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DESCRIPTION 

 

Title of Invention 

POSITION DETECTION SYSTEM, VEHICLE, AND POSITION DETECTION 

METHOD 

 

[Technical Field] 

 [0001] 

 The present invention relates to a position 

detection system, a vehicle, and a position detection 

method. 

 This application claims the right of priority based 

on Japanese Patent Application No. 2019-055370 filed with 

the Japan Patent Office on March 22, 2019, the content of 

which is incorporated herein by reference. 

[Background Art] 

 [0002] 

 In a vehicle of a new transportation system, which 

travels by supporting a vehicle body with rubber tires and 

driving and rotating the rubber tires, usually, a guide 

wheel for steering is provided in order to steer the 

rubber tires, which are traveling wheels, along a 

determined track, and the guide wheel is brought into 

contact with a guide rail provided along the track to 

cause the vehicle to be mechanically steered and travel. 
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 [0003] 

 It has also been devised to eliminate the guide rail 

as described above, by mounting a distance measuring 

sensor capable of measuring a distance to an object in a 

non-contact manner to a vehicle and causing the vehicle to 

travel while detecting and correcting a deviation from an 

ideal track (refer to, for example, Patent Document 1). 

[Citation List] 

 [Patent Document] 

 [0004] 

 [Patent Document 1]  Japanese Patent No. 5323051 

[Summary of Invention] 

[Technical Subject] 

 [0005] 

 It is required to accurately detect the distance 

between an ideal position on a track and an actual 

position of a vehicle. 

 [0006] 

 The present invention has been made in view of the 

above circumstances and has an object to provide a 

position detection system, a vehicle, and a position 

detection method, in which it is possible to accurately 

detect the distance between an ideal position on a track 

and an actual position of a vehicle. 

[Subject to be solved] 
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 [0007] 

 According to an aspect of the present invention, 

there is provided a position detection system including: a 

distance measuring sensor mounted to a vehicle traveling 

along a track and capable of measuring a distance over a 

predetermined range in a track width direction; an edge 

position detection unit that detects a position of an edge 

in the track width direction of the track, based on 

distance measurement data obtained by the distance 

measuring sensor; and a distance calculation unit that 

calculates a distance in the track width direction between 

a reference position of the track, which is specified from 

the position of the edge, and a reference position of the 

vehicle to which the distance measuring sensor is mounted. 

 [0008] 

 Further, according to an aspect of the present 

invention, the distance calculation unit specifies the 

reference position of the track, based on positions of two 

or more edges which are at the same position in a vertical 

direction. 

 [0009] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted on a 

front side of a wheel in a vehicle traveling direction. 

 [0010] 
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 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted within 

a distance range in which an interval between the distance 

measuring sensor and the wheel in the vehicle traveling 

direction is smaller than at least a diameter of the wheel. 

 [0011] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted such 

that both ends of a traveling path laid along the track 

are included in the predetermined range. 

 [0012] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted such 

that a center position of the distance measuring sensor is 

within a range in a width direction of a wheel that 

rotates and moves on an upper surface of the traveling 

path. 

 [0013] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted to a 

center position in a vehicle body width direction of the 

vehicle. 

 [0014] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted such 
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that upper surfaces of two traveling paths laid along the 

track and disposed side by side in the track width 

direction are included in the predetermined range. 

 [0015] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted such 

that both ends of a protrusion portion that is laid along 

the track and comes into contact with a ground shoe of the 

vehicle are included in the predetermined range. 

 [0016] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted to 

each of both ends in the vehicle body width direction of 

the vehicle. 

 [0017] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor includes a 

tangent line between each of side walls laid at both ends 

of the track and a track floor in the predetermined range. 

 [0018] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted so as 

to include an index part provided on the track as a target 

of distance measurement by the distance measuring sensor. 

 [0019] 
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 Further, according to an aspect of the present 

invention, the distance measuring sensor irradiates 

detection light in a plurality of directions from a 

irradiation source within the predetermined range. 

 [0020] 

 Further, according to an aspect of the present 

invention, the distance measuring sensor is mounted such 

that a surface of the track, which is not irradiated with 

the detection light due to the detection light being 

shielded, is created. 

 [0021] 

 Further, according to an aspect of the present 

invention, the edge position detection unit the edge 

position detection unit specifies a portion in which a 

distance from the distance measuring sensor to an 

irradiation spot changes discontinuously with respect to 

scanning with the detection light in the plurality of 

directions, or a portion in which a slope of a distance 

changes discontinuously, as an edge position. 

 [0022] 

 Further, according to an aspect of the present 

invention, the position detection system further includes 

a steering control unit that controls a steering mechanism 

of the vehicle such that the distance becomes small. 

 [0023] 
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 Further, according to an aspect of the present 

invention, the position detection system further includes 

a cover surrounding the distance measuring sensor and 

having a bottom surface that is open. 

 [0024] 

 Further, according to another aspect of the present 

invention, there is provided a vehicle including the 

position detection system described above. 

 [0025] 

 Further, according to still another aspect of the 

present invention, there is provided a position detection 

method including: a step of detecting a position of an 

edge in a track width direction of a track, based on 

distance measurement data obtained by a distance measuring 

sensor mounted to a vehicle traveling along the track and 

capable of measuring a distance over a predetermined range 

in the track width direction; and a step of calculating a 

distance in the track width direction between a reference 

position of the track, which is specified from the 

position of the edge, and a reference position of the 

vehicle to which the distance measuring sensor is mounted. 

[Advantageous Effects of Invention] 

 [0026] 

 According to each aspect of the present invention, 

it is possible to accurately detect the distance between 
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an ideal position on the track and an actual position of 

the vehicle. 

[Brief Description of Drawings] 

 [0027] 

 Fig. 1 is a diagram showing an overall configuration 

of a vehicle and a track according to a first embodiment. 

 Fig. 2 is a diagram showing an overall configuration 

of the vehicle and the track according to the first 

embodiment. 

 Fig. 3 is a diagram showing a functional 

configuration of a steering system according to the first 

embodiment. 

 Fig. 4 is a diagram that is used for a detailed 

description of a function of a control device according to 

the first embodiment. 

 Fig. 5 is a diagram that is used for a detailed 

description of the function of the control device 

according to the first embodiment. 

 Fig. 6 is a diagram showing an overall configuration 

of a vehicle and a track according to a second embodiment. 

 Fig. 7 is a diagram that is used for a detailed 

description of a function of a control device according to 

the second embodiment. 

 Fig. 8 is a diagram showing an overall configuration 

of a vehicle and a track according to a third embodiment. 



- 9 - 

 Fig. 9 is a diagram showing an overall configuration 

of a vehicle and a track according to a fourth embodiment. 

 Fig. 10 is a diagram showing an overall 

configuration of a vehicle and a track according to a 

fifth embodiment. 

 Fig. 11 is a diagram showing an overall 

configuration of a vehicle and a track according to a 

sixth embodiment. 

 Fig. 12 is a diagram showing a structural feature of 

a steering system according to a modification example of 

each embodiment. 

