10

15

20

25

Description

Title of Invention: DEVICE FOR CREATING CONSTRUCTNDGAUGE
MEASUREMENT DIAGRAM, DEVICE FOR CREATING CONSTRUCTON GAUGE
MEASUREMENT DIAGRAM DATA, METHOD FOR CREATING CONSRUCTION

GAUGE MEASUREMENT DIAGRAM, CONSTRUCTION GAUGE
MEASUREMENT DIAGRAM, AND CONSTRUCTION GAUGE MEASURMENT

DIAGRAM DATA

Technical Field

[0001] The present invention relates to a device dieating a construction gauge

measurement diagram, a device for creating a ammigin gauge measurement diagram
data, a method for creating a construction gaugasarement diagram, a construction

gauge measurement diagram, and construction gaegesurement diagram data, and in
particular, relates to a device for creating a trmigtion gauge measurement diagram, a
device for creating a construction gauge measurediagram data, a method for creating

a construction gauge measurement diagram, a catistrigauge measurement diagram,
and construction gauge measurement diagram datasly grasping entry or approach

of a structure to the construction gauge of a @yhar a road.

Background Art

[0002] For safe operation of railway trains andiglds on a road, construction gauges
beyond which a structure is not allowed to be ifedaare set with respect to the track or
the road. In railway maintenance and inspectiomkwahether there is no structure

within the construction gauge is checked and aadcs to the structure approaching the

construction gauge is measured. Specifically, tmysicoordinates of the structure near
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the track are calculated by surveying by a lasaaniser and the like or image
measurement, and then, a distance from the cotistiugauge set over the track or a
distance falling within the construction gauge @&calated. The obtained distance is
represented in a table as a numeric value, andidrtien to this, as methods of visual
representation, there are a technique of plottistpagpe of the construction gauge and a
measurement point on the structure in a crossesedtiview of a cross section
perpendicular to the track so as to represent dkample, Patent Document 1) and a
technique of overlapping a reference region deteethby the construction gauge with an
object to be imaged within the construction gaugeedl on an image of a camera so as to

display (for example, Patent Document 2).

Prior Art Documents
Patent Documents
[0003] Patent Document 1: Japanese Patent Apmitagid-Open No. 2005-271717

Patent Document 2: Japanese Patent ApplicatiahQaen No. 2004-352107

Summary of Invention

Problems to be Solved by the Invention

[0004] However, in the display of the constructigamge and the measurement point
disclosed in Patent Document 1 described above, thel measurement results only on

one cross section over the track are shown. FRsrrédason, there have been problems
that an enormous number of cross-sectional vieescgated for each cross section at a
slight distance if the measurement results oveide wange such as the entire track are to
be checked, and thatl the cross-sectional views have to be viewed. bhtech, there

has been a problem that an enormous amount of spaeguired so as to present the
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measurement results in document.

[0005] In addition, in the display of the object b imaged falling within the
construction gauge disclosed in Patent Documerds2ribed above, the reference region
and the object to be imaged falling within the refeee region are drawn in the image
with respect to the reference region set by thesmmement area within the camera's field
of view and the construction gauge. For this reasioere has been a problem that the
image has to be reproduced from the start poinheftrack and the image has to be
viewed to the end point if the measurement resaes a wide range such as the entire
track are to be checked. In addition, in the sarag there has been a problem that an
image has to be printed for each position at dstigstance and that an enormous amount
of space is required so as to present the measnteesellts in document.

[0006] The present invention has been made to shlv@roblems as described above,
and an object thereof is to obtain a device foating a construction gauge measurement
diagram, a device for creating construction gaugasurement diagram data, a method
for creating a construction gauge measurement aliagra construction gauge
measurement diagram, and construction gauge measorediagram data for easily
checking whether or not there is a structure apriog or entering the construction

gauge over a wide range of the track.

Means for Solving the Problems

[0007] A device for creating a construction gaugeasurement diagram according to
one aspect of the present invention includes stonagans, distance measurement means,
identification means, and drawing means. The g®raeans stores a route of at least
one track, a shape of a construction gauge, andlic@ates of a plurality of measurement

points. The distance measurement means measumdistaace from each of the
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measurement points to the construction gauge in rthege of the track. The
identification means identifies each of attributels the measurement points. The
identification means includes a range identificationit, and a ground feature
identification unit. The range identification undéentifies whether or not each of the
measurement points falls within a predeterminedednom the construction gauge based
on a distance measured by the distance measureteeite. The ground feature
identification unit identifies whether or not eamhmeasurement points at least identified
by the range identification unit as falling withthe predetermined range from the
construction gauge is a feature on a ground ambegnteasurement points. The
drawing means draws in a plan view a measurement entified as a measurement
point of a feature on the ground by the grounduieatdentification unit among the
measurement points, and draws in at least onevsale at least part of measurement
points identified as not a measurement point odature on the ground. The drawing
means performs different drawing processes on auneaent point identified as falling
within the predetermined range from the constructgauge by the range identification
unit among the measurement points and a measurguoerit identified as not falling
within the predetermined range from the constructgauge by the range identification
unit among the measurement points.

[0008] A device for creating a construction gaugeasurement diagram according to
another aspect of the present invention includesagé means, distance measurement
means, identification means, and drawing means.e sidtrage means stores a route of at
least one track, a shape of a construction gauge, ceordinates of a plurality of
measurement points. The distance measurement mesasures a distance from each
of the measurement points to the construction gangene route of the track. The

identification means identifies each of attributels the measurement points. The
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identification means includes a range identificati@nit and a ground feature
identification unit. The range identification undentifies whether or not each of the
measurement points falls within a predeterminedednom the construction gauge based
on a distance measured by the distance measureteeite. The ground feature
identification unit identifies whether or not eamhmeasurement points at least identified
by the range identification unit as falling withthe predetermined range from the
construction gauge is a feature on a ground ambegnteasurement points. The
drawing means draws the measurement points in @ yWw. The drawing means
performs different drawing processes on a measurep@nt identified as falling within
the predetermined range from the construction gdugehe range identification unit
among the measurement points and a measurementig@mified as not falling within
the predetermined range from the construction gdugehe range identification unit
among the measurement points. The drawing meawgsdby using different symbols,
a measurement point identified as a measurement pba feature on the ground by the
ground feature identification unit among the measwent points, and a measurement
point identified as not a measurement point of &uike on the ground by the ground
feature identification unit among the measurementtp.

[0009] A device for creating a construction gaugeasurement diagram according to
still another aspect of the present invention ideBistorage means, distance measurement
means, identification means, and drawing means.e sidtrage means stores a route of at
least one track passing through a tunnel, a shb@eonstruction gauge, coordinates of a
plurality of measurement points, and a cross-seatishape of the tunnel. The distance
measurement means measures the distance from e#od measurement points to the
construction gauge in the route of the track. iOeatification means identifies each of

attributes of the measurement points. The ideatibn means includes a range
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identification unit and a ground feature identifioa unit. The range identification unit
identifies whether or not each of the measuremeiitg falls within a predetermined
range from the construction gauge based on a dmsstaneasured by the distance
measurement means. The ground feature identditainit identifies whether or not
each of measurement points at least identifiedhieyrange identification unit as falling
within the predetermined range from the construcgjauge is a measurement point of a
feature on the ground among the measurement poifitse drawing means draws the
measurement points. The drawing means draws ipldreview a measurement point
identified as a measurement point of a feature hen ground by the ground feature
identification unit among the measurement points] draw in a development view a
measurement point identified as not a measuremeint pf a feature on the ground.
The drawing means performs different drawing preesson a measurement point
identified as falling within the predetermined ranigom the construction gauge by the
range identification unit among the measuremenintgoand a measurement point
identified as not falling within the predeterminezhge from the construction gauge by
the range identification unit among the measurerpeintts.

[0010] A device for creating construction gauge sugament diagram data of the
present invention includes storage means, storagmsn identification means, and data
creation means. The storage means stores a rowkeleast one track, a shape of a
construction gauge, and coordinates of a pluralityneasurement points. The storage
means measures a distance from each of the measurgmints to the construction
gauge in the route of the track. The identificatroeans identifies each of attributes of
the measurement points. The identification meachides a range identification unit
and a ground feature identification unit. The mrdgntification unit identifies whether

or not each of the measurement points falls withipredetermined range from the
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construction gauge based on a distance measurdidebgistance measurement means.
The ground feature identification unit identifiehether or not each of measurement
points at least identified by the range identifimat unit as falling within the
predetermined range from the construction gaugensasurement point of a feature on
the ground among the measurement points. Thecdeédion means creates plan view
data including coordinate values for drawing in lanpview a measurement point
identified as a measurement point of the featurdhenground by the ground feature
identification unit among the measurement pointg] the side view data including the
coordinate values for drawing in at least one siéev at least part of the measurement
points identified as not the measurement poinheffeature on the ground.

[0011] A method for creating a construction gaugsasurement diagram according to
one aspect of the present invention is based outa of at least one track, a shape of the
construction gauge, and coordinates of a pluralitmeasurement points, and the method
includes the following steps. The distance froroheaf the measurement points to the
construction gauge in the route of the track issuezd. Each of the attributes of the
measurement points is identified. The step oftifigeng the attributes includes a step of
identifying whether or not each of the measurenpamats falls within a predetermined
range from the construction gauge based on the urexhsdistance, and a step of
identifying by the range identification unit wheth@ not each of measurement points at
least identified as falling within a predetermin@ehge from the construction gauge is a
measurement point of a feature on a ground amoegnteasurement points. A
measurement point identified as a measurement pbiatfeature on the ground among
the measurement points is drawn in a plan view, ankbast part of the measurement
points identified as not a measurement point ofaure on the ground are drawn in at

least one side view. Different drawing processesparformed on a measurement point
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identified as falling within the predetermined ranfgom the construction gauge among
the measurement points and on a measurement plemtified as not falling within the
predetermined range from the construction gaugengrttte measurement points.

[0012] A method for creating a construction gaugsasurement diagram according to
another aspect of the present invention is basexronte of at least one track, a shape of
the construction gauge, and coordinates of a piyraf measurement points, and the
method includes the following steps. The distdnom each of the measurement points
to the construction gauge in the route of the tiaakeasured. Each of the attributes of
the measurement points is identified. The stepdentifying the attributes includes a
step of identifying whether or not each of the nueasient points falls within a
predetermined range from the construction gaugedas the measured distance, and a
step of identifying whether or not each of the nueasient points at least identified as
falling within the predetermined range from the stoaction gauge is a measurement
point of a feature on a ground among the measurermpemts. In terms of a
measurement point identified as falling within tipeedetermined range from the
construction gauge among the measurement poiras, \péw data including coordinate
values for drawing in a plan view a measurememtadentified as a measurement point
of a feature on the ground among the measurementspand side view data including
coordinate values for drawing in at least one side at least part of measurement points
identified as not a measurement point of a featarthe ground are created.

[0013] A construction gauge measurement diagranordety to one aspect of the
present invention is obtained by drawing a pluyadit measurement points falling within
a predetermined range from the construction gaugd&he construction gauge
measurement diagram includes a side view and a piaw. One part of the

measurement points are drawn in the side view. thergart of the measurement points
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which are of features on the ground are drawnerpthn view.

[0014] A construction gauge measurement diagrarordoty to another aspect of the
present invention is obtained by drawing a pluyadit measurement points falling within
a predetermined range from the construction gaagd, the plurality of measurement
points include a measurement point of a featuréherground and a measurement point
that is not a measurement point of a feature ongtieeind. The construction gauge
measurement diagram includes a drawing of a symapsesenting a measurement point
of a feature on the ground among the plurality ebsurement points, and a drawing of a
symbol representing a measurement point not ofatufe on the ground among the
plurality of measurement points. The symbol repnéag the feature on the ground
among the plurality of measurement points and yinebs| representing the measurement
point not of the feature on the ground among theatity of measurement points are
different from each other.

[0015] Construction gauge measurement diagramafdtee present invention includes
data of coordinate values for drawing each of aghily of measurement points falling
within a predetermined range from a constructiongga and data corresponding to a

distance from each of the measurement points todhstruction gauge.

Effects of the Invention

[0016] According to the present invention, theren d@e obtained the construction
gauge measurement diagram capable of condensegilaying the measurement point
while maintaining particularly useful informatioorfidentifying on-site the position of
the feature corresponding to the measurement pentering or approaching the
construction gauge.

[0017] The objects, features, aspects, and advestafjithe present invention will be
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more apparent by the following detailed descriptod the accompanying drawings.

Brief Description of Drawings

[0018] Fig. 1 is a block diagram illustrating a @igaration of a device for creating a
construction gauge measurement diagram accordiagfitst embodiment of the present
invention.

Fig. 2 is an explanatory diagram illustrating awaraple of a track, a
construction gauge, and measurement points hanoNedhe device for creating a
construction gauge measurement diagram accordinthdofirst embodiment of the
present invention.

Fig. 3 is an explanatory diagram illustrating meament point data handled by
the device for creating a construction gauge measent diagram according to the first
embodiment of the present invention.

Fig. 4 is an explanatory diagram illustrating k@ata handled by the device for
creating a construction gauge measurement diagcaording to the first embodiment of
the present invention.

Fig. 5 is an explanatory diagram illustrating ash of the construction gauge
handled by the device for creating a constructiangg measurement diagram according
to the first embodiment of the present invention.

Fig. 6 is an explanatory diagram illustrating tbenstruction gauge data
representing the shape of the construction gaugdlé by the device for creating a
construction gauge measurement diagram accordinthdofirst embodiment of the
present invention.

Fig. 7 is an explanatory diagram illustrating @iem of a distance

measurement device included in the device for ugrgata construction gauge
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measurement diagram according to the first embadlimiethe present invention.

Fig. 8 is an explanatory diagram illustrating tbperation of a distance
measurement device included in the device for ugrgata construction gauge
measurement diagram according to the first embadlimiethe present invention.

Fig. 9 is an explanatory diagram illustrating @tiem of an identification
device included in the device for creating a carcdion gauge measurement diagram
according to the first embodiment of the presem¢imion.

Fig. 10 is an explanatory diagram illustrating i@b@n of a drawing device
included in the device for creating a construcg@ange measurement diagram according
to the first embodiment of the present invention.

Fig. 11 is an explanatory diagram illustratingoaftguration of the construction
gauge measurement diagram according to the firebdiment of the present invention.

Fig. 12 is a cross-sectional view illustrating tiedation between each of the
construction gauge and a loading gauge, and aréeatu

Fig. 13 is a flowchart of a method for creating canstruction gauge
measurement diagram according to the first embadlimiethe present invention.

Fig. 14 is a flowchart illustrating the operatioh the distance measurement
device in the method for creating a constructiomggameasurement diagram according to
the first embodiment of the present invention.

Fig. 15 is a flowchart illustrating the operatiointhe identification device in the
method for creating a construction gauge measureiagram according to the first
embodiment of the present invention.

Fig. 16 is a flowchart illustrating the operatioh the drawing device in the
method for creating a construction gauge measureiagram according to the first

embodiment of the present invention.
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Fig. 17 is an explanatory diagram illustrating example of a track, a
construction gauge, and measurement points hanldieda device for creating a
construction gauge measurement diagram according se&cond embodiment of the
present invention.

