 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 SOP is multiplied by 

watering t ime and accordingly the watering amount can be 

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

10 is divided by a travel steed detected by the travel speed 

sensor 56A of the water truck and accordingly the watering 

amount per uni t lngrith for the travel path R can be 

obtained. ITf the width of the travel path R is constant, 

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

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

Path. Accord ngly, the watering amount per unit area for 

the travel patti 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 

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

travel paths R, the data being associated with data 

ndi cat ing thei positions on the mine property, may be 

received from th e mine management apparatus 10 v t. he 

veh ei c-mounted wireless communication device 53 a the 

25 antenna 55A. The position of the water truck 5 itse 

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 

30 selected to obtain the watering amount 

[00701 The vehicle control device 51 transmits 

information on the watering amount as the travel path 

information to the manacement-side antenna 18A and the



management-side wireless communication device 18, which are 

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

wireless communications device 53 and the antenna 55A. The 

mine management apparatus 10 receives the travel path 

5 information. Moreover, the vehicle control device 51 

transmits the self-position information of the water truck 

5 determine ;ed' by the vehicle-mounted position information 

det ertiori device 54 usg the GPS antenna 55B to the mine 

management apparatus 10 via the vehicle-mounted wireless 

10 communication device 53 and the antenna 55A.. In this 

manner, the m ne management apparatus 10 acquires the 

travel path information and the self-position information 

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

operation control method according to the embodiment will 

15 be described.  

[00711 <Operation Control Method> 

IG. 7 is a flowchart illustrating an example of the 

operation control method according to the embodiment. FIG.  

8 is an explanatory view ot an example of the opera-ion 

20 control method according to L-the embodiment . Upon the 

execute ion of the operation control method according to the 

embodiment, in step S101, the mlne management apparatus 10 

as the speed limit control device, more speciricall'yr, the 

proce ssing device 12 (see FIG. 2) acquires travel path 

25 information and its corresponding position information from 

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 

30 information corresponding to the travel path. information.  

from the storage device 13 (an information acquisition 

step) .  

[0072] For example, if weather-observing devices 3a, 3b,
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3c, 3d, 3e, and 3f are installed in the vicinities of 

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

property acs illustrated in FIG. 8, the mine management 

apparatus 10 acquires travel path informant ion col lected 

5 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, 

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

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

10 processing device 12 then associates the plurality of 

pieces of travel path information acquired by the mine 

management apparatus 10 respectively with the position 

informant ion of the weather-observino devices 3a, 3b, 3c, 3d, 

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

15 the following, when there is no need to distinguish between 

t1e travel paths Ra, Rb, and Rc, they are referred to as 

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 

20 weather-observing device 3 as appropriate.  

[00731 Next, in step S102, the mine management apparatus 

10 generates speed limit information based on the travel 

path information acquired from the weather-observing 

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

25 including data indicating precipitation amounts in. areas Aa, 

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 

30 in a. certain place actually is slippery due to 

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

Hence, the speed limit information generated by the mine 

management apparatus 10 iclude for example, information
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to change the speed limit to a speed limit lower than a 

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

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 

5 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.  

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

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

10 excellently in production efficiency in the state of no 

precipitation. The speed limit information used to chance 

the speed limit when there is precipitation is not limited 

to speed limit information with reference to the speech 

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

15 th mi ne. For example, the speed lit information may 

in-clude information to change the speed limit to a lower 

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 

20 limit In the embodiment, t he speed limit information is 

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, 

25 and 3f a's centers, the areas being illustrated in FIG. 8, 

an area inside each area has the same weather conilt ion.  

Assume that the area Aa has a pre cipitation 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) 

30 The mine management apparatus 10 predicts areas where the 

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

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

informant ion (in thi example, including data indicating the
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precipitation amounts in the areas Aa, Ab, Ac, Ad, Ae, and 

Af) and their correspding_ position information.  

[00751 The areas Aa, Ab, Ac, Ad, Ae, and Af may be 

defined as rectangular or square areas with their 

5 respective weather-oservinc Ievces 3b, 3c, 3d, 3e, 

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

predet-ermn ed radius with the weather-observing devices 3a, 

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

path information transmitted from the water truck 5 to the 

10 mine management apparatus 10 includes data indic atng the 

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

step S101, the mine management apparatus 10 acquires the 

data indicating the watering amount and a place watered by 

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

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

operating, the mine management apparatus 10 acquires data 

idi cating a. plurality of watering amounts and a. plurality 

or pieces of the self-position information.  