[Description of Embodiments] 

 [0028] 

 <First Embodiment> 

 Hereinafter, a steering system and a vehicle 

according to a first embodiment will be described with 

reference to Figs. 1 to 5.  In each drawing, identical or 

corresponding configurations are denoted by the same 

reference numerals, and description thereof is omitted 

appropriately. 

 [0029] 

 (Overall Configuration of Vehicle and Track) 

 Figs. 1 and 2 are diagrams showing the overall 

configuration of a vehicle and a track according to the 

first embodiment. 



- 10 - 

 A vehicle 2 shown in Figs. 1 and 2 is a track-based 

vehicle configuring a track-based transportation system, 

and travels along a track 3 determined in advance.  In 

Figs. 1 and 2, it is assumed that the track 3 extends in a 

±X direction.  In the following description, the ±X 

direction shown in each drawing is also referred to as a 

“vehicle traveling direction” or a “track direction”.  

Further, a ±Y direction orthogonal to the ±X direction on 

the horizontal plane is also referred to as a “vehicle 

width direction” or a “track width direction”.  Further, a 

±Z direction orthogonal to the horizontal plane (a XY 

plane) is also referred to as a "height direction". 

 [0030] 

 The vehicle 2 includes a vehicle body 20, a bogie 21, 

and rubber tires 22 (wheels). 

 The vehicle body 20 is a structure capable of 

accommodating users (passengers) or the like of the track-

based transportation system.  The bogie 21 is provided 

with a shock absorbing mechanism, a traveling mechanism 

(the rubber tires 22, a distance measuring sensor 11, a 

steering mechanism 12, and the like, which will be 

described later), or the like, and is installed at a lower 

layer of the vehicle body 20.  The rubber tires 22 are 

wheels which are provided at the bogie 21 and rotates and 

moves on a predetermined surface (the upper surface of a 
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traveling path 30 to be described later) of the track 3. 

 [0031] 

 The vehicle 2 is provided with a steering system 1.  

The steering system 1 includes a function as a position 

detection system that detects the positional relationship 

between the vehicle 2 and the track 3. 

 The steering system 1 automatically performs 

steering control such that the vehicle 2 travels along the 

track 3.  The steering system 1 includes a control device 

10, the distance measuring sensor 11, and the steering 

mechanism 12. 

 [0032] 

 The control device 10 acquires distance measurement 

data from the distance measuring sensor 11 and outputs a 

steering command according to the distance measurement 

data to the steering mechanism 12.  The details of the 

function of the control device 10 will be described later. 

 [0033] 

 The distance measuring sensor 11 is a two-

dimensional laser scanner capable of performing scanning 

with detection light (laser) along the track width 

direction (the ±Y direction) and measuring a distance to a 

target irradiated with the detection light.  As shown in 

Fig. 2, the distance measuring sensor 11 irradiates 

detection light J in a plurality of directions over a 
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predetermined range (hereinafter, also referred to as a 

“scanning range”) in the track width direction.  Then, the 

distance measuring sensor 11 measures the distance to an 

irradiation spot of the detection light J irradiated in 

each direction, and acquires distance measurement data.  

Here, the "distance measurement data" in the present 

embodiment means a group of a series of distance 

measurement results obtained from the plurality of 

detection lights J irradiated during one-time scanning. 

 The positional relationship between the distance 

measuring sensor 11 and the rubber tire 22 mounted on the 

+X direction side of the vehicle 2 will be described with 

reference to Fig. 1.  The distance measuring sensor 11 is 

mounted on the +X direction side with respect to the 

rubber tire 22.  That is, in a case where the vehicle 2 

travels in the +X direction, the distance measuring sensor 

11 is mounted on the front side (the +X direction side) in 

the vehicle traveling direction (the ±X direction).  

Further, the distance measuring sensor 11 is mounted 

within a distance range in which an interval g between the 

distance measuring sensor 11 and the rubber tire 22 in the 

vehicle traveling direction is smaller than at least a 

diameter R of the rubber tire 22. 

 Next, the positional relationship between the 

distance measuring sensor 11 and the rubber tire 22 
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mounted on the −X direction side of the vehicle 2 will be 

described.  The distance measuring sensor 11 is mounted on 

the −X direction side with respect to the rubber tire 22.  

That is, in a case where the vehicle 2 travels in the −X 

direction, the distance measuring sensor 11 is mounted on 

the front side (the −X direction side) in the vehicle 

traveling direction (the ±X direction).  Further, the 

distance measuring sensor 11 is mounted within a distance 

range in which an interval g between the distance 

measuring sensor 11 and the rubber tire 22 in the vehicle 

traveling direction is smaller than at least a diameter R 

of the rubber tire 22. 

 As shown in Fig. 2, the distance measuring sensor 11 

is mounted to the bogie 21 corresponding to each of the 

two rubber tires 22 disposed at the right and left in the 

vehicle width direction (the ±Y direction).  Each distance 

measuring sensor 11 is mounted at the same position as the 

position of each rubber tire 22 in the vehicle width 

direction. 

 Further, two edges e which are at both ends of the 

traveling path 30 (described later) in the track width 

direction are included within the scanning range of the 

distance measuring sensor 11. 

 [0034] 

 The steering mechanism 12 has an actuator, and the 
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actuator is driven in response to a steering command from 

the control device 10.  In this way, the direction of the 

rubber tire 22 is changed by the amount according to the 

steering command, and thus the steering of the vehicle 2 

is performed. 

 [0035] 

 As shown in Figs. 1 and 2, the track 3 has the 

traveling path 30 laid along the track direction (the ±X 

direction), a track floor 31, and a side wall 32. 

 Two traveling paths 30 are disposed side by side in 

the track width direction (the ±Y direction) corresponding 

to the right and left rubber tires 22 in the vehicle width 

direction (the ±Y direction) of the vehicle 2.  Each of 

the traveling paths 30 extends in the track direction (the 

±X direction) while having a constant width (width L) in 

the track width direction.  The traveling path 30 forms a 

surface higher than the surface of the track floor 31 by a 

predetermined height, and both ends thereof are at the 

same position (height) in the vertical direction.  Each 

rubber tire 22 of the vehicle 2 moves while rotating on 

the upper surface of each traveling path 30. 

 [0036] 

 (Functional Configuration of Steering System) 

 Fig. 3 is a diagram showing a functional 

configuration of the steering system according to the 
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first embodiment. 

 As shown in Fig. 3, the control device 10 includes a 

CPU 100, a memory 101, a storage 102, and a communication 

interface 103. 

 The CPU 100 is a processor that operates according 

to a program, and controls the entire operation of the 

steering system 1. 

 The memory 101 is a so-called main storage device, 

and provides a temporary storage area for instructions or 

data that is handled by the CPU 100. 

 The storage 102 is a so-called large-capacity 

auxiliary storage device, and is an SSD, an HDD, or the 

like. 

 The communication interface 103 is an interface of a 

communication network for exchanging information between 

the distance measuring sensor 11 and the steering 

mechanism 12. 

