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DESCRIPTION 

 

RAIL POSITION MEASUREMENT DEVICE 

 

Field 5 

[0001] The present invention relates to a rail position 

measurement device that measures the three-dimensional 

position of a rail using a running vehicle. 

 

Background 10 

[0002] Conventionally, a technique for acquiring three-

dimensional data on a railroad area using a measurement 

vehicle equipped with a laser scanner to perform 

construction limit measurement or the like is provided. 

[0003] For example, the following Patent Literature 1 15 

discloses a three-dimensional data acquisition device 

including a first laser scanner and a second laser scanner.  

Specifically, the first laser scanner is a device 

configured to emit laser light to an object while rotating 

the laser light and to receive the reflected light in order 20 

to measure the distance to the object to be measured.  The 

first laser scanner is installed on an upper part of a 

railroad vehicle such that a measurement cross section 

forming a rotation cross section of the laser light in an 

emission direction forms a vertical plane with respect to 25 

the travelling direction of the railroad vehicle.  The 

second laser scanner is a device configured to emit laser 

light to the object while rotating the laser light and to 

receive the reflected light in order to measure the 

distance to the object.  The second laser scanner is 30 

installed on the upper part of the railroad vehicle such 

that a measurement cross section forming a rotation cross 

section of the laser light in the emission direction forms 
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a plane inclined at a predetermined angle in a 

substantially travelling direction with respect to the 

measurement cross section of the first laser scanner. 

 

Citation List 5 

Patent Literature 

[0004] Patent Literature 1: Japanese Patent Application 

Laid-Open No. 2005-69700 

 

Summary 10 

Technical Problem 

[0005] One of the types of railroad area measurement is 

the measurement of a rail itself.  For example, 

measurements using a clearance car are generally performed 

using the position of the rail as a reference.  Therefore, 15 

performing the measurement of the position of the rail with 

a high degree of accuracy is fundamental to railroad area 

measurement. 

[0006] In the above-mentioned conventional technique, 

however, because the laser scanner serving as a sensor is 20 

provided on the upper part of the railroad vehicle, there 

is a problem in that the laser light does not reach the 

rail web that is shielded from the laser light, and the 

position of the rail web cannot be accurately obtained. 

[0007] It is possible to specify the three-dimensional 25 

position of the rail from measurement data of a rail head.  

However, because the rail head is burnished due to contact 

with the wheels, there is a problem in that laser 

measurement light undergoes specular reflection, and thus 

sufficient reflected light does not return to the laser 30 

scanner and the measurement cannot be performed with a high 

degree of accuracy. 

[0008] Even if the laser scanner is fixed to the vehicle, 
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the position of the rail varies with respect to the vehicle 

or the laser scanner due to the curves of the rail and left 

and right movement of the running train.  Therefore, the 

position of the rail still has to be measured with a high 

degree of accuracy. 5 

[0009] The present invention has been made in view of 

the above, and an object thereof is to provide a rail 

position measurement device capable of measuring the three-

dimensional position of a rail with a high degree of 

accuracy. 10 

 

Solution to Problem 

[0010] In order to solve the above problems and achieve 

the object, an aspect of the present invention is a rail 

position measurement device that measures a three-15 

dimensional position of a rail using a measurement vehicle.  

The rail position measurement device includes: a position 

posture measurement device installed on the measurement 

vehicle to measure a position and a posture of the 

measurement vehicle; and a laser scanner that is a sensor 20 

installed on the measurement vehicle so as to be capable of 

irradiating at least a web and a bottom of a side surface 

of the rail with laser light and used for measuring the 

three-dimensional position of the rail. 

 25 

Advantageous Effects of Invention 

[0011] The present invention achieves such an effect 

that the three-dimensional position of a rail can be 

measured with a high degree of accuracy. 

 30 

Brief Description of Drawings 

[0012] FIG. 1 is a side view illustrating an exemplary 

configuration of a measurement vehicle equipped with a rail 
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position measurement device according to a first embodiment. 

 FIG. 2 is a diagram illustrating an exemplary case 

where measurement of a rail on which a railroad vehicle is 

running is performed using the measurement vehicle 

according to the first embodiment illustrated in FIG. 1. 5 

 FIG. 3 is a diagram illustrating another exemplary 

configuration of the measurement vehicle according to the 

first embodiment illustrated in FIG. 1. 

 FIG. 4 is a diagram illustrating an exemplary 

configuration in which the measurement vehicle illustrated 10 

in FIG. 3 is installed on a road-rail truck. 

 FIG. 5 is a diagram illustrating an exemplary 

configuration in which the rail position measurement device 

according to the first embodiment is installed on a 

railroad vehicle. 15 

 FIG. 6 is a diagram illustrating another exemplary 

configuration in which the rail position measurement device 

according to the first embodiment is installed on the 

railroad vehicle. 

 FIG. 7 is a block diagram illustrating a functional 20 

configuration of the rail position measurement device 

according to the first embodiment to which an automatic 

position adjustment function for a laser scanner is added. 

 FIG. 8 is a block diagram illustrating a functional 

configuration of the rail position measurement device 25 

according to the first embodiment in which the automatic 

position adjustment for the laser scanner is realized by a 

base position adjustment device. 

 FIG. 9 is a diagram explaining the effect of a 

derailment prevention guard on the irradiation position of 30 

the laser scanner. 

 FIG. 10 is a diagram explaining a laser light source 

position that is preferable when the derailment prevention 
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guard is provided on only one rail side. 

 FIG. 11 is a block diagram illustrating an exemplary 

functional configuration of a rail position measurement 

device according to a third embodiment. 

 FIG. 12 is a block diagram illustrating another 5 

exemplary functional configuration of the rail position 

measurement device according to the third embodiment. 

 FIG. 13 is a diagram for analyzing in further detail 

laser irradiation positions in the presence of the 

derailment prevention guard. 10 

 FIG. 14 is a diagram examining in further detail the 

laser irradiation position Vh illustrated in FIG. 13. 

 FIG. 15 is a diagram examining in further detail the 

laser irradiation position Vl illustrated in FIG. 13. 

 FIG. 16 is a diagram illustrating a relation between a 15 

measurement range of a rail web and a range of the height 

of the laser irradiation position. 

 FIG. 17 is a diagram illustrating a relation between a 

measurement range of a rail bottom and a range of the 

height of the laser irradiation position. 20 

 FIG. 18 is a diagram illustrating exemplary values of 

variables a, c, and d for major rails. 

 FIG. 19 is a diagram illustrating exemplary values of 

variables b and e for the derailment prevention guard. 

 FIG. 20 is a diagram illustrating the shape of a cross 25 

section of a rail that is used as a basis for the 

computation results illustrated in FIGS. 22 to 24. 

 FIG. 21 is a diagram illustrating exemplary values of 

a variable f associated with the values of the variables in 

FIGS. 18 and 19. 30 

 FIG. 22 is a diagram illustrating an exemplary 

computation result (standard gauge, 60 kg rail) for the 

measurement ranges ha and hb. 
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 FIG. 23 is a diagram illustrating an exemplary 

computation result (standard gauge, 50 kgN rail) for the 

measurement ranges ha and hb. 

 FIG. 24 is a diagram illustrating an exemplary 

computation result (narrow gauge, 50 kgN rail) for the 5 

measurement ranges ha and hb. 

 FIG. 25 is a diagram comparing the respective sums of 

the measurement ranges ha and the corresponding measurement 

ranges hb in FIGS. 22 to 24. 

 FIG. 26 is a diagram illustrating values of Hv that 10 

satisfy ha=hb and values of Hv that maximize ha+hb. 