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

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

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 

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

a position ridicatingthat the precipitation amount is 

equal to or more than a predetermined amount is a position 

where the road surface co-ndition of the travel path R is 

bad, the mine management appar-atus 10 sets such a position 

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

management apparatus 10 predicts the bad road areas Ba and 

Bb. In other words, according to th road surface 

condition of the travel path R in a -lace close to the
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with travel path information (including data indicating a 

precipitation amount) acquired from a single weather

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

5 pat- R can be changed in a wider area with the use of 

travel path information (including data indicating 

precip itat ion amounts) acquired from at least two or more 

weather-observing devices 3. The method for predicting the 

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

10 [00771 After the bad. road areas Ba and Bb are predicted, 

the mine management apparatus 10 generates speed limi 

informal ion for te travel paths R included in the bad road 

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

information includes the information to chance the speed 

15 limits to the speed limits based on the design values for 

the t ravel paths R at the mine, in other words, speed 

limits lower than when there is no precipitation. The mine 

management apparatus 10 associates the generated speed 

limit information with the position information 

20 (geographical information) of the travel paths R 

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 

25 device 18 and the vehicle-mounted wireless communication 

device 7. 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, 

30 as the operation information, to the dump truck 20 by 

wireless communication. When running on the travel path R 

where its speed limit has been changed, the vehicle control 

device 30, whch has acquired the speed limit information,
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controls the dump truck 20 so as to prevent the travel 

speed of the dump truck 20 from exceeding the speed limit 

changed by the speed limit information. In the example 

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

5 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 th_ bad road area Bb.  

[00781 Next, in step S103, the mine management apparatus 

10 wiJreIessIv communicates with the weather-observing 

10 device 3 and acquires information on precipitation or 

'watering (hereinafter, precipitation or the like) (for 

example, a pr e cipi station amount or watering amount) If 

precipitation or tie like is not continuing, in other words, 

if the weather---observing device 3 does not detect 

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

S104. In step S104, the mine management apparatus 10 

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 

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

a predetermin ed time period. The supply of water to the 

travel path R includes watering by -he 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 

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

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 

"e ence speed limit T" 

30 [ 079 The ti. me to start counting the elapsed t ime t 

will be described. The travel path information collection 

devc'e 40 of the weather--observing device 3 acquires the 

time when the precipitacion amount detection sensor 45A of
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the weather -observing device 3 no longer detects 

precipitation, and transmits data indicating the acquired 

time to the mine manaemIrent apparatus 10. Accordingly, the 

mine management apparatus 10 can start counting the elapsed 

5 time t. Moreover, the precipitation amount detection 

sensor 45A of the weather--observing devil ce 3 detects the 

presence or absence or rainfall at preset cycles, and 

transmits data indicating the presence or absence of 

rainfall to the mine management apparatus 10 at the cycles, 

10 and accordinglv time---of--day data included in no--rainfall 

data obtained when the transmitted data chances from data 

indicating rainfall to data indicating no rainfall may be 

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

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

15 snow sensor of the precipitation amount detect ion sensor 

45A no loner detects snowfall is acquired, it is possible 

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 

20 acquired by a signal indicating the stop of watering 

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

example e, a sensor that detects a watering stop signal 

generated by the ope-rator of the water truck 5 operating a 

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

25 like. Data indicat ing the acquired time is transmitted 

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

Accordingly, the mine management apparatus 10 can start 

counting the elaps-ed time t.  