 [0037] 

 The CPU 100 operates according to a predetermined 

program, thereby exerting functions as a distance 

measurement data acquisition unit 1000, an edge position 

detection unit 1001, a distance calculation unit 1002, and 

a steering control unit 1003. 

 The distance measurement data acquisition unit 1000 

acquires the distance measurement data from the distance 
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measuring sensor 11. 

 The edge position detection unit 1001 detects the 

positions of two edges (the two edges e shown in Fig. 2) 

provided at a predetermined interval in the track width 

direction (the ±Y direction) of the track 3, based on the 

distance measurement data by the distance measuring sensor 

11. 

 Here, the "edge" refers to a tangent line at which 

two surfaces facing in different directions of the 

surfaces of the structure (the traveling path 30, the 

track floor 31, and the side wall 32) configuring the 

track 3 intersect each other.  It is assumed that the 

tangent line between the side surface of the traveling 

path 30 and the track floor 31 and the tangent line 

between the side surface of the side wall 32 and the track 

floor 31 are also included in the concept of the "edge". 

 Further, the "edge" can also be interpreted as a 

point where the gradient of a vertical direction (±Z 

direction) position in the track width direction on the 

surface of the structure configuring the track 3 becomes 

discontinuous. 

 The distance calculation unit 1002 calculates a 

distance (deviation) in the track width direction (the ±Y 

direction) between the reference position of the track 3, 

which is specified from the positions of the two edges, 
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and the reference position of the vehicle 2 to which the 

distance measuring sensor 11 is mounted. 

 The steering control unit 1003 controls the steering 

mechanism 12 by feedback control such that the deviation 

calculated by the distance calculation unit 1002 becomes 

small.  The steering control unit 1003 may perform 

steering by combination of the feedback control for 

performing steering such that the deviation becomes small 

and feedforwad control based on track information prepared 

in advance. 

 [0038] 

 (Detailed Description of Function of Control Device) 

 Figs. 4 and 5 are diagrams that are used for a 

detailed description of the function of the control device 

according to the first embodiment. 

 Fig. 4 is a schematic diagram showing the structural 

relationship between each detection light J that is 

irradiated from the distance measuring sensor 11 and the 

track 3 that includes the traveling path 30 and the track 

floor 31.  Fig. 5 is a graph showing an example of the 

distance measurement data that is acquired by the distance 

measuring sensor 11. 

 [0039] 

 In Fig. 4, the width of the traveling path 30 in the 

track width direction (the ±Y direction) is a known width 
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L [mm].  The height from an upper surface 30a of the 

traveling path 30 to a irradiation source O (the point 

from which the detection light J is irradiated) of the 

distance measuring sensor 11 is a height H [mm].  However, 

the height H may change due to vibration or the like 

during the traveling of the vehicle 2.  An angle interval 

of each detection light J that is irradiated from the 

distance measuring sensor 11 is set to be an angle Θ [rad].  

This angle Θ is a known value that is determined by the 

mechanical structure and setting of the distance measuring 

sensor 11. 

 The position in the track width direction of an 

irradiation spot of the detection light J that is 

irradiated vertically downward (in the -Z direction) from 

the irradiation source O of the distance measuring sensor 

11 is set to be a sensor center position P1, and the spot 

number of the irradiation spot is determined to be the 

"0th".  The edge position detection unit 1001 specifies 

the spot number (mth) of the irradiation spot closest to 

the edge e on the +Y direction side from the 0th 

irradiation spot, and the spot number (nth) of the 

irradiation spot closest to the edge e on the −Y direction 

side from the 0th irradiation spot. 

 [0040] 

 A method of specifying the spot number (mth) of the 
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irradiation spot closest to the edge e on the +Y direction 

side and the spot number (nth) of the irradiation spot 

closest to the edge e on the −Y direction side will be 

described in detail with reference to Fig. 5. 

 Fig. 5 is a diagram showing an example of the 

distance measurement data that is acquired based on one-

time scanning by the distance measuring sensor 11, and 

shows the relationship between the spot number and the 

distance from the irradiation source O to each irradiation 

spot with a graph F.  Here, as shown in Fig. 4, the 

distance measuring sensor 11 irradiates the detection 

light J radially from the irradiation source O located 

above the traveling path 30 (on the +Z direction side) 

toward the traveling path 30 and the track floor 31.  Then, 

the detection light J is shielded by the upper surface 30a 

of the traveling path 30, and thus a side surface 30b and 

an area of a part of the track floor 31 are not irradiated 

with the detection light J.  Therefore, “jumping” occurs 

in the distance to each irradiation spot with the edge e 

as a boundary, and the graph F changes discontinuously 

corresponding to the position of the edge e, as shown in 

Fig. 5.  The edge position detection unit 1001 extracts a 

region in which the distance to the irradiation spot 

becomes equal to or less than a predetermined 

determination threshold value Th (that is, a region in 
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which the upper surface 30a of the traveling path 30 is 

irradiated with the detection light J), of the graph F, 

and specifies the spot numbers m and n corresponding to 

end portions of the region. 

 [0041] 

 Returned to Fig. 4 as a drawing for reference.  When 

the edge position detection unit 1001 specifies the spot 

numbers m and n, then, the edge position detection unit 

1001 calculates positions y1 and y2 of the edges e with 

respect to the sensor center position P1 by calculating 

Expression (1) by using the known height H, the angle Θ, 

and the spot numbers m and n. 

 [0042] 

 [Expression 1] 

 

 [0043] 

 Next, the distance calculation unit 1002 calculates 

the distance (deviation D) between the sensor center 

position P1 and the traveling path center position P2 by 

calculating Expression (2) by using the positions y1 and 

y2 of the edges e detected by the edge position detection 

unit 1001 and the known width L. 

 [0044] 

 [Expression 2] 
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 [0045] 

 The steering control unit 1003 outputs a control 

command toward the steering mechanism 12 such that the 

deviation D calculated by the distance calculation unit 

1002 becomes small.  In this way, steering is performed 

such that the sensor center position P1 in the track width 

direction (the ±Y direction) coincides with the traveling 

path center position P2.  Here, the sensor center position 

P1 is regarded as the same position as the center position 

of the rubber tire 22 in the vehicle width direction.  

Therefore, the steering mechanism 12 is controlled such 

that the sensor center position P1 coincides with the 

traveling path center position P2, and thus the center 

position of the rubber tire 22 always coincides with the 

traveling path center position P2 during traveling. 

 [0046] 

 The steering system 1 according to the first 

embodiment has an aspect in which the distance measuring 

sensors 11 are mounted corresponding to the right and left 

rubber tires 22, respectively, and the deviation D is 

calculated with respect to the set of each of the right 

and left distance measuring sensors 11 and the traveling 

path 30.  In this case, the steering control unit 1003 may 
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calculate, for example, the average value of the two 

deviations D and perform the feedback control of steering, 

based on the average value of the deviations D, or may 

perform the feedback control of steering, based on the 

value of only one of the two deviations D.  In a case of 

performing the feedback control of steering, based on the 

value of only one of the two deviations D, the other value 

may be treated as a backup. 

