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DESCRIPTION 

 

Title of Invention 

VEHICLE AND TRACK TRANSPORTATION SYSTEM 

 

Technical Field 

 [0001] 

 The present invention relates to a vehicle that ca n 

be automatically steered, and a track transportatio n 

system that includes a track on which the vehicle t ravels. 

Background Art 

 [0002] 

 A track transportation system in which a vehicle 

travels on a track by using running wheels formed o f 

rubber tires and guide wheels of the vehicle are gu ided by 

guide rails is known as new means of transportation  other 

than a bus and a railroad.  This track transportati on 

system is generally called a new transport system o r an 

Automated People Mover (APM). 

 [0003] 

 Further, there are a side guide method and a cente r 

guide method as a steering method in this kind of n ew 

transport system.  All of these steering methods ar e a so-

called passive steering method in which a vehicle i s 

guided through the guiding of guide wheels by guide  rails.  
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The side guide method of these methods is a method of 

guiding a vehicle by guiding guide wheels, which ar e 

provided on both sides of a vehicle, by guide rails  

provided on both sides of a track.  A clearance is formed 

between the guide rail and the guide wheel and part  of the 

guide wheels provided on both sides of the vehicle always 

come into contact with the guide rails. 

 [0004] 

 Since part of the guide wheels always come into 

contact with the guide rails in this passive steeri ng 

method, the guide rails are bent or there is a diff erence 

in level at the connecting portions of continuous g uide 

rails.  For this reason, there is a problem in that  

vibration is generated and comfort deteriorates whi le the 

vehicle travels.  Accordingly, there is considered a 

technique for improving comfort by making the vehic le 

travel by an automatic steering function so that th e guide 

wheels do not come into contact with the guide rail s. 

 [0005] 

 Here, PTL 1 discloses a steering control device th at 

receives a magnetic field generated from magnetic m arkers 

provided on a course by a sensor of a vehicle and c ontrols 

the steering of the vehicle so that the vehicle tra vels on 

the course. 

Citation List 
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 Patent Literature 

 [0006] 

 [PTL 1]  Japanese Unexamined Patent Application 

Publication No. 2001-273033 

Summary of Invention 

Technical Problem 

 [0007] 

 However, only a fact that the magnetic markers are  

provided at a predetermined interval can be obtaine d in 

PTL 1.  For this reason, the vehicle is steered usi ng 

wheel speed sensors or the like and travels while 

estimating a travel course.  Accordingly, since con trol is 

very complicated, control delay occurs during the h igh-

speed travel of the vehicle.  For this reason, it i s 

difficult to make a vehicle stably travel on the tr ack so 

that the vehicle does not deviate from a desired tr avel 

course by a certain range or more. 

 [0008] 

 The invention provides a track transportation syst em 

that can make a vehicle more reliably travel on a d esired 

course by simple control. 

Solution to Problem 

 [0009] 

 According to a first aspect of the invention, ther e 

is provided a vehicle including: running wheels tha t 
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travel on a traveling road surface of a track; a pa ir of 

position detection parts that are provided with an 

interval therebetween in a width direction, and det ect 

distances between themselves and an object to be me asured 

provided on the track along an extending direction of the 

traveling road surface, and output signals; a contr ol unit 

that controls the amount of steering of the running  wheels 

according to the signals output from the position 

detection parts; and a steering mechanism that stee rs the 

running wheels by the control unit.  Each of the po sition 

detection parts outputs, as the signal, a signal ha ving 

characteristics in which an output is increased as the 

distance from the object to be measured is increase d and a 

rate of change of the output is reduced in a range in 

which the distance from the object to be measured i s equal 

to or larger than a predetermined value, and is pro vided 

so that the distance between the other position det ection 

part and the object to be measured is increased whe n the 

distance between one position detection part and th e 

object to be measured is reduced.  The control unit  

controls the amount of steering according to a comb ined 

output of the signals output from the pair of the p osition 

detection parts. 

 [0010] 
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 According to the track transportation system, afte r 

the distances between the position detection parts and the 

object to be measured are detected by the position 

detection parts, the outputs of the signals output from 

the respective position detection parts are combine d with 

each other by the control unit.  Here, in a region in 

which one position detection part is close to the o bject 

to be measured and the other position detection par t is 

distant from the object to be measured (hereinafter , 

referred to as a first region), the output of one p osition 

detection part is changed with a higher rate of cha nge as 

the distance from the object to be measured is redu ced, 

and the rate of change of the output of the other p osition 

detection part is reduced (an output signal becomes  flat)  

while the output of the other position detection pa rt is 

large.  Accordingly, when the output of one positio n 

detection part as a positive numerical value and th e 

output of the other position detection part as a ne gative 

numerical value are combined with each other, an ou tput 

signal of a combined output is changed with a highe r rate 

of change in the first region. 

 Further, conversely, in a region in which one 

position detection part is distant from the object to be 

measured and the other position detection part is c lose to 

the object to be measured (hereinafter, referred to  as a 



6 
 

second region), the rate of change of the output of  one 

position detection part is reduced while the output  of one 

position detection part is large, and the output of  the 

other position detection part is changed with a hig her 

rate of change as the other position detection part  

approaches the object to be measured.  Accordingly,  when 

the output of one position detection part as a posi tive 

numerical value and the output of the other positio n 

detection part as a negative numerical value are co mbined 

with each other, an output signal of a combined out put is 

changed with a higher rate of change in the second region. 

 Furthermore, in a region in which the distance 

between one position detection part and the object to be 

measured is substantially equal to the distance bet ween 

the other position detection part and the object to  be 

measured, that is, in an intermediate region betwee n the 

first and second regions, a transition state betwee n a 

state in which the output of each position detectio n part 

is greatly changed and a state in which the rate of  change 

of the output of the position detection part is low  

appears.  Accordingly, even when the output of one 

position detection part as a positive numerical val ue and 

the output of the other position detection part as a 

negative numerical value are combined with each oth er, the 

transition state in which the output signal is gent ly 
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changed in comparison with the first and second reg ions 

appears in the intermediate region. 