Fig. 18 is an explanatory diagram illustratingaafiguration of a construction
gauge measurement diagram according to the secormbdement of the present
invention.

Fig. 19 is an explanatory diagram illustrating i@en of an identification
device included in the device for creating a cargdion gauge measurement diagram
according to the second embodiment of the preseention.

Fig. 20 is a flowchart illustrating operation oflsstance measurement device in
a method for creating a construction gauge measmediagram according to the second
embodiment of the present invention.

Fig. 21 is a flowchart illustrating the operatiointhe identification device in the
method for creating a construction gauge measurediagram according to the second
embodiment of the present invention.

Fig. 22 is an explanatory diagram illustrating i@b@n of a drawing device
included in a device for creating a constructionggameasurement diagram according to
a third embodiment of the present invention.

Fig. 23 is an explanatory diagram illustratingaafiguration of a construction
gauge measurement diagram according to the thibdment of the present invention.

Fig. 24 is a flowchart illustrating the operatioh the drawing device in a
method for creating a construction gauge measurediagram according to the third
embodiment of the present invention.

Fig. 25 is an explanatory diagram illustrating i@b@n of a drawing device
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included in a device for creating a constructionggameasurement diagram according to
a fourth embodiment of the present invention.

Fig. 26 is an explanatory diagram illustratingoafaguration of the construction
gauge measurement diagram according to the foordodiment of the present invention.

Fig. 27 is a flowchart illustrating the operatioh the drawing device in a
method for creating a construction gauge measurediagram according to the fourth
embodiment of the present invention.

Fig. 28 is an explanatory diagram illustrating i@en of an identification
device and a drawing device included in a device d®ating a construction gauge
measurement diagram according to a fifth embodiroktite present invention.

Fig. 29 is an explanatory diagram illustratingaafiguration of a construction
gauge measurement diagram according to the fifthoglment of the present invention.

Fig. 30 is a flowchart illustrating the operatiohthe identification device in a
method for creating a construction gauge measureghiagram according to the fifth
embodiment of the present invention.

Fig. 31 is a flowchart illustrating the operatioh the drawing device in the
method for creating a construction gauge measureghiagram according to the fifth
embodiment of the present invention.

Fig. 32 is an explanatory diagram illustrating r@pen of a device for creating
a construction gauge measurement diagram accotding sixth embodiment of the
present invention.

Fig. 33 is an explanatory diagram illustratingaafiguration of a construction
gauge measurement diagram according to the sixtloéiment of the present invention.

Fig. 34 is a flowchart illustrating operation of &entification device in a

method for creating a construction gauge measureiagram according to the sixth
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embodiment of the present invention.

Fig. 35 is a flowchart illustrating operation ofdeawing device in the method
for creating a construction gauge measurement ahagaccording to the sixth
embodiment of the present invention.

Fig. 36 is an explanatory diagram illustratingaafiguration of a construction
gauge measurement diagram according to a seveibdement of the present invention.

Fig. 37 is a flowchart illustrating operation ofleawing device in a method for
creating a construction gauge measurement diagcaaradng to the seventh embodiment
of the present invention.

Fig. 38 is a block diagram illustrating a configtion of a device for creating
construction gauge measurement diagram data aogotaian eighth embodiment of the
present invention.

Fig. 39 is a flowchart illustrating operation ofet device for creating
construction gauge measurement diagram data aogaialithe eighth embodiment of the
present invention.

Fig. 40 is a flowchart illustrating the operatioh the device for creating
construction gauge measurement diagram data aogaalithe eighth embodiment of the
present invention.

Fig. 41 is an explanatory diagram illustrating thyeration of the device for
creating construction gauge measurement diagrana @atcording to the eighth
embodiment of the present invention.

Fig. 42 is an explanatory diagram illustrating thyeration of the device for
creating construction gauge measurement diagrana @atcording to the eighth
embodiment of the present invention.

Fig. 43 is an explanatory diagram illustrating thy@eration of the device for
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creating construction gauge measurement diagrana @atcording to the eighth

embodiment of the present invention.

Description of Embodiments
[0019] In the following, embodiments of the presamtention will be described with
reference to the drawings. It should be notedith#te following drawings, the same or
corresponding portions will be denoted by the samference numerals, and the
descriptions thereof will not be repeated.
[0020] <First Embodiment>

Summary of Device for Creating Construction Gahtgasurement Diagram

Fig. 1 is a block diagram illustrating a device foeating a construction gauge
measurement diagram according to the present emieoti The creating device
includes a storage device 1 (storage means), andstmeasurement device 2 (distance
measurement means), an identification device 3n(fileation means), and a drawing
device 4 (drawing means).
[0021] The storage device 1 can store informatepresenting a route of a track, a
shape of a construction gauge, and coordinates mtrality of measurement points.
These pieces of information may be input from gutrunit (not shown) of the creating
device. Although in the following, these data vii# described as being already stored
in the storage device 1, it is sufficient that thdata are stored when the device is used.
[0022] The distance measurement device 2 meashesslistance from each of the
measurement points to the construction gauge imaime of the track. Specifically, the
distance measurement device 2 obtains the neavgdtfpom the measurement point to
the construction gauge by using the informatiorrestoin the storage device 1, and

measures the distance from the measurement poititetmearest point. It should be
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noted that the “measurement” by the distance measamt device 2 may be paraphrased
as “calculation”, and rather than the on-site waHere the measurement points exist, the
“measurement” is associated with the operatiormefibformation previously obtained by
the work.

[0023] The identification device 3 includes a randentification unit 3a, a ground
feature identification unit 3b, and a left-righemification unit 3c so as to identify the
attributes of each measurement point. The rangdifttation unit 3a identifies whether
or not each measurement point falls within a predeied range from the construction
gauge based on the distance measured by the distamasurement device 2. The
ground feature identification unit 3b identifies ether or not each of the measurement
points at least identified by the range identifizat unit 3a as falling within the
predetermined range from the construction gauge fsature on the ground among the
measurement points. In this way, the identifiatevice 3 identifies whether the
measurement point falls within the predeterminatyeafrom the construction gauge, in
other words, whether each measurement point appesaor enters the construction
gauge depending on the above-mentioned distancd, idaentifies whether the
measurement point is a feature on the ground. dtitian, in the present embodiment,
regarding at least part of the measurement paings]eft-right identification unit 3c of
the identification device 3 identifies whether theg located on one of the left and right
sides of the track.

[0024] The drawing device 4 draws at least part tiod measurement points.
Specifically, the drawing device 4 draws in thenplew the measurement points
identified as the features on the ground by theiggdeature identification unit 3b among
the measurement points. In addition, the drawiagiac® 4 draws at least part of the

measurement points identified not to be featuregshenground by the ground feature
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identification unit 3b among the measurement pamtst least one of the side views. In
the present embodiment, the drawing device 4 dtaersneasurement points identified
not to be features on the ground by the groundifeatientification unit 3b among the
measurement points in one of the left side view twedright side view depending on the
identification result of the left-right identifidganh unit 3c. The drawing device 4
performs different drawing processes on the measemeé points identified as falling
within the predetermined range from the construcggauge by the range identification
unit 3a among the measurement points and the nemasut points identified as not
falling within the predetermined range from the sioaction gauge by the range
identification unit 3a among the measurement poinfShe details of the drawing
processes will be described below.

[0025] Fig. 2 is an explanatory diagram illustrgtian example of a track 12, a
construction gauge 9, and a measurement point H@reinafter, the track 12 will be
described as referring to the path center betwaén8. The construction gauge 9 is set
on a plane perpendicular to the track 12 at eaafit po the track 12, and a range 31 of
the construction gauge is obtained by sweeping #Hieng the track 12. The
measurement point 10 is a point where three-dinseasicoordinates of a feature such as
a structure, a building, a tree, or a landformraeasured. Identification as to whether
the measurement point 10 approaches or enterautige 131 of the construction gauge is
identified depending on the distance between thesorement point 10 and the
construction gauge 9 in a plane 11 perpendiculdhdéarack 12 and passing through the
measurement point 10 and depending on whether btheomeasurement point 10 is
located within the construction gauge 9. Spedificavhen the measurement point 10 is
on the outside of the construction gauge 9, wheatherot the measurement point 10 and

the construction gauge 9 approach each other mifidel depending on the distance
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between the measurement point 10 and the constnugéuge 9.

[0026] The measurement point 10 has a three-dimeabktoordinate value of (X, y, z).
The number of measurement points 10 is set to bank, the coordinates of the k-th
measurement pointyfs set to be (¥ vk, z). In Fig. 2, examples of the acquirable
measurement points are shown as a backgrounddincedto one measurement point P
The X, y, and z may be, for example, a plane reggctian coordinate system, or may be, for
example, a coordinate system taking x as eastwaas, northward, and z as vertically
upward with an arbitrary point set as an origin.heTcoordinates may be set in units of
meters, for example. Hereinafter, x, y, and z Wél described as right-handed system,
and the z-axis will be described as vertically umlva Measurement point data 7 of the
measurement point 10 is, for example, stored irstbeage device 1 in the form as shown
in Fig. 3.

[0027] The measurement points 10 is, for examplkeasured by the mobile mapping
system being a three-dimensional shape measurensgstem that acquires
three-dimensional shape of the surrounding targates The mobile mapping system
acquires the coordinate values of the surroundeajufes as point cloud data. The
mobile mapping system is mounted on a mobile badshsas a vehicle. The mobile
mapping system includes a positioning device sgch @PS (Global Positioning System)
device, an inertial navigation device such as aspope, and an odometer device for
calculating the movement distance from the vehsgeed pulse, and includes a laser
scanner. The displacement from the own vehiclédhéoobject is measured by the laser
scanner while the position and the posture of the wehicle is accurately measured by
the GPS and the inertial navigation system, whetbbyhree-dimensional coordinates of
the location irradiated by the laser pulse are @medu The laser scanner sequentially

irradiates the location while rotating the irrathatdirection of the laser pulses being the
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distance measurement direction in the rotation gplamA point cloud in one plane is
obtained by the rotation of one period, and thaateHurther proceeds, whereby detailed
point cloud data is acquired over the target space.

[0028] It should be noted that the measurement odett the measurement point is not
limited to those by the mobile mapping system dbsdrabove, and may be performed
by using another measurement device, for examplsuraeying device such as a
stationary laser scanner or a total station, andigg the image measurement.

[0029] The track 12 is represented as a connedfidghe point sequence; (Xi, Yi, Z)
where i = 1, 2, ..., N of three-dimensional continsi points 44 on a path center. Track
data 5 is stored in the storage device 1, for exampthe form as shown in Fig. 4.

[0030] The shape of the construction gauge 9 (bigis defined in the plane 11
perpendicular to the track 12 (Fig. 2). Assumingttthe track 12 (path center) is taken
as the origin, a u-axis is taken along a rail st@fa3 connecting the left and right rail top
faces in a cross-sectional direction, and a v-extaken vertically upward, the shape of
the construction gauge 9 is represented as a clelsgpe sequentially connecting the
point sequence RU;, V)) ( = 1, 2, ..., M) of a vertex 43 with line segnt®& The
construction gauge 9 is swept along the track lireby the range 31 (Fig. 2) of the
construction gauge over the track 12 is formed. e @dnstruction gauge 9 in the railway
field is intended to provide a margin so that adfimg train 14 does not collide against
the surrounding structure. Construction gauge @atastored in the storage device 1,
for example, in the form as shown in Fig. 6.

[0031] It should be noted that the uv plane perpridr to the track 12 takes the
u-axis rightward and the v-axis upward as seendirextion of a mileage. That is, the
direction of the mileage of the track 12 (outboutietction) is set as a reference in the

setting of the coordinate axes. Hereinafter, tietiside and the left side represent those
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in the case where the direction of the mileageiss frontward.
[0032] (Function of Distance Measurement Device)

As shown in Fig. 7, the distance measurement de¥imcluded in the device
for creating a construction gauge measurementahadgFig. 1) obtains (u, v) coordinates
and calculates the distance to the constructiomgeg&ufor each measurement point 10.
First, the plane 11 and the uv coordinate systarbdong compared with the construction
gauge 9 are set for a measurement point 10. Taeepll is a plane including a
measurement point 10 and being perpendicular to tthek 12. As a specific
determination method of the plane 11, a track rstgr@nt 15 giving the shortest distance
from the measurement point 10 to the track 12 tsinbd, and a plane passing through
the track nearest point 15 and being perpendi¢alére track 12 is obtained as the plane
11. The track nearest point 15 is obtained asimat goving the shortest distance to the
measurement pointgfn the continuous line segments connecting thatm®quence Q
The normal vector n of the plane 11 is a vectoiiridicating the direction of the track 12
at the track nearest point 15 and, for example beaabtained as n = (X- Xi, Yixa—Yi,
Zi+«1— Zj) when the track nearest point 15 is located batwibe Q(X;, Yi, Z) and Q.
(Xi+1, Yisa, Zisa).

[0033] Subsequently, the coordinateg, (%, z) of the measurement point 1Q iB
converted to the coordinates of the uv coordingstesn where the track (path center) 12
is taken as the origin in the plane 11. First, uhé& vector g in the u-axis direction is
calculated. The unit vectoy, & a vector having the same direction as the timeof
the vector product of the normal vector n and tegieal upward vector, and having the
sizeof 1. Thatis,.e=nx (0,0, 1) {|nx (0, 0,1)[}. The unit vectorein the v-axis
direction is a vector having the same directiothasdirection of the vector product of the

unit vector g and the normal vector n, and having the size ofThat is, @ = , x n /{|
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euxnf}.
[0034] As a result, if the track nearest point lifhwespect to the measurement point
Pxis represented as@X'«, Y'k, Zk), the coordinates (uvy) of the measurement poing P
in the uv coordinate system are obtainedias (x— X'k, Yk — Y', Z — Z') Oey, and ¥ =
Xk = X'k Yk = Y'k, 2 — Z') D
[0035] In addition, the mileage of the track neapesnt 15 is set as a mileage @ the
measurement pointyP This is the length from the start point along thack 12 of the
track nearest point 15. The value may be obtalmedhe integration of the distance
from the start point of the track 12, for examp(@, or may be obtained by the
interpolation from the points at the front and reathe track nearest point 15 when the
mileage is previously defined in the point Q
[0036] Subsequently, as shown in Fig. 8, the de#dmetween the measurement point
10 and the construction gauge 9 is calculatedaruthcoordinate system. Specifically, a
nearest point 16, which gives the shortest distdodbe measurement point 10, of the
construction gauge 9 is obtained, and the distthé®m the measurement point 10 to
the nearest point 16 is obtained. The distancéhi®measurement poing B set as the
distance [ of the measurement poink B the construction gauge 9. However, here,
when the measurement point 10 enters the insidbeotonstruction gauge 9 as in the
measurement pointyPshown in Fig. 8, the distanceys set as 0, or the sign is
represented as negative.
[0037] (Function of Identification Device)

The identification device 3 (Fig. 1) performs thaentification on each
measurement point 10 by using the distance D froenmeasurement point 10 to the
construction gauge 9 and using the nearest poide$éribed above.