 FIG. 27 is a diagram examining the laser irradiation 

position for measuring the rail web and bottom in terms of 

the number of measurement points. 

 FIG. 28 is a diagram illustrating an exemplary 15 

computation result (standard gauge, 60 kg rail) for optical 

path angles φ1 and φ2. 

 FIG. 29 is a diagram illustrating an exemplary 

computation result (standard gauge, 50 kgN rail) for the 

optical path angles φ1 and φ2. 20 

 FIG. 30 is a diagram illustrating an exemplary 

computation result (narrow gauge, 50 kgN rail) for the 

optical path angles φ1 and φ2. 

 FIG. 31 is a diagram comparing the respective sums of 

the optical path angles φ1 and the corresponding optical 25 

path angles φ2 in FIGS. 28 to 30. 

 FIG. 32 is a diagram illustrating values of Hv that 

satisfy φ1=φ2 and values of Hv that maximize φ1+φ2. 

 FIG. 33 is a diagram illustrating a computation result 

for the laser irradiation positions for enabling the 30 

measurement of two or more points on each of the rail web 

and the rail bottom. 

 FIG. 34 is a diagram illustrating another exemplary 
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configuration of the rail position measurement device 

according to the third embodiment. 

 

Description of Embodiments 

[0013] A rail position measurement device according to 5 

embodiments of the present invention will be described 

below with reference to the accompanying drawings.  The 

present invention is not limited to the following 

embodiments. 

[0014] First Embodiment. 10 

 FIG. 1 is a diagram illustrating an exemplary 

configuration of a measurement vehicle 1 equipped with a 

rail position measurement device according to a first 

embodiment, and the diagram of the measurement vehicle 1 

viewed from a side.  As illustrated in FIG. 1, the 15 

measurement vehicle 1 according to the first embodiment is 

configured such that a top plate 12 held via a support unit 

11 is provided above a vehicle 10, and three GPS receivers 

18 and an inertial sensor 19 are installed on the upper 

part of the top plate 12.  The top plate 12 constitutes a 20 

stand unit (hereinafter referred to as a “base unit” as 

necessary) serving as a reference for the installation 

positions of the GPS receivers 18 and the inertial sensor 

19 and the position of a laser scanner 16, which will be 

described later. 25 

[0015] A side plate 14 for installing the laser scanner 

16 is provided on the rear side of the vehicle 10.  The 

side plate 14 is coupled to the top plate 12 via an 

extension top plate 13 and fixed.  The side plate 14 

constitutes the base unit of the measurement vehicle 1 30 

together with the top plate 12. 

[0016] A slide unit 15 configured to be movable in a 

direction represented by the thick bidirectional arrow in 
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the drawing, i.e., an up-down direction, is provided on the 

side plate 14.  The laser scanner 16 is installed on the 

slide unit 15.  Specifically, a movable mechanism that can 

change the installation position of the laser scanner 16 is 

provided on the slide unit 15, and the laser scanner 16 is 5 

configured such that the installation position can be 

changed in the up-down direction by the slide unit 15.  The 

movable mechanism provided on the slide unit 15 may be 

constructed using any realization means or realization 

method regardless of variations in the means and the method. 10 

[0017] In addition to the above-mentioned configuration, 

the vehicle 10 is equipped with a data processing unit 20 

including a data storage unit 30 and an odometer 22. 

[0018] Next, a function of each component of the rail 

position measurement device will be described.  As used 15 

herein, a rail position means a position on a three-

dimensional coordinate system by which a position of a rail 

in a three-dimensional space can be obtained.  However, 

information for obtaining the position of the rail on the 

three-dimensional coordinate system also includes position 20 

information on a two-dimensional coordinate system for 

obtaining a cross-sectional shape of the rail. 

[0019] The GPS receiver 18, the inertial sensor 19, the 

odometer 22, and a velocity detection device 21 are 

examples of positioning sensors. 25 

[0020] The GPS receiver 18 receives a positioning signal 

from a GPS satellite that is a positioning satellite.  The 

GPS receiver 18 stores, in the data storage unit 30 of the 

data processing unit 20, a navigation message set in the 

positioning signal and information on the carrier wave 30 

phase of the positioning signal as GPS data every receipt 

time or measurement time.  The GPS data is an example of 

positioning information.  The three GPS receivers 18 are 
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installed on the top plate 12 so as to be triangularly 

arranged, and they calculate the three-dimensional position 

and posture (direction and slope) of the top plate 12.  The 

GPS receiver 18 may be a receiver that receives a 

positioning signal from another satellite in different 5 

global navigation satellite systems (GNSS). 

[0021] The inertial sensor 19 measures a minute change 

in the angular velocity of the three-dimensional posture 

angle of the measurement vehicle 1 while the measurement 

vehicle 1 is stationary or is running.  The inertial sensor 10 

19 then stores the measurement data in the data storage 

unit 30 every measurement time. 

[0022] The odometer 22 counts the number of rotations of 

a wheel 17 to measure a minute change amount of running 

velocity of the measurement vehicle 1.  The odometer 22 15 

then stores the measurement data in the data storage unit 

30 every measurement time. 

[0023] The velocity detection device 21 is a device that 

detects the running velocity of the measurement vehicle 1.  

In a case where the measurement vehicle 1 is placed on a 20 

truck to perform the measurement, as in an embodiment which 

will be described later, the running velocity cannot be 

measured by the odometer 22.  Therefore, in a case where 

the odometer 22 cannot be used, the velocity detection 

device 21 is used to detect the running velocity of the 25 

measurement vehicle 1, and it stores the detected data in 

the data storage unit 30 every detection time. 

[0024] The laser scanner 16 is a sensor for measuring 

the three-dimensional position of a measurement object, 

i.e., a rail.  As represented by the thin arrow in the 30 

drawing, the laser scanner 16 can scan a plane orthogonal 

to the travelling direction.  Alternatively, an irradiation 

direction can be set such that the laser scanner 16 scans a 
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plane inclined at an arbitrary angle within a preset angle 

range in the travelling direction from the plane orthogonal 

to the travelling direction.  While the measurement vehicle 

1 is running, the laser scanner 16 radiates laser light and 

receives the laser light reflected from the measurement 5 

object, i.e., the rail.  The laser scanner 16 then measures, 

as a distance orientation point, the distance and 

orientation from the laser scanner 16 to each irradiation 

point irradiated with the laser light on the basis of a 

period of time from the irradiation to the reception of the 10 

laser light and on the basis of the irradiation direction 

of the laser light.  In other words, the distance 

orientation point represents the distance and orientation 

from the measurement vehicle 1 to the measurement object.  

The laser scanner 16 stores a group of distance orientation 15 

points including a plurality of measured distance 

orientation points in the data storage unit 30 every 

measurement time or acquisition time. 

[0025] FIG. 2 is a diagram illustrating an exemplary 

case where measurement of a rail on which a railroad 20 

vehicle is running is performed using the measurement 

vehicle 1 according to the first embodiment illustrated in 

FIG. 1.  In a case where the shape of a rail 3 is measured 

using the measurement vehicle 1 according to the first 

embodiment, the measurement vehicle 1 is installed on a 25 

road-rail truck 2 as illustrated in FIG. 2, whereby the 

measurement can be performed.  The road-rail truck 2 

includes wheels 4 so as to be able to run on a road.  In a 

case where the road-rail truck 2 runs on the rails 3, the 

ground contact area of iron wheels 5 is set lower than the 30 

ground contact area of the wheels 4, whereby the road-rail 

truck 2 can run on the rails 3.  In a case where the 

measurement vehicle 1 is installed on the road-rail truck 2, 
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the installation position of the laser scanner 16 is 

elevated.  However, because the measurement vehicle 1 of 

the first embodiment includes the slide unit 15, the 

installation position of the laser scanner 16 with 

reference to a rail plane can be changed by the slide unit 5 

15. 