[080] If he elapsed tiirLe t reaches the speed limit 

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

S 05. 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
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mine management apparatus 10 associates the generated speed 

limit informal ion with the position information 

(geographical information) of the travel path R being a 

target whose speed l imit 1s returned to the reference speed 

5 limit, and transmits the information as the operation 

informal ion 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 

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

10 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 

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

actual travel speed of the dump truck 20 from exceeding an 

15 upper limit heing a travel speech incicared by the 

"reference speed limit" to which the speed limit has been 

changed (returned) by the speed limit information.I 

dump truck 20 continues running at a speed lower than the 

reference speed limit on the mine property, the travel time 

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

oir the like. Accordingly, productivitV at the mine 

decreases. Therefore, as in the embodiment, under 

conditions that rainfall or the like is not continuing acd 

predetermined t'me (the elapsed time t) has elapsed, the 

25 speed limit of the targeted travel path R is returned to 

the reference speed. limit and accordingly the productivity 

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

increased.  

[00311 Next, returning to step S103, a description will 

30 be given. If rainfall or the like i's continuing, in other 

words, if the weather-observing device 3 detects rainfall 

or the like (step S103, No), the road surface o t h travel 

pathn R may become more slippery. In this case, the mine
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management apparatus 10 returns to step S101, acquires 

travel path information and posit ion information from the 

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

speed limit. information if needed.  

5 [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 

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

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

10 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 1' proceeds to 

step S106 and maintains the current speed imit. In other 

words, the mine management apparatus 10 performs a process 

15 of maintaining the current speed limit information for the 

targeted travel oath R. Return to step S103 to execute the 

following proceoure.  

[00831 In the embodiment, as described above, when speed 

limit information for reducing the speed limit is generated, 

20 speed limit information for returning the speed limit to 

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 

25 speed limit to the reference speed limit and the speed 

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 

30 devi ce 3. For example, the processing device 12 of the 

mine management apparatus 10 determines from travel path 

information transmitted from the weather--observing device 3 

that the precipitation amount is increasing, changes the
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speed limit lifting time to to a longer time, and set the 

t'me. The relationship between the precipitat on amount 

and the speed limit lifting time to is stored in advance in 

the storage devi ce 13 of the mine management apparatus 10.  

5 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 

precipitation is also extended. The operation control 

system or the operation control method that extends the 

10 speed limit lifting time to with an increasing 

precipi station amount s used. Accordingly, a speed limit 

lower than the reference speed limit can be set umntii the 

slipperiness of the travel path R is reduced if the travel 

oath P has a large moisture content. As a consequence, 

15 safety on the mine property is further improved.  

[00841 If the speed limit information for returning the 

speed. limit to the reference speed l imit is generated, the 

mine management apparatus 10 may generate the speed limit 

information for returning the speed limit to the reference 

20 speed limit based on air tempceratUre i reformation including 

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 

25 moisture of the travel path R. Therefore, the speed lImit 

information for returning the speed. l-imit 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 

30 the travel path R and. sppr-opriately generate the speed 

limit information for returning the speed limit to the 

reference speed limit .  

[0085] For example, t he speed limit lifting t Ime tc is
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extended as the air temperature on the travel -path R drops.  

Consequently, until the moisture of the travel path R 

becomes dry and the slipperiness of the travel path R is 

reduced, a speed limit lower than the reference speed limit 

5 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 

speed limit is generated, the speed limit information for 

returning the speed limit to the reference speed limit may 

10 be generated further based on humidity information 

including information on the humidity at the mine, more 

s p e cif ically, the humidity on the travel path R. In these 

cases, the relationship between at least one of the air 

temperature and the humidity, and the speed limit lifting 

15 t'ime tc is stored in advance in the storage device 13 of 

the mine managemrient apparatus 10 . In this manner, wirth the 

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 

20 the travel path R can be evaluated more appropriately.  

Accordingly, the speed liimit information for returning the 

speed. liLiTt. to the reference speed limic can be generated 

more appropriately.  

[00861 FIG. 9 is a diagram illustrating an example or a 

25 case where the watering amount of the water truck 5 is osed 

as the travel path information in the operation control 

method according to the embodiment. The case or using the 

watering amount of the water truck 5 as the travel path 

information is also similar to the above-mentioned case of 

30 using a precipitation amount as the travel path information.  