 As the position of the vehicle is changed from a 

case in which the object to be measured and one pos ition 

detection part are close to each other to a case in  which 

the object to be measured and one position detectio n part 

are distant from each other as described above, the  

combined output of the two position detection parts  is 

changed to the first region, the intermediate regio n, and 

the second region.  Accordingly, after the output s ignal 

of the combined output is changed with a higher rat e of 

change, the transition state in which the output si gnal is 

gently changed appears.  Then, the output signal of  the 

combined output is changed with a high rate of chan ge 

again.  Therefore, the output characteristics of th e 

signals output from the position detection parts ar e set 

so that the output signal of the combined output is  

positioned in the intermediate region when the vehi cle is 

present at a predetermined desired position in the width 

direction and the output signal of the combined out put is 

positioned in the first and second regions when the  

vehicle deviates from the predetermined position.  

Accordingly, when the vehicle deviates from the 

predetermined position, the vehicle can be controll ed 

according to a combined output signal having a high  rate 
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of change so as to promptly return to the predeterm ined 

position.  Further, when the vehicle is close to th e 

predetermined position, steering control can be mod erately 

performed according to a combined output signal tha t has a 

low rate of change and corresponds to the transitio n state.  

For this reason, when steering control is performed  so 

that the vehicle returns to the predetermined posit ion, it 

is possible to suppress the overshooting of the veh icle 

from the predetermined position and to suppress the  

meandering travel of the vehicle that is caused by the 

repetition of this movement of the vehicle.  Accord ingly, 

it is possible to make the vehicle reliably travel on a 

desired course on the traveling road surface in the  width 

direction. 

 [0011] 

 Further, according to a second aspect of the 

invention, in the vehicle according to the first as pect, 

the pair of position detection parts may output the  

signals so that a rate of change of the combined ou tput of 

the signals is increased, when the vehicle travels at a 

position deviating from a middle position on the tr aveling 

road surface in the width direction and the rate of  change 

of the combined output of the signals is reduced wh en the 

vehicle travels at the middle position. 

 [0012] 
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 Since the output characteristics of the signals 

output from the position detection parts are select ed as 

described above, the vehicle can be controlled so a s to 

promptly return to the middle position when the veh icle 

travels at a position deviating from the middle pos ition 

in the width direction, and steering control can be  

moderately performed when the vehicle is close to t he 

middle position.  For this reason, since it is poss ible to 

suppress the meandering travel of the vehicle from the 

middle position, it is possible to make the vehicle  

reliably travel at the middle position on the trave l road 

in the width direction. 

 [0013] 

 Furthermore, according to a third aspect of the 

invention, there is provided a track transportation  system 

including: the vehicle according to the first or se cond 

aspect; a track that includes a traveling road surf ace on 

which the vehicle travels; an operational control u nit 

that allows the vehicle to travel according to an 

operational plan by controlling supply of power to the 

vehicle; and an object to be measured that is provi ded on 

the track along an extending direction of the trave ling 

road surface. 

 [0014] 
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 According to this track transportation system, the  

track transportation system makes the vehicle trave l by 

the operational control unit and controls the amoun t of 

steering by the control unit using the combined out put of 

the pair of position detection parts that detect th e 

distance from the object to be measured.  According ly, 

when the vehicle travels at a position deviating fr om the 

predetermined position on the traveling road surfac e of 

the track in the width direction, the vehicle can b e 

controlled so as to promptly return to the predeter mined 

position.  Further, when the vehicle is close to th e 

predetermined position, steering control can be mod erately 

performed.  For this reason, since it is possible t o 

suppress the meandering travel of the vehicle from the 

predetermined position, it is possible to make the vehicle 

reliably travel at the predetermined position on th e 

traveling road surface in the width direction. 

 [0015] 

 In addition, according to a fourth aspect of the 

invention, in the track transportation system accor ding to 

the third aspect, each of the position detection pa rts may 

include a sensor having characteristics in which an  output 

of the signal is increased as a distance from the o bject 

to be measured is increased and a rate of change of  the 

output of the signal is reduced in a range in which  the 
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distance from the object to be measured is equal to  or 

larger than a predetermined value, and the object t o be 

measured may be a guide face of a guide rail that e xtends 

in the extending direction of the traveling road su rface 

so as to cross the traveling road surface. 

 [0016] 

 In the track transportation system, the guide rail  

is provided on the track and the vehicle travels wh ile 

being guided by the guide face of the guide rail.  

Accordingly, since an object to be measured does no t need 

to be installed anew, it is possible to make the ve hicle 

reliably travel on a desired course by simple steer ing 

control, which uses a combined output of sensors, w hile 

reducing costs. 

 [0017] 

 Moreover, according to a fifth aspect of the 

invention, in the track transportation system accor ding to 

the fourth aspect, the sensor may be an eddy curren t 

sensor. 

 [0018] 

 When the eddy current sensor is applied, the rate of 

change of the output is reduced, that is, the outpu t is 

saturated as the distance from the object to be mea sured 

is increased.  Accordingly, it is possible to make the 
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vehicle reliably travel on a desired course by simp le 

steering control that uses a combined output of sen sors. 

 [0019] 

 Further, according to a sixth aspect of the 

invention, in the track transportation system accor ding to 

the third aspect, each of the position detection pa rts may 

include a sensor having characteristics in which an  output 

of the signal is increased as the distance from the  object 

to be measured is reduced, and the object to be mea sured 

may be formed in a shape in which a distance betwee n the 

object to be measured and the sensor is reduced as the 

object to be measured approaches the sensor in the width 

direction and a rate of change of the distance is r educed 

in a range in which the distance between the object  to be 

measured and the sensor is equal to or smaller than  a 

predetermined value. 

 [0020] 

 According to the track transportation system, the 

sensor of each position detection part has output 

characteristics in which an output is increased or reduced 

so as to correspond to the increase and reduction o f the 

distance from the object to be measured.  That is, since 

an output signal of the sensor is monotonously incr eased 

or reduced, it is possible to obtain an output sign al, 

which corresponds to the shape of the object to be 
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measured, in the position detection part by using t his 

sensor.  Here, the object to be measured is formed in a 

shape in which a distance between the object to be 

measured and the sensor is reduced as the sensor 

approaches the object to be measured in the width 

direction of the traveling road surface and a rate of 

change of the distance is reduced in a range in whi ch the 

distance between the object to be measured and the sensor 

is equal to or smaller than a predetermined value.  