 Further, in a modification example of the first 

embodiment, the distance measuring sensor 11 may have an 

aspect in which it is mounted to only one of the right and 

left sides of the vehicle 2. 

 [0047] 

 (Operation and Effects) 

 As described above, the steering system 1 (position 

detection system) according to the first embodiment 

includes: the distance measuring sensor 11 that is mounted 

to the vehicle 2 traveling along the track 3 and can 

measure a distance over a predetermined range in the track 

width direction; the edge position detection unit 1001 

that detects the position of the edge e in the track width 

direction of the track 3, based on the distance 

measurement data by the distance measuring sensor 11; and 

the distance calculation unit 1002 that calculates the 

distance (deviation D) in the track width direction 
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between the reference position (the traveling path center 

position P2) of the track 3, which is specified from the 

position of the edge e, and the reference position (the 

sensor center position P1) of the vehicle 2 to which the 

distance measuring sensor 11 is mounted. 

 In this way, the steering system 1 according to the 

present embodiment can calculate the position (that is, 

the deviation D) of the traveling path center position P2 

with respect to the position of the distance measuring 

sensor 11 (the sensor center position P1), based on the 

position of the edge e in the track width direction. 

 [0048] 

 From the above, according to the steering system 1 

of the first embodiment, it is possible to accurately 

detect the distance between an ideal position on the track 

and an actual position of the vehicle. 

 [0049] 

 Further, according to the steering system 1 of the 

first embodiment, the distance calculation unit 1002 

specifies the reference position of the track 3, based on 

the positions of two edges e, which are at the same 

position in the vertical direction, detected by the edge 

position detection unit 1001. 

 In this way, the steering system 1 can obtain the 

deviation D without using the "height H" (refer to 
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Expression (2)).  In this way, even in a case where a 

fluctuation occurs in the interval in the height direction 

between the distance measuring sensor 11 and the upper 

surface 30a of the traveling path 30 due to the vibration 

or the like of the vehicle 2, the deviation D can be 

accurately calculated without being affected by the 

fluctuation.  The vehicle 2 traveling with the rubber 

tires 22 has larger vibration with respect to the height H 

during traveling, as compared with a normal railway 

vehicle.  Although the vehicle 2 according to the present 

embodiment is a vehicle traveling with the rubber tires 22, 

the vehicle 2 is equipped with the steering system 1, so 

that the reference position of the track 3 can be 

accurately specified without being affected by large 

vibration in the height direction. 

 [0050] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is mounted on the front side of 

the rubber tire 22 in the vehicle traveling direction. 

 In this way, the deviation D can be sensitively 

detected at a position before the rubber tire 22.  In this 

way, the control performance by feedback can be improved. 

 [0051] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is mounted within a distance range 
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in which the interval g between the distance measuring 

sensor 11 and the rubber tire 22 in the vehicle traveling 

direction is smaller than at least the diameter R of the 

rubber tire 22 (that is, within a range satisfying the 

relationship g<R). 

 In this way, the distance between the rubber tire 22 

and the distance measuring sensor 11 becomes short, so 

that it is possible to restrain the detection sensitivity 

of the deviation D from becoming excessive.  Further, it 

is possible to restrain the deviation D from being 

detected too few or too much at a corner of the track 3. 

 [0052] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is mounted such that both ends 

(edges e) of the traveling path 30 laid along the track 3 

are included in the scanning range. 

 In this way, the control device 10 can specify the 

positions of both ends of the traveling path 30 as the 

edges e, based on the distance measurement data that is 

acquired from the distance measuring sensor 11. 

 [0053] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is mounted at the same position as 

the position in the track width direction of the rubber 

tire 22 that rotates and moves on the upper surface 30a of 
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the traveling path 30. 

 In this way, the sensor center position P1 

structurally coincides with the center position of the 

rubber tire 22.  Therefore, the deviation D between the 

sensor center position P1 and the traveling path center 

position P2 can be directly treated as the deviation 

between the center position of the rubber tire 22 and the 

traveling path center position P2.  The distance 

measuring sensor 11 according to another embodiment may be 

mounted such that the center position of the distance 

measuring sensor 11 (the sensor center position P1) is 

within the range in the width direction of the rubber tire 

22.  Even in this way, the deviation D can be treated as 

the deviation between the value obtained by adding the 

distance between the sensor center position P1 and the 

center position of the rubber tire 22 to the sensor center 

position P1 and the traveling path center position P2, and 

the same effect as the above effect can be exhibited. 

 [0054] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is a laser scanner that  

irradiates the detection light J (laser) in a plurality of 

directions starting from the irradiation source O within a 

predetermined scanning range. 

 In this way, the control device 10 can specify the 
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position of the edge e which is included in the scanning 

range in the track width direction of the track 3. 

 [0055] 

 Further, the distance measuring sensor 11 according 

to the first embodiment is mounted such that a surface of 

the track 3, which is not irradiated with the detection 

light J due to the detection light J being shielded by the 

irregularity (the traveling path 30) of the track 3, is 

created in the scanning range. 

 In this way, in one-time scanning, the distance to 

the irradiation spot changes discontinuously with the edge 

e as a boundary.  Therefore, the edge position can be 

accurately specified only by extracting a location of the 

distance measurement data where the distance changes 

discontinuously. 

 [0056] 

 Further, the edge position detection unit 1001 

according to the first embodiment specifies a portion 

where the distance from the distance measuring sensor 11 

to the irradiation spot changes discontinuously with 

respect to the scanning with the detection light J in a 

plurality of directions as an edge position. 

 In this way, the edge position can be accurately 

specified from the distance measurement data with simple 

processing. 
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 [0057] 

 Further, the steering system 1 according to the 

first embodiment further includes the steering control 

unit 1003 that controls the steering mechanism 12 of the 

vehicle 2 such that the deviation D becomes small. 

 In this way, the vehicle can automatically travel 

along the reference position of the track 3 by the 

automatic steering control based on the feedback control. 

 [0058] 

 <Second Embodiment> 

 Next, a steering system and a vehicle according to a 

second embodiment will be described with reference to Figs. 

6 and 7.  In each drawing, identical or corresponding 

configurations are denoted by the same reference numerals, 

and description thereof is omitted appropriately. 

 [0059] 

 (Overall Configuration of Vehicle and Track) 

 Fig. 6 is a diagram showing an overall configuration 

of a vehicle and a track according to the second 

embodiment. 

 The distance measuring sensor 11 according to the 

second embodiment is a two-dimensional laser scanner, 

similar to the first embodiment.  As shown in Fig. 6, the 

distance measuring sensor 11 is mounted to the center 

position in the vehicle width direction (the ±Y direction) 
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of the vehicle body 20 below the bogie 21.  Further, a 

total of two edges e, which are one end on the +Y 

direction side of the traveling path 30 laid on the −Y 

direction side of the track 3 and one end on the -Y 

direction side of the traveling path 30 laid on the +Y 

direction side of the track 3, are included in the 

scanning range of the distance measuring sensor 11,  The 

interval between the two edges e in the track width 

direction is an interval La from the side surface on the 

+Y direction side of the traveling path 30 laid on the −Y 

direction side to the side surface on the −Y direction 

side of the traveling path 30 laid on the +Y direction 

side, and is a known value. 