In this case, the mine management apparatus 10 illustrated 

in FIGS. I and 2 acquires data indicating the watering 

amount as the travel path information and data indiicatinq a
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watered position (the self-position information of the 

water truck 5) as the position information (an information 

acquisition s4ep) In this example, the water truck 5, 

more specific ally, the vehicle control device 51 included 

5 in the water truck 5 functions as one corresponding to the 

travel path information collection device of the weather-

observing devil ce 3. Therefore, if the water truck 5 

includes a temperature sensor or a humidity sensor, data 

in-dicating the air temperature or data indicating .the 

10 hu mdit-; together with the self-position information and 

th e daLta ndicatinq the watering amount are transmitted to 

tne mie mcanagemerent apparatus 10 Accordingly, the speed 

l imit of': the travel path R can be changed as described 

above .  

15 [0087] In the example, after the information acquisition 

step, speed limit change areas Ch, Cm, and Cl ranked by the 

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 

20 5. Assume that the watering amounts of the speed limit 

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

and Cl. Therefore, the dump t-ruck 20 becomes less slippery 

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

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

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

ranking is not limited to this.  

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

are set, the mine management apparatus 10 generates speed 

limit information respectively for t-he speed limit change 

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

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

the speed limits are set to be lower than the reference 

speed limits that are respectively setC for the speed limit 

change areas. Consequently, appropriate speed limit 

5 information in accordance with the moisture content of rhe 

travel path R can be gfe-nerated. Accordingly, a speed limit 

according to the slipperiness of the travel path R can be 

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

further improve safety on the mine property, and it is al.so 

10 possible to reduce the possibility of indiscriminately 

reducing the speed limit and suppress the reduction of 

productivity at the mine. The operation control method 

according to the embodiment may be executed. setting both 

data indicating a precipirat ion amount and data indicating 

15 the water ng amount of the water truck 5 as the travel path 

information. Consequently, more appropriate speed limit 

information can be generated. Therefore, is more 

effective to improve safety on the mine property and 

suppress the tire wear of and the deterioration of the fuel 

20 consumption of the dump truck 20, and further suppress the 

reduction of the eine's and productive ty.  

[00891 FIG. 10 is a flowchart illustrating another 

example of the operation control method according to the 

embodiment. FG 11 is a diagram il lstrating the another 

25 example of the operation control method according to the 

embodiment. The example is similar to the above-mentioned 

exam-pe but is different in the respect that the mine 

management apparatus 10 (see FICS. I and 2) as the speech 

limit control device sets the ranking of the road surface 

30 condition of the travel path R based on at least travel 

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

firstly, the mine management apparatus 10 as the speed 

limit control device, more specifically, the processing 

device 12 (see FIU. 2) acquires var:Lous pieces of 

5 information in step S201 (an information acquisition step) 

Vari ouls pieces of information include travel path 

information acquired from the weather-observino device 3 

ins tal ed at the minie, pos-It ion informat ion crresponding 

to the travel path information, a watering f ow rate q and 

10 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 

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

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

15 ratio A c be expressed by (Vv -Vw /Vv. The sli- angle 

dh is obtained based on the operation information taking, 

as an angle, the difference between an original direct ion 

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

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

20 pointing as a result of skidding across the road surface.  

In other words, an unillustrated speed sensor provided to 

the dump truck 20 detects the t.avel speed Vv, and the 

rotary sensor 25 further detects the rotational speed Vw.  

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

25 control device 30 computes the slip ratio A and transmits 

the obtained sIpn ratio A to the mine management apparatus 

10 via the yehicemounted wireless communication device 27 

and the atenn A. The slip angle dh is obtained using 

the turning angl snsor 32 The slip angl d is 

30 transmitted to the mine management apparatus 10 via the 

eicle-mouted. wireless communication device 27 and the 

antenna 28A. The travel path information acquired from the 

weather-observing device 3 includes a precipitation amount



49 

qw, air temperature tw, and humidity sw.  

[00 91] The above--mentioned operation information 

includes a direction coward which the dump truck 20 should 

move on each travel path R together with the position 

5 information of the travel path P (the geographical 

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

20 runs. The operation information is wireless ly 

communicated from the mine management apparatus 1 0 to the 

dump truck 20 and stored in the vehicle-mounted storage 

10 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 vehi e 

control device 30 compares an original direction toward 

which the dump truck 20 should point (corresponoing to the 

15 above--ment ioned di rect ion toward which the dumo truck 20 

should move) based on the operation information with the 

direct ion of the dump truck 20 detected by the turning 

anglese nsor 32, and computes the angular difference 

between the two. In other words, the angular difference 

20 between the two directions is the slip angle dh.  