Accordingly, specifically, in a region in which one  sensor 

is distant from the object to be measured in the wi dth 

direction and the other sensor is close to the obje ct to 

be measured in the width direction (hereinafter, re ferred 

to as a first region), the output of one position 

detection part is changed with a higher rate of cha nge as 

the sensor becomes distant from the object to be me asured, 

and the rate of change of the output of the other p osition 

detection part is reduced (an output signal becomes  flat)  

while the output of the other position detection pa rt is 

large.  Accordingly, when the output of one positio n 

detection part as a positive numerical value and th e 

output of the other position detection part as a ne gative 

numerical value are combined with each other, an ou tput 

signal of a combined output is changed with a highe r rate 

of change in the first region. 
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 Further, conversely, in a region in which one sens or 

is close to the object to be measured and the other  sensor 

is distant from the object to be measured (hereinaf ter, 

referred to as a second region), the rate of change  of the 

output of one position detection part is reduced wh ile the 

output of one position detection part is large, and  the 

output of the other position detection part is chan ged 

with a higher rate of change as the sensor becomes distant 

from the object to be measured.  Accordingly, when the 

output of one position detection part as a positive  

numerical value and the output of the other positio n 

detection part as a negative numerical value are co mbined 

with each other, an output signal of a combined out put is 

changed with a higher rate of change in the second region. 

 Furthermore, in a region in which the distance 

between one sensor and the object to be measured is  

substantially equal to the distance between the oth er 

sensor and the object to be measured, that is, in a n 

intermediate region between the first and second re gions, 

a transition state between a state in which the out put of 

each position detection part is greatly changed and  a 

state in which the rate of change of the output of the 

position detection part is low appears.  Accordingl y, even 

when the output of one position detection part as a  

positive numerical value and the output of the othe r 
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position detection part as a negative numerical val ue are 

combined with each other, the transition state in w hich 

the output signal is gently changed in comparison w ith the 

first and second regions appears in the intermediat e 

region.  Therefore, since it is possible to suppres s the 

meandering travel of the vehicle by controlling the  

vehicle according to the output signal of the combi ned 

output, it is possible to make the vehicle reliably  travel 

on a desired course on the traveling road surface i n the 

width direction. 

 [0021] 

 According to a seventh aspect of the invention, in  

the track transportation system according to the si xth 

aspect, the sensor may be a laser sensor. 

 [0022] 

 When the laser sensor is applied, it is possible t o 

obtain an output signal that monotonously varies li nearly.  

For this reason, since it is possible to output sig nals, 

which correspond to the shape of the object to be m easured, 

from the position detection parts, it is possible t o make 

the vehicle reliably travel on a desired course on the 

traveling road surface in the width direction by si mple 

steering control that uses a combined output. 

Advantageous Effects of Invention 

 [0023] 



16 
 

 According to the vehicle and the track 

transportation system of the invention, since steer ing 

control is performed using a combined output that i s 

obtained through the combination of outputs of a pa ir of 

position detection parts, it is possible to make a vehicle 

more reliably travel on a desired course by simple control. 

Brief Description of Drawings 

 [0024] 

 Fig. 1 is a front view of a track transportation 

system according to a first embodiment of the inven tion. 

 Fig. 2 is a plan view of a running device of the 

track transportation system according to the first 

embodiment of the invention. 

 Fig. 3 is a plan view showing main parts of the 

running device of the track transportation system 

according to the first embodiment of the invention.  

 Fig. 4 is a view showing main parts of the running  

device of the track transportation system according  to the 

first embodiment of the invention, and shows a cros s-

section taken along line A-A of Fig. 3. 

 Fig. 5 is a view relating to the track 

transportation system according to the first embodi ment of 

the invention and showing output characteristics of  a 

sensor. 
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 Fig. 6 is a view showing main parts of a running 

device of a track transportation system according t o a 

first modification of the first embodiment of the 

invention and shows a cross-section at the same pos ition 

as the cross-section taken along line A-A of Fig. 3 . 

 Fig. 7 is a view showing main parts of a running 

device of a track transportation system according t o a 

second modification of the first embodiment of the 

invention and shows a cross-section at the same pos ition 

as the cross-section taken along line A-A of Fig. 3 . 

 Fig. 8 is a view showing main parts of a running 

device of a track transportation system according t o a 

second embodiment of the invention and shows a cros s-

section at the same position as the cross-section t aken 

along line A-A of Fig. 3. 

Description of Embodiments 

 [0025] 

 [First embodiment] 

 A track transportation system (hereinafter, simply  

referred to as a transport system) 1 according to t he 

first embodiment of the invention will be described  below. 

 As shown in Figs. 1 and 2, the transport system 1 is 

formed of a so-called side guide type system includ ing a 

vehicle 3, a track 2 on which the vehicle 3 travels , an 

operational control unit 15 that allows the vehicle  3 to 
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travel according to an operational plan by controll ing 

supply of power to the vehicle 3, and guide rails 7  that 

guide the vehicle 3 on both left and right sides of  the 

track 2 in a width direction and are made of steel.   In 

the side guide type system, the vehicle 3 travels w hile 

being guided on both left and right sides in a widt h 

direction. 

 Here, a longitudinal direction is defined while th e 

front side of the vehicle 3 in a traveling directio n is 

simply defined as the front side, and a transverse 

direction is defined while the right side of the ve hicle, 

which faces the front side, is defined as the right  side 

and the left side thereof is defined as the left si de. 

 [0026] 

 As shown in Figs. 1 to 4, the vehicle 3 includes a  

vehicle body 10, two running devices 11 that suppor t the 

vehicle body 10 from below on the front and rear si des of 

the vehicle 3 in the longitudinal direction, and po wer 

collectors 14 that are disposed on both left and ri ght 

sides of the vehicle 3 in the width direction. 

 Further, the vehicle 3 includes position detection  

parts 8 that detect the travel position of the vehi cle 3 

and a control unit 9 that steers the vehicle 3 acco rding 

to signals output from the position detection parts  8. 

 [0027] 
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 The vehicle body 10 has a rectangular parallelepip ed 

shape, is provided above the running devices 11, an d 

accommodates passengers therein. 