[0038] The range identification unit 3a identifiadether or not each measurement
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point 10 has entered or approached the construagamge 9. Specifically, the
measurement pointyRs identified to be located in the constructiorug@a 9 when the
distance R of the measurement poini B 0 or negative. That is, the measurement
point R is identified to have entered the constructiongga®. When the distance 3
positive, if the distance Dis a predetermined valueyDr less, the range identification
unit 3a identifies that the measurement poiptapPproaches the construction gauge 9.
The value @ may be set for the management of the track 12,isrdr example, about
0.1 m. When the distancey [2xceeds the value Dthe range identification unit 3a
identifies that the measurement pointrieither enters nor approaches the construction
gauge 9. In other words, the range identificatiait 3a identifies that the measurement
point R is not within the predetermined range, maintairgificient distance from the
construction gauge 9, and therefore does not atfiedtrain traveling.

[0039] The ground feature identification unit 3kemdifies whether the measurement
point entering or approaching the construction gag&gmong the measurement points 10
IS a measurement point where the feature on thandgras measured, or is an other
measurement point. This other measurement potgpisally that of the feature located
along the track 12. This identification is for el@hining which of the plan view or the
side view the measurement point approaching oriegtéhe construction gauge 9 is to
be drawn on. The plan view is considered to reprethe state where the feature on the
ground approaches or enters the base part of tietraoction gauge 9, and the side view is
considered to represent the state where the fealoing the track 12 approaches or enters
the side part of the construction gauge 9.

[0040] With reference to Fig. 9, the ground feataentification unit 3b identifies, for
example, among the measurement points, the measorgmint whose nearest point 16

is on a base 17 of the construction gauge 9 asasurement point 51 of a feature 29 on
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the ground (Fig. 12). The base 17 is a portiomtaparallel to the rail surface 13 at the
bottom of the construction gauge 9. The approad¢heoentry to the construction gauge
9 of the feature 29 on the ground usually occuvgatd the base 17 of the construction
gauge 9, and therefore the measurement point lkeasetfrest point 16 at the base 17 of
the construction gauge 9. On the other hand, thgroach or the entry to the
construction gauge 9 of a feature 30 such as alsayna fence installed along the track
12 usually occurs toward the side of the constoactgauge 9, and therefore the
measurement point does not have the nearest poihieabase 17 of the construction
gauge 9. According to this identification methtitke identification as to whether or not
the measurement point is of the feature on thergt@an be performed depending on the
shape of the construction gauge 9. For exampéentbasurement point, 8 identified

as the measurement point 51 of a feature on thengrbecause its nearest pointision
the base 17. On the other hand, the measuremeans [ and Rare identified as not
the measurement points 51 of the feature on thengrdecause their nearest points H
and H are not on the base 17.

[0041] The left-right identification unit 3c (Fid.) identifies which of the left side and
the right side of the track 12 the measurementtpbizt has been identified as not the
feature on the ground in the above is located @pecifically, depending on the sign of
the coordinate wof the measurement poing, Ehe identification is made that if & O, the
measurement poini ks on the right side of the track 12, and otheewa the left side of
the track 12. It should be noted that the idesdtion of the left and the right may be
performed based on, instead of the coordinateshef measurement point,Pthe
coordinates of its nearest poing.H In this case, the measurement pointsPidentified

as a measurement point 52 on the right side ofréfo& because the u coordinate value of

the nearest point jHof the measurement poing B positive, and the measurement point
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P. is identified as a measurement point 53 on thedefe of the track because the u
coordinate value of the nearest poigtdfithe measurement poing B negative.
[0042] (Function of Drawing Device)

Fig. 10 is an explanatory diagram illustrating thyeration of the drawing
device 4 (Fig. 1). Fig. 11 is an explanatory damgrillustrating the configuration of a
construction gauge measurement diagram 24 drawnhéydrawing device 4. The
drawing device 4 draws the measurement pointsiitehto be on the ground, on the left
side of the track, and on the right side of thekraespectively, in a plan view 18, a left
side view 19, and a right side view 20, as the ttan8on gauge measurement diagram
24.
[0043] As shown in Fig. 10, the drawing device djects the measurement point 10 of
the feature of the ground onto a point 25 on azootial projection surface 21, and the
other measurement points 10 onto a point 26 oft piejection surface 22 along the track
12 or onto a point 27 of a right projection surf@3along the track 12, respectively, in
accordance with the left or the right. The pattgmojected onto this horizontal
projection surface 21 is set as the plan view 18, the patterns projected onto the left
projection surface 22 and the right projection acef 23 are respectively set as the left
side view 19 and the right side view 20, whereby situations of the approach or the
entry to the construction gauge 9 of the measurepwnt 10 are represented.
[0044] Preferably, in the plan view 18, the mileajehe route of the track 12 is taken
as the horizontal axis right direction, and thedhiion leftward perpendicular to the route
of the track 12 is taken as the vertical axis upldirection. In addition, in the left side
view 19, the mileage of the route of the track $2aken as the horizontal axis right
direction, and the height direction is taken as \ketical axis upward direction. In

addition, in the right side view 20, the mileagetloé route of the track 12 is taken as the
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horizontal axis right direction, and the heightediton is taken as the vertical axis
downward direction.

[0045] In other words, in the plan view 18, thetiwsal axis indicates u in a downward
direction, and the horizontal axis indicates théeage s. In the left side view 19, the
vertical axis indicates the height v in an upwaideation, and the horizontal axis
indicates the mileage s. In the right side viewtR@ vertical axis indicates the height v
in a downward direction, and the horizontal axislicates the mileage s. Each
horizontal axis is arranged so that the same positi the horizontal direction represents
the same mileage. With this arrangement, whenethaide view 19, the plan view 18,
and the right side view 20 (Fig. 11) are arrangedrder from the top, the left projection
surface 22, the horizontal projection surface 2i #e right projection surface 23 (Fig.
10) corresponding to the respective views are fdrsuech that the views are developed
continuously, and therefore the understanding ef ¢bnstruction gauge measurement
diagram becomes easier.

[0046] It should be noted that the linear portidrihe track 12 is described in Figs. 10
and 11, and the curved portion of the track 129e drawn in the same way so that the
horizontal axis indicates the mileage. In addititor example, when the construction
gauge measurement diagram is represented in dotutherscale of the horizontal axis
set as the mileage is set in accordance with tleuatrof the space allowed to be used for
the construction gauge measurement diagram salihait the measurement range of the
track 12 fits in the limited space.

[0047] The drawing device 4 refers to the idengéifion result of the measurement
point 10 by the identification device 3 (Fig. 1pdadraws a point or a predetermined
figure at the point 25 ($ w) of the plan view 18 if the measurement point 4Cai

measurement point on the ground. In addition, wthenmeasurement point 10 is not a
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measurement point on the ground, the drawing dedickaws by using a point or a
predetermined figure at the point 26.,(%) of the left side view 19 if the measurement
point 10 is on the left side of the track, andhat point 27 (§ v«) of the right side view
20 if the measurement point 10 is on the right sidie track.

[0048] As the types of the drawing process, firdiiyere are types of the measurement
point 10 being treated as display data, or as ngplal data. In the present embodiment,
the measurement point 10 neither entering nor aghing the construction gauge 9, that
is, the measurement point 10 not falling within sedetermined range from the
construction gauge 9 is treated as non-display.datan the other hand, if the
measurement point is treated as display data, easyfies of the method (form) of the
drawing process, there are types of symbols in itiggw The types of symbols can be
distinguished depending on the shape, the patbethe color. The shape of the symbol
is typically a point or a figure as described ahaual the figure may be a mark. When
the construction gauge measurement diagram is dirawhre ordinary display, the shape
of the symbol is constituted by the pixel as a.unithe selection of the types of symbols
can be based on whether or not the measuremernt Jihas entered the construction
gauge 9, the distance between the constructioneg@uand the measurement point 10,
and the like. For example, the measurement pdintotated inside the construction
gauge 9 is drawn in red to indicate warning, drdavgely, or drawn in a deep color. In
addition, for example, among the measurement pditapproaching the construction
gauge 9, the measurement poiptwth a particularly small distancexid drawn with a
yellow symbol so as to draw attention, and the mmeasent point Pwith a distance P
kept large is drawn with a small symbol having &emalor. The color of drawing may
be allowed to smoothly transition depending ondistance L. In addition, in drawing

a plurality of measurement points, when there is\@rlap in the position of drawing the
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symbol, a symbol to be displayed in the front ma&ydelected in accordance with a
predetermined rule. For example, as the distances Bmaller, the measurement point
may be drawn in the front so as not to be hiddethkyother measurement points. As
described above, the drawing device 4 makes thestgb drawing process for drawing
the measurement point different depending on taaetification result of the identification
device 3.

[0049] The value B for determining the range in which the measurenpmnt is
identified to approach the construction gauge asso large in general as compared
with the size of the construction gauge 9 itseFor this reason, as shown in Fig. 12, a
range 28 of the measurement point 10 to be theidgawbject to the construction gauge
measurement diagram 24 is limited to the insidthefpredetermined range 28 along the
outer edge of the construction gauge 9. In thegmeembodiment, the measurement
point falling within this range 28 is drawn by begidivided into the plan view 18, the left
side view 19, and the right side view 20.

[0050] In the plan view 18, the measurement pofrthe feature 29 on the ground is
drawn. The feature 29 on the ground such as earipmstalled on the ground, such as
a ground coil of the automatic train stop devigepraaches or enters the construction
gauge 9 when its height is about the height ofréhlesurface 13. The position of the
feature 29 on the ground can be suitably showrhbypbsition on the horizontal plane,
that is, by the mileage along the track 12 andothsstion in the left and right directions of
the track 12. This is because it is possible wlgadentify the corresponding sections
on-site if the positions are known. Therefore, pi@n view 18 having the respective
axes corresponding to s representing the mileadeuarepresenting the position in the
left and right direction is used, whereby the positof the feature 29 on the ground

approaching or entering the construction gaugenesasuitably represented.
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[0051] Here, the rails 8 constitute the rail suefal3, and therefore when the rall
surface 13 and the lower side of the constructiangg 9 match, the rails 8 are to
approach the construction gauge 9. The plan viégwnlFig. 11 reflects this. That is,
in the plan view 18, points are drawn in a regidneXtending in the horizontal direction
corresponding to the rails 8, and Fig. 11 scherallyicepresents the situations by using
the hatching. In the plan view 18, the measuremeirtt of the approaching feature 29
on the ground (Fig. 12) is drawn in addition to ta#s 8.

[0052] On the other hand, in the left side viewalfl the right side view 20 (Fig. 11),
other measurement points other than the featuk@2#e ground (Fig. 12), typically, the
measurement points of the feature 30 (Fig. 12pilest along the track is drawn. The
feature 30 such as the equipment installed aloagrttk, for example, a signal, a sign,
supports of these, or a fence is drawn. TheseremBpproach or enter the construction
gauge 9 when these features excessively approacsidtd of the track 12. The feature
30 installed along the track can be suitably shdyrthe position along the track 12
(mileage), the height position of the portion agmtung or entering the construction
gauge 9, and the distinction of which of the leftesand the right side of the track the
feature is located on. This is because it is pbsgo easily identify the corresponding
sections on-site if the positions are known. T by the representation of the left
and right side views with the axes of s represgntire mileage and v representing the
height, the situations of the approach or the etdrghe construction gauge 9 of the
feature 30 installed along the track 12 can beblyitrepresented.

[0053] Regions 57 and 58 near the center of thé dede view 19 (Fig. 11)
schematically show the situations where the measemé point of the feature 30 installed
along the track 12 (Fig. 12) is drawn by using ltaéching. The point corresponding to

a support 55 approaching the construction gauge dawn in the region 57 extending
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longitudinally, and the measurement point of ilatan equipment 56 falling within the
construction gauge 9 overlaps on top of the re§ipras the region 58. In addition, the
left side view 19 and the right side view 20 arews in which the measurement point of
the other features 30, installed along the track @@tering or approaching the
construction gauge 9 is drawn.
[0054] In addition, in the railway field, a limih&t must not be exceeded is set in not
only the track 12 but also the vehicle as a loadjagge 40 (Fig. 12). The construction
gauge 9 is set outside the loading gauge 40 wittagin of space. The feature 29 on
the ground is considered not to fall within thedwey gauge 40 even if it falls within the
construction gauge 9, that is, usually, the feaB@és considered not to be so high as to
exceed a base 46 facing parallel to the rail sarf&&of the loading gauge 40. Thus, the
v coordinate value of the base 46 of the loadingggad0 is set ag,vand in the case ofv
< Vp, the measurement poing Bay be identified as the measurement point oféhture
29 on the ground. In this case, the ground featdeatification unit 3b (Fig. 1)
identifies, among the measurement points 10, thesarement point whose height from
the rail surface (more generally, the surface ofclwvithe wheels of the vehicle passing
the track roll) is y (the predetermined value) or less as the measutepwnt of the
feature on the ground. In this case, the ideamtifocn as to whether or not the
measurement point 10 is the measurement point efféature on the ground can be
performed based on a concise reference.
[0055] (Method for Creating Construction Gauge Meament Diagram)

Fig. 13 is a flowchart of a method for creating canstruction gauge
measurement diagram according to the present emiotli In step ST1, the distance
measurement device 2 obtains, for each measureuantl0, the nearest point 16 on the

construction gauge 9 and the distance to the amigin gauge 9. In step ST2, the
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identification device 3 performs the identificatioh the attributes of the measurement
point 10. In step ST3, the drawing device 4 penfodrawing of the construction gauge
measurement diagram 24 (Fig. 11).

[0056] With reference to Fig. 14, in step ST1 (Fi8), the operation performed by the
distance measurement device 2 will be describetiail below.

[0057] In step ST10, the distance measurement de&vieads the track data 5 and the
construction gauge data 6 from the storage deviceld addition, the variable K
indicating the number of pieces of data of the rmeament points is set.

[0058] In step ST11, the distance measurement ee¥isets the variable k specifying
the measurement poing B be processed as 1 among the measurement aben? dFig.
3).

[0059] In step ST12, the distance measurement deXiceads the data of the k-th
measurement pointi@mong the measurement point data 7 of the storageed1, and
obtains the track nearest point 15 to the track 18.addition, the mileage of the track
nearest point 15 is set as the mileagef3he measurement point.P The mileage Sis
the length along the track 12 of the track neapestt 15 as described above, may be
obtained by the integration of the distance from ghart point of the track 12, or may be
obtained by the interpolation from the front andrrigack points of the track nearest point
15 if the mileage is previously defined in the kaoint Q.

[0060] In step ST13, the distance measurement de¥icalculates the uv coordinate
values (W, v) from the coordinate valuesy(xyk, z) of the measurement point.P In
step ST14, the distance measurement device 2 shitardistance Pof the measurement
point R in the uv coordinate plane, and the nearest pdirgiving the distance. When
the measurement point 10 falls within the constomcgauge 9, the sign of the distance

Dy is set as negative. In step ST15, the distancasanement device 2 stores the
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mileage &, (W, W), the distance P and the nearest poinghh the storage device 1 (Fig.
1). Instep ST16, 1 is added to k.