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

uses various pieces of information acquired in step 5201 

and creates evaluation parameters. In the embodiment, ne 

evaluation parameters are a watering level parameter SP, a 

25 vehicle posCure parameter Pp, and a weather parameter IP.  

The evaluation parameters are indicated in Equations (1) to 

(3) The watering level parameter SP is a scale indicat ng 

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

by wacering the travel path R. The vehicle Posture 

30 parameter Pp is a scale indicating the slipperiness of the 

travel path R predicted from the posture of the dump truck 

20. The weather parameter WP is a scale indication the 

slipperiness of the travel path R due to the weather.
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SP F (q, ts) (1) 

Lp C ( A, dh) (2) 

WIP = - (qw, tw, sw) (3) 

[00 931 In the example, each evaluation parameter 

5 indicates that the travel path P becomes slippery for the 

dump truck 20 as its value increases. The watering leveI 

arametler SP increases as the watering flow rate qr and the 

wa tering time ts increase. The vehicle posture parameter 

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

10 increase. The weather parameter WP increases as the 

precipitation amount qw and humidity sw increases, anc 

increases as the temperature tw drops.  

[00941 Next, proceed to step S203. The mine management 

apparatus 10 assigns weights to the evaluation parameters 

15 and then creates an evaluation function FRr indicated in 

Equat ion (4) . a, b, and c of Equation (4) are weighting 

coefficients, and their magnitudes are set in accordance 

with the evaluation parameters' influence on the 

slipperiness of the travel path R, as appropriate. For 

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

truck 5 does not perform watering. Accordinoly, the 

weighting coetfcien a of the watering level parameter SP 

is reduced and the weightingi coefricienr c of the weather 

parameter WP is increased.  

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

[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 

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

path rankinAs L1, 12, 13, and 1.4. The travel path R 

becomes less slippery in the order of L1, 12, 13, and 14.  

As described above, the travel path R becomes slippery as
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the evaluation funCtion FRr increases. In other words, the 

travel path R becomes less slippery as the evaluation 

function FRr decreases. in the example, there are four 

travel path rankings, but the number of the travel path 

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

the travel path ranking is ser in accordance with the 

position information of each travel path R (the 

geographical information of the travel path R).  

Accordingly, different travel path rankings may be set at 

10 different positions of one travel path P (each of Ra, Rb, 

and Rc) .  

0096] When the travel oath ranking is set based on the 

evaluation function FRr, proceed to step S205. in. step 

S205, the mine management apparatus 10 executes a process 

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

other words, th-e mine management apparatus 10 generates 

speed. 1.liit informant ion based. on the travel path ranking 

and its corresponding position information (geographical 

information) (a speed limit information generation step).  

20 [0097] In the example, it becomes less slippery in the 

order of the travel path rankings L1, L2, L3, and L4.  

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

increased in the order of the travel path rankings L1, L2, 

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

25 than the reference speed limits set for each travel path R 

(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 

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

possible to promote the suppression of1 the wear of tires 

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

fuel consumpt ion deteriorate ion, and furt he improve safety
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on the mine property, and is also possible to reduce the 

possibility of indiscriminately reducing the speed limit 

and suppress the reduction of productivity at the mine.  

[00 981 If the speed limit information is generated, 

5 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 

the position information of the weather-observing device 3.  

If: the water truck S has performed watering here, 

10 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 

count inning, in other words, the weather-observing device 3 

does not detect. precipitation or the like in step S206 

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

the water truck 5 is not continuing watering, in -ther 

words, the water truck S has stopped watering (step 5206, 

Yes), proceed to step S207. In step 5207, the mine 

management apparatus 10 compares the elapsed time t with 

20 the speed limit lifting time to when the speed limit is 

lif ted. If the elapsed time t reaches the speed limit 

lifting time to 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 

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

subsequrilent process is similar to the above-mentioned 

process of step S105. Moreover, the subsequent process is 

described assuming that a similar process s is performed even 

if precipitation is replac ed with watering by the water 

30 truck 5.  