 [0028] 

 Each of the running devices 11 includes a pair of 

(left and right) running wheels 12, an axle 17 that  

connects the pair of running wheels 12, a suspensio n 18 

that supports the axle 17 and the pair of running w heels 

12, guide wheels 19 that are provided so as to face  the 

guide rails 7, and a steering mechanism 13 that ste ers the 

running wheels 12. 

 [0029] 

 Here, the two running devices 11 are provided belo w 

the vehicle body 10 so as to be symmetrical with ea ch 

other in the longitudinal direction, and the front running 

device 11 will be described below on behalf of the two 

running devices. 

 [0030] 

 A pair of running wheels 12 are provided on the le ft 

and right sides of each running device 11 with an i nterval 

therebetween, and the vehicle can travel on the tra ck 2 

through the rolling of the running wheels 12. 

 [0031] 

 The axle 17 has the shape of a rod that has a cent er 

on an axis extending to the left and right in the w idth 



20 
 

direction, and is rotated about this axis together with 

the running wheels 12. 

 [0032] 

 The suspension 18 supports the axle 17 and the 

running wheels 12, and absorbs impact applied from the 

track 2. 

 [0033] 

 The guide wheels 19 are provided on the running 

device 11 so as to be disposed on the left and righ t sides 

of the vehicle 3, and roll about axes parallel to a  

vertical direction when coming into contact with th e 

above-mentioned guide rails 7.  Further, portions o f the 

guide wheels coming into contact with the guide rai ls, 

that is, the outer peripheral portions of the guide  wheels 

19 are made of, for example, an elastic material su ch as 

urethane rubber.  In this embodiment, the guide whe els 19 

are provided on the front and rear sides of the run ning 

wheels 12 and on both the left and right sides ther eof, 

that is, a total of four guide wheels are provided on one 

running device 11. 

 [0034] 

 Meanwhile, swiching guide wheels 22 are provided 

below the guide wheels 19, and guide the vehicle 3 in a 

branch direction by rolling when coming into contac t with 
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branch guide rails (not shown) provided on the trac k 2 at 

a branched portion of the track 2. 

 [0035] 

 The steering mechanism 13 includes a support frame  

24 that supports the guide wheels 19 at left and ri ght 

ends thereof in the width direction so as to allow the 

guide wheels 19 to roll, a turning bearing 25 that 

supports the support frame 24 so as to allow the su pport 

frame 24 to turn about a pivot perpendicular to the  floor 

of the vehicle body 10, steering links 26 that stee r the 

running wheels 12 according to the turning of the s upport 

frame 24, and an actuator 39 that applies a turning  force 

to the support frame 24. 

 [0036] 

 The support frame 24 includes a pair of (front and  

rear) first transverse beams 31 that extend to the left 

and right in the width direction and are disposed o n the 

front and rear sides of the axle 17, a pair of (lef t and 

right) longitudinal beams 32 that extend in the 

longitudinal direction and connect the pair of (fro nt and 

rear) first transverse beams 31, and a second trans verse 

beam 33 that extends to the left and right in the w idth 

direction so as to connect the pair of longitudinal  beams 

32.  The second transverse beam 33 is disposed alon g the 
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first transverse beam 31 on the rear side of the fr ont 

first transverse beam 31. 

 [0037] 

 One of an outer race and an inner race of the 

turning bearing 25 is fixed to the support frame 24 , and 

the other thereof is fixed to the suspension 18. 

 [0038] 

 The steering link 26 includes a steering arm 27 th at 

oscillates integrally with the running wheel 12 rel ative 

to a king pin (not shown) of the running wheel 12, and a 

steering rod 28 that connects the steering arm 27 t o the 

second transverse beam 33.  One end portion of the 

steering rod 28 is coupled to an end portion of the  

steering arm 27 by a pin, and the other end portion  

thereof is connected to the middle portion of the s econd 

transverse beam 33 by a pin. 

 [0039] 

 The actuator 39 is, for example, a hydraulic 

cylinder including a movable rod 36, or the like.  A 

cylinder part of the actuator 39 is mounted on a 

predetermined frame 11a of the running device 11 so  that 

the moving direction of the movable rod 36 is paral lel to 

the transverse direction.  An end portion of the mo vable 

rod 36 is connected to the middle portion of the se cond 
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transverse beam 33 of the support frame 24 by a con necting 

pin 37. 

 [0040] 

 The power collector 14 allows the running wheels 1 2 

to rotate by supplying power to an electric motor ( not 

shown) when coming into contact with a trolley wire  6 

provided on the track 2. 

 [0041] 

 The track 2 includes a traveling road surface 4 on  

which the vehicle 3 travels through the rolling of the 

running wheels 12, and side walls 5 that stand up o n both 

left and right side on the traveling road surface 4  in the 

width direction so as to surround the vehicle 3. 

 [0042] 

 The operational control unit 15 is provided outsid e 

the vehicle 3, and controls power, which is supplie d to 

the vehicle 3 from the trolley wire 6, or the like on the 

basis of an operational plan, such as stop position s or 

travel speed. 

 [0043] 

 The guide rails 7 extend in the longitudinal 

direction along the inner surfaces of the side wall s 5 of 

the track 2.  That is, the guide rails 7 are provid ed so 

as to cross the traveling road surface 4.  Further,  the 

surfaces of the guide rails 7 facing the vehicle 3 in the 
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transverse direction form guide faces 7a (an object  to be 

measured), and the guide faces 7a guide the vehicle  3 by 

allowing the guide wheels 19 to roll when the outer  

peripheral portions of the guide wheels 19 come int o 

contact with the guide faces 7a. 

 Here, in this embodiment, a distance between the 

guide face 7a and the guide wheel 19 is set to L wh ile the 

vehicle 3 is positioned at a middle position of the  track 

2 in the transverse direction. 

 [0044] 

 Next, the position detection parts 8 and the contr ol 

unit 9 of the vehicle 3 will be described. 

 The pair of (left and right) position detection 

parts 8 are mounted on the support frame 24 of the running 

device 11 or the vehicle body 10 by brackets (not s hown) 

or the like so as to be disposed between the wheels  12 and 

the side walls 5 of the track 2 on the extension of  a 

rotation axis of the axle 17. 