[0026] FIG. 3 is a diagram illustrating another 

exemplary configuration of the measurement vehicle 1 

according to the first embodiment illustrated in FIG. 1.  

In the example illustrated in FIG. 1, the slide unit 15 has 10 

the function of changing the installation position of the 

laser scanner 16 in the up-down direction.  In the example 

illustrated in FIG. 3, however, a base position adjustment 

device 24 provided between the vehicle 10 and the top plate 

12 has this function.  The base position adjustment device 15 

24 expands and contracts in the up-down direction, whereby 

the top plate 12 can be moved in the up-down direction.  

Therefore, the side plate 14 coupled to the top plate 12 

via the extension top plate 13 can be moved in the up-down 

direction, and the installation position of the laser 20 

scanner 16 can be changed. 

[0027] The configuration in FIG. 3 achieves such an 

effect that the support unit 11 and the slide unit 15 can 

be omitted.  Owing to the presence of the base position 

adjustment device 24, a relative positional relation 25 

between the installation position of the laser scanner 16 

and the positioning sensors for measuring the position and 

the posture of the measurement vehicle 1, i.e., the GPS 

receiver 18 and the inertial sensor 19, does not change 

even when the installation position of the laser scanner 16 30 

is changed.  Therefore, the base position adjustment device 

24 achieves such an effect that any effect of the change of 

the installation position of the laser scanner 16 on 



Docket No. PMAA-16142-PCT 

12 

 

measurement accuracy can be reduced. 

[0028] FIG. 4 is a diagram illustrating an exemplary 

configuration in which the measurement vehicle 1 

illustrated in FIG. 3 is installed on the road-rail truck 2.  

The configuration illustrated in FIG. 4 enables the 5 

measurement of the shape of the rail 3. 

[0029] FIG. 5 is a diagram illustrating an exemplary 

configuration in which the rail position measurement device 

according to the first embodiment is installed on a 

railroad vehicle 7.  According to the configuration in FIG. 10 

5, the installation position changing function for the 

laser scanner 16 can be realized by the slide unit 15 in 

the same way as with the measurement vehicle 1 illustrated 

in FIG. 1. 

[0030] FIG. 6 is a diagram illustrating another 15 

exemplary configuration in which the rail position 

measurement device according to the first embodiment is 

installed on the railroad vehicle 7.  According to the 

configuration in FIG. 6, the installation position changing 

function for the laser scanner 16 can be realized by the 20 

base position adjustment device 24 in the same way as with 

the measurement vehicle 1 illustrated in FIG. 3. 

[0031] Next, a function of a principal component of the 

rail position measurement device according to the first 

embodiment will be described.  FIG. 7 is a block diagram 25 

illustrating a functional configuration of the rail 

position measurement device according to the first 

embodiment to which an automatic position adjustment 

function for the laser scanner 16 is added.  As illustrated 

in FIG. 7, the automatic position adjustment function 30 

according to the first embodiment can be realized by the 

base unit 40 and a calculation unit 32 provided in the data 

processing unit 20. 
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[0032] The function of the base unit 40 can be divided 

into three functions: a position posture measurement device 

42; the laser scanner 16; and a laser position adjustment 

device 44, as illustrated in FIG. 7.  In FIG. 7, the 

position posture measurement device 42 is the function for 5 

obtaining the three-dimensional position and posture angle 

of the measurement vehicle 1, and it can be realized by 

using the GPS receiver 18 and the inertial sensor 19 

exemplified in FIG. 1.  The laser position adjustment 

device 44 only needs to be able to change the position of 10 

the laser scanner 16 in the up-down direction with respect 

to the space, and it can be realized by the slide unit 15 

illustrated in FIG. 1. 

[0033] The function of the calculation unit 32 can be 

divided into a position calculation unit 321; a track 15 

detection unit 322; a derailment prevention guard detection 

unit 323; and a laser position computation unit 324.  The 

measurement result obtained by the laser scanner 16 is 

input to the data storage unit 30 and also input to the 

position calculation unit 321, the track detection unit 322, 20 

and the derailment prevention guard detection unit 323. 

[0034] The position calculation unit 321 calculates the 

scanner position with respect to the rail 3 from the 

measurement information obtained by the laser scanner 16.  

In a case where the measurement vehicle 1 is installed on 25 

the road-rail truck 2, for example, the measurement vehicle 

1 is not always installed on the same road-rail truck 2.  

Moreover, an installation part of the road-rail truck 2 

might not be level.  The scanner position with respect to 

the rail 3 is, therefore, preferably calculated using the 30 

measurement information obtained by the laser scanner 16. 

[0035] The track detection unit 322 calculates the gauge 

of the rails 3 from the measurement information obtained by 
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the laser scanner 16.  However, if the accuracy of the 

displacement width of the gauge is within such a range that 

the position of the laser scanner 16 is not affected, the 

calculation of the gauge is not required. 

[0036] A derailment prevention guard is sometimes 5 

provided on the rail 3 as illustrated in, for example, FIG. 

9, which will be described later.  The derailment 

prevention guard detection unit 323 detects the presence or 

absence of the derailment prevention guard from the 

measurement information obtained by the laser scanner 16.  10 

Further, some tracks do not have derailment prevention 

guards, and along the same track, some sections have 

derailment prevention guards, and other sections do not 

have derailment prevention guards.  In a case where the 

sections having derailment prevention guards are known in 15 

advance, the derailment prevention guard detection unit 323 

does not need to be provided. 

[0037] The laser position computation unit 324 computes 

a position on the base unit 40 at which the laser scanner 

16 should be arranged and that is suitable for the 20 

measurement of the rail 3 (hereinafter referred to as a 

“scanner position” as necessary) at least on the basis of 

the calculation result from the position calculation unit 

321 and, if necessary, in combination with the calculation 

result from at least one of the track detection unit 322 25 

and the derailment prevention guard detection unit 323.  

The laser position computation unit 324 also computes the 

movement amount or the scanner position of the laser 

scanner 16.  The laser position computation unit 324 then 

transmits the computation result to the laser position 30 

adjustment device 44.  The laser position adjustment device 

44 controls the position of the laser scanner 16 on the 

basis of the transmitted information on the movement amount 
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or the scanner position of the laser scanner 16. 

[0038] FIG. 8 is a block diagram illustrating a 

functional configuration of the rail position measurement 

device according to the first embodiment in which the 

automatic position adjustment for the laser scanner 16 is 5 

realized by the base position adjustment device 24.  In the 

case of a configuration having the base position adjustment 

device 24, the base position adjustment device 24 carries 

out the function of the laser position adjustment device 44.  

As illustrated in the calculation unit 32 in FIG. 8, a base 10 

position computation unit 325 is provided in place of the 

laser position computation unit 324 provided in FIG. 7.  In 

other words, the base position computation unit 325 is a 

component that carries out the function of the laser 

position computation unit 324.  The other components in the 15 

calculation unit 32 are the same as or equivalent to those 

in FIG. 7 and denoted by the same reference signs.  

Overlapping descriptions will be omitted. 