 [0060] 

 (Detailed Description of Function of Control Device) 

 Fig. 7 is a diagram that is used for a detailed 

description of the function of a control device according 

to the second embodiment. 

 Fig. 7 is a diagram showing an example of the 

distance measurement data that is acquired based on one-

time scanning by the distance measuring sensor 11 

according to the second embodiment, and shows the 

relationship between the spot number and the distance from 

the irradiation source O to each irradiation spot with the 

graph F, similar to the first embodiment (Fig. 5). 



- 30 - 

 Here, as shown in Fig. 6, the distance measuring 

sensor 11 irradiates the detection light J radially from 

above the space interposed between the two traveling paths 

30 toward the traveling path 30 and the track floor 31.  

Then, the upper surface and the side surface of the 

traveling path 30 and the track floor 31 are continuously 

irradiated with the detection light J.  As a result, the 

graph F has points km and kn at which slopes become 

discontinuous with the positions of the edges e (end 

portions of the two traveling paths 30) as boundaries, as 

shown in Fig. 7.  The edge position detection unit 1001 

extracts the points km and kn at which slopes become 

discontinuous from the graph F, and specifies the spot 

numbers m and n corresponding to the points km and kn.  

The points km and kn at which slopes become discontinuous 

can be extracted, for example, by performing a threshold 

value determination with respect to a function that is 

obtained by differentiating the graph F. 

 Since the processing of the control device 10 after 

the spot numbers m and n are specified is the same as that 

in the first embodiment, detailed description thereof is 

omitted.  However, in Expression (2), the interval La 

between the two traveling paths 30 is used instead of the 

width L of the traveling path 30.  Further, the reference 

position of the vehicle 2 in this case is the center 
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position of the distance measuring sensor 11 mounted to 

the center of the vehicle body 20.  Further, the reference 

position of the track 3 in this case is the center between 

the positions of the two edges e, that is, the center 

position of the space interposed between the two traveling 

paths 30. 

 [0061] 

 As described above, according to the steering system 

1 of the second embodiment, the distance measuring sensor 

11 is mounted to the center position in the vehicle body 

width direction of the vehicle 2. 

 In this way, the deviation D between the position of 

the distance measuring sensor 11 and the center position 

of the space interposed between the two traveling paths 30 

disposed side by side in the track width direction of the 

track 3 can be treated as the deviation between the center 

position of the vehicle 2 and the center position of the 

space interposed between the two traveling paths 30. 

 [0062] 

 Further, according to the steering system 1 of the 

second embodiment, the distance measuring sensor 11 is 

mounted such that the upper surfaces of the two traveling 

paths 30 laid along the track 3 and disposed side by side 

in the track width direction are included in the scanning 

range. 
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 In this way, the control device 10 can specify the 

position of the end portion of the traveling path 30 

forming the space interposed between the two traveling 

paths 30 disposed side by side in the track width 

direction as the edge e, based on the distance measurement 

data that is obtained from the distance measuring sensor 

11. 

 [0063] 

 <Third Embodiment> 

 Next, a steering system and a vehicle according to a 

third embodiment will be described with reference to Fig. 

8.  In each drawing, identical or corresponding 

configurations are denoted by the same reference numerals, 

and description thereof is omitted appropriately. 

 [0064] 

 (Overall Configuration of Vehicle and Track) 

 Fig. 8 is a diagram showing an overall configuration 

of a vehicle and a track according to the third embodiment. 

 The distance measuring sensor 11 according to the 

third embodiment is a two-dimensional laser scanner, 

similar to the first and second embodiments.  As shown in 

Fig. 8, the distance measuring sensor 11 is mounted to the 

center position in the vehicle width direction (the ±Y 

direction) of the vehicle body 20 below the bogie 21, 

similar to the second embodiment.  Further, the two edges 
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e which are both ends of a protrusion portion 33 formed in 

a protrusion shape on the upper surface of the traveling 

path 30 are included in the scanning range of the distance 

measuring sensor 11.  The protrusion portion 33 is 

provided with, for example, a metal plate or the like for 

providing a ground by coming into contact with a ground 

shoe S provided at the vehicle 2. 

 The interval between the two edges e is a width Lb 

of the protrusion portion 33 in the track width direction, 

which is a known value. 

 [0065] 

 As shown in Fig. 8, the distance measuring sensor 11 

irradiates the detection light J radially from above the 

protrusion portion 33 (the +Z direction side) toward the 

protrusion portion 33 and the traveling path 30.  Then, 

the detection light J is shielded by the upper surface of 

the protrusion portion 33, so that the side surface of the 

protrusion portion 33 and an area of a part of the upper 

surface 30a of the traveling path 30 are not irradiated 

with the detection light J.  Therefore, "jumping" occurs 

in the distance to each irradiation spot with the edges e 

(both ends of the protrusion portion 33) as boundaries.  

Therefore, the graph showing the relationship between the 

spot number and the distance from the irradiation source 

of the distance measuring sensor 11 to each irradiation 
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spot changes discontinuously corresponding to the position 

of the edge e, similar to the first embodiment (Fig. 5).  

In this way, the edge position detection unit 1001 can 

specify the position of the edge e with the same 

processing as in the first embodiment. 

 Since the processing of the control device 10 after 

the spot numbers m and n are specified is the same as that 

in the first embodiment, detailed description thereof is 

omitted.  However, in Expression (2), the width Lb of the 

protrusion portion 33 is used instead of the width L of 

the traveling path 30.  Further, the reference position of 

the vehicle 2 in this case is the center position of the 

distance measuring sensor 11 mounted to the center of the 

vehicle body 20, and the reference position of the track 3 

is the center between the two edges e, that is, the center 

position of the protrusion portion 33. 

 [0066] 

 As described above, according to the steering system 

1 of the third embodiment, the distance measuring sensor 

11 is mounted to the center position in the vehicle body 

width direction of the vehicle 2. 

 In this way, the deviation D between the position of 

the distance measuring sensor 11 and the center position 

of the protrusion portion 33 laid on the track 3 can be 

treated as the deviation between the center position of 
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the vehicle 2 and the center position of the protrusion 

portion 33. 

 [0067] 

 Further, according to the steering system 1 of the 

third embodiment, the distance measuring sensor 11 is 

mounted such that both ends of the protrusion portion 33 

laid along the track 3 and in contact with the ground shoe 

S of the vehicle 2 are included in a predetermined range. 

 In this way, the control device 10 can specify the 

positions of both ends of the protrusion portion 33 as the 

edges e, based on the distance measurement data that is 

acquired from the distance measuring sensor 11. 

 Further, since the shift of the vehicle with respect 

to the track can be calculated by using the protrusion 

portion 33 laid in order to provide a ground of the 

vehicle 2, the cost of the entire system can be reduced. 