 [0045] 

 Each of the position detection parts 8 includes a 

sensor 40 that detects a distance between the guide  face 

7a of the guide rail 7 and itself.  In this embodim ent, 

the sensors 40 are disposed at substantially the sa me 

position in the vertical direction so as to face th e guide 

faces 7a on the left and right sides in the width 
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direction.  Further, in this embodiment, a distance  

between the guide face 7a and the sensor 40 is set to 

“L+ δ” (hereinafter, referred to as D) that is larger th an 

a distance L between the guide face 7a and the guid e wheel 

19 while the vehicle 3 is positioned in the middle of the 

track 2 in the transverse direction. 

 [0046] 

 Furthermore, a sensor 40 having characteristics in  

which an output is increased as the sensor becomes distant 

from the guide face 7a and the rate of change of th e 

output of the sensor is reduced in a range in which  a 

distance between the guide face 7a and the sensor i s equal 

to or larger than a predetermined value can be used  as the 

sensor 40.  Moreover, a short-range eddy current ty pe 

displacement sensor (eddy current sensor) of which a 

measurement distance is about 0.5D (a half of D) is  used 

as an example of this sensor 40 in this embodiment.   

Accordingly, when the distance between the guide fa ce 7a 

and the sensor exceeds 0.5D, the rate of change of the 

output of the sensor is reduced, that is, the outpu t of 

the sensor is saturated. 

 [0047] 

 The control unit 9 includes a steering amount 

calculating unit 54 that combines the outputs of th e pair 

of sensors 40 and determines the amount of steering  of the 
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running wheels 12 from a combined output, and a ste erage 

drive order unit 55 that outputs the amount of stee ring 

determined by the steering amount calculating unit 54 and 

steers the running wheels 12. 

 [0048] 

 Here, the control unit 9 is mounted on the vehicle  3 

in this embodiment, but may be provided outside the  

vehicle 3.  Meanwhile, it seems that the control un it 9 is 

provided outside the vehicle 3 in Fig. 2, but the c ontrol 

unit 9 is actually mounted on the vehicle 3. 

 [0049] 

 The steerage drive order unit 55 operates the 

actuator 39 by driving a motor or the like on the b asis of 

the amount of steering of the running wheels 12 det ermined 

by the steering amount calculating unit 54.  That i s, the 

steerage drive order unit 55 allows the support fra me 24, 

which forms the second transverse beam 33 by the 

connecting pin 37, to turn about the pivot by movin g the 

movable rod 36 of the actuator 39.  In this way, ac tive 

steering control, in which the left and right runni ng 

wheels 12 are steered, is performed through the ste ering 

rods 28 by the turning of the support frame 24. 

 [0050] 

 A combined output of the pair of sensors 40 is 

generated as described below in the steering amount  
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calculating unit 54.  Here, the sensor 40 of the ri ght 

position detection part 8 of the front running devi ce is 

referred to as a sensor 40A, and the sensor 40 of t he left 

position detection part 8 of the front running devi ce is 

referred to as a sensor 40B.  Meanwhile, the same s ensors 

are used as the sensors 40A and 40B. 

 [0051] 

 As shown in Fig. 5, the outputs of the sensors 40A  

and 40B have characteristics in which an output of the 

sensor is increased as the sensor becomes distant f rom the 

guide face 7a and the rate of change of the output of the 

sensor is reduced in a range in which a distance be tween 

the guide face 7a and the sensor is equal to or lar ger 

than a predetermined value as described above. 

 [0052] 

 Further, when the vehicle 3 travels at a position 

closer to the right side than the middle position i n the 

width direction, the sensor 40A is close to the gui de face 

7a and the sensor 40B is distant from the guide fac e 7a. 

 [0053] 

 Accordingly, in a first region F1 in which the 

distance between the sensor 40A and the guide face 7a is 

in the range of about 0 to 0.5D and the distance be tween 

the sensor 40B and the guide face 7a is in the rang e of 

about 2D (2 times D) to 1.5D (1.5 times D), the out put of 
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the sensor 40A is changed (reduced) with a high rat e of 

change and the rate of change of the output of the sensor 

40B is reduced (an output signal becomes flat) whil e the 

output of the sensor 40B is large. 

 Here, the output of the sensor 40, which is an edd y 

current type displacement sensor, is a voltage valu e in 

this embodiment. 

 [0054] 

 Furthermore, when the output of the sensor 40A as a 

positive value and the output of the sensor 40B as a 

negative value are combined with each other, this c ombined 

output approaches zero while being increased from a  

negative value with a high rate of change in the fi rst 

region F1. 

 [0055] 

 Further, conversely, when the vehicle 3 travels at  a 

position closer to the left side than the middle po sition 

in the transverse direction, the sensor 40A is dist ant 

from the guide face 7a and the sensor 40B is close to the 

guide face 7a. 

 [0056] 

 Accordingly, in a second region F2 in which the 

distance between the sensor 40A and the guide face 7a is 

in the range of about 2D to 1.5D and the distance b etween 

the sensor 40B and the guide face 7a is in the rang e of 
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about 0 to 1.5D, the rate of change of the output o f the 

sensor 40A is reduced (an output signal becomes fla t) and 

the output of the sensor 40B is changed (increased)  with a 

high rate of change while the output of the sensor 40A is 

large. 

 [0057] 

 Furthermore, when the output of the sensor 40A as a 

positive value and the output of the sensor 40B as a 

negative value are combined with each other, this c ombined 

output is a positive value and is changed (increase d) with 

a high rate of change in the second region F2. 

 [0058] 

 Moreover, when the vehicle 3 travels at a middle 

position on the traveling road surface 4 in the wid th 

direction, the distance between the sensor 40A and the 

guide face 7a is substantially equal to the distanc e 

between the sensor 40B and the guide face 7a. 

 [0059] 

 Accordingly, a transition state between a state in  

which the output of the sensor 40 is greatly change d 

(increased or reduced) and a state in which the rat e of 

change of the output of the sensor is low appears i n an 

intermediate region F3 between the first and second  

regions F1 and F2 in which these distances are in t he 

range of about 0.5D to about 1.5D. 
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 [0060] 

 Further, in the intermediate region F3, when the 

output of the sensor 40A as a positive value and th e 

output of the sensor 40B as a negative value are co mbined 

with each other, this combined output is in a trans ition 

state in which the output is gently changed (increa sed) to 

a positive value from a negative value in the secon d 

region F2 through a state in which the output is ze ro. 