[0039] The base position computation unit 325 computes 

the position of the laser scanner 16 on the base unit 40 at 20 

least on the basis of the calculation result from the 

position calculation unit 321 and, if necessary, in 

combination with the calculation result from at least one 

of the track detection unit 322 and the derailment 

prevention guard detection unit 323.  The base position 25 

computation unit 325 also computes the movement amount or 

the movement position of the top plate 12.  The base 

position computation unit 325 then transmits the 

computation result to the base position adjustment device 

24 as control information.  The base position adjustment 30 

device 24 controls the position of the top plate 12 on the 

basis of the transmitted information on the movement amount 

or the movement position of the top plate 12. 
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[0040] Next, an irradiation position of the laser 

scanner 16 at which the rail position measurement device 

according to the first embodiment measures the position of 

the rail 3 will be examined from a geometric point of view 

with reference to some drawings. 5 

[0041] FIG. 9 is a diagram explaining the effect of a 

derailment prevention guard 9 on the irradiation position 

of the laser scanner 16.  In FIG. 9, the circle mark 

illustrated on the upper portion represents the position of 

the laser scanner 16 (hereinafter referred to as a “laser 10 

light source position”).  The laser light source position 

is located at a point having a height H on a vertical line 

P extending from an intermediate point (hereinafter 

referred to as a “track center”) between one rail 3 and the 

other rail 3.  The height H is the distance between a rail 15 

plane M1 and a laser light source position plane M2.  The 

rail plane M1 is a plane connecting the one rail 3 to the 

other rail 3, and the laser light source position plane M2 

includes the laser light source position Vk and is parallel 

with the rail plane M1. 20 

[0042] As illustrated in the drawing, the derailment 

prevention guard 9 is provided between the one rail 3 and 

the other rail 3.  In this regard, when a side surface of 

the rail is segmented into a head, a web, and a bottom, 

then, in the presence of the derailment prevention guard 9, 25 

the laser irradiation position needs to be adjusted such 

that the laser light reaches the web of the side surface of 

the rail (hereinafter referred to as a “rail web” or simply 

a “web”) and the bottom of the side surface of the rail 

(hereinafter referred to as a “rail bottom” or simply a 30 

“bottom”).  Note that a straight line K1 represents a laser 

optical path for measuring the highest point of the rail 

web, and a straight line K2 represents a laser optical path 
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for measuring the lowest point of the rail bottom.  In 

other words, FIG. 9 means that even when the derailment 

prevention guard 9 is provided, there is still a laser 

irradiation position at which the rail web and the rail 

bottom can be measured. 5 

[0043] As described above, the rail position measurement 

device according to the first embodiment includes the 

movable mechanism that enables the position of the laser 

scanner to be moved in the up-down direction.  Therefore, 

the laser scanner can be moved to a position where the rail 10 

web and the rail bottom can be measured, and the position 

and the shape of the rail can be measured with a high 

degree of accuracy. 

[0044] In addition, the rail position measurement device 

according to the first embodiment is configured to 15 

calculate the position of the laser scanner on the basis of 

the measurement information from the laser scanner, and it 

is configured to be able to adjust the position of the 

laser scanner on the basis of the calculation result.  

Therefore, the position of the laser scanner can be 20 

adjusted while the measurement vehicle is running, and thus 

the measurement of the rail position can be efficiently 

performed. 

[0045] The movable mechanism that enables the laser 

scanner to be moved in the up-down direction may be 25 

configured in such a manner that a slide mechanism in the 

up-down direction is provided on a structure directly 

equipped with the laser scanner. 

[0046] The movable mechanism that enables the laser 

scanner to be moved in the up-down direction may be an 30 

adjustment device connected to a structure equipped with 

the laser scanner and configured to be able to move a 

structure equipped with the positioning sensor in the up-
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down direction. 

[0047] Second Embodiment. 

 Next, a rail position measurement device according to 

a second embodiment will be described.  The rail position 

measurement device according to the first embodiment is 5 

configured such that the automatic position adjustment for 

the laser scanner 16 is performed only in the up-down 

direction along the installation surface of the laser 

scanner 16.  In the rail position measurement device 

according to the second embodiment, however, in addition to 10 

the up-down direction, a movable mechanism in a horizontal 

direction along the installation surface, i.e., a direction 

orthogonal to both the travelling direction and the up-down 

direction, is provided.  The basic configuration of the 

rail position measurement device according to the second 15 

embodiment is equivalent to that illustrated in FIGS. 1 and 

5.  The functions of the rail position measurement device 

according to the second embodiment are equivalent to those 

illustrated in FIG. 7. 

[0048] FIG. 10 is a diagram explaining a laser light 20 

source position that is preferable when the derailment 

prevention guard 9 is provided on only one rail side.  As 

is clear from a comparison between FIGS. 10 and 9, in a 

case where the derailment prevention guard 9 is provided on 

only one rail side, the laser scanner 16 is preferably 25 

arranged on the side with the derailment prevention guard 9.  

In the example in FIG. 10, the laser scanner 16 is arranged 

at a position moved by a distance D from the vertical line 

P on the track center toward the side with the derailment 

prevention guard 9.  In this case, a straight line K4 that 30 

is a laser optical path for measuring the lowest point of 

the rail bottom is less affected by an interruption caused 

by point B that is a corner of the derailment prevention 
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guard 9 than in FIG. 9.  Therefore, the number of 

irradiation points for the rail bottom is increased, 

whereby irradiation density can be enhanced, and the 

measurement can be performed with a higher degree of 

accuracy.  However, if the distance D is increased too much, 5 

the angle of a straight line K3 becomes steeper, assuming 

that the straight line K3 is a laser optical path 

connecting the laser light source position Vk to point A 

that is the lowermost point of a rail head side surface.  

Consequently, the number of irradiation points for the rail 10 

web is reduced, which is not preferable.  This means, when 

viewed from the opposite side, that the laser light source 

position Vk only needs to be determined on the basis of the 

distance between the rail 3 and the derailment prevention 

guard 9, the height of the derailment prevention guard 9, 15 

and the shapes of the head, web, and bottom of the rail 3. 

[0049] Further, it is possible to consider changing the 

position of the single laser scanner to perform the 

measurement multiple times although it is not directly 

associated with the movable mechanism in the horizontal 20 

direction of the rail position measurement device according 

to the second embodiment.  However, because the measurement 

that is performed by the single laser scanner multiple 

times is likely to be affected by an error of the GPS, such 

measurement is not preferable when the GPS receiver is used 25 

as the positioning sensor. 

[0050] In contrast to the measurement that is performed 

by the single laser scanner multiple times, it is possible 

to consider using two laser scanners on different 

installation positions to perform the measurement at a time.  30 

However, because the use of the two laser scanners leads to 

a cost increase, such measurement is not preferable in 

terms of the cost.  In a case where the two laser scanners 
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are used, the effect of an attachment error between the two 

laser scanners might become large.  Therefore, such 

measurement is disadvantageous in that alignment needs to 

be established accurately so that the measurement is not 

affected by the attachment error.  Therefore, it can be 5 

concluded that arranging the single laser scanner at a 

preferable position in the horizontal direction and 

performing the measurement once by means of the single 

laser scanner is a more preferable embodiment, as in the 

second embodiment. 10 

[0051] As described above, the rail position measurement 

device according to the second embodiment includes the 

movable mechanism that enables the laser scanner to be 

moved in the up-down direction and the direction orthogonal 

to both the up-down direction and the travelling direction.  15 

Therefore, for example, even when the derailment prevention 

guard is provided on one side, the irradiation density for 

the rail bottom and the rail web can be favorably 

distributed between the rail on the side where the 

derailment prevention guard is provided and the rail on the 20 

side where the derailment prevention guard is not provided.  

Thus, the position of the rail can be effectively measured 

with a high degree of accuracy. 

[0052] Third Embodiment. 