[0061] In step ST17, the distance measurement eeitetermines whether or not k is
larger than K. If so, then the step ST1 ends,rotise, the process returns to step ST12.
[0062] With reference to Fig. 15, the operationfpened by the identification device 3
in step ST2 (Fig. 13) will be described in detaldw.

[0063] In step ST20, the identification device &ade the construction gauge data 6
from the storage device 1. In addition, the vddadbindicating the number of pieces of
data of the measurement points is set.

[0064] In step ST21, the identification device 3ssthe variable k specifying the
measurement poiniRo be processed as 1 among the measurement ptent @Fig. 3).
[0065] In step ST22, the identification device Zds the mileage«S (W, W), the
distance [, and the nearest poingldf the measurement poing ffom the storage device
1.

[0066] In step ST23, the identification device 3admines whether or not the distance
Dy is the predetermined threshold valugdd less. It should be noted that if the value
Do is set as 0, only the measurement point fallindpiwithe construction gauge 9 can be
set as the drawing object. If the distance i® the threshold value (Dor less, the
identification device 3 proceeds to step ST24, wilse, proceeds to step ST29.

[0067] In step ST24, the identification device 3entifies whether or not the
measurement pointPis the measurement point of the feature 29 on graund.
Specifically, as described above, it is determidedending on whether the nearest point
Hx is on the base 17 of the construction gauge 9ylmther y < vy, or not. If the
measurement pointgHs the measurement point of the feature 29 ongtioeind, the

identification device 3 proceeds to step ST26, wilse, proceeds to step ST25.
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[0068] In step ST25, whether or not the measurempemt R is the feature on the left
side of the track is identified. As described ahothis is identified depending on
whether or not the u coordinate valueisiO or less. If the measurement poiptidPon
the left side of the track, the identification d=i3 proceeds to step ST27, otherwise,
proceeds to step ST28.

[0069] In step ST26, in response to the measuremant R being identified as the
feature 29 on the ground, a variableifdicating the identification result is set to “0”
representing the feature on the ground. In step/Sih response to the measurement
point R being identified to be on the left side of theckiathe variable Findicating the
identification result is set to “1” representingetleft side of the track. In step ST28, in
response to the measurement poinbé&ing identified to be on the right side of thack,
the variable kindicating the identification result is set to “Bpresenting the right side
of the track. In step ST29, in response to thesm@ament point Pbeing identified as
not falling within a predetermined range from tlmastruction gauge 9, in other words, in
response to the measurement pointbBing identified as keeping a sufficient distance
from the construction gauge 9, the variablarfélicating the identification result is set to
“1". In step ST30, the variable, fndicating the identification result is stored time
storage device 1.

[0070] In step ST31, the identification device 3lad to k. In step ST32, whether or
not k is larger than K is determined. If so, ttetep ST2 ends, otherwise, the process
returns to step ST22.

[0071] With reference to Fig. 16, the operationf@ened by the drawing device 4 in
step ST3 (Fig. 13) will be described in detail belo

[0072] In step ST40, the drawing device 4 initielz the construction gauge

measurement diagram 24 to the state of not beilagvrdr and sets the variable K
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indicating the number of pieces of data of the meament points. In step ST41, the
variable k indicating the measurement point datsetsto 1. In step ST42, the mileage
S, (W, W), the distance [ and the identification resuli Fof the measurement poing P
are read from the storage device 1.

[0073] In step ST43, the drawing device 4 determimehether or not the Kk-th
measurement pointiHs identified as the measurement point of theui@a®9 on the
ground. If the measurement point iB identified as the measurement point of the
feature 29 on the ground, the process proceedsefp ST46, otherwise, the process
proceeds to step ST44.

[0074] In step ST44, the drawing device 4 determimehether or not the k-th
measurement poini s identified to be on the left side of the tracKf it is identified so,
the process proceeds to step ST47, otherwisertitess proceeds to step ST45.

[0075] In step ST45, the drawing device 4 determimehether or not the Kk-th
measurement poini ks identified to be on the right side of the trachf it is identified

S0, the process proceeds to step ST48, othenhis@rbcess proceeds to step ST49.
[0076] In step ST46, in terms of the measurememtt@®, the drawing device 4 draws
a drawing point 25 at the {Sw) of the plan view 18. In step ST47, in terms loé t
measurement poingPa drawing point 26 is drawn at(Sx) of the left side view 19. In
step ST48, in terms of the measurement painaRIrawing point 27 is drawn aty(S)

of the right side view. In steps ST46 to ST48Jascribed above, depending on whether
the measurement poinf, Falls within the construction gauge 9 (that is; © 0), or
whether it approaches the construction gauge 9 i&h&, > Dy > 0), the symbol such as
the size and color of the drawing point is changed. addition, when the drawing region
is already drawn with the symbol correspondinght® distance smaller than the distance

Dy of the measurement point,Pthe point regarding the measurement i® not
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overwritten so that the measurement result withnaller distance is not erased.

[0077] In step ST49, the drawing device 4 addsK. toln step ST50, whether or not k
is larger than K is determined. If so, then thecpss proceeds to step ST51, otherwise,
the process returns to step ST42. In step ST®Ipln view 18, the left side view 19,
and the right side view 20 are stored in the s®dgyice 1 as one set of the construction
gauge measurement diagram 24. Thus, the consinugduge measurement diagram 24
is obtained.

[0078] The construction gauge measurement diagrast@ed in the storage device 1
can be output by the output device (not shown).ecBigally, the construction gauge
measurement diagram 24 may be electronically disdl@n the screen by a display, and
may be printed as a paper document by a printarpbotter. The measurement point 10
has three-dimensional coordinates, and therefotleigfis to be expressed in document,
the object of the two variables respectively assigto the vertical and horizontal axes in
document must be selected appropriately. In thesgmt embodiment, as described
above, the mileage and the u coordinate valueadeeted as the two axes with respect to
the measurement point of the feature 29 on thengkoand the mileage and the v
coordinate value are selected as the two axesresghect to the measurement point of the
feature 30 along the track. On top of that, thenfguch as color and size of the figure
to be drawn is changed, whereby the distance t@dhstruction gauge 9 is represented.
In this way, the hindrance to the on-site iderdifion of the feature approaching or
entering the construction gauge 9 does not occithough the v coordinate value is
discarded in terms of the feature 29 on the groand,the u coordinate value is discarded
in terms of the feature 30 along the track, theartgnce of the v coordinate value is low
in the identification of the feature 29 on the grdwclose to the rail surface 13, and the

importance of the u coordinate value is low in ithentification of the feature 30 along
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the track. That is, according to the present enmbexdt, the construction gauge
measurement results are represented as a set dfatwings with the two axes of the
vertical and horizontal axes while retaining thisimation important to the identification
of the feature.

[0079] (Summary of Operations and Effects)

According to the present embodiment, among thesareanent points 10,
different drawing processes are performed on th@sorement points identified as falling
within the predetermined range from the construcauge 9 by the range identification
unit 3a and the measurement points identified asfaibng within the predetermined
range from the construction gauge 9 by the rangetification unit 3a. Therefore, from
the construction gauge measurement diagram 24 1{E)gthe measurement point falling
within the predetermined range from the construcggauge 9, that is, the measurement
point approaching or entering the construction gaigan be grasped.

[0080] In addition, the construction gauge measer@mesults over a wide area can be
condensed by using the plan view 18 and the sies/il9 and 20. The measurement
point 10 of the feature on the ground is drawnhia plan view 18, whereby the position
on the ground can be grasped from the plan viewa@8,this allows the feature on the
ground to be easily identified on-site. In addifithe measurement point 10 not of the
feature on the ground is drawn in the side viewaid® 20, whereby the height position
can be grasped from the side views 19 and 20, lasdatlows the feature not on the
ground to be easily identified on-site.

[0081] As described above, there can be obtaineadmstruction gauge measurement
diagram capable of condensedly displaying the nreasent point 10 while maintaining
particularly useful information for identifying osite the position of the feature

corresponding to the measurement point 10 entasingpproaching the construction
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gauge 9.

[0082] In the present embodiment, the drawing dev (Fig. 1) draws the
measurement point identified as falling within tipeedetermined range from the
construction gauge 9 by the range identificatiort 8a among the measurement points 10,
and does not draw the measurement point identifssd not falling within the
predetermined range from the construction gauge ¢he range identification unit 3a
among the measurement points 10. As a result,tbelyneasurement point approaching
or entering the construction gauge 9 among the uneasent points 10 can be grasped
from the measurement diagram.

[0083] In addition, the drawing device 4 (Fig. ljads the measurement point
identified to be located on the left side by thi-teght identification unit 3c among the
measurement points 10 in the left side view 19, dralvs the measurement point
identified to be located on the right side by tai-tight identification unit 3c among the
measurement points 10 in the right side view 2@ {8¢g. 11). As a result, it is possible
to grasp which of the left side and the right safi¢he track the measurement point 10 of
the feature not on the ground is located on from d¢bnstruction gauge measurement
diagram 24.

[0084] (Modification)

Although in the above embodiment, as the metheddentifying whether or
not the measurement point 10 is the measurement pbthe feature on the ground, the
method based on the position of the nearest paintbkhe construction gauge 9 of the
measurement pointPor the comparison between the v coordinate valu®fvthe
measurement pointiRand the v coordinate valug of the loading gauge 40 is described,
other methods may be used. For example, evenreifidantification based on the v

coordinate value wof the measurement poinkiB performed, the identification may be
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performed by using the value determined separdtely the loading gauge 40, for
example, whether or not 0.05 m or less.

[0085] In addition, although in the above embodimehe identification of detailed
attributes (Fig. 15: steps ST26 to ST28) and thbseguent drawing process are
performed only on the measurement poipthAving a distance Dof Dy or less, the
identification of detailed attributes and the dnagvimay be performed on all the
measurement points 10, regardless of the valudeofdistance [ Alternatively, the
measurement point 10 in a predetermined rangesxample, within 3 m, from the track
12 may be selectively drawn. In this case, thevoirg device 4 (Fig. 1) draws the
measurement point identified as falling within tipeedetermined range from the
construction gauge 9 by the range identificatiort 8a among the measurement points 10,
and the measurement point identified as not fahumtpin the predetermined range from
the construction gauge 9 by the range identificatimit 3a among the measurement
points 10 by using different symbols. As a reswhile the measurement point
approaching or entering the construction gauge 8ngnthe measurement points 10 is
selectively grasped, the situation can be grasfsedfar the measurement point having a
margin for the construction gauge 9 at the same.tinTherefore, the margin for the
construction gauge 9 can be grasped. The measuorgromt R with the distance P
exceeding Ris preferably drawn less conspicuously than thasmement point without
the distance Pexceeding B and for example, is drawn in a pale color, andr&avn so
as not to appear in the front compared with thewoirg of the measurement point
approaching or entering the construction gauge 9.

[0086] In addition, the reflection intensity of theser beam during the measurement of
the measurement point 10 may be reflected in ther @and the brightness when the

measurement point 10 is drawn in the constructiangg measurement diagram. The
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reflection intensity of the laser beam is correlategith the light reflectance of the
measurement point 10, and therefore, the consbrucgauge measurement diagram
representing the local landscape can be obtain€@r example, when all of the
measurement points 10 are set as the object afriweing, the measurement point with
the distance D exceeding, 3 drawn with the reflection intensity of the lasand the
measurement point with the distance D beingdD less may be drawn by using the
symbol corresponding to the entry or the approacthé construction gauge 9. This
allows the landscape of the background of the sym#dpmesenting the measurement point
entering or approaching the construction gauge thenconstruction gauge measurement
diagram to be represented by the measurement gamiom the construction gauge 9.
In addition, a photographic image is captured atdhme time as the measurement of the
measurement point 10, and the drawing may be peedrwith the color of the
measurement point obtained from the pixel value addition, with the photographic
image captured on-site as a background, the catistnugauge measurement diagram
may be drawn over that. In addition, the measung¢rpeint 10 entering or approaching
the construction gauge 9 may be drawn bright byireddhe value of the reflection
intensity, and the measurement point 10 with tistadice D exceedingeDnay be drawn
dark by subtracting the value of the reflectiorenity.

[0087] In addition, although in the above emboditnent only the measurement point
10 inside the construction gauge 9 but also thesareanent point 10 approaching the
construction gauge 9 is drawn, only the measurepant falling within the construction
gauge 9 may be drawn by setting £0. Alternatively, each of the measurement point
10 falling within the construction gauge 9 and theasurement point 10 approaching the
construction gauge 9 may be drawn as an individoaktruction gauge measurement

diagram 24.
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[0088] In addition, although in the above emboditnethe construction gauge
measurement diagram 24 is drawn by drawing a poina figure for each of the
measurement points 10, when there is a featureimgter approaching the construction
gauge, the measurement points entering or appruaciie construction gauge are
obtained densely in response to the feature, ameftire for each set of these cohesive
measurement points, a closed curve figure such pslygon including these may be
drawn on the construction gauge measurement diagrémthis case, the color for filling
the above figure may be changed so as to reprélsenéntry or the approach to the
construction gauge 9. Alternatively, the drawiegresented by one figure may be made
for each set of measurement points cohesive fdr &ature.

[0089] In addition, although in the above embodimehe v-axis being the vertical
axis in the right side view 20 is taken downwah® v-axis may be taken upward in the
same manner as in the left side view 19. In tlisec the right side view 20 is not
vertically inverted either. In addition, althoughthe construction gauge measurement
diagram 24 (Fig. 11), the plan view 18, the leftesview 19, and the right side view 20
are drawn as separate drawings, the left side ¥#&whe plan view 18, and the right side
view 20 may be drawn as one drawing arranged \aditicy this order.

[0090] In addition, although in the above embodimenstraight section is assumed,
and the u-axis is described to be horizontal, dedwaxis is described to be vertical,
when the cant is attached to the track in the gutlve uv coordinate system may be
rotated as much as the angle of the cant of theesiepoint 15 on the track so that the
u-axis matches the rail surface 13. Alternativiilg uv coordinate system is not rotated,
and the construction gauge 9 may be rotated. ditiad, the construction gauge 9 is
expanded in the curve, and therefore the construaiauge 9 may be expanded in

accordance with the radius of the curve of the estgvoint 15 on the track. The angles
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of these cants and the radii of these curves magttred in the storage device 1 in
association with each point Qf the track data 5.

[0091] In addition, although in the above embodimé&ro side views of the left side
view 19 and the right side view 20 are created,mdetructure requiring attention does
not exist on one side of the track, the correspundide view is not created, and the
construction gauge measurement diagram 24 may ifegaoed by the plan view 18 and
one of the side views.

[0092] Furthermore, the construction gauge measeméndiagram 24 may be
configured by the plan view 18 when the measuremesults of only the feature 29 on
the ground are desired to be shown, and by theilddtview 19 and/or the right side view
20 when the measurement results of only the featioreg the track 12 are desired to be
shown.

[0093] In addition, although in the above emboditmére track Q(Fig. 4) is described
as having been obtained, the detection of the @ilmay be performed from the
measurement pointPand the data (@f the track may be obtained with the path center
as the track 12. In that case, as described alitoiepbvious that the rails 8 approach
the construction gauge 9, and therefore the measnmepoint 10 of the rails 8 does not
have to be drawn in the plan view 18.