 [0061] 

 In consideration of the combined output of the 

sensors 40A and 40B through the first region F1, th e 

intermediate region F3, and the second region F2, t he 

sensor has output characteristics in which the comb ined 

output is greatly increased first in order of the f irst 

region F1, the intermediate region F3, and the seco nd 

region F2, is gently increased at a low rate of cha nge, 

and is then greatly increased again. 

 [0062] 

 When the travel position of the vehicle 3 is prese nt 

near the middle position on the traveling road surf ace 4 

of the track 2 in the width direction in this trans port 

system 1, that is, when the distance between the gu ide 

wheel 19 and the guide face 7a is close to L in thi s 

embodiment, the distance between each of the two se nsors 

40 (40A and 40B) and the guide face 7a is close to D.  In 
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this case, the combined output of the sensors 40 (4 0A and 

40B) is positioned in the intermediate region F3.  

Accordingly, when the vehicle 3 is present at the e xact 

middle position, the combined output of the sensors  40 

(40A and 40B) is zero. 

 [0063] 

 Meanwhile, since the combined output of the sensor s 

40 (40A and 40B) is positioned in the first and sec ond 

regions F1 and F2 when the travel position of the v ehicle 

3 deviates laterally from the middle position on th e 

traveling road surface 4 in the width direction, th e rate 

of change of the output is increased. 

 [0064] 

 Accordingly, when the vehicle 3 deviates from the 

middle position on the traveling road surface 4 in the 

width direction, the steering of the running wheels  12 can 

be controlled according to a combined output signal  having 

a high rate of change by the control unit 9 so that  the 

vehicle promptly returns to the middle position.  F urther, 

when the vehicle is close to the middle position, t he 

steering control of the running wheels can be moder ately 

performed according to a combined output signal hav ing a 

low rate of change.  In other words, when the vehic le 3 

travels at a position deviating from the middle pos ition 

of the track 2 in the width direction, the reaction  speed 
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of the steering is high.  However, when the vehicle  is 

close to the middle position, the reaction speed of  the 

steering is lowered. 

 [0065] 

 Accordingly, even though the vehicle 3 is to trave l 

on one side due to vibrations, disturbances, or the  like, 

the vehicle 3 does not overshoot the middle positio n when 

the vehicle 3 returns to the middle position.  For this 

reason, since the meandering travel of the vehicle,  which 

is caused by the repetition of this movement of the  

vehicle, does not occur, it is possible to make the  

vehicle 3 reliably travel at the middle position on  the 

traveling road surface 4 in the width direction. 

 [0066] 

 In addition, the control unit 9 uses very simple 

control for combining the outputs of the two sensor s 40 

(40A and 40B) and steering the running wheels 12 by  

operating the actuator 39 according to the combined  output 

of the sensors.  For this reason, control delay har dly 

occurs.  Accordingly, since steering control can be  

reliably performed even though the vehicle 3 travel s at a 

high speed, the vehicle can travel at the middle po sition. 

 [0067] 

 Further, since the sensors 40 (40A and 40B) of whi ch 

the measurement distances are short can be used as the 
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sensors 40 (40A and 40B) of the position detection parts 8, 

it is possible to reduce the size and weight of the  

sensors 40 (40A and 40B).  As a result, costs are a lso 

reduced. 

 [0068] 

 Furthermore, since each of the sensors 40 (40A and  

40B) of the position detection parts 8 measures the  

distance between the guide face 7a of the guide rai l 7 and 

itself and an output signal is generated by the con trol 

unit 9 on the basis of the measured distance, objec ts, 

which are used to measure a distance, do not need t o be 

provided separately from the guide rails 7.  Accord ingly, 

since man hours for the installation of the objects , which 

are used to measure a distance, are not required, c osts 

can be reduced. 

 [0069] 

 According to the transport system 1 of this 

embodiment, since steering control can be performed  

through the combination of the outputs of the senso rs 40 

(40A and 40B) of the pair of position detection par ts 8, 

it is possible to make the vehicle more reliably tr avel on 

a desired course by simple control. 

 [0070] 

 Here, the sensors 40 (40A and 40B) of the position  

detection parts 8 are not limited to eddy current t ype 
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displacement sensors, and may be, for example, capa citive 

displacement sensors or saturation type sensors tha t are 

saturated to a predetermined value at which at leas t an 

output is present.  Meanwhile, output characteristi cs of 

the sensors 40 (40A and 40B) need to be selected in  

consideration of various parameters, such as the tr avel 

speed of the vehicle 3 and a distance between the g uide 

face 7a and the guide wheel 19. 

 [0071] 

 Further, it is preferable that the positions of th e 

sensors 40 (40A and 40B) are positions present on t he 

extension of the rotation axis of the axle 17.  How ever, 

the positions of the sensors 40 (40A and 40B) are n ot 

necessarily limited thereto, and may deviate from t he 

positions in the longitudinal direction.  As long a s the 

distance between the guide face 7a and the sensor c an be 

measured, the vertical positions of the sensors are  also 

not limited to the above-mentioned embodiment.  How ever, 

the sensors 40 (40A and 40B) need to be positioned so that 

the distance between the guide face 7a and the othe r 

sensor 40 is increased when the distance between th e guide 

face 7a and one sensor 40 is reduced. 

 [0072] 

 Meanwhile, since the same sensors are used as the 

sensors 40A and 40B and the travel position of the vehicle 
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3 is the middle position on the traveling road surf ace 4 

in this embodiment, the distances between the guide  faces 

7a and the respective sensors 40 in the transverse 

direction need to be equal to each other while the vehicle 

3 is present at the middle position. 

 [0073] 

 Here, as shown in Fig. 6, the sensors 40A and 40B 

may be disposed between the two (left and right) ru nning 

wheels 12 of the running device, an object 67 to be  

measured, which protrudes upward, may be provided a t the 

middle position on the traveling road surface 4 in the 

width direction so as to be interposed between the sensors 

40A and 40B, and the steering control of the vehicl e 3 may 

be performed by this configuration.  That is, since  the 

object 67 to be measured is separately provided, th e 

steering control of this embodiment can also be app lied to 

the track that is not provided with the guide rails  7.  

Further, although not shown, such an object 67 to b e 

measured may be provided along the side walls 5 of the 

track 2. 