 [0068] 

 <Fourth Embodiment> 

 Next, a steering system and a vehicle according to a 

fourth embodiment will be described with reference to Fig. 

9.  In each drawing, identical or corresponding 

configurations are denoted by the same reference numerals, 

and description thereof is omitted appropriately. 

 [0069] 

 The distance measuring sensor 11 according to the 



- 36 - 

fourth embodiment is a two-dimensional laser scanner, 

similar to the first to third embodiments.  As shown in 

Fig. 9, the distance measuring sensor 11 is mounted to the 

center position in the vehicle width direction (the ±Y 

direction) of the vehicle body 20 below the bogie 21, 

similar to the second and third embodiments.  Further, the 

two edges e which are tangent lines between the track 

floor 31 and the side walls 32 are included in the 

scanning range of the distance measuring sensor 11.  That 

is, the distance measuring sensor 11 is disposed such that 

the edge e corresponding to the side wall 32 on the −Y 

direction side of the track 3 and the edge e corresponding 

to the side wall 32 on the +Y direction side are included 

in the scanning range. 

 The traveling path 30 is not laid on the track 3 

according to the fourth embodiment, and the vehicle 2 

travels on the track floor 31.  Further, the interval 

between the two edges e is an interval Lc between the 

right and left side walls 32 in the track width direction, 

which is a known value. 

 [0070] 

 As shown in Fig. 9, the distance measuring sensor 11 

irradiates the detection light J radially over the track 

floor 31 and the right and left side walls 32 so as to 

include the tangent lines between the track floor 31 and 
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the right and left side walls 32.  Then, the irradiation 

with the detection light J is performed continuously over 

the upper surface of the track floor 31 and the side 

surface of the side wall 32.  As a result, the distance 

measurement data has slopes which become discontinuous 

with the positions of the two edges e as boundaries.  The 

edge position detection unit 1001 extracts points at which 

slopes become discontinuous, and specifies the spot 

numbers m and n corresponding to the points.  The edge 

position detection unit 1001 specifies the positions of 

the two edges e, based on the spot numbers m and n. 

 Since the processing of the control device 10 after 

the spot numbers m and n are specified is the same as that 

in the first embodiment, detailed description thereof is 

omitted.  However, in Expression (2), the interval Lc 

between the right and left side walls 32 in the track 

width direction is used instead of the width L of the 

traveling path 30.  Further, the reference position of the 

vehicle 2 in this case is the center position of the 

distance measuring sensor 11 mounted to the center of the 

vehicle body 20, and the reference position of the track 3 

is the center between the two edges e, that is, the center 

position between the right and left side walls 32 in the 

width direction. 

 [0071] 



- 38 - 

 As described above, according to the steering system 

1 of the fourth embodiment, the distance measuring sensor 

11 is mounted to the center position in the vehicle body 

width direction of the vehicle 2. 

 In this way, the deviation D between the position of 

the distance measuring sensor 11 and the center position 

of the track 3 can be treated as the deviation between the 

center position of the vehicle 2 and the center position 

of the track 3. 

 [0072] 

 Further, according to the steering system 1 of the 

fourth embodiment, the distance measuring sensor 11 

includes the tangent line between each of the side walls 

32 laid at both ends of the track 3 and the track floor 31 

in the scanning range. 

 In this way, the control device 10 can specify the 

position of the tangent line between the side wall 32 and 

the track floor 31 as the edge e, based on the distance 

measurement data that is acquired from the distance 

measuring sensor 11.  Therefore, even in a case of 

traveling on a track in which there is no irregularity on 

the traveling path 30, the present invention can be 

applied. 

 Further, the number of distance measuring sensors 11 

installed can be reduced as compared with a fifth 
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embodiment to be described later.  Further, in the case of 

the fifth embodiment to be described later, it is also 

conceivable that an error in the mounting positions of two 

distance measuring sensors 11 (particularly, an error in 

the mounting position in the height direction) affects the 

detection accuracy of the deviation D.  However, in the 

present embodiment, since only one distance measuring 

sensor 11 is used, even if there is an error in the 

mounting position thereof, the detection accuracy of the 

deviation D is not affected. 

 [0073] 

 <Fifth Embodiment> 

 Next, a steering system and a vehicle according to a 

fifth embodiment will be described with reference to Fig. 

10.  In each drawing, identical or corresponding 

configurations are denoted by the same reference numerals, 

and description thereof is omitted appropriately. 

 [0074] 

 (Overall Configuration of Vehicle and Track) 

 Fig. 10 is a diagram showing an overall 

configuration of a vehicle and a track according to the 

fifth embodiment. 

 The distance measuring sensor 11 according to the 

fifth embodiment is a two-dimensional laser scanner, 

similar to the first to third embodiments.  As shown in 
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Fig. 10, two distance measuring sensors 11a and 11b are 

respectively mounted to the right and left ends in the 

vehicle width direction (the ±Y direction) of the vehicle 

body 20 below the bogie 21.  Further, an edge ea which is 

a tangent line between the track floor 31 and the side 

wall 32a on the −Y direction side is included in the 

scanning range of the distance measuring sensor 11a 

disposed on the −Y direction side of the vehicle body 20.  

Further, an edge eb which is a tangent line between the 

track floor 31 and the side wall 32b on the +Y direction 

side is included in the scanning range of the distance 

measuring sensor 11b disposed on the +Y direction side of 

the vehicle body 20. 

 The traveling path 30 is not laid on the track 3 

according to the fifth embodiment, and the vehicle 2 

travels on the track floor 31.  Further, the interval 

between the two edges ea and eb is the interval Lc between 

the right and left side walls 32a and 32b in the track 

width direction, which is a known value. 

 [0075] 

 As shown in Fig. 10, the distance measuring sensor 

11a irradiates the detection light J radially toward the 

track floor 31 and the side wall 32a so as to include the 

edge ea which is the tangent line between the upper 

surface of the track floor 31 and the side surface of the 
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side wall 32a.  Then, the irradiation with the detection 

light J is performed continuously over the upper surface 

of the track floor 31 and the side surface of the side 

wall 32a.  As a result, the distance measurement data has 

a slope which becomes discontinuous with the position of 

the edge ea as a boundary.  Further, the distance 

measuring sensor 11b irradiates the detection light J 

radially toward the track floor 31 and the side wall 32b 

so as to include the edge eb which is the tangent line 

between the upper surface of the track floor 31 and the 

side surface of the side wall 32b.  Then, the irradiation 

with the detection light J is performed continuously over 

the upper surface of the track floor 31 and the side 

surface of the side wall 32b.  As a result, the distance 

measurement data has a slope which becomes discontinuous 

with the position of the edge eb as a boundary.  The edge 

position detection unit 1001 extracts points at which 

slopes become discontinuous from the distance measurement 

data acquired from the distance measuring sensors 11a and 

11b, and specifies the spot numbers m and n corresponding 

to the points.  In this case, the edge position detection 

unit 1001 sets the spot number of the detection light J 

that is irradiated vertically downward from the 

irradiation source of each of the distance measuring 

sensors 11a and 11b to be the “0th”. 
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 The edge position detection unit 1001 specifies the 

positions of the two edges ea and eb, based on the spot 

numbers m and n.  Specifically, the edge position 

detection unit 1001 calculates the position y1 of the edge 

ea with respect to the distance measuring sensor 11a and 

the position y2 of the edge eb with respect to the 

distance measuring sensor eb, as shown in Fig. 10.  The 

same expression (Expression (1)) as in the first 

embodiment can be used for a method of calculating the 

position y1 by the distance measuring sensor 11a and a 

method of calculating the position y2 by the distance 

measuring sensor 11b.  However, in a case where the 

heights H of the two distance measuring sensors 11a and 

11b are different from each other, the different heights 

are used for H which is used in Expression (1). 