[0094] In addition, although in the above embodimdrom the operation of the
distance measurement device 2 in step ST1 to theabpn of the drawing device 4 in
step ST3, the operation is performed so that thegss in each step is executed on all the
measurement points Rnd then proceed to the next step, it may be gordd that, for
each measurement poing, Bhe distance pto the construction gauge 9 and the nearest
point H, are obtained, the identification is performed, #m&ldrawing on the construction

gauge measurement diagram is repeated.
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[0095] In addition, although in the above emboditnethe construction gauge
measurement diagram is drawn by drawing a poira faigure, the value of the distance
Dk may be displayed in the measurement pointvih the distance Pbeing relatively
small or minimum so that the degree of enteringmproaching the construction gauge 9
is more specifically shown.
[0096] In addition, although in the above embodiméime distance Pis set as 0 or
negative when the measurement point 10 falls witha construction gauge 9, the D
may be set as the distance between the measur@mentlO and the nearest point 16,
and the variable indicating whether or not the measent point 10 falls within the
construction gauge 9 may be used separately.
[0097] <Second Embodiment>

(Summary)

In the present embodiment, there will be descrihedcase where the track data
5 stored by the storage device 1 (Fig. 1) relatiae¢oroute of a plurality of tracks running
side by side.
[0098] Fig. 17 illustrates an example of the tratRs the construction gauges 9, and
the measurement points 10 handled by the creatawicel of the construction gauge
measurement diagram (Fig. 18) according to theeptesmbodiment. Unlike the case
of the first embodiment (Fig. 2), a constructioruga 9 is set in each of the plurality of
tracks 12 running side by side. Whether or noedam structure is the obstacle to
transportation should be determined by the distame®veen this structure and the
construction gauge 9 closest thereto. Then, thallesh value among the distances
between each measurement poipgRd a plurality of construction gauges 9 is sehas
distance [, and the construction gauge measurement diagrasi@éated based on this.

In addition, in the present embodiment, the comsitn gauge measurement diagram for
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each track 12 is not created, and the construggarge measurement diagram handling
two tracks 12 running side by side is created. rdfloee, the plan view 18 includes a
range of two tracks 12. The construction gaugesonreanent diagram 24 is configured
by the plan view 18, the left side view 19 of thack on the left side, and the right side
view 20 of the track on the right side correspogdmthe plan view 18.
[0099] (Operation of Device for Creating ConstrantiGauge Measurement Diagram)
Although the device for creating a constructionggmeasurement diagram of
the present embodiment has the same basic corfguias that of the first embodiment
(Fig. 1), there is a difference in the configuratiaf each portion. In the following, this
difference will be mainly described.
[0100] The distance measurement device 2 (Fig.algutates the distances Dand
Drk between each of the construction gauges 9 ofvibddft and right tracks 12 and the
measurement poing i the present embodiment. The distance withmiremum value
among them is set as the distance i2tween the measurement point 10 and the
construction gauge 9. In addition, among the rgapwints Hy and Hyx to the
respective two construction gauges 9, the neaaast giving the minimum value is set as
the nearest point | When the measurement point falls within any one of the
construction gauges 9, the distanga€given a negative sign.
[0101] Fig. 19 is an explanatory diagram illustngtthe operation of the identification
device 3 (Fig. 1). The uv plane of the track 12lomleft side is represented as the u
plane, and the uv plane of the track 12 on thet sgle is represented as thgvgi plane.
Although details will be described later, the idicdtion device 3 performs the
identification by using the distance, @nd the nearest pointyHFig. 20). Specifically,
the identification device 3 identifies which of thenstruction gauges 9 the measurement

point 10 falls within, or which of the constructigauges 9 the measurement point 10
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approaches in the present embodiment. For examvpks the nearest point 16 is on the
base 17 of the construction gauge 9, the measutepwnt 10 is identified as the
measurement point of the feature 29 on the groukdirthermore, for the measurement
point 10 other than that, it is identified to hahe right attributes if there is the nearest
point 16 on the construction gauge 9 of the traZlod the right side, and it is identified
to have the left attributes if there is the neapestt 16 on the construction gauge 9 of the
track 12 on the left side.

[0102] For example, in the figure, the nearest {®if,. and Hg of the respective
measurement points,Pand Rg are located on the base 17 of the constructioge&u
Therefore, the measurement points &d Rg are identified as the measurement points
of the feature 29 on the ground. On the other hdnanearest pointsykland H, of the
respective measurement pointss Rnd R_ are not on the base 17 of the construction
gauge 9. In this case, the identification of th# hnd right attributes is performed.
Specifically, the measurement poinjzFs identified to have the right attributes because
the nearest pointdd is on the construction gauge 9 of the track orrigjiet side, and the
measurement point:Pis identified to have the left attributes becatls® nearest point
HcL is on the construction gauge 9 of the track oridfieside.

[0103] In the present embodiment, the drawing dev& (Fig. 1) draws the
measurement points 10 having the respective at&isbof: on the ground, the left (of the
track), and the right (of the track), as in thenplaew 18, the left side view 19, and the
right side view 20 (Fig. 18). Although the detandl be described later, the drawing
device 4 refers to the identification results of tmeasurement point 10 by the
identification device 3, and draws it at(8.«) in the plan view 18 if it is the feature 29
on the ground. If it is on the left side of thadk, it is drawn at (S vik) in the left side

view 19. If it is on the right side of the tradk,s drawn at (§ vik) in the right side
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view 20. It should be noted that, here, the valueach vertical axis preferentially takes
the uv coordinate value with respect to the ledtitr12 (Fig. 17). That is, the above
values yx and vk are the coordinates of the measurement pqiimt ie yv_ coordinate
system (Fig. 17).

[0104] (Method for Creating Construction Gauge Meament Diagram)

Although the method for creating a constructionggameasurement diagram of
the present embodiment has the same basic corfguias that of the first embodiment
(Fig. 13), there is a difference in the configuratbf each portion. In the following, this
difference will be mainly described.

[0105] With reference to Fig. 20, the operationfpened by the distance measurement
device 2 in step ST1 (Fig. 13) will be describedlatail below. It should be noted that
the description of the same portions as in thé éinsbodiment (Fig. 14) will be omitted.
[0106] In step ST200, the distance measurementcee¥ireads the data of the k-th
measurement point;Rmong the measurement point data 7 in the stategee 1 (Fig.
1). Then, the track nearest point 15 to the triZlon the left side is obtained (see Fig.
7), and the mileage of the track nearest point 45at as the mileagex ®f the
measurement poingP

[0107] In step ST201, the w coordinate values (K vik) of the left track is
calculated from the coordinate valueg, (x, z) of the measurement poing.P

[0108] In step ST202, the distancexDbetween the measurement point 10 and the
construction gauge 9 in thew coordinate plane, and the nearest point ¢iving the
distance (Fig. 19: closest approach point 16) ateioed. When the measurement point
10 falls within the construction gauge 9, the 2§the distance @ is set as negative.
[0109] In step ST204, thesur coordinate values g4, Vrk) With reference to the right

track is calculated from the coordinate valugs ¥ z) of the measurement poing.P It



10

15

20

25

45

should be noted that the left track may be a refereénstead.

[0110] In step ST205, the distancexbetween the measurement point 10 and the
construction gauge 9 in thewk coordinate plane, and the nearest point glving the
distance are obtained. When the measurement pO0irfalls within the construction
gauge 9, the sign of the distancg[> set as negative.

[0111] In step ST206, whether or not thg, s the Ok or less is determined. If so,
then the process proceeds to step ST207, otheweserocess proceeds to step ST208.
[0112] In step ST207, the Ris set as the distance,and the left nearest poin{Hs
set as the nearest poing.H In addition, the variable Gindicating which of the left and
the right construction gauges the closest appragaamade to, is set to the numeric value
representing the left, for example, O.

[0113] In step ST208, thedRis set as the distancg,and the right nearest poinkH

is set as the nearest poing.H In addition, the variable {@s set to the numeric value
representing the right, for example, 1.

[0114] In step ST209, the mileage, $he distance P and the nearest pointHre
stored in the storage device 1. In additiony,(v.) is stored in the storage device 1 as
(Uks Vi)

[0115] With reference to Fig. 21, the operationfpened by the identification device 3
in step ST2 (Fig. 13) will be described in detadldw. It should be noted that the
description of the same portions as in the firsbediment (Fig. 15) will be omitted.

[0116] In step ST222, the mileage of the measurémpemt R, (W, V), the distance
Dy, the nearest pointiand the variable G are read from the storagecdeli

[0117] In step ST225, the identification device @&entifies whether or not the
measurement pointis on the left of the track. Specifically, whetloe not the variable

Gk is 1 indicating the left is determined. If soehthe process proceeds to step ST27,
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otherwise, the process proceeds to step ST28.
[0118] Next, the construction gauge measuremengram 24 in the double track
section (Fig. 18) with the plan view 18, the leftesview 19, and the right side view 20 as
one set can be obtained by the operation perfoloyatie drawing device 4 in step ST3
(Fig. 13).
[0119] According to the present embodiment, thexe be obtained the construction
gauge measurement diagram 24 in which the distanoesch of the construction gauges
9 are integrated in the section where the two sddkrun side by side. In this way, the
construction gauge measurement diagram 24 intebrfte the double track can be
obtained, and therefore, for example, the measurenmasults of the construction gauge
over the entire route for both tracks of up and W@an be concisely represented in one
set of construction gauge measurement diagramn2igan be easily understood.
[0120] It should be noted that although in the aembodiment, the double track
section where two tracks run side by side is dbedrtithe section where three or more
tracks run side by side can also be performedarsime manner. In addition, although
in the above embodiment, the construction gaugesarement diagram 24 for the left
and right tracks in the double track section isfigumed to be represented by a single
plan view 18, a left side view 19, and a right sitewv 20, each of the construction gauge
measurement diagrams may be created by individbalhdling the left and right tracks
in the same manner as the construction gauge nezasnt diagram 24 in the first
embodiment (Fig. 11).
[0121] <Third Embodiment>

In the first embodiment, the feature 30 alongtthek (Fig. 12) approaching or
entering the construction gauge 9 is drawn by bdiagled into the left side view 19 and

the right side view 20 (Fig. 11); however, the teat30 is drawn in one side view in the
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present embodiment. Therefore, in order that mosunclear which of the left side and
the right side of the track the feature 30 is ledabn, in the present embodiment, the
drawing device 4 (Fig. 1) draws, by using differaymbols, the measurement point
identified to be located on the left side and treasurement point identified to be located
on the right side by the left-right identificatiemit 3¢ (Fig. 1) among the measurement
points.

[0122] Fig. 22 is an explanatory diagram illusingtithe operation of the drawing
device 4 (Fig. 1) included in the device for cregta construction gauge measurement
diagram 24 (Fig. 23) according to the present enmbedt. In the present embodiment,
the drawing device 4 draws the measurement poyasdP B (Fig. 22) of the features on
the left and right of the track 12 as the side vE&8\uFig. 23) projected on one projection
surface 32. At that time, in order to indicate ethof the left and right of the track 12
the point 26 drawn in the side view 33 is on, tb the shade, or the size of the point
for drawing is changed depending on the u coordinatue. In the side view 33 of the
construction gauge measurement diagram 24 (Fig.v@3h of the left side and right
side of the track 12 (Fig. 22) the measurementtpigiriocated on, and whether the
measurement point enters or approaches the cotistrugauge 9 are represented by
changing the hatching. Specifically, the measurgrpeint on the right side of the track
12 is represented by the right-downward diagontdhiag, and the measurement point on
the left side of the track 12 is represented byeftedownward diagonal hatching.

[0123] Although the method for creating a constarcgauge measurement diagram of
the present embodiment has the same basic cortfguias that of the first embodiment
(Fig. 13), there is a difference in the configuratbf each portion. In the following, this
difference will be mainly described.

[0124] With reference to Fig. 24, the operationfpened by the drawing device 4 in
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step ST3 (Fig. 13) will be described. Step STthapresent embodiment is obtained by
respectively replacing steps ST47, ST48, and Simhd first embodiment (Fig. 16) with
steps ST347, ST348, and ST351.

[0125] In step ST347, the drawing device 4 draves ghint 26 at (S W) in the side
view 33 in a form indicating that the measurememhiph; is on the left side of the track.
In step ST348, the point 26 is drawn at, (%) in the side view 33 in a form indicating
that the measurement poingiB on the right side of the track. In these st8p847 and
ST348, the form such as the size and the colohefdrawing point 26 may be changed
depending on whether the measurement paineérers or approaches the construction
gauge 9 as described above, in addition to thendigin in the left and right. In
addition, the drawing of the point falling withirheé construction gauge 9 may be
prioritized to be in the front, and, for exampleg ttolor for the measurement point on the
right side of the track may be prioritized to behe front.

[0126] In step ST351, the drawing device 4 stohesplan view 18 and the side view
33 in the storage device 1 as one set of the aangin gauge measurement diagram 24.
Thus, the construction gauge measurement diagragfig423) is obtained. It should
be noted that the configuration other than the absabout the same as the configuration
in the first embodiment described above, and tbeeethe same or corresponding
elements will be denoted by the same reference ralsp@nd the description thereof will
not be repeated.

[0127] According to the present embodiment, bottasaeement points 10 on the left
side and the right side of the track 12 can belalyggl in one side view 33 while being
distinguished from each other. For this reasorg theasurement results of the
construction gauge over the entire route can beesepted by two drawings of the plan

view 18 and the side view 33, and can be understodtiat is, a more condensed
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construction gauge measurement diagram 24 cantbmed.
[0128] <Fourth Embodiment>

Although in the above third embodiment (Fig. 2#)e construction gauge
measurement diagram 24 is configured by one plew 8 and one side view 33, in the
present embodiment, the construction gauge measutestragram is configured by only
a plan view. The device for creating a construcggauge measurement diagram of the
present embodiment has the same basic configurasidimat of the first embodiment (Fig.
1). In the present embodiment, as for the drawiegice 4 (Fig. 1), all of the
measurement points entering or approaching the trcmtii®n gauge 9 among the
measurement points 10 (Fig. 2) are drawn in the plew 18 (Fig. 26), and the side view
is not created. In the plan view 18, the measun¢érpeint of the feature is drawn
irrespective of whether the feature is on the gdooinnot.
[0129] In the example illustrated in Fig. 25, thawling device 4 (Fig. 1) draws each
of the measurement poing Bf a feature on the ground, the measurement [Bgionh the
right side of the track 12, and the measurementtggion the left side in the plan view
18 by projecting it onto the projection surfaced?ilthe ground. At that time, in order to
show whether the drawn point is that of the featuwrehe ground, the form such as the
color, the shade, or the size of the point at iime ©f the drawing is changed depending
on the identification results in the identificatiolevice 3 (Fig. 1) of the measurement
point 10 and the z coordinate value or the v coai#i value being the height.
[0130] That is, the construction gauge measurerda&gram 24 includes drawing of
the symbols representing those of the featureshenground among a plurality of
measurement points and drawing of the symbols septang those not of the features on
the ground among the plurality of measurement poinfThe symbols representing the

features on the ground among a plurality of measarg points and the symbols
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representing those not of the features on the grammong the plurality of measurement
points are different from each other.

