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[DESCRIPTION] 

SHAPE MEASUREMENT DEVICE AND SHAPE MEASUREMENT METHOD 

 

[Technical Field] 

[0001] 5 

The present invention relates to a shape measurement device and a shape measurement method. 

 

[Background Art] 

[0002] 

Conventionally, there are many techniques for measuring a hollow cross-sectional shape such as a 10 

tunnel, a large underground cavity, a building, and a large cylindrical pipe. Here, a laser range finder is 

used to measure the hollow cross-sectional shape. The laser range finder is a measuring device that 

irradiates a laser beam to an object (target), converts a time from starting a starting point (transmission 

source) of the laser beam, and reflecting at an irradiation point (measurement point) of the object, to 

returning to the starting point into a distance, and measures a distance from the starting point of the 15 

laser beam to the irradiation point of the object. 

[0003] 

For example, JP-A-2001-255144 (PTL1) discloses a measurement device that is installed in a tunnel 

in order to measure a hollow cross-sectional shape of the tunnel. The device includes an optical 

distance measuring means, a light projecting direction varying means, a rotational displacement 20 

detecting means, a turning means, a turning displacement detecting means, a distance measuring 

control means, an operation control means, and a computing means. Also, JP-A-2002-81935 (PTL2) 

discloses a dimension measuring device for an elevator. The device includes a distance meter, a 

reflector, a hollow rotation mechanism, and an operation control device. Further, JP-A- 2018-21327 

(PTL3) discloses a roundness measuring device for measuring a roundness of an inner peripheral 25 

surface of segments assembled in a cylindrical wall shape formed by a shield machine. The device 

includes a distance detection unit, a scanning unit, a rotation angle detection unit, and a roundness 

calculation unit. 

[0004] 

On the other hand, as shown in JP-A-2015-42974 (PTL4), the applicant has filed and patented a 30 

hollow cross-sectional shape measurement device for measuring a hollow cross-sectional shape. The 
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hollow cross-sectional shape measurement device includes a laser range finder part, a cylindrical 

rotation part, a reflection part, a hollow cross-sectional shape calculation part, a first inclination 

adjustment part, and a second inclination adjustment part.  

 

[Citation List] 5 

[Patent Literature] 

[0005] 

[PTL1] JP-A-2001-255144 

[PTL2] JP-A-2002-81935 

[PTL3] JP-A-2018-21327 10 

[PTL4] JP-A-2015-42974 

 

[Summary of Invention] 

[Technical Problem] 

[0006] 15 

Here, in a case where the hollow cross-sectional shape measurement device making a laser beam of 

a laser range finder rotate in a cylinder part of a cylindrical rotation part installing a mirror is used on site, 

a calibration work of confirming whether or not the laser beam is correctly rotated 180 degrees is 

needed. In the calibration work, first, a measurer installs the device at a position near the center of the 

hollow at the site, and sets two reference points (a first reference point and a second reference point) 20 

that are present on a straight line on both sides of the device with the device as the center. Next, the 

measurer rotates the cylinder part, irradiates the laser beam of the laser range finder to the first 

reference point, and confirms a rotational operation of the cylinder part. Further, the measurer rotates 

the cylinder part by 180 degrees, irradiates the laser beam of the laser range finder to the second 

reference point this time, and confirms whether or not the laser beam is correctly irradiated to the 25 

second reference point. 

[0007] 

Here, when the laser beam does not irradiate to the second reference point, a measurement 

accuracy of the device deteriorates. There are three causes why the laser beam does not correctly 

irradiate to the second reference point. The first cause is that the cylinder part is not correctly rotated by 30 

180 degrees. In this case, since an optical axis of the laser beam does not coincide with a rotation axis 
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of the cylinder part, it is necessary to adjust a position of the cylinder part and a rotation operation of the 

cylinder part. The second cause is that the second reference point is not correctly set. The third cause is 

that the device is not properly installed. Since three causes are considered as described above, if the 

laser beam does not correctly irradiate to the second reference point, the measurer confirms the three 

causes one by one and performs the calibration work on site. 5 

 

[0008] 

However, there is a problem that the calibration work takes a lot of time and effort. In addition, it is 

difficult to correct all the causes, and when the irradiation point of the laser beam is slightly deviated 

from the second reference point, it is also difficult to clarify the cause of the deviation. Further, for 10 

example, when an adjustment position of the cylinder part and an installation position of the device are 

reversely deviated from each other, the irradiation point of the laser beam may apparently coincide with 

the second reference point. However, since both the adjustment position and the installation position are 

deviated from each other, there is a problem that an error occurs in a measurement point at another 

rotation angle. And unless the calibration work is performed appropriately, since it was not able to 15 

proceed to a measurement of a next hollow cross-sectional shape, the measurer would spend half a day 

or more on the calibration work, and the calibration work was a bottleneck in the measurement of the 

hollow cross-sectional shape. In addition, when the calibration work is not appropriately performed, there 

is a problem that a measurement accuracy of the hollow cross-sectional shape deteriorates. In the 

above description, two directions on both sides with the device as the center are used as calibration 20 

spaces, furthermore, other calibration spaces in two orthogonal directions are needed, the calibration 

spaces in total four directions are needed, and there is a problem that a lot of calibration spaces are 

needed. The techniques described in PTL 1 to 4 cannot solve such the problems. 

[0009] 

Accordingly, the present invention was created as a solution for the problems and aims at providing a 25 

shape measurement device and a shape measurement method that can perform a calibration work 

easily and can measure a shape accurately. 

 

 

 30 
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[Solution to Problem] 

[0010] 

A shape measurement device according to the present invention includes a laser range finder part, a 

cylindrical rotation part, a holding part, a mirror rotation part, a mirror, a first point measurement control 

part, a first rotation control part, a second rotation control part, a second point measurement control part, 5 

and a correction control part. The laser range finger part is fixed to a flat table and is capable of 

measuring a distance from a starting point of a laser beam to an irradiation point irradiated by the laser 

beam. The cylindrical rotation part is installed at an end part of the flat table, and makes a rotational axis 

of a rotatable cylinder part coincide with the laser beam from the laser range finder part. The holding 

part has a first surface and a second surface, the first surface having a passage hole through that the 10 

laser beam passes and fixed to an end part of the cylinder part of a cylindrical rotation part irradiating 

the laser beam, and the second surface having a cylindrical hole and being bent in a direction 

perpendicular to the first surface. The mirror rotation part is fixed to the second surface, and rotatably 

attaches an end part of a columnar part to the cylindrical hole in a state where a rotation axis of the 

columnar part coincides with the laser beam from the laser range finger part. The mirror is fixed to the 15 

end part of the columnar part, disposes a reflection surface on an extension line of the rotation axis of 

the columnar part, and reflects the laser beam from the laser range finger part. The first point 

measurement control part rotates the cylinder part to a predetermined reference cylindrical angle, 

rotates the columnar part to a predetermined reference mirror angle, makes the laser beam irradiate, 

and measures a position of a predetermined first point in a hollow from a reflection point of the laser 20 

beam on the mirror. The first rotation control part rotates the cylinder part from the reference cylindrical 

angle to 180 degrees