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

ecipitation or the like is continuing, in 

other words, the weather-observing device 3 detects
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precipitation or the like (step S206, No) , the moisture 

content of the road surface of the relevant travel path R 

increases and accordingly it may become more slippery for 

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

5 apparatus 10 returns to step 0201, acquires various pieces 

of information including travel path information and 

position information, and newly generates (updates) speed 

lim-t information if needed.  

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

10 be Civen. 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 

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

ilt is Possible to predict that the travel path R will, in 

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

this case, the mine management apparatus 10 proceeds to 

step S2,09 and. maintains the current speed. limit In other 

words, the mine management apparatus 10 performs the 

proce ss of maintaining the current speed limit information 

20 for the targeted travel path R. Return to step S-20-6 to 

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 

25 information. The dump truck 20 runs following the speed 

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 

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

if the travel path P 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
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improved, and it is possible to suppress the wear or rires 

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

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

prevented from skidding. Accordingly, the wear or tires 

5 (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 

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

[0102 Furthermore, in the embodiment, the speed I imit 

10 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 

information. Therefore, it is possible to promote an 

increase in the efficiency of the operation contri of the

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

rely on the experience and skill of an operator who 

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 

20 of the operator who controls operations can be kept to a 

[01031 Moreover, the embodiment collects a plurality of 

pieces of travel path information for generating speed 

limit information from the weather-observing devices 3 

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

manner, speed limit informant ion 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 

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

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

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

the mine. Therefore, the reduction of productivity at the 

mine can be kept- to a minimum. Moreover i is possible to 

5 minutely; set and change a speed lim it. for each travel path 

R constructed on the Huge mi ne property.  

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

condition of the travel I path R changes with each passing 

hour due to the travel of the dump truck 20 and the [Like, 

10 and precipirat ion or the like. The travel path R at the 

mine is generally unpaved. Accordingly, thet road surface 

condition of the travel path R is all the more susceptible 

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

like, and precipitation or the like. The embodiment 

15 collects travel path information for generating speed limit 

information from he weather-observing devices 3 installed 

in the plurality of places at the mine at predetermined 

cycles or ar predetermined rimings and accordingly can give 

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

20 surface condition of the travel path R, the road surface 

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 or tires 

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

25 and suppress the reduction of productivity at the mine.  

01051 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 

cormunicaction. However, the embodiment is not limited to 

30 this . For example, the mine management apparatus 10 may 

acquire travel path information from the weather-observing 

devicme 3 by wired communication. Moreover, in the 

embodiment, the driverless dump truck 20 (a driverless
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vehicle) is targeted as a mining machine. However, the 

embodiment can also be applied to a manned mining machine, 

in other words, a in ning machine operated by an operator.  

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

5 limit control device transmits to the dump truck 20 the 

operation information including speed limit information 

based on the gm-enra'Zted speed limit information, the dump 

truck 20 displays the change of the speed limit on a 

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

10 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 

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

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

15 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, 

and even if the operator performs an operation to increase 

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

20 acceleration operation) the dump truck 20 performs engine 

output limit control and braking control based on the 

generated. speed limit information, and i's caused to run so 

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

exceeding the changed speed limit.  

25 [0106] Moreover, if the travel oath R is a grade, it 

becomes more sli-ppery. In the embodiment, speed limit 

information may be generated based on travel path 

information and position information so as no set a speed 

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

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

one or grad.ient information indicating the gradient or rhe 

travel path R at the mine and alitulade information 

indicating altitude. Consequently, safety during the



57 

travel of the dump truck 20 is further Improved.  

[0107] Furthermre, in the embodiment, if speed limir 

information is generated for the travel path R having a 

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

5 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 

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

or season, the speed limit lifti fng time tc may be made 

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

lower than the reference speed limit during a period of 

time until si ppe iriess is reduced on the travel path R 

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

on the road surface lo nger than others. As a consequence, 

15 safety on the mine property is improved.  

[01081 The above elements include elements that can be 

easily assumed by those skilled in the art, and 

substantially the same elements. Furthermore, the elements 

can be combined as appropriate. Moreover, various 

20 omissions, replacements, or modifications can be made to 

the elements without departing from the spirit of the 

embodiment.  