[0131] In the construction gauge measurement dnadté (Fig. 26), the drawing form
is changed depending on the v coordinate valuehef measurement point and the
classification whether the measurement point aggr@s or enters the construction gauge
9. Fig. 26 schematically shows this by changing thatching. Specifically, the
measurement point not of the feature on the grasnddicated by the right-downward
diagonal hatching, the thickness is changed depgrah its height, and the measurement
point falling within the construction gauge 9 aspnesented by being filled. It should
be noted that the construction gauge measuremagitagin 26 may be a diagram in which
only the measurement point falling in a predeteadinange from the construction gauge
among the measurement points is drawn.

[0132] Although the method for creating a constarcgauge measurement diagram of
the present embodiment has the same basic corfguias that of the first embodiment
(Fig. 13), there is a difference in the configuyatbf each portion. In the following, this
difference will be mainly described.

[0133] With reference to Fig. 27, the operationfpened by the drawing device 4 (Fig.
1) in step ST3 (Fig. 13) will be described. Step33Sn the present embodiment is
obtained by replacing steps ST46 to ST48 in th&t Bmbodiment (Fig. 16) with steps
ST446 and ST447, and step ST51 with step ST451.

[0134] In step ST446, in terms of the measurememtpR, the drawing device 4
draws the point 25 (Fig. 25) at(Sk) in the plan view 18 in a form indicating the f@at

on the ground.

[0135] In step ST447, in terms of the measurememtpR, the drawing device 4

draws the points 26 and 27 (Fig. 25) at, (&) in the plan view 18 in a form indicating
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the left and the right of the track 12. The forfthe size and the color of the drawing
point 25 is changed depending on whether the meamant point Penters or approaches
the construction gauge 9. In addition, the drawmpmint of the measurement point
falling within the construction gauge 9 may be ptiped to be in the front, and the
drawing with respect to the measurement point enleéft and the right of the track may
be prioritized to be in the front.
[0136] In step ST451, the plan view 18 (Fig. 263tered in the storage device 1 as the
construction gauge measurement diagram 24. Thbs, c¢onstruction gauge
measurement diagram 24 is obtained.
[0137] According to the present embodiment, thestmction gauge measurement
results over a wide area can be condensed intam yew. In addition, by using
different symbols for drawing the measurement ol (Fig. 2) in the plan view 18 (Fig.
26), whether the measurement points 10 are thogedéatures on the ground or not can
be grasped from the construction gauge measuretiggtam 24 (Fig. 26). Therefore,
the feature can be easily identified on-site.
[0138] <Fifth Embodiment>

In the construction gauge measurement diagram F24. (L1) of the first
embodiment, the measurement point of the featuth@ground which is apt to approach
or enter the base of the construction gauge is miavthe plan view 18, and all of the
measurement points of the other features are dravende views. As another feature
other than the feature on the ground, the featQréFg8). 12) installed along the track is
typically present as mentioned in the first embashim however, in addition to this, the
feature which is installed above the track 12 amel ¢donstruction gauge 9 and apt to
approach or enter the upper portion of the constmicgauge 9 (also referred to as

“feature of the upper portion”) may be present. r Egample, an overhead wire, an
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elevated bridge, or the like corresponds to thiBhe present embodiment is suitable in
such a case, and in addition to the plan view irclvthe feature on the ground is drawn,
the top plan view 35 in which the feature of th@eipportion is drawn (Fig. 29) is further
used.

[0139] Although the device for creating a constitigauge measurement diagram of
the present embodiment has the same basic cortfguias that of the first embodiment
(Fig. 1), there is a difference in the configurataf each portion. In the following, this
difference will be mainly described with refereriodig. 28.

[0140] In the present embodiment, the identificatidevice 3 (Fig. 1) includes an
upper portion feature identification unit (not shgw in addition to the range
identification unit 3a, the ground feature idewctition unit 3b, and the left-right
identification unit 3c. The upper portion featidentification unit identifies whether or
not the measurement point 10 (Fig. 2) is that effdature 39 of the upper portion (Fig.
28). This identification can be performed by thiengple, for example, similar to the
principle of the identification by the ground fegudentification unit 3b. Specifically,
when the nearest pointiHsee Fig. 8) of the measurement poigptifplaced on the top
side 37 (Fig. 28) defined in the construction ga@ger when y of the measurement
point is v (Fig. 12) being the height of the loading gauge(Bi@. 12) or more, this
measurement point is identified as that of theuieaB9 of the upper portion.

[0141] It should be noted that, although the dstailll be described later, the upper
portion feature identification unit may be conseteto perform the identification on each
of the measurement points at least identified Bisdawithin a predetermined range from
the construction gauge 9 by the range identificatimit 3a among the measurement
points 10 (Fig. 2).

[0142] In the drawing device 4 (Fig. 1), in the gget embodiment, the measurement
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point approaching or entering the construction ga® and identified to be the
measurement point of the feature 39 of the upp#rgmois drawn in the top plan view 35
(Fig. 29). The top plan view 35 is obtained by fhejection of the feature 39 of the
upper portion of the track on the projection suef&6 provided above the track 12. In
the upper portion of the construction gauge 9,nleasurement points 10 approaching or
entering it can be widely distributed in the tragrse direction of the track 12.
Therefore, which positions in the u-axis directibve measurement points 10 are in or
how wide a range they are distributed is not knoifithe measurement points of the
features of the upper portion are drawn in the sigev. In the present embodiment,
these are drawn in the top plan view 35, wherebypttsition and the spread in the u-axis
direction of the measurement points can be easiierstood.

[0143] The construction gauge measurement diagran(Fy). 29) includes, in order
from the top, the top plan view 35, the left sidew 19, the plan view 18, and the right
side view 20. The horizontal axis s of each offigares is intended to correspond to
the mileage of the track 12, and matches each.otfidre u coordinate value is made to
upwardly correspond to the vertical axis of the ptgm view 35. With this arrangement,
the construction gauge measurement diagram 24 eaobbained by the projection
surfaces 22 to 24 and 36 (Fig. 28) being develoaed therefore the understanding of the
construction gauge measurement diagram 24 becoases.e

[0144] Although the method for creating a consiarctgauge measurement diagram
(Fig. 29) of the present embodiment has the sarsie lsanfiguration as that of the first
embodiment (Fig. 13), there is a difference in ¢bafiguration of each portion. In the
following, this difference will be mainly described

[0145] With reference to Fig. 30, the operationfpened by the identification device 3

(Fig. 1) in step ST2 (Fig. 13) will be describedstep ST2 in the present embodiment
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further includes steps ST501 and ST502 in additiatmose of the first embodiment (Fig.
15).

[0146] In step ST501, whether or not the measurépeint R is that of the feature 39
of the upper portion is identified. This can bentified depending on whether the
nearest point His on the top side 37 of the construction gaugs flescribed above. If
so, then the process proceeds to step ST502, aoflegrtihe process proceeds to step
ST25.

[0147] In step ST502, in response to the measurepwnt R being identified as the
feature 39 of the upper portion, the variablergicating the identification result is set to
“3” representing the feature 39 of the upper portio

[0148] With reference to Fig. 31, the operationfpened by the drawing device 4 (Fig.
1) in step ST3 (Fig. 13) will be described. Step33n the present embodiment is
obtained by adding steps ST503 and 504 to thoskeofirst embodiment (Fig. 16) and
replacing step ST51 with step ST551.

[0149] In step ST503, the drawing device 4 deteewminwhether or not the k-th
measurement point ks identified as the feature of the upper portioff.it is identified
S0, the process proceeds to step ST504, othertwesprocess proceeds to step ST44.
[0150] In step ST504, in terms of the measuremeintt, a point 41 is drawn at (S
ux) of the top plan view 35 (Fig. 29). Also in thees ST504, as described above, the
form of the size and color of the drawing of thenpd 1 is changed depending on whether
the measurement poing Bnters or approaches the construction gauge 9addition, the
drawing of the measurement point falling within tteastruction gauge 9 is preferentially
represented at the front.

[0151] Instep ST551, the plan view 18, the tompleew 35, the left side view 19, and

the right side view 20 are stored in the storagdcdel as one set of the construction



10

15

20

25

55

gauge measurement diagram 24. Thus, the consinugduge measurement diagram 24
is obtained.
[0152] According to the present embodiment, a plgwssition of not only the feature
on the ground, but also the feature of the uppetigroof the track, can be grasped from
the construction gauge measurement diagram 24. a Assult, the position and the
spread in the transverse direction of the trackcd2 be represented for not only the
feature on the ground, but also for the featurthefupper portion of the track.
[0153] <Sixth Embodiment>

In the present embodiment, the case where thes roluthe track includes a
section passing through a tunnel will be describeflthough in the first embodiment,
the measurement point of the feature other thafetitere on the ground is represented in
the side view, in the present embodiment, in tiél section, the measurement point of
the feature other than the feature on the groumdgeesented in the tunnel development
view.
[0154] Although the device for creating a constitigauge measurement diagram of
the present embodiment has the same basic cortfguias that of the first embodiment
(Fig. 1), there is a difference in the configuratmf each portion. In the following, this
difference will be mainly described with refereriodig. 32.
[0155] In the storage device 1 (Fig. 1), as thekrdata 5, not only those described in
the first embodiment, but also the data of a cé@endicating the tunnel cross-sectional
shape is stored. It should be noted that althdbhghdentification device 3 (Fig. 1) is
substantially the same as that of the first embedimwhen only the section passing
through the tunnel among the routes is handlediefir@ight identification unit 3c can be
omitted.

[0156] In the present embodiment, the drawing devidraws the measurement point
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approaching or entering the construction gauget@ertunnel in a development view 47
of the tunnel (Fig. 33). The development view 43tpthe situations of each point on
the inner wall with the horizontal axis as the léng the longitudinal direction and the
vertical axis as the length along the cross seatiothe tunnel, in a tunnel inner wall
surface 48. In the present embodiment, for thesomement point Papproaching or
entering the construction gauge 9, a point 49 ptegeonto the tunnel inner wall surface
48 is considered, and this point is drawn in theettigment view 47. In Fig. 32, the
length along the curve 50 of the cross sectiortisasAkc. The tunnel inner wall surface
48 is the surface obtained by the sweeping of threec50 representing the tunnel cross
section in the axis direction of the tunnel. Thejgcted point 49 of the measurement
point R is set as the point giving the shortest distamoe fthe measurement poing P
onto the tunnel inner wall surface 48.

[0157] The construction gauge measurement diagran(Fy). 33) includes, in order
from the top, the development view 47 and the piaw 18. Here, the horizontal axis
takes the mileage s also in the development view Zhe vertical axis indicates the
lengthA (for example)g in Fig. 32) along the cross section of the pr@dgtoint 49. It
should be noted that the development view 47 ofttimmel is drawn as viewed from
above the tunnel, and therefore the length alomgctioss section is obtained by the
measurement from the end point on the right side.

[0158] Although the method for creating a consiarctgauge measurement diagram
(Fig. 33) of the present embodiment has the sarase loanfiguration as that of the first
embodiment (Fig. 13), there is a difference in ¢bafiguration of each portion. In the
following, this difference will be mainly described

[0159] With reference to Fig. 34, the operationfpened by the identification device 3

(Fig. 1) in step ST2 (Fig. 13) will be describedstep ST2 in the present embodiment is
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obtained by omitting steps ST25, ST27, and ST2& fthose of the first embodiment
(Fig. 15), and adding step ST600. Step ST600asued if the measurement pointi®
identified as not the measurement point of theufeadn the ground in step ST24, and the
variable k is set to “4”.

[0160] With reference to Fig. 35, the operationfpened by the drawing device 4 (Fig.
1) in step ST3 (Fig. 13) will be described. Step33Sn the present embodiment is
obtained by omitting steps ST44, ST45, ST47, andl8STrom those of the first
embodiment (Fig. 16), adding steps ST601 and ST&@2 replacing step ST51 with step
ST651.

[0161] In step ST601, the drawing device 4 deteemiwhether the variablg E 4 is
satisfied for the k-th measurement point PIf it is satisfied, the process proceeds to step
ST602, otherwise, the process proceeds to step.ST49

[0162] In step ST602, the drawing device 4 drawgpant at (R, Ax) of the
development view 47 as the measurement paint I step ST602, as described above,
the form of the size and the color of the drawignpis changed depending on whether
the measurement poing Bnters or approaches the construction gauge 9addition, the
drawing of the point entering the construction gafgs set at the front.

[0163] In step ST651, as shown in Fig. 33, the piaw 18 and the development view
47 are stored in the storage device 1 as one seafonstruction gauge measurement
diagram 24. Thus, the construction gauge measuntetiegram 47 is obtained.

[0164] According to the present embodiment, thestmction gauge measurement
results over a wide area can be condensed by tisenglan view and the development
view. The measurement point 10 of the featurehenground is drawn in the plan view
18 (Fig. 33), whereby the position on the ground ba grasped from the plan view 18,

and this allows the feature on the ground to béyeentified on-site. In addition, the
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measurement point 10 not of the feature on thergtasi drawn in the development view
47, whereby the position in the tunnel inner swefaan be grasped, and this allows the
feature not on the ground to be easily identifiedsite. Therefore, there can be
obtained the construction gauge measurement diagapable of condensedly displaying
the measurement point 10 while maintaining pardidyl useful information for
identifying in the on-site tunnel the position dfet feature corresponding to the
measurement point 10 entering or approaching thetaaction gauge 9.
[0165] In addition, there are cases where the dgveént view is used even in the
control chart for deformation such as the crackshm tunnel, and in such a case, the
comprehensive management of the tunnel can berpextbby the combination of the
development view of the control chart for deforraatand the development view 47 (Fig.
33) of the construction gauge measurement diagoarby using the figure obtained by
combining both development views.
[0166] <Seventh Embodiment>

Although in each of the above embodiments, the sttootion gauge
measurement diagram 24 is created as a singlefigjois may be superimposed on the
map along the track of the map.
[0167] Although the device for creating a constiutigauge measurement diagram of
the present embodiment has the same basic cortfguias that of the first embodiment
(Fig. 1), there is a difference in the configurataf each portion.
[0168] The storage device 1 stores a map 67 ofébgmn including the route of the
track (Fig. 36). When the construction gauge messmsant diagram is created, the map
data is stored in the storage device 1. The diwlievice 4 draws the construction
gauge measurement diagram 24 on the map 67.

[0169] In the present embodiment, the drawing devicdraws the plan view 18, the
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left side view 19, and the right side view 20 cdnoshg the construction gauge
measurement diagram 24 along the track 42 drawthemap 67. The construction
gauge measurement diagram is drawn along the #2obn the map 67 in accordance
with the mileage, whereby the understanding ofpbimt where the feature approaching
or entering the construction gauge 9 is presentlmeénvironment of its surrounding can
be facilitated.