 Next, the distance calculation unit 1002 performs 

the calculation of Expression (2) by using the position y1 

and the position y2, and obtains the deviation D.  However, 

in the calculation of Expression (2), in the present 

embodiment, instead of the width L of the traveling path 

30, the value (Lc-Ls) obtained by subtracting a vehicle 

body width Ls from the interval Lc between the right and 

left side walls 32a and 32b in the track width direction 

is used.  However, in the present embodiment, in a case 

where the heights H of the two distance measuring sensors 
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11a and 11b are different from each other, Expression (2) 

cannot be used.  In this case, the deviation D is 

calculated by using only the expression in the first line 

of Expression (2). 

 Further, the reference position of the vehicle 2 in 

this case is the center position in the vehicle body width 

direction between the two distance measuring sensors 11a 

and 11b mounted to the right and left of the vehicle body 

20, and the reference position of the track 3 is the 

center between the two edge ea and eb, that is, the center 

position between the right and left side walls 32 in the 

width direction. 

 [0076] 

 As described above, according to the steering system 

1 of the fifth embodiment, the distance measuring sensors 

11a and 11b are respectively mounted to both ends of the 

vehicle 2 in the vehicle body width direction. 

 In this way, the position of the edge e can be 

specified with each of the two distance measuring sensors 

11a and 11b.  Therefore, since the number of scans of the 

detection light J can be increased as compared with the 

fourth embodiment, the resolution of the edge position can 

be improved. 

 [0077] 

 Further, according to the steering system 1 of the 
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fifth embodiment, the distance measuring sensor 11 

includes the tangent line between each of the side walls 

32 laid at both ends of the track 3 and the track floor 31 

in the scanning range. 

 In this way, the control device 10 can specify the 

position of the tangent line between the side wall 32 and 

the track floor 31 as the edge e, based on the distance 

measurement data that is acquired from the distance 

measuring sensor 11.  Therefore, even in a case of 

traveling on a track in which there is no irregularity on 

the traveling path 30, the present invention can be 

applied. 

 [0078] 

 <Sixth Embodiment> 

 Next, a steering system and a vehicle according to a 

sixth embodiment will be described with reference to Fig. 

11.  In each drawing, identical or corresponding 

configurations are denoted by the same reference numerals, 

and description thereof is omitted appropriately. 

 [0079] 

 (Overall Configuration of Vehicle and Track) 

 Fig. 11 is a diagram showing an overall 

configuration of a vehicle and a track according to the 

sixth embodiment. 

 The distance measuring sensor 11 according to the 
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sixth embodiment is a two-dimensional laser scanner, 

similar to the first to third embodiments.  As shown in 

Fig. 11, the distance measuring sensor 11 is mounted to 

the left end (the end on the −Y direction side) in the 

vehicle width direction (the ±Y direction) of the vehicle 

body 20 below the bogie 21.  Further, one edge e of an 

index part 34 laid on the −Y direction side of the track 

floor 31 is included in the scanning range of the distance 

measuring sensor 11. 

 The traveling path 30 and the side wall 32 are not 

laid on the track 3 according to the sixth embodiment, and 

the vehicle 2 travels on the track floor 31.  As shown in 

Fig. 11, the index part 34 is laid on the track 3 

according to the sixth embodiment.  The index part 34 is a 

protrusion-shaped structure laid along the track 3, and is 

provided for the purpose of using it as a target of 

distance measurement by the distance measuring sensor 11. 

 [0080] 

 As shown in Fig. 11, the distance measuring sensor 

11 irradiates the detection light J so as to include the 

index part 34.  Then, the irradiation with the detection 

light J is performed continuously over the upper surface 

of the track floor 31 and the side surface and the upper 

surface of the index part 34.  As a result, the edge 

position detection unit 1001 extracts a point where 
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“jumping” occurs in a distance, from the distance 

measurement data acquired from each distance measuring 

sensor 11, and specifies the spot number m corresponding 

to the point.  In this case, the edge position detection 

unit 1001 sets the spot number of the detection light J 

that is irradiated vertically downward from the 

irradiation source of each distance measuring sensor 11 to 

be the “0th”. 

 The edge position detection unit 1001 specifies the 

position of the edge e, based on the spot number m.  

Specifically, the edge position detection unit 1001 

calculates the position y1 of the edge e with respect to 

the distance measuring sensor 11, as shown in Fig. 10.  

The same expression (Expression (1)) as in the first 

embodiment can be used in a method of calculating the 

position y1. 

 Next, the distance calculation unit 1002 obtains the 

deviation D by using the position y1.  Here, it is assumed 

that the distance calculation unit 1002 has a position 

target value y1* determined in advance as a target value 

of the position of the end portion (edge e) of the index 

part 34 with respect to the distance measuring sensor 11.  

Then, the distance calculation unit 1002 sets the 

deviation between the position target value y1* and the 

position y1 obtained by the edge position detection unit 
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1001 as the deviation D.  The reference position of the 

vehicle 2 in this case is the position of the distance 

measuring sensor 11, and the reference position of the 

track 3 is the position of the end portion (edge e) of the 

index part 34. 

 [0081] 

 As described above, according to the steering system 

1 of the sixth embodiment, the distance measuring sensor 

11 is mounted so as to include the index part 34 provided 

on the track 3 as a target of distance measurement by the 

distance measuring sensor 11. 

 In this way, the control device 10 can specify the 

position of the index part 34 of the track 3 as the edge e, 

based on the distance measurement data which is acquired 

from the distance measuring sensor 11.  Therefore, even in 

a case of traveling on a track having no irregularity on 

the traveling path 30 and no side wall 32, the vehicle can 

travel based on the positional relationship with the index 

part 34 provided as the target of distance measurement by 

the distance measuring sensor 11. 

 [0082] 

 In the sixth embodiment, the index part 34 has been 

described as a structure provided in a protrusion shape on 

the flat track floor 31.  However, in other embodiments, 

there is no limitation to this aspect.  For example, the 
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index part 34 may be a structure provided in a recess 

shape in the flat track floor 31. 

 [0083] 

 [Modification Example] 

 The embodiments of the present invention have been 

described above with reference to the drawings.  However, 

the specific configurations are not limited to the above 

embodiments, and also include design changes or the like 

within a scope which does not deviate from the gist of the 

present invention. 