 Next, a rail position measurement device according to 25 

a third embodiment will be described.  FIG. 11 is a block 

diagram illustrating an exemplary functional configuration 

of the rail position measurement device according to the 

third embodiment.  The configuration illustrated in FIG. 11 

corresponds to the functional blocks illustrated in FIG. 7.  30 

The basic configuration of the rail position measurement 

device having the functions illustrated in FIG. 11 is 

equivalent to that illustrated in FIGS. 1 and 5. 
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[0053] Differences between the functional configuration 

illustrated in FIG. 11 and that in FIG. 7 are in the 

configuration of the data processing unit 20 and the flow 

of the data exchange between a base unit 40 and the data 

processing unit 20.  In FIG. 11, instead of the 5 

configuration having the position calculation unit 321, the 

track detection unit 322, and the derailment prevention 

guard detection unit 323, a position information processing 

unit 327 is provided in the calculation unit 32.  In the 

data processing unit 20, a track database 326 that holds 10 

track data is provided.  The configuration of the base unit 

40 is the same as or equivalent to that in FIG. 7, and it 

is denoted using the same reference signs.  Overlapping 

descriptions will be omitted. 

[0054] The track database 326 stores the track data 15 

including gauge information for a position along the track 

and information on the presence or absence of a derailment 

prevention guard along a running track.  The position 

information processing unit 327 calculates a current 

position scanned by the laser scanner 16 on the basis of 20 

the measurement information on the position posture 

measurement device 42, and it outputs the calculation 

result to the laser position computation unit 324.  The 

laser position computation unit 324 refers to the track 

database 326 to obtain gauge information and information on 25 

the presence or absence of a derailment prevention guard at 

the current measurement position.  The laser position 

computation unit 324 then calculates a preferable 

arrangement position of the laser scanner 16 for measuring 

the rail 3, and it outputs the information on the 30 

calculated arrangement position to the laser position 

adjustment device 44.  The laser position adjustment device 

44 controls the movement of the laser scanner 16 such that 



Docket No. PMAA-16142-PCT 

22 

 

the laser scanner 16 is arranged at the calculated 

preferable arrangement position.  In relation to the 

preferable arrangement position, only the movement in the 

up-down direction is considered in the rail position 

measurement device of the first embodiment.  Needless to 5 

say, however, the movement in the horizontal direction as 

well as the up-down direction is considered by the rail 

position measurement device of the third embodiment. 

[0055] FIG. 12 is a block diagram illustrating another 

exemplary functional configuration of the rail position 10 

measurement device according to the third embodiment.  The 

configuration illustrated in FIG. 12 corresponds to the 

functional blocks illustrated in FIG. 8.  The difference 

between the configuration of the data processing unit 20 

illustrated in FIG. 12 and that in FIG. 11 is that the 15 

laser position computation unit 324 of the calculation unit 

32 is replaced by the base position computation unit 325.  

The base position computation unit 325 refers to the track 

database 326 in order to obtain gauge information and 

information on the presence or absence of a derailment 20 

prevention guard at the current measurement position.  The 

base position computation unit 325 then calculates a 

preferable arrangement position for the laser scanner 16 

for measuring the rail 3, and it calculates base position 

information for moving the laser scanner 16 to the 25 

calculated preferable arrangement position.  The base 

position computation unit 325 then outputs the base 

position information to the base position adjustment device 

24.  The base position adjustment device 24 controls the 

movement of the top plate 12 such that the laser scanner 16 30 

is arranged at the preferable arrangement position. 

[0056] As described above, the rail position measurement 

device according to the third embodiment is configured to 
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calculate a preferable arrangement position for the laser 

scanner on the basis of the track data including gauge 

information for a position along the track and information 

on the presence or absence of a derailment prevention guard.  

Therefore, the laser scanner can be moved to a position 5 

where the rail web and the rail bottom can be measured, and 

thus the position and the shape of the rail can be measured 

with a high degree of accuracy. 

[0057] In addition, the rail position measurement device 

according to the third embodiment is configured to utilize 10 

track data.  Therefore, the configuration of the 

calculation unit can be made more compact than that of the 

first embodiment or the second embodiment, and the 

processing speed of the calculation unit is increased.  As 

a result, it is possible to obtain such an effect that an 15 

effect on the measurement accuracy can be reduced. 

[0058] The configurations illustrated in the above-

mentioned first to third embodiments are examples of the 

configuration of the present invention.  It is obvious that 

the configurations can be combined with other publicly 20 

known technologies and the configurations can be changed, 

for example, by omitting parts thereof and combining parts 

thereof without departing from the scope of the present 

invention. 

[0059] From this paragraph, the laser irradiation 25 

position in the presence of the derailment prevention guard 

9 will be further examined geometrically.  FIG. 13 is a 

diagram examining the laser irradiation positions in the 

presence of the derailment prevention guard 9.  In FIG. 13, 

components which are the same as or equivalent to those in 30 

FIG. 10 are denoted by the same reference signs. 

[0060] In FIG. 13, point A is the lowermost point of a 

rail head side surface, point B is a rail side upper corner 
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point of the derailment prevention guard 9, and point C is 

the uppermost point of a rail bottom side surface.  In this 

regard, point Vh located on an extension of a straight line 

K5 represents a laser irradiation position having a height 

Hh and located on a laser optical path for enabling the 5 

measurement of the uppermost point C of the rail bottom 

side surface.  Point Vl located on an extension of a 

straight line K6 represents a laser irradiation position 

having a height Hl and located on a laser optical path for 

enabling the measurement of the uppermost point C of the 10 

rail bottom side surface.  Therefore, the height H of the 

point Vh of the laser irradiation position being equal to 

or greater than Hh means that the rail web cannot be 

measured, and the height H of the point Vl of the laser 

irradiation position being equal to or less than Hl means 15 

that the rail bottom cannot be measured. 

[0061] Once the point Vh of the laser irradiation 

position and the point Vl of the laser irradiation position 

mentioned above are obtained, and when measurement points 

are obtained for a contour L1 of the rail web and a contour 20 

L2 of the rail bottom within almost the same length range, 

accurate position alignment can be performed in both a 

height direction and a width direction of the cross section 

of the rail, and the measurement accuracy can be improved. 

[0062] Over the entire length of the contour L1 of the 25 

rail web, if 50% or more of the measurement points are 

obtained from the uppermost point C of the rail bottom side 

surface, the contour L1 of the rail web can be estimated.  

If 70% or more of the measurement points are obtained from 

the uppermost point C of the rail bottom side surface, the 30 

contour L1 of the rail web can be estimated with a high 

degree of accuracy.  With regard to the contour L1 of the 

rail web, a thick line part in the drawing which is 
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regarded as a straight line part can be the entire length 

of the contour L1 of the rail web. 

[0063] Over the entire length of the contour L2 of the 

rail bottom, if 50% or more of the measurement points are 

obtained from the uppermost point C of the rail bottom side 5 

surface, the contour L2 of the rail bottom can be estimated.  

If 70% or more of the measurement points are obtained from 

the uppermost point C of the rail bottom side surface, the 

contour L2 of the rail bottom can be estimated with a high 

degree of accuracy.  With regard to the contour L2 of the 10 

rail bottom, in the same way as the rail web, a thick line 

part in the drawing that is regarded as a straight line 

part can be the entire length of the contour L2 of the rail 

bottom. 

[0064] FIG. 14 is a diagram examining in further detail 15 

the laser irradiation position Vh illustrated in FIG. 13.  