[0170] In Fig. 36, the plan view 18, the left sdlew 19, and the right side view 20 are
drawn as the continuous construction gauge measmtesimgram 24. The s-axis of the
construction gauge measurement diagram 24 is planethe track 42. The t-axis is
taken in a direction perpendicular to the s-axisath point. The plan view 18 is placed
in the center, and the drawing point 25 is draw(sat) = (&, —vk). In order that each of
the left side view 18 and the right side view 1€@rawn on both sides of the plan view 18,
the maximum value of the absolute value of the ordinate value of the construction
gauge 9 is set aso+ max{| U; [}, and each of the drawing points is drawn at &+
Up) in the left side view 19 and at (S vk — Up) in the right side view 20.

[0171] Although the method for creating a consiarctgauge measurement diagram
(Fig. 36) of the present embodiment has the sarase loanfiguration as that of the first
embodiment (Fig. 13), there is a difference in ¢bafiguration of each portion. In the
following, this difference will be mainly described

[0172] With reference to Fig. 37, the operationfpened by the drawing device 4 (Fig.
1) in step ST3 (Fig. 13) will be described. Step33Sn the present embodiment is
obtained by adding step ST700 to those of the fastbodiment (Fig. 16), and
respectively replacing steps ST46 to ST48 and SABA steps ST746 to ST748 and
ST751.

[0173] By step ST700, the drawing device 4 retréetiee map 67 from the storage
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device 1. In step ST746, in terms of the measunémpeint R, a point is drawn at (S
—U) in the region 38 of the construction gauge measent diagram 24 on the map 67.
In step ST747, in terms of the measurement paingPoint is drawn at (Svk+ Up) in
the region 38 of the construction gauge measurediagtam 24 on the map 67. In step
ST748, in terms of the measurement point Pk, atpsidrawn at (§ —vk — Up) in the
region 38 of the construction gauge measuremempratia 24 on the map 67. In step
ST751, the map on which the measurement point Iffasn is stored in the storage
device 1 as the construction gauge measurementadiag4. Thus, the construction
gauge measurement diagram 24 drawn on the mapamed.
[0174] According to the present embodiment, thestmction gauge measurement
diagram 24 obtained by superimposing the constrngauge measurement results on the
map 67 can be obtained. For this reason, the merasat point 10 displayed on the
construction gauge measurement diagram can be egtaspng with the surrounding
situations shown on the map.
[0175] It should be noted that, although the cartdion gauge measurement diagram
24 is drawn on the map 67 in the present embodimestribed above, the construction
gauge measurement diagram 24 may be drawn on tilaé @®tograph.
[0176] <Eighth Embodiment>

With reference to Fig. 38, in the present embodimeonstruction gauge
measurement diagram data DB being the data for idgawhe construction gauge
measurement diagram is created from processing ctobgita DA with the
above-described measurement point data 7, the thatek5, and the construction gauge
data 6. The construction gauge measurement diaganDB, which will be described
in detail later, includes the data of the coordnadlues for drawing each of the plurality

of measurement points falling within a predeterrdin@nge from the construction gauge,
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and the data corresponding to the distance D frach ef the measurement points to the
construction gauge. 9.
[0177] (Summary)

The device for creating construction gauge measen¢ diagram data includes
a storage device 1 (storage means), a distance ureeant device 2 (distance
measurement means), an identification device 3nfifigation means), and a data
creation device 4D (data creation means).

[0178]

The storage device 1 includes a storage unit Jalda of storing processing
object data DA, and a storage unit 1B capableafrsj construction gauge measurement
diagram data DB. It should be noted that whendeeice for creating construction
gauge measurement diagram data is used, firspridoessing object data DA is stored in
the storage unit 1A, and thereafter, the consmanagauge measurement diagram data DB
created based on the processing object data DAoigds in the storage unit 1B.
Although in the method for creating constructionuge measurement diagram data
described below, the processing object data DAescidbed as already stored in the
storage unit 1A, the processing object data DA orgd to be stored when the device is
used. It should be noted that the storage unitarid\1B may be provided as the devices
independent of each other.

[0179] The data creation device 4D creates plaw data 102 including the coordinate
values for drawing in the plan view the measurenpent identified as the measurement
point of the feature on the ground by the grouratuiee identification unit 3b among the
measurement points, and the side view data inautfia coordinate values for drawing
in at least one side view at least part of the m@ssent points identified as not the

measurement point of the feature on the ground.thénpresent embodiment, left side
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view data 103 and right side view data 104 areteckas the side view data.

[0180] In order to draw the measurement pointstiled to be on the ground, on the
left side of the track, and on the right side af thack respectively in the plan view 18,
the left side view 19, and the right side view Fig( 11), the data of each of the plan
view coordinates, the left side view coordinates] ¢he right side view coordinates is
necessary. The data creation device 4D creatgddheview data 102, the left side view
data 103, and the right side view data 104 resgaygtcorresponding to these. The data
creation device 4D refers to the identificationutes of the measurement point 10 by the
identification device 3 (Fig. 38), and obtains ttwordinate values (Sw) in the plan
view 18 if the measurement point 10 is a measurép@nt on the ground. In addition,
when the measurement point 10 is not a measurep@nt on the ground, if the
measurement point 10 is on the left side of thekirthe coordinate values(Sx) of the
left side view 19 is obtained, and if the measumnp@int 10 is on the right side of the
track, the coordinate valuesy(Si) of the right side view 20 is obtained. As a teghe
coordinate values to be stored in the construagiamge measurement diagram data DB
can be obtained.

[0181] As shown in Fig. 10, the measurement pofhboflthe feature on the ground is
projected onto a point 25 on the horizontal pregecsurface 21, and the pattern projected
onto this horizontal projection surface 21 is settee plan view 18. In accordance with
the left and the right, other measurement pointsarHrespectively projected onto the
point 26 on the left projection surface 22 or tlnp27 on the right projection surface 23
along the track 12, and the patterns projected thredeft projection surface 22 and the
right projection surface 23 are respectively sethasleft side view 19 and the right side
view 20. The data creation device 4D sets thedinates of the measurement point 10

as the data including the coordinate values inptha view 18, the left side view 19, or
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the right side view 20 where the measurement phints drawn, whereby each of the
plan view data 102, the left side view data 103herright side view data 104 is obtained.
[0182] In addition, each of the plan view data 102 left side view data 103, and the
right side view data 104 includes the data corredpg to the distance D from each of
the measurement points to the construction gaugea@dition to the coordinate of the
measurement points to be drawn. The distance Dnéssured by the distance
measurement device 2 as described in the first dimizmt.

[0183] In the drawing of the construction gauge sueament diagram using the
construction gauge measurement diagram data DBpldteng is performed in each of
the plan view 18, the left side view 19, and tlyhtiside view 20 by using the coordinates
included in a corresponding one of the plan viewadd?2, the left side view data 103,
and the right side view data 104. At that times thata, included in the construction
gauge measurement diagram data DB, corresponditigetdistance D from each of the
measurement points to the construction gauge Qused, whereby the drawing process
can be changed depending on the distance D. Asudtrthe situations of the approach
or the entry to the construction gauge 9 of thesuesament point 10 are represented in
the construction gauge measurement diagram 24 IF)g.

[0184] In order to reduce the amount of data of ¢bastruction gauge measurement
diagram data DB, only the measurement points ifledtias falling within the
predetermined range from the construction gaugm@ng the measurement points need
to be used for creating the construction gauge uteagent diagram data DB.

[0185] It should be noted that the configuratiohestthan the above is about the same
as the configuration in the other first embodimdescribed above, and therefore the
same or corresponding elements will be denotedhéysame reference numerals, and the

description thereof will not be repeated.
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[0186] (Method for Creating Construction Gauge Meament Diagram Data)

Fig. 39 is a flowchart of a method for creatingnstouction gauge measurement
diagram data according to the present embodimem. step ST1, the distance
measurement device 2 obtains the nearest poinhliBe construction gauge 9 and the
distance to the construction gauge 9 for each meamant point 10. In step ST2, the
identification device 3 performs the identificatioh the attributes of the measurement
point 10. In step ST4, the data creation device pdforms the data creation, and
creates the construction gauge measurement diatptarDB (Fig. 38).

[0187] With reference to Fig. 40, the operationfpened by the data creation device
4D in step ST4 (Fig. 39) will be described in debalow.

[0188] In step ST840, the data creation device dibalizes the construction gauge
measurement diagram data to the state without dathsets the variable K indicating the
number of pieces of data of the measurement poilts.step ST41, the variable k
indicating the measurement point data is set told.step ST42, the mileage, S, Vk),
the distance [ and the identification resuli6f the measurement point Bre read from
the storage device 1.

[0189] In step ST43, the data creation device 4i2rdenes whether or not the k-th
measurement pointcAs identified as the measurement point of theui@a®9 on the
ground. If it is identified as the measuremenipaoif the feature 29 on the ground, the
process proceeds to step ST846, otherwise, thegsgroceeds to step ST44.

[0190] In step ST44, the data creation device 4i2rdeines whether or not the k-th
measurement poini s identified to be on the left side of the tracKf it is identified so,
the process proceeds to step ST847, otherwis@rtloess proceeds to step ST45.

[0191] In step ST45, the data creation device 4i2rdeines whether or not the k-th

measurement point ks identified to be on the right side of the traclf it is identified
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S0, the process proceeds to step ST848, otherthesprocess proceeds to step ST49.
[0192] In step ST846, in terms of the measurementtH;,, the data creation device
4D sets the plan view coordinates,(&) of the plan view 18 as the coordinate values.
The coordinate values {(Si) and the distance Dare stored in the storage device 1 as
one plan view element data 102k (Fig. 41) constiguthe plan view data 102. In step
ST847, in terms of the measurement point(8&, vi) of the left side view coordinates are
set as the coordinate values. The coordinate &8¢ vi) and the distance \Dare
stored in the storage device 1 as one left sidev veéement data 103k (Fig. 42)
constituting the left side view data 103. In s&p848, in terms of the measurement
point R, (&, k) of the right side view coordinates are set acthwdinate values. The
coordinate values (Svk) and the distance Dare stored in the storage device 1 as one
right side view element data 104k (Fig. 43) constig the right side view data 104.

[0193] In step ST49, the data creation device 4Bsadto k. In step ST50, whether
or not k is larger than K is determined. If sogerththe step ST4 ends, otherwise, the
process returns to step ST42. As described albgesonstruction gauge measurement
diagram data DB can be obtained.

[0194] Next, a method for using the constructionggmeasurement diagram data DB
will be described. The plan view data 102, thedefe view data 103, and the right side
view data 104 included in the construction gaugeasuseement diagram data DB
respectively include the coordinate data as to wpmsition in the plan view, the left side
view, and the right side view of the constructi@uge measurement diagram the plotting
should be performed in. As the plotting, a symbetermined by the distance D is
drawn, whereby the construction gauge measuremagtaiin can be obtained. This is
output by the output device (not shown) as the ttooson gauge measurement diagram.

[0195] When the measurement results of the construgauge are submitted to the
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report destination, they are transmitted as thestcoction gauge measurement diagram
data DB, whereby they can be transmitted throughctmmunication network such as
the Internet as the electronic data. When only tteasurement points identified as
falling within the predetermined range from the sibaction gauge 9 among the
measurement points are used for creating the cmtisin gauge measurement diagram
data DB, the amount of the data becomes small mpaeed with the case where all of
the measurement points are used, and thereforesubeission by communication
becomes easier.

[0196] In addition, when the construction gauge soeament diagram is output by
using the construction gauge measurement diagréanDi2, the adjustment of the output
contents such as the change of the range of tleagalor the change of the symbol at the
time of drawing can be easily performed. For examghe symbol at the time of
drawing can also be adapted to the report destmdbrm in the above-mentioned report
destination.

[0197] (Summary of Operations and Effects)

As described above, there can be obtained thedrogtien gauge measurement
diagram data DB capable of drawing the constructiamge measurement diagram
condensedly displaying the measurement points lie whaintaining particularly useful
information for identifying on-site the position dhe feature corresponding to the
measurement point 10 entering or approaching thetnaction gauge 9. In addition, the
range of the mileage or the drawing symbol in tlastruction gauge measurement
diagram can be changed at any time by using thetmetion gauge measurement
diagram data DB.

[0198] In the present embodiment, the data creatiewice 4D (Fig. 38) sets the

measurement point identified as falling within tipeedetermined range from the
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construction gauge 9 by the range identificatioit 8a among the measurement points 10
as the object of the data creation, and does noheseneasurement point identified as not
falling within the predetermined range from the stouction gauge 9 by the range
identification unit 3a among the measurement pdiftas the object of the data creation.
As a result, the construction gauge measuremegtaira capable of grasping only the
measurement point approaching or entering the amigin gauge 9 among the
measurement points 10 can be drawn by the consinugauge measurement diagram
data DB obtained by the data creation.

[0199] In addition, the data creation device 4Dg(F38) performs the data creation on
the measurement point identified as the measurepunt located on the left side by the
left-right identification unit 3c among the measuent points 10 into the left side view
element data 103k (Fig. 42), performs the datatioreeon the measurement point
identified as the measurement point located on tight side by the left-right
identification unit 3c among the measurement politsnto the right side view element
data 104k (Fig. 43), and integrates each of theamancorresponding one of the left side
view data 103 and the right side view data 104. aAsesult, each of them can be
separated into one of the left side view and thbtrside view to be drawn, and therefore
it is possible to grasp which of the left side atmd right side of the track the
measurement point 10 of the feature not on thergtasilocated on.

[0200] (Modification)

Although in the above embodiment, one of the piaw element data 102k, the
left side view element data 103k, and the righe sictw element data 104k is generated
from one measurement point 10, a plurality of tymésdata among them may be
generated.

[0201] In addition, although in the above emboditnehe plan view element data
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102k is created as the data including the coordimatues of (§ w), and the side view
element data of the left and right is created asdidita including the coordinate values of
(S« W), the coordinate values are not limited theretal anly need to be those capable of
drawing the plan view and the left and right sic®ms based on them.

[0202] In addition, although in Fig. 38, the constion gauge measurement diagram
data is shown as the data divided into the plaw data 102, the left side view data 103,
and the right side view data 104, one construcgange measurement diagram data
without such divisions may be created. For exantplese obtained by adding the data
indicating whether to be drawn in the plan viewt@be drawn in the left and right side
views, such as the variable knhdicating the identification results, to the plaiew
coordinate values (Sw) or the left and right side view coordinate val(8s vi) and the
distance [Q are set as the element data, whereby whetheld¢heert data corresponds to
the plan view or corresponds to the left and rigide views can be determined by the
variable k.