 [0084] 

 For example, the distance measuring sensor 11 of 

each of the above embodiments has been described as being 

a laser scanner.  However, in other embodiments, there is 

no limitation to this aspect.  The distance measuring 

sensor 11 may be, for example, a sensor that measures a 

distance by using ultrasonic waves or the like. 

 [0085] 

 Further, the vehicle 2 of each of the above 

embodiments has been described as a vehicle traveling with 

the rubber tires 22.  However, the vehicle to which the 

steering system 1 can be applied is not limited to this 

aspect.  In other embodiments, the steering system 1 is 

also applicable to vehicles with iron wheels. 

 [0086] 
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 Fig. 12 is a diagram showing a structural feature of 

a steering system according to a modification example of 

each embodiment. 

 As shown in Fig. 12, the steering system 1 according 

to the modification example of each embodiment is further 

provided with a cover 13 which is open on the lower side 

(the −Z direction side) while surrounding the width 

direction (the ±Y direction) and the front-rear direction 

(the ±X direction) of the distance measuring sensor 11. 

 Such a cover 13 is provided, whereby the distance 

measuring sensor 11 can be protected from water droplets, 

mud, dust, or the like during traveling.  Further, since 

the lower side is open, a configuration is made in which 

the cover 13 does not interfere with the distance 

measurement of the distance measuring sensor 11.  In this 

way, it is possible to reduce erroneous detection of 

distance measurement by the distance measuring sensor 11. 

[Industrial Applicability] 

 [0087] 

 According to each aspect of the present invention, 

it is possible to accurately detect the distance between 

an ideal position on the track and an actual position of 

the vehicle. 

[Reference Signs List] 

 [0088] 
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 1: steering system (position detection system) 

 10: control device 

 100: CPU 

 1000: distance measurement data acquisition unit 

 1001: edge position detection unit 

 1002: distance calculation unit 

 1003: steering control unit 

 101: memory 

 102: storage 

 103: communication interface 

 11: distance measuring sensor 

 12: steering mechanism 

 13: cover 

 2: vehicle 

 20: vehicle body 

 21: bogie 

 22: rubber tire (wheel) 

 3: track 

 30: traveling path 

 30a: upper surface of traveling path 

 30b: side surface of traveling path 

 31: track floor 

 32: side wall 

 33: protrusion portion 

 34: index part 
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Claims 

 

[Claim 1] 

 A position detection system comprising: 

 a distance measuring sensor mounted to a vehicle 

traveling along a track, and capable of measuring a 

distance over a predetermined range in a track width 

direction; 

 an edge position detection unit that detects a 

position of an edge in the track width direction of the 

track, based on distance measurement data obtained by the 

distance measuring sensor; and 

 a distance calculation unit that calculates a 

distance in the track width direction between a reference 

position of the track, which is specified from the 

position of the edge, and a reference position of the 

vehicle to which the distance measuring sensor is mounted. 

 

[Claim 2] 

 The position detection system according to claim 1, 

wherein the distance calculation unit specifies the 

reference position of the track, based on positions of two 

or more edges which are at the same position in a vertical 

direction. 
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[Claim 3] 

 The position detection system according to claim 1 

or 2, wherein the distance measuring sensor is mounted on 

a front side of a wheel in a vehicle traveling direction. 

 

[Claim 4] 

 The position detection system according to claim 3, 

wherein the distance measuring sensor is mounted within a 

distance range in which an interval between the distance 

measuring sensor and the wheel in the vehicle traveling 

direction is smaller than at least a diameter of the wheel. 

 

[Claim 5] 

 The position detection system according to any one 

of claims 1 to 4, wherein the distance measuring sensor is 

mounted such that both ends of a traveling path laid along 

the track are included in the predetermined range. 

 

[Claim 6] 

 The position detection system according to any one 

of claims 1 to 5, wherein the distance measuring sensor is 

mounted such that a center position of the distance 

measuring sensor is within a range in a width direction of 

a wheel that rotates and moves on an upper surface of the 

traveling path. 



- 53 - 

 

[Claim 7] 

 The position detection system according to any one 

of claims 1 to 5, wherein the distance measuring sensor is 

mounted to a center position in a vehicle body width 

direction of the vehicle. 

 

[Claim 8] 

 The position detection system according to claim 7, 

wherein the distance measuring sensor is mounted such that 

upper surfaces of two traveling paths laid along the track 

and disposed side by side in the track width direction are 

included in the predetermined range. 

 

[Claim 9] 

 The position detection system according to claim 7, 

wherein the distance measuring sensor is mounted such that 

both ends of a protrusion portion that is laid along the 

track and comes into contact with a ground shoe of the 

vehicle are included in the predetermined range. 

 

[Claim 10] 

 The position detection system according to any one 

of claims 1 to 5, wherein the distance measuring sensor is 

mounted to each of both ends in the vehicle body width 
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direction of the vehicle. 

 

[Claim 11] 

 The position detection system according to any one 

of claims 1 to 10, wherein the distance measuring sensor 

includes a tangent line between each of side walls laid at 

both ends of the track and a track floor in the 

predetermined range. 

 

[Claim 12] 

 The position detection system according to any one 

of claims 1 to 5, wherein the distance measuring sensor is 

mounted so as to include an index part provided on the 

track as a target of distance measurement by the distance 

measuring sensor. 

 

[Claim 13] 

 The position detection system according to any one 

of claims 1 to 12, wherein the distance measuring sensor 

irradiates detection light in a plurality of directions 

from a irradiation source within the predetermined range. 

 

[Claim 14] 

 The position detection system according to claim 13, 

wherein the distance measuring sensor is mounted such that 
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a surface of the track, which is not irradiated with the 

detection light due to the detection light being shielded, 

is created. 

 

[Claim 15] 

 The position detection system according to claim 13 

or 14, wherein the edge position detection unit specifies 

a portion in which a distance from the distance measuring 

sensor to an irradiation spot changes discontinuously with 

respect to scanning with the detection light in the 

plurality of directions, or a portion in which a slope of 

a distance changes discontinuously, as an edge position. 

 

[Claim 16] 

 The position detection system according to any one 

of claims 1 to 15, further comprising: 

 a steering control unit that controls a steering 

mechanism of the vehicle such that the distance becomes 

small. 

 

[Claim 17] 

 The position detection system according to any one 

of claims 1 to 16, further comprising: 

 a cover surrounding the distance measuring sensor 

and having a bottom surface that is open. 
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[Claim 18] 

 A vehicle comprising: 

 the position detection system according to any one 

of claims 1 to 17. 

 

[Claim 19] 

 A position detection method comprising: 

 a step of detecting a position of an edge in a track 

width direction of a track, based on distance measurement 

data obtained by a distance measuring sensor mounted to a 

vehicle traveling along the track and capable of measuring 

a distance over a predetermined range in the track width 

direction; and 

 a step of calculating a distance in the track width 

direction between a reference position of the track, which 

is specified from the position of the edge, and a 

reference position of the vehicle to which the distance 

measuring sensor is mounted. 