Reference Signs List 

[01091 1 OPERATION CONTROL SYSTEM FOR MINING MACHINE 

25 (OPERATION CONTROL SYSTEM) 

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

WATER TRUCK 

6 CONTROL FACILITY 

0 MINE MANAGEMENT APPARATUS 

30 12 PROCESSING DEVICE 

13 STORAGE DEVICE 

15 INPUT/OUTPUT UNIT 

18 MANAGEMENT- SIDE WIRELESS COMMUNIC AT I ON DEVICE
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20 DUMP TRUCK 

25 ROTARY SENSOR 

26 FRONT INFORMAT ION DETECT ION SENSOR 

27, 53 VEHICLE-MOUNTED WIRELESS COMMUNI CAT ION DEVICE 

5 28A, 55A ANTENNA 

28B, 55B GPS ANTENNA 

29, 54 VEHICLE-MOUNTED POSITION INFORMATION DETECTION 

D EV I CE 

30, 51 VEHICLE CONTROL DEVICE 

10 31, 52 VEHICLE-MOUNTED STORAG-E DEVICE 

32 TURNING ANGLE SENSOR 

40 T RAVEL PATH INFORMATION COLLECTION DEVICE 

4 1 COLLECTION-SIDE STORAGE DEVICE 

42 COLLECT ION-S IDE WIRELESS COMMUNICATION DEVICE 

15 43 COLLECTION--SIDE POSITION INFORMATION DETECTION 

DEVICE 

45A PRECIPITATION AMOUNT DETECTION SENSOR 

45B THERMOMETER 

45C HYGROMETER 

20 50 WATERING APPARATUS 

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, 

wherein the travel path information includes 

information on a watering amount of water used by a water 

truck to water the travel path.  

15 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 

based on at least the travel path information and posture 

information as information on a posture of the mining 

20 machine, and 

the speed limit information is generated based on the 

set ranking.  

3. The operation control system for a mining machine 

25 according to claim 2, wherein the speed limit information 

is generated based on the posture information including 

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

4. The operation control system for a mining machine 

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

limit information for reducing the speed limit is generated, 

speed limit information for returning the speed limit to 

the speed limit before reduction is generated based on
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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 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 

reduction is generated further based on air temperature 

information including at least information on air 

10 temperature at the mine.  

6. The operation control system for a mining machine 

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

a plurality of travel path information collection 

15 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 

limit information.  

20 7. The operation control system for a mining machine 

according to claim 6, comprising: 

a vehicle-mounted wireless communication device, 

mounted on the mining machine, which performs 

communication; and 

25 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 device is placed in the 

30 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
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speed limit information via the vehicle-mounted wireless 

communication device to a travel control device, mounted on 

the mining machine, which controls a travel speed of the 

mining machine.  

5 

8. The operation control system for a mining machine 

according to claim 6, comprising a vehicle-mounted wireless 

communication device, mounted on the mining machine, which 

performs communication, wherein the speed limit control 

10 device is mounted on the mining machine, and acquires the 

travel path information and the position information via 

the vehicle-mounted wireless communication device.  

9. The operation control system for a mining machine 

15 according to claim 7, wherein 

the travel path information collection device includes 

a collection-side wireless communication device which 

performs communication, and 

the speed limit control device acquires the travel 

20 path information collected by the travel path information 

collection device via the collection-side wireless 

communication device and the management-side wireless 

communication device.  

25 10. The operation control system for a mining machine 

according to claim 8, wherein 

the travel path information collection device includes 

a collection-side wireless communication device which 

performs communication, and 

30 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 vehicle-mounted wireless



62 

communication device.  

11. The operation control system for a mining machine 

according to any one of claims 1 to 5, wherein 

5 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 

10 corresponding to the position information, based on speed 

limit information corresponding to the position information 

12. The operation control system for a mining machine 

according to claim 1, wherein the travel path information 

15 includes information on the watering amount of the water 

used to water the travel path which is detected by a 

watering amount detecting unit.  

13. The operation control system for a mining machine 

20 according to claim 1, wherein the travel path information 

includes information on the watering amount of the water 

used to water the travel path which is measured by a flow 

sensor provided to the water truck.  

25
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