[0203] In addition, although in the above embodiméme plan view coordinate values
(S«, W) or the left and right side view coordinate val@g&s vk) and the distance [are
set as element data, and each of them constitutgslan view data and the left and right
side view data, when the symbol drawn correspondinghe distance Dis already
defined, the construction gauge measurement diagetm may be formed by using the
data indicating the symbol in place of the datahef distance [ or the data with the
information capable of determining the symbol. should be noted that when the
drawing symbol is determined regardless of theadit [Q, the construction gauge
measurement diagram data can also be created Wwitlabuding the information capable
of determining the symbol such as the distange D

[0204] In addition, although in the above embodimeihe element data of the
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construction gauge measurement diagram data DB cesated for each of the
measurement points 10, the element data may beedrdar each one group of the
measurement points. When there are features egteri approaching the construction
gauge, the measurement points entering or appru@ache construction gauge can be
densely obtained in accordance with the featuré%r this reason, these cohesive
measurement points are set as one group, andgtime BSuch as a polygon encompassing
this is drawn, whereby when the construction gamgasurement diagram is drawn, the
data including the coordinate values on the conoBtmi gauge measurement diagram of
the figure may be used in place of the coordinatesach of the measurement points. In
this case, in place of the data of the distancd 8aoh measurement point, the minimum
value, the average value of the distances D ofgooep of the measurement points, or the
data indicating the drawing form such as the fjlcolor of the above-mentioned figure
determined by them may be used so as to reprdseehtering of or the approaching the
construction gauge 9 of one group of measuremantg0
[0205] <Note>

Although in each of the above embodiments, onesaoreaent point is drawn
only in any one of the plan view, the left sidewj¢he right side view, and the top plan
view, the same measurement point may be repeatkdlyn in a plurality of figures.
For example, in the first embodiment, the measur¢meint of the feature 29 on the
ground (Fig. 12) may be drawn not only in the plaaw 18, but also in one of or both of
the left side view 19 and the right side view 2Qhe construction gauge measurement
diagram 24 (Fig. 11).
[0206] In addition, the plan view, the side viete ttop plan view, or the development
view, which can be included in the constructiongg@measurement diagram 24, may be

drawn as separate figures, or, for example, magrbaa/n as a single figure as in the
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above seventh embodiment.

[0207] In addition, although in each of the abowvebediments, the case where the
track is a railway track is described, the trackos limited thereto, and for example, may
be a road. In the case of the road, the track lbetames a point sequence connecting
the road centerline, and the construction gauge idagiven as a rectangle with a width,
for example, of up to the road edge on both side¢ke cross section of the road and with
a predetermined height, for example, of 3.8 m béeghighest limit of the height of the
vehicle. As a result, the construction gauge memsent diagram representing the
feature approaching or entering the roadway froensthielling portion of the roadway or
the left and the right of the road can be createt a wide range of the road.

[0208] It should be noted that the present inven@tiows each embodiment to be
freely combined and each embodiment to be appitefyienodified or omitted within the
scope of the invention.

[0209] Although the invention is described in detdhe foregoing description is
exemplary in all aspects, and the present inveniiamot limited thereto. A myriad of
modifications not exemplified are understood tcebgisaged without departing from the

scope of the invention.

Reference Signs List

[0210] 1: storage device (storage means)
1A: processing data storage unit
1B: construction gauge measurement diagram datags unit
2: distance measurement device (distance measotreneans)
3: identification device (identification means)

4: drawing device (drawing means)
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4D: data creation device (data creation means)

5: track data

6: construction gauge data

7: measurement point data

9: construction gauge

10

12:

13:

16:

17:

18:

19:

20:

24:

29:

33:

35:

39:

47:

51:

52:

53:

67:

: measurement point

track

rail surface

nearest point

base

plan view

left side view

right side view

construction gauge measurement diagram
feature on ground

side view

top plan view

feature of upper portion

development view

measurement point of feature on ground
measurement point on right of track
measurement point on left of track

map

102: plan view data

102k: plan view element data
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103: left side view data

103k: left side view element data
104: right side view data

104k: right side view element data
DA: processing object data

DB: construction gauge measurement diagram data
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CLAIMS

1. A device for creating a construction gauge mesamsant diagram, the device
comprising:

storage means configured to store a route ofé&mt lene track, a shape of a
construction gauge, and coordinates of a pluralityeasurement points;

distance measurement means configured to measdigtamce from each of
said measurement points to said construction geuggd route of said track;

identification means configured to identify each attributes of said
measurement points, said identification means dioty

a range identification unit configured to identiwhether or not each
of said measurement points falls within a predeiteech range from said construction
gauge based on a distance measured by said distezaseirement means, and
a ground feature identification unit configuredidentify whether or

not each of measurement points at least identifyedsaid range identification unit as
falling within the predetermined range from saich&touction gauge is a measurement
point of a feature on a ground among said measurepwnts; and

the device further comprising drawing means camég to draw in a plan view
a measurement point identified as a measurement pba feature on the ground by said
ground feature identification unit among said measent points, and to draw in at least
one side view at least part of measurement pailetstified as not a measurement point of
a feature on the ground, said drawing means caomfthto perform different drawing
processes on a measurement point identified asdalithin the predetermined range
from said construction gauge by said range ideatiibn unit among said measurement

points, and on a measurement point identified asfalbng within the predetermined
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range from said construction gauge by said rangmtiiication unit among said
measurement points.
2. The device for creating a construction gaugesmesment diagram according
to claim 1, wherein said drawing means draws a oreasent point identified as falling
within the predetermined range from said constamcjauge by said range identification
unit among said measurement points, and does awt drmeasurement point identified
as not falling within the predetermined range fread construction gauge by said range
identification unit among said measurement points.
3. The device for creating a construction gaugesmesment diagram according
to claim 1, wherein said drawing means draws, bynguddifferent symbols, a
measurement point identified as falling within tipeedetermined range from said
construction gauge by said range identificatiort among said measurement points, and
a measurement point identified as not falling witkhhe predetermined range from said
construction gauge by said range identificatiort among said measurement points.
4, The device for creating a construction gaugesmesment diagram according
to any one of claims 1 to 3, wherein

said identification means includes a left-righentlfication unit configured to
identify which of a left side and a right side afdtrack at least part of said measurement
points are located, and

said drawing means draws a measurement pointifieenas a measurement
point located on the left side by said left-rigtémtification unit among said measurement
points in a left side view included in said at le@se side view, and draws a measurement
point identified as a measurement point locatedttmn right side by said left-right
identification unit among said measurement pointa right side view included in said at

least one side view.
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5. The device for creating a construction gaugesmesment diagram according
to claim 4, wherein

said plan view drawn by said drawing means takesl@age of said route of
said track as a horizontal axis, and takes a dedeftwardly perpendicular to said route
of said track as an upward direction of a verteoas,

said left side view drawn by said drawing meamkedaa mileage of said route
of said track as a horizontal axis, and takes ghtelirection as an upward direction of a
vertical axis, and

said right side view drawn by said drawing meake$ a mileage of said route
of said track as a horizontal axis, and takes ghtelirection as a downward direction of
a vertical axis.
6. The device for creating a construction gaugesmesment diagram according
to any one of claims 1 to 3, wherein said at leas track stored by said storage means
includes a route of a plurality of tracks runnindesby side.
7. The device for creating a construction gaugesmesment diagram according
to any one of claims 1 to 3, wherein

said identification means includes a left-righentlfication unit configured to
identify which of a left side and a right side afdtrack at least part of said measurement
points are located, and

said drawing means draws, by using different sysb® measurement point
identified as a measurement point located on thieside by said left-right identification
unit among said measurement points, and a measnotepwnt identified as a
measurement point located on the right side by dietight identification unit among
said measurement points.

8. The device for creating a construction gaugesmesment diagram according
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to any one of claims 1 to 7, wherein

said identification means includes an upper porfeature identification unit
configured to identify whether or not each of meament points at least identified by
said range identification unit as falling withinethpredetermined range from said
construction gauge is a feature of an upper podimong said measurement points, and

said drawing means draws in a top plan view a oreasent point identified as
a measurement point of a feature of an upper pory said upper portion feature
identification unit among said measurement points.
9. A device for creating a construction gauge mesamsant diagram, the device
comprising:

storage means configured to store a route ofé&mt lene track, a shape of a
construction gauge, and coordinates of a pluralityeasurement points;

distance measurement means configured to measdigtamce from each of
said measurement points to said construction geuggd route of said track;

identification means configured to identify each attributes of said
measurement points, said identification means oty

a range identification unit configured to identiwhether or not each
of said measurement points falls within a predeiteech range from said construction
gauge based on a distance measured by said distezaseirement means, and
a ground feature identification unit configuredidentify whether or

not each of measurement points at least identifigcdsaid range identification unit as
falling within the predetermined range from saich&touction gauge is a measurement
point of a feature on a ground among said measurepwnts; and

the device further comprising drawing means caméd to draw said

measurement points in a plan view, said drawingnsi@nfigured to perform different



10

15

20

25

77

drawing processes on a measurement point identafefdlling within the predetermined
range from said construction gauge by said rangmtiiication unit among said
measurement points and a measurement point ichtdis not falling within the
predetermined range from said construction gaugsaln/range identification unit among
said measurement points, said drawing means caorfigto draw, by using different
symbols, a measurement point identified as a measent point of a feature on the
ground by said ground feature identification umitomg said measurement points, and a
measurement point identified as not a measuren@nt pf a feature on the ground by
said ground feature identification unit among saghsurement points.
10. A device for creating a construction gauge measent diagram, the device
comprising:

storage means configured to store a route ofaat lene track passing through a
tunnel, a shape of a construction gauge, coordirata plurality of measurement points,
and a cross-sectional shape of said tunnel;

distance measurement means configured to measdigtamce from each of
said measurement points to said construction gaeuggd route of said track;

identification means configured to identify each attributes of said
measurement points, said identification means oty

a range identification unit configured to ideptwhether or not each
of said measurement points falls within a predeiteech range from said construction
gauge based on a distance measured by said distezaseirement means, and
a ground feature identification unit configuredidentify whether or

not each of measurement points at least identifigcdsaid range identification unit as
falling within the predetermined range from saich&touction gauge is a measurement

point of a feature on a ground among said measurepwnts; and
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the device further comprising drawing means caméd to draw said
measurement points, said drawing means configuceddraw in a plan view a
measurement point identified as a measurement pbiatfeature on the ground by said
ground feature identification unit among said measient points, and to draw in a
development view a measurement point identifiedasa measurement point of a feature
on the ground, said drawing means configured téoperdifferent drawing processes on
a measurement point identified as falling withire thredetermined range from said
construction gauge by said range identificatiort among said measurement points and a
measurement point identified as not falling witlhve predetermined range from said
construction gauge by said range identificatiort among said measurement points.
11. The device for creating a construction gaugasmement diagram according
to any one of claims 1 to 10, wherein

said storage means stores a map of a region ingladroute of said at least one
track, and

said drawing means draws a construction gaugeurezasnt diagram on said
map.
12. The device for creating a construction gaugasmement diagram according
to any one of claims 1 to 11, wherein said grousature identification unit identifies,
among said measurement points, a measurement wbigite a nearest point to said
construction gauge is on a base of said constiugiamge as a measurement point of a
feature on the ground.
13. The device for creating a construction gaugasmement diagram according
to any one of claims 1 to 11, wherein said grousature identification unit identifies,
among said measurement points, a measurementvloare a height from a surface on

which a wheel of a vehicle passing said track riglla predetermined value or less as a
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measurement point of a feature on the ground.
14. A device for creating construction gauge mearsent diagram data, the device
comprising:

storage means configured to store a route of &t lene track, a shape of a
construction gauge, and coordinates of a pluralityeasurement points;

distance measurement means configured to measdigtamce from each of
said measurement points to said construction gauggd route of said track;

identification means configured to identify each attributes of said
measurement points, said identification means oty

a range identification unit configured to identiwhether or not each
of said measurement points falls within a predeiteech range from said construction
gauge based on a distance measured by said distezaseirement means, and
a ground feature identification unit configuredidentify whether or

not each of measurement points at least identifigcdsaid range identification unit as
falling within the predetermined range from saich&touction gauge is a measurement
point of a feature on a ground among said measurepwnts; and

the device further comprising data creation meamsigured to create plan
view data including coordinate values for drawingai plan view a measurement point
identified as a measurement point of a feature henground by said ground feature
identification unit among said measurement poirged side view data including
coordinate values for drawing in at least one side at least part of measurement points
identified as not the measurement point of a featurthe ground.
15. A method for creating a construction gauge mnessent diagram based on a
route of at least one track, a shape of a construgtauge, and coordinates of a plurality

of measurement points, the method comprising:
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a step of measuring a distance from each of s&dsaorement points to said
construction gauge in said route of said track;

a step of identifying each of attributes of saidasurement points, said step of
identifying the attributes including:

a step of identifying whether or not each of saklasurement points
falls within a predetermined range from said cangton gauge based on said measured
distance, and

a step of identifying whether or not each of nueasient points at
least identified as falling within the predeterndrmange from said construction gauge is a
measurement point of a feature on a ground amadgrssasurement points; and

the method further comprising a step of drawinga plan view, a measurement
point identified as a measurement point of a featon the ground among said
measurement points, drawing, in at least one side,vat least part of measurement
points identified as not a measurement point @&eadure on the ground,

wherein different drawing processes are performeda measurement point
identified as falling within the predetermined rangom said construction gauge among
said measurement points, and on a measurementigentified as not falling within the
predetermined range from said construction gaugmgrsaid measurement points.
16. A method for creating a construction gauge mnessent diagram based on a
route of at least one track, a shape of a construgauge, and coordinates of a plurality
of measurement points, the method comprising:

a step of measuring a distance from each of s&dsaorement points to said
construction gauge in said route of said track;

a step of identifying each of attributes of saidasurement points, said step of

identifying the attributes including:
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a step of identifying whether or not each of saklasurement points
falls within a predetermined range from said cangton gauge based on said measured
distance, and

a step of identifying whether or not each of nueasient points at
least identified as falling within the predeterndrmange from said construction gauge is a
measurement point of a feature on a ground amadgrssasurement points; and

the method further comprising a step of creatiten pview data including
coordinate values for drawing in a plan view a reasent point identified as a
measurement point of a feature on the ground amsaiymeasurement points, and side
view data including coordinate values for drawingat least one side view at least part of
measurement points identified as not a measurepwnt of a feature on the ground, in
terms of a measurement point identified as fallwvithin the predetermined range from
said construction gauge among said measuremerspoin
17. A construction gauge measurement diagram onchwha plurality of
measurement points falling within a predeterminaage from a construction gauge are
drawn, the construction gauge measurement diagoampiasing:

a side view in which one part of said measuremeinits are drawn; and

a plan view in which another part of said meas@mnpoints are drawn,

wherein said another part of said measurementgaire measurement points
of features on the ground.
18. A construction gauge measurement diagram onchwha plurality of
measurement points falling within a predeterminaage from a construction gauge are
drawn, said plurality of measurement points inaligda measurement point of a feature
on the ground and a measurement point that is neasurement point of a feature on the

ground, said construction gauge measurement diagoamprising:
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a drawing of a symbol representing a measuremeint pf a feature on the
ground among said plurality of measurement poentsl;

a drawing of a symbol representing a measurenunt pot of a feature on the
ground among said plurality of measurement points,

wherein the symbol representing the feature orgtband among said plurality
of measurement points and the symbol representiagrteasurement point not of the
feature on the ground among said plurality of mesrsent points are different from each
other.
19. Construction gauge measurement diagram datpreony:

data of coordinate values for drawing each ofusghity of measurement points
falling within a predetermined range from a constin gauge; and

data corresponding to a distance from each of m&adsurement points to said

construction gauge.