In FIG. 14, the point Vh located on an extension of a 

straight line K7 means a laser irradiation position located 

on the vertical line P on the track center represented by a 

dashed-dotted line and located at the highest position on a 20 

laser optical path for enabling the measurement of the 

uppermost point C of the rail bottom side surface.  In this 

regard, the distance in a rail width direction between the 

uppermost point C of the rail bottom side surface and the 

lowermost point A of the rail head side surface is denoted 25 

by d.  The distance in a vertical direction between the 

lowermost point A of the rail head side surface and the 

rail plane M1 is denoted by a.  The distance in the 

vertical direction between the uppermost point C of the 

rail bottom side surface and the rail plane M1 is denoted 30 

by c.  The distance between the rails (hereinafter referred 

to as a “gauge distance”) is denoted by G.  The height of 

the laser irradiation position is denoted by Hh.  In this 
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case, the height Hh of the laser irradiation position can 

be represented by the following formula using these d, a, c, 

G, and Hh. 

[0065] Hh={(c-a)·(G/2)/d}-a  ...(1) 

[0066] FIG. 15 is a diagram examining in further detail 5 

the laser irradiation position Vl illustrated in FIG. 13.  

In FIG. 15, components that are the same as or equivalent 

to those in FIGS. 13 and 14 are denoted by the same 

reference signs.  In FIG. 15, the point Vl located on an 

extension of a straight line K8 means a laser irradiation 10 

position located on the vertical line P on the track center 

and located at the lowest position on a laser optical path 

for enabling the measurement of the uppermost point C of 

the rail bottom side surface.  In this regard, a plane 

passing through the rail side upper corner point B of the 15 

derailment prevention guard 9 and in parallel with the rail 

plane M1 is called a derailment prevention guard plane M3.  

The distance between the rail plane M1 and the derailment 

prevention guard plane M3 is denoted by b, and the distance 

between the lowermost point A of the rail head side surface 20 

and the rail side upper corner point B is denoted by e.  

Then, the height Hl of the laser irradiation position Vl 

can be represented by the following formula using d, c, and 

G defined in FIG. 14 as well as b and e defined here. 

[0067] Hl={(b+c)·(G/2-e)/(d+e)}+b ...(2) 25 

[0068] FIG. 16 is a diagram illustrating a relation 

between a measurement range of the rail web and a range of 

the height of the laser irradiation position.  In FIG. 16, 

components that are the same as or equivalent to those 

illustrated in any of FIGS. 13 to 15 are denoted by the 30 

same reference signs.  In FIG. 16, point Ra is a point 

located at a height ha from the uppermost point C of the 

rail bottom side surface when the measurement range of the 
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rail web is ha.  Point V is located on an extension of a 

straight line K9 connecting the point Ra to the lowermost 

point A of the rail head side surface and located at a 

height Hv on the vertical line P on the track center.  The 

point V means a laser irradiation position at which the 5 

measurement range is ha.  Then, the measurement range ha in 

the rail web can be represented by the following formula 

using d, G, and Hh defined in any of FIGS. 13 to 15 as well 

as the height Hv of the laser irradiation position V 

defined here. 10 

[0069] ha=(Hh-Hv)·d/(G/2) ...(3) 

[0070] FIG. 17 is a diagram illustrating a relation 

between a measurement range of the rail bottom and a range 

of the height of the laser irradiation position.  In FIG. 

17, components that are the same as or equivalent to those 15 

illustrated in any of FIGS. 13 to 15 are denoted by the 

same reference signs.  In FIG. 17, point Rb is a point 

located at a distance hb from the uppermost point C of the 

rail bottom side surface when the measurement range of the 

rail bottom is hb.  Point V is located on an extension of a 20 

straight line K10 connecting the point Rb to the rail side 

upper corner point B of the derailment prevention guard 9 

and located at a height Hv on the vertical line P on the 

track center.  The point V means a laser irradiation 

position at which the measurement range is hb.  In this 25 

regard, the distance between a contour L3 of the rail 

bottom and a straight line L4 passing through the rail side 

upper corner point B and in parallel with the contour L3 is 

denoted by f.  The smaller one of the angles between the 

straight line K8 and the straight line K10 is denoted by θ.  30 

In this case, the measurement range hb in the rail bottom 

can be represented by the following formula using b, G, and 

Hl defined in any of FIGS. 13 to 17 as well as the height 
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Hv of the laser irradiation position V defined here. 

[0071] hb≈fθ 

θ=tan
-1
{(Hv-b)/(G/2-e)}-tan

-1
{(Hl-b)/(G/2-e)} ...(4) 

[0072] FIG. 18 is a diagram illustrating exemplary 

values of the variables a, c, and d for major rails.  In 5 

FIG. 18, the major rails are a 60 kg rail for a bullet 

train and a 50 kgN rail for a conventional line.  An 

arbitrary numerical value included in a standard value of 

the cross section of the rail is set for each of the 

numerical values illustrated in FIG. 18.  Needless to say, 10 

the present invention is not limited to these numerical 

values.  The same applies to the following exemplary 

numerical values. 

[0073] FIG. 19 is a diagram illustrating exemplary 

values of the variables b and e for the derailment 15 

prevention guard.  FIG. 20 is a diagram illustrating the 

shape of the cross section of the rail that is used as a 

basis for the computation results illustrated in FIGS. 22 

to 26.  FIG. 21 is a diagram illustrating exemplary values 

of the variable f associated with the values of the 20 

variables in FIGS. 18 and 19.  As illustrated in FIG. 20 as 

well, the following computation is performed on the 

assumption that the distance measured from a center line P1 

of the cross section of the rail to the lowermost point A 

of the rail head side surface is 32.5 mm, and the slope of 25 

the rail bottom contour L3 is 1 : 4 for the 60 kg rail and 

1 : 1.275 for the 50 kgN rail. 

[0074] FIGS. 22 to 25 are diagrams (graphs) illustrating 

computation results of computing ha, hb, and Hv with the 

use of the respective exemplary numerical values 30 

illustrated in FIGS. 18 to 21.  The measurement ranges ha 

and hb (refer to FIGS. 16 and 17) for the 60 kg rail with a 

standard gauge are illustrated in FIG. 22.  The measurement 
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ranges ha and hb for the 50 kgN rail with the standard 

gauge are illustrated in FIG. 23.  The measurement ranges 

ha and hb for the 50 kgN rail with a narrow gauge are 

illustrated in FIG. 24.  Among them, in each of FIGS. 22 to 

24, a horizontal axis represents the laser irradiation 5 

position Hv, and a vertical axis represents the measurement 

ranges ha (thick solid line) and hb (thin solid line).  In 

FIG. 25, the respective sums of the measurement ranges ha 

and the corresponding measurement ranges hb in FIGS. 22 to 

24 are illustrated in comparison with one another. 10 

[0075] As illustrated in each of FIGS. 22 to 24, there 

is a contradicting relation between the measurement range 

ha and the measurement range hb.  In other words, if one 

increases, the other decreases, and if one decreases, the 

other increases.  Therefore, a value of Hv that satisfies 15 

ha=hb exists between the measurement range ha and the 

measurement range hb, and as illustrated in FIG. 25, a 

value of Hv that maximizes their sum (=ha+hb) also exists.  

FIG. 26 is a diagram illustrating these values in the form 

of a table, in which (1) has the values of the height Hv 20 

that satisfy ha=hb, and (2) has the values of the height Hv 

that maximize ha+hb. 

[0076] Both (1) and (2) mentioned above are examples 

that provide the appropriate laser irradiation positions, 

and both of them have advantages. 25 

[0077] In a case where the example (1), namely, the 

value of Hv that satisfies ha=hb, is selected, the 

measurement points can be obtained, over almost the same 

length, for the contour in the horizontal direction of the 

rail bottom of the cross section of the rail and the 30 

contour in the up-down direction of the rail web of the 

cross section of the rail.  Therefore, the example (1) is 

effective in the position alignment of the rail in the up-
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down direction (vertical direction) and a left-right 

direction (horizontal direction).  For example, by means of 

only a contour part in the up-down direction of the rail 

web, vertically successive measurement points are obtained.  