 [0074] 

 Furthermore, the steering control of this embodime nt 

can also be applied to a center guide type transpor t 

system 1 in which a guide rail 77 is provided on a 

traveling road surface 4 at the middle position of a track 
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2 as shown in Fig. 7.  In this case, the sensors 40  

measure distances between themselves and surfaces 7 7a 

(objects to be measured) of the guide rail 77 that face 

the inner surfaces of two side walls 5 of the track  2. 

 [0075] 

 Moreover, the distance L between the guide face 7a  

and the guide wheel 19, the distance D between the guide 

face 7a and the sensor 40, the measurement distance  0.5D 

of the sensor 40, and the like, which have been des cribed 

above, are merely illustrative, and these distances  do not 

necessarily need to satisfy the above-mentioned 

relationship.  That is, since the relationship betw een 

these distances also varies according to the type o r 

characteristics of the sensor 40, these distances n eed to 

be appropriately set according to the sensor 40. 

 [0076] 

 [Second embodiment] 

 Next, a transport system 1A according to a second 

embodiment of the invention will be described. 

 Components, which are common to the first embodime nt, 

are denoted by the same reference numerals as those  of the 

first embodiment and the detailed description there of will 

be omitted. 

 The transport system 1A of this embodiment include s 

a structure 82 instead of the guide faces 7a of the  guide 
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rails, and position detection parts 80 of the trans port 

system 1A are different from those of the first emb odiment. 

 [0077] 

 As shown in Fig. 8, a pair of (left and right) 

position detection parts 80 are mounted on a suppor t frame 

24 of a running device 11 or a vehicle body 10 by b rackets 

(not shown) or the like so as to be disposed betwee n two 

(left and right) running wheels 12 on a line segmen t 

parallel to the rotation axis of an axle 17. 

 [0078] 

 Each of the position detection parts 80 includes a  

sensor 81 that detects a distance between the struc ture 82 

and itself.  In this embodiment, the sensors 81 are  

disposed obliquely above the structure 82 so as to face 

the structure 82.  Further, in this embodiment, as in the 

first embodiment, a distance between the structure 82 and 

the sensor 81 is set to D while a vehicle 3 is posi tioned 

in the middle on a traveling road surface 4 in a wi dth 

direction. 

 [0079] 

 Furthermore, a sensor 81 having characteristics in  

which an output is increased as the distance betwee n the 

structure 82 and the sensor 81 is reduced can be us ed as 

the sensor 81.  Moreover, a laser sensor is used as  an 

example of this sensor 81 in this embodiment. 
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 Here, the sensor 81 of the right position detectio n 

parts 80 of the front running device is referred to  as a 

sensor 81A, and the sensor 81 of the left position 

detection part 80 of the front running device is re ferred 

to as a sensor 81B. 

 [0080] 

 The structure 82 is disposed between the two (left  

and right) running wheels 12 of the running device 11 so 

as to protrude upward at a middle position on the 

traveling road surface 4 in the width direction, an d the 

surface of the structure 82, which faces up, forms a 

detection surface 83 (an object to be measured) tha t face 

the sensors 81 (81A and 81B). 

 [0081] 

 The detection surface 83 is provided so that a 

distance between the detection surface 83 and the s ensor 

81B is increased when a distance between the detect ion 

surface 83 and the sensor 81A is reduced.  That is,  the 

structure 82 is provided at a middle position on th e 

traveling road surface 4 so as be interposed betwee n the 

sensors 81A and 81B. 

 [0082] 

 In addition, the detection surface 83 is formed in  a 

shape in which the distances between the detection surface 

83 and the sensors 81 (81A and 81B) are reduced as the 
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respective sensors 81 (81A and 81B) approach each o ther 

from the left and right sides in the width directio n and 

the rate of change of the distance is reduced in a range 

in which the distance between the detection surface  83 and 

each of the sensors 81 (81A and 81B) is equal to or  

smaller than a predetermined value.  That is, the 

detection surface 83 is provided so as to be symmet rical 

with respect to the middle position on the travelin g road 

surface 4, and is formed in a shape in which the he ight of 

the detection surface 83 protruding upward is incre ased 

toward the middle position.  Further, as a detailed  shape, 

the shape of a portion, which faces the sensor 81A,  of the 

detection surface 83 is the same as the shape of th e line 

having the output characteristics of the sensor 40A  shown 

in Fig. 5 described in the first embodiment.  Furth ermore, 

the shape of a portion, which faces the sensor 81B,  of the 

detection surface 83 has a symmetrical shape that i s 

obtained by inverting the shape of the shape of a p ortion, 

which faces the sensor 81A, of the detection surfac e 83 

with respect to the middle position on the travelin g road 

surface 4 in the width direction. 

 [0083] 

 According to the transport system 1A, each of the 

sensors 81 (81A and 81B) of the position detection parts 

80 is a laser sensor having output characteristics in 
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which an output is increased as the sensor approach es the 

detection surface 83.  Moreover, the detection surf ace 83 

is formed in a shape in which the distances between  the 

detection surface 83 and the sensors 81 (81A and 81 B) are 

reduced as the sensors 81 (81A and 81B) approach ea ch 

other in the width direction and the rate of change  of the 

distance is reduced in a range in which the distanc e 

between the detection surface 83 and each of the se nsors 

81 (81A and 81B) is equal to or smaller than a 

predetermined value. 

 [0084] 

 Accordingly, even though the sensors 81 (81A and 

81B), which output linear output signals, like lase r 

sensors are used, it is possible to obtain the same  output 

signals as the output signals of the eddy current t ype 

displacement sensors, which have been described in the 

first embodiment, by forming the detection surface 83 in 

the above-mentioned shape. 

 [0085] 

 For this reason, since steering control can be 

performed through the combination of the outputs of  the 

sensors 81 (81A and 81B) of the pair of position de tection 

parts 80, it is possible to make the vehicle more r eliably 

travel on a desired course by simple control. 

 [0086] 



41 
 

 Here, the sensors 81 (81A and 81B) of the position  

detection parts 80 are not limited to laser sensors , and 

may be, for example, ultrasonic sensors or sensors capable 

of obtaining output signals that at least monotonou sly 

vary linearly.  The output characteristics of the s ensors 

81 (81A and 81B) and the shape of the detection sur face 83 

need to be selected in consideration of various par ameters, 

such as the travel speed of the vehicle 3 and a dis tance 

between the guide face 7a and the guide wheel 19. 