In this case, the position in the left-right direction is 5 

clearly defined, but the position in the up-down direction 

might not be defined.  In contrast, by means of only a 

ridge line part in the horizontal direction of the rail 

bottom, horizontally successive measurement points are 

obtained.  In this case, the position in the up-down 10 

direction is clearly defined, but the position in the left-

right direction might not be defined.  Moreover, when only 

one side is short, the measurement points are reduced and 

likely to be exposed to the effect of noise.  As is obvious 

from the above, when the value of Hv that satisfies ha=hb 15 

is selected, it is possible to obtain such an effect that a 

balance between a lateral direction and a longitudinal 

direction is improved, the position alignment is 

facilitated, and resistance to noise is strong. 

[0078] In a case where the example (2), namely, the 20 

value of Hv that maximizes ha+hb, is selected, it means 

that more measurement points can be obtained.  The more 

measurement points there are, the more facilitated the 

position alignment is and the stronger the resistance to 

noise becomes.  Therefore, it is possible to obtain such an 25 

effect that the measurement accuracy is improved. 

[0079] FIG. 27 is a diagram examining the laser 

irradiation position for measuring the rail web and bottom 

in terms of the number of measurement points.  In FIG. 27, 

components that are the same as or equivalent to those 30 

illustrated in any of FIGS. 13 to 17 are denoted by the 

same reference signs.  In FIG. 27, point Rc is a point at 

which a straight line K11 connecting the laser irradiation 
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position V to the lowermost point A of the rail head side 

surface intersects the web of the rail 3.  Point Rd is a 

point at which a straight line K12 connecting the laser 

irradiation position V to the rail side upper corner point 

B intersects the bottom of the rail 3.  In this regard, 5 

assuming that a straight line connecting the laser 

irradiation position V to the uppermost point C of the rail 

bottom side surface is K13, an angle between the straight 

line K13 and the straight line K11 (hereinafter referred to 

as an “optical path angle”) is φ1, and an angle between the 10 

straight line K13 and the straight line K12 is φ2, then 

these optical path angles φ1 and φ2 can be represented by 

the following formulas. 

[0080] φ1= tan
-1
{(G/2)/(Hv+a)}-tan

-1
{(G/2+d)/(Hv+c)} ...(5) 

[0081] φ2=tan
-1
{(G/2+d)/(Hv+a)}-tan

-1
{(G/2-e)/(Hv-c)} ...(6) 15 

[0082] Because the laser light is radiated from the 

laser scanner at given angle intervals, measurement points 

proportional to the optical path angles can be obtained. 

[0083] FIGS. 28 to 31 are diagrams (graphs) illustrating 

computation results from computing the optical path angles 20 

φ1 and φ2 and Hv with the use of the respective exemplary 

numerical values illustrated in FIGS. 18 to 21.  The 

optical path angles φ1 and φ2 (refer to FIG. 27) for the 60 

kg rail with the standard gauge are illustrated in FIG. 28.  

The optical path angles φ1 and φ2 for the 50 kgN rail with 25 

the standard gauge are illustrated in FIG. 29.  The optical 

path angles φ1 and φ2 for the 50 kgN rail with the narrow 

gauge are illustrated in FIG. 30.  Among them, in each of 

FIGS. 28 to 30, a horizontal axis represents the laser 

irradiation position Hv, and a vertical axis represents φ1 30 

(thick solid line) and φ2 (thin solid line).  In FIG. 31, 

the respective sums of the optical path angles φ1 and the 

corresponding optical path angle φ2 in FIGS. 28 to 30 are 
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illustrated in comparison with one another. 

[0084] As illustrated in each of FIGS. 28 to 30, there 

is a contradicting relation between the optical path angle 

φ1 and the optical path angle φ2.  In other words, if one 

increases, the other decreases, and if one decreases, the 5 

other increases.  Therefore, a value of Hv that satisfies 

φ1=φ2 exists between the optical path angle φ1 and the 

optical path angle φ2 and, as illustrated in FIG. 31, a 

value of Hv that maximizes their sum (=φ1+φ2) also exists.  

FIG. 32 is a diagram illustrating these values in the form 10 

of a table, in which (3) has the values of the height Hv 

that satisfy φ1=φ2, and (4) has the values of the height Hv 

that maximize φ1+φ2. 

[0085] Both (3) and (4) mentioned above are examples 

that provide the appropriate laser irradiation positions 15 

and have the following advantages in the same way as the 

measurement ranges ha and hb illustrated in FIGS. 22 to 25. 

[0086] In a case where the example (3), namely, the 

value of Hv that satisfies φ1=φ2, is selected, an angle for 

scanning the rail web side is equal to an angle for 20 

scanning the rail bottom side, assuming that the uppermost 

point C of the rail bottom side surface is a reference, 

whereby similar measurement points can be obtained for the 

rail web and the rail bottom.  Therefore, the example (3) 

is effective in the position alignment of the rail in the 25 

up-down direction (vertical direction) and the left-right 

direction (horizontal direction), and it can obtain such an 

effect that the balance between the lateral direction and 

the longitudinal direction is improved, the position 

alignment is facilitated, and the resistance to the noise 30 

is strong. 

[0087] In a case where the example (4), namely, the 

value of Hv that maximizes φ1+φ2, is selected, the angles 
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for scanning the rail web and the rail bottom are maximized, 

whereby more measurement points can be obtained.  Therefore, 

it is possible to obtain such an effect that the noise 

tolerance increases and the measurement accuracy is 

improved owing to the large number of measurement points. 5 

[0088] FIG. 33 is a diagram illustrating a computation 

result for the laser irradiation positions for enabling the 

measurement of two or more points on each of the rail web 

and the rail bottom.  In order to obtain two or more 

measurement points on both the rail web and the rail bottom, 10 

each of the optical path angles φ1 and φ2 needs to be set 

at 0.144° or greater.  Therefore, assuming that a laser 

scanner that measures, for example, 5000 points by making 

one round of 360° is used for, for example, the rails 

having the respective exemplary numerical values 15 

illustrated in FIGS. 18 to 21, then, as illustrated in FIG. 

33, the laser irradiation position for the 60 kg rail with 

the standard gauge only needs to be set within a range of 

1006 mm to 2339 mm, the laser irradiation position for the 

50 kgN rail with the standard gauge only needs to be set 20 

within a range of 873 mm to 1955 mm, and the laser 

irradiation position for the 50 kgN rail with the narrow 

gauge only needs to be set within a range of 619 mm to 1509 

mm. 

[0089] FIG. 34 is a diagram illustrating another 25 

exemplary configuration of the rail position measurement 

device according to the third embodiment.  The rail 

position measurement device illustrated in FIG. 34 is 

configured in such a manner that the laser position 

adjustment device 44 in the configuration in FIG. 7 30 

includes an input display unit 50 and a storage unit 52.  

Components which are the same as or equivalent to those in 

FIG. 7 are denoted by the same reference signs, and 
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overlapping descriptions will be omitted. 

[0090] In FIG. 34, the storage unit 52 provided in the 

laser position adjustment device 44 stores information on 

the scanner position suitable for the measurement of the 

rail 3 and information on the movement amount of the laser 5 

scanner 16 calculated by the laser position computation 

unit 324.  As described above, among the running tracks, 

some tracks have derailment prevention guards and others do 

not.  There is also a track including both sections having 

derailment prevention guards and sections not having 10 

derailment prevention guards.  Furthermore, as exemplified 

in FIGS. 18 to 21, there are various kinds of rails and 

various rail widths.  Therefore, the presence or absence of 

the derailment prevention guard and the various rail widths 

and rails are set as parameters, and information on a more 15 

preferable scanner position is calculated for each 

parameter and stored in the storage unit 52. 

[0091] It is possible to pre-acquire the data for 

storage in the storage unit 52 by running the measurement 

vehicle 1 in advance.  The data is stored in the storage 20 

unit 52 in advance, and thus the data in the storage unit 

52 can be called.  The call for the data in the storage 

unit 52 can be performed using the input display unit 50.  

Therefore, if the information on the scanner position is 

stored in the storage unit 52, the calculation unit 32 does 25 

not need to be operated when the automatic position 

adjustment function for the laser scanner 16 is performed.  

In other words, if the information on the scanner position 

is stored in the storage unit 52, it is possible not to 

install the calculation unit 32 in the measurement vehicle 30 

1. 

[0092] In the configuration in FIG. 34 that is 

equivalent to FIG. 7, the movable mechanism that can change 
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the installation position of the laser scanner 16 is 

provided on the slide unit 15 provided in the laser 

position adjustment device 44.  However, the configuration 

is not limited to this example, and it is possible not to 

provide the movable mechanism.  Because the input display 5 

unit 50 is provided in the configuration in FIG. 34, an 

operator may manually change the position of the laser 

scanner 16 by looking at the information displayed on the 

input display unit 50 when the storage data in the storage 

unit 52 can be called via the input display unit 50.  In 10 

this case, a scale is preferably indicated on the slide 

unit 15 so that the position of the laser scanner 16 is 

obtained. 

[0093] In FIG. 34, the example in which the 

configuration including the input display unit 50 and the 15 

storage unit 52 is applied to the configuration in FIG. 7 

is illustrated.  The input display unit 50 and the storage 

unit 52 may be provided in the laser position adjustment 

device 44 in FIG. 11 as an alternative.  The provision of 

the input display unit 50 and the storage unit 52 is not 20 

limited to the laser position adjustment device 44, and the 

input display unit 50 and the storage unit 52 may be 

provided in the base position adjustment device 24 in FIGS. 

8 and 12. 

 25 

Reference Signs List 

[0094] 1  measurement vehicle, 2  road-rail truck, 3  

rail, 4  wheel, 5  iron wheel, 7  railroad vehicle, 9  

derailment prevention guard, 10  vehicle, 11  support unit, 

12  top plate, 13  extension top plate, 14  side plate, 15  30 

slide unit, 16  laser scanner, 17  wheel, 18  GPS receiver, 

19  inertial sensor, 20  data processing unit, 21  velocity 

detection device, 22  odometer, 24  base position 
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adjustment device, 30  data storage unit, 32  calculation 

unit, 40  base unit, 42  position posture measurement 

device, 44  laser position adjustment device, 50  input 

display unit, 52  storage unit, 321  position calculation 

unit, 322  track detection unit, 323  derailment prevention 5 

guard detection unit, 324  laser position computation unit, 

325  base position computation unit, 326  track database, 

327  position information processing unit 
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CLAIMS 

1. A rail position measurement device that measures a 

three-dimensional position of a rail using a measurement 

vehicle, the rail position measurement device comprising: 

 a position posture measurement device installed on the 5 

measurement vehicle to measure a position and a posture of 

the measurement vehicle; 

 a laser scanner that is a sensor installed on the 

measurement vehicle so as to be capable of irradiating at 

least a web and a bottom of a side surface of the rail with 10 

laser light and used for measuring the three-dimensional 

position of the rail; and 

 a laser position adjustment device installed on the 

measurement vehicle and capable of moving a position of the 

laser scanner in an up-down direction. 15 

 

2. The rail position measurement device according to claim 

1, comprising a calculation unit installed on the 

measurement vehicle to calculate, on a basis of measurement 

information on any of the laser scanner and the position 20 

posture measurement device, a position of the laser scanner 

that enables at least the web and the bottom of the side 

surface of the rail to be irradiated with the laser light, 

wherein 

 the laser position adjustment device controls the 25 

position of the laser scanner on a basis of information 

from the calculation unit. 

 

3. The rail position measurement device according to claim 

1 or 2, wherein the laser scanner is installed on the laser 30 

position adjustment device. 
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4. The rail position measurement device according to any 

one of claims 1 to 3, wherein the laser position adjustment 

device includes, in addition to a movable mechanism in the 

up-down direction, a movable mechanism in a horizontal 

direction orthogonal to both the up-down direction and a 5 

travelling direction of the measurement vehicle. 

 

5.  The rail position measurement device according to any 

one of claim 1 or 2, comprising a base unit equipped with 

the position posture measurement device and the laser 10 

scanner, wherein 

 the laser position adjustment device is an adjustment 

device configured to be capable of moving a position of the 

base unit in the up-down direction. 

 15 

6. The rail position measurement device according to any 

one of claims 2 to 5, wherein the calculation unit 

calculates the position of the laser scanner on a basis of 

presence or absence of a derailment prevention guard. 

 20 

7.  The rail position measurement device according to any 

one of claims 2 to 5, wherein 

 the calculation unit further includes a derailment 

prevention guard detection unit to detect presence or 

absence of a derailment prevention guard from the 25 

measurement information obtained by the laser scanner, and 

 the calculation unit calculates the position of the 

laser scanner on a basis of a detection result from the 

derailment prevention guard detection unit. 

 30 

8. The rail position measurement device according to any 

one of claims 2 to 5, comprising a track database to store 

track data including gauge information at a track position 
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and information on presence or absence of a derailment 

prevention guard along a running track, wherein 

 the calculation unit calculates the position of the 

laser scanner on a basis of the track data and the 

measurement information obtained by the position posture 5 

measurement device. 

 

9. The rail position measurement device according to any 

one of claims 1 to 8, wherein the laser scanner scans a 

plane orthogonal to the travelling direction of the 10 

measurement vehicle or a plane inclined at a preset angle 

in the travelling direction from the plane orthogonal to 

the travelling direction of the measurement vehicle. 

 

10. A calculation unit that is used for a rail position 15 

measurement device that measures a three-dimensional 

position of a rail using a measurement vehicle, the 

calculation unit comprising: 

 a position calculation unit to calculate a scanner 

position with respect to the rail from measurement 20 

information obtained by a laser scanner that is a sensor 

installed on the measurement vehicle so as to be capable of 

irradiating at least a web and a bottom of a side surface 

of the rail with laser light and used for measuring the 

three-dimensional position of the rail; and 25 

 a laser position calculation unit to compute a 

movement amount or a scanner position of the laser scanner 

in an up-down direction on a basis of a calculation result 

from the position calculation unit and to transmit 

information on the movement amount or the scanner position 30 

to a laser position adjustment device capable of moving a 

position of the laser scanner in the up-down direction. 
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11. A calculation unit that is used for a rail position 

measurement device that measures a three-dimensional 

position of a rail using a measurement vehicle, the 

calculation unit comprising: 

 a position calculation unit to calculate a scanner 5 

position with respect to the rail from measurement 

information obtained by a laser scanner that is a sensor 

installed on the measurement vehicle so as to be capable of 

irradiating at least a web and a bottom of a side surface 

of the rail with laser light and used for measuring the 10 

three-dimensional position of the rail; and 

 a base position computation unit to compute a movement 

amount or a movement position of a base unit equipped with 

the laser scanner in an up-down direction on a basis of a 

calculation result from the position calculation unit and 15 

to transmit the movement amount or the movement position to 

a base position adjustment device capable of moving a 

position of the base unit in the up-down direction. 

 

 20 

 

 

 

 

 25 
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