 [0087] 

 Meanwhile, the structure 82 including the detectio n 

surface 83 may be provided on each of the left and right 

sides of the vehicle 3 in the width direction to pe rform 

steering control. 

 [0088] 

 Preferred embodiments of the invention have been 

described above, but the invention is not limited t o the 

embodiments.  Components may be added, omitted, and  

substituted, and other alterations may be applied w ithout 

departing from the gist of the invention.  The inve ntion 

is not limited by the above description and is limi ted by 

only the scope of accompanying claims. 

Industrial Applicability 

 [0089] 
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 The invention relates to a vehicle that can be 

automatically steered, and a track transportation s ystem 

that includes a track including a travel road on wh ich the 

vehicle travels.  According to the track transporta tion 

system of the invention, since steering control can  be 

performed through the combination of outputs of sen sors of 

a pair of position detection parts, it is possible to make 

a vehicle more reliably travel on a desired course by 

simple control. 

Reference Signs List 

 [0090] 

 1:  (TRACK-BASED) TRANSPORT SYSTEM 

 2:  TRACK 

 3:  VEHICLE 

 4:  TRAVELING ROAD SURFACE 

 5:  SIDE WALL 

 6:  TROLLEY WIRE 

 7:  GUIDE RAILS 

 7A:  GUIDE FACE (OBJECT TO BE MEASURED) 

 8:  POSITION DETECTION PART 

 9:  CONTROL UNIT 

 10:  VEHICLE BODY 

 11:  RUNNING DEVICE 

 11A:  FRAME 

 12:  RUNNING WHEEL 
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 13:  STEERING MECHANISM 

 14:  POWER COLLECTOR 

 15:  OPERATIONAL CONTROL UNIT 

 17:  AXLE 

 18:  SUSPENSION 

 19:  GUIDE WHEEL 

 22:  SWICHING GUIDE WHEEL 

 24:  SUPPORT FRAME 

 25:  TURNING BEARING 

 26:  STEERING LINK 

 27:  STEERING ARM 

 28:  STEERING ROD 

 31:  FIRST TRANSVERSE BEAM 

 32:  LONGITUDINAL BEAM 

 33:  SECOND TRANSVERSE BEAM 

 36:  MOVABLE ROD 

 37:  CONNECTING PIN 

 39:  ACTUATOR 

 40 (40A, 40B):  SENSOR 

 54:  STEERING AMOUNT CALCULATING UNIT 

 55:  STEERAGE DRIVE ORDER UNIT 

 F1:  FIRST REGION 

 F2:  SECOND REGION 

 F3:  INTERMEDIATE REGION 

 67:  OBJECT TO BE MEASURED 
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 77:  GUIDE RAIL 

 77A:  SURFACE 

 1A:  TRANSPORT SYSTEM 

 80:  POSITION DETECTION PART 

 81 (81A, 81B):  SENSOR 

 82:  STRUCTURE 

 83:  DETECTION SURFACE (OBJECT TO BE MEASURED) 



45 
 

Claims 

 

[Claim 1] 

 A vehicle comprising: 

 running wheels that travel on a traveling road 

surface of a track; 

 a pair of position detection parts that are provid ed 

with an interval therebetween in a width direction,  and 

detect distances between themselves and an object t o be 

measured provided on the track along an extending 

direction of the traveling road surface, and output  

signals; 

 a control unit that controls the amount of steerin g 

of the running wheels according to the signals outp ut from 

the position detection parts; and 

 a steering mechanism that steers the running wheel s 

by the control unit, 

 wherein each of the position detection parts outpu ts, 

as the signal, a signal having characteristics in w hich an 

output is increased as the distance from the object  to be 

measured is increased and a rate of change of the o utput 

is reduced in a range in which the distance from th e 

object to be measured is equal to or larger than a 

predetermined value, and is provided so that the di stance 

between the other position detection part and the o bject 
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to be measured is increased when the distance betwe en one 

position detection part and the object to be measur ed is 

reduced, and 

 the control unit controls the amount of steering 

according to a combined output of the signals outpu t from 

the pair of the position detection parts. 

[Claim 2] 

 The vehicle according to claim 1, 

 wherein the pair of position detection parts outpu t 

the signals so that a rate of change of the combine d 

output of the signals is increased when the vehicle  

travels at a position deviating from a middle posit ion on 

the traveling road surface in the width direction a nd the 

rate of change of the combined output of the signal s is 

reduced when the vehicle travels at the middle posi tion. 

[Claim 3] 

 A track transportation system comprising: 

 the vehicle according to claim 1 or 2; 

 a track that includes a traveling road surface on 

which the vehicle travels; 

 an operational control unit that allows the vehicl e 

to travel according to an operational plan by contr olling 

supply of power to the vehicle; and 
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 an object to be measured that is provided on the 

track along an extending direction of the traveling  road 

surface. 

[Claim 4] 

 The track transportation system according to claim  3, 

 wherein each of the position detection parts 

includes a sensor having characteristics in which a n 

output of the signal is increased as a distance fro m the 

object to be measured is increased and a rate of ch ange of 

the output of the signal is reduced in a range in w hich 

the distance from the object to be measured is equa l to or 

larger than a predetermined value, and 

 the object to be measured is a guide face of a gui de 

rail that extends in the extending direction of the  

traveling road surface so as to cross the traveling  road 

surface. 

[Claim 5] 

 The track transportation system according to claim  4, 

 wherein the sensor is an eddy current sensor. 

[Claim 6] 

 The track transportation system according to claim  3, 

 wherein each of the position detection parts 

includes a sensor having characteristics in which a n 

output of the signal is increased as the distance f rom the 

object to be measured is reduced, and 
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 the object to be measured is formed in a shape in 

which a distance between the object to be measured and the 

sensor is reduced as the object to be measured appr oaches 

the sensor in the width direction and a rate of cha nge of 

the distance is reduced in a range in which the dis tance 

between the object to be measured and the sensor is  equal 

to or smaller than a predetermined value. 

[Claim 7] 

 The track transportation system according to claim  6, 

 wherein the sensor is a laser sensor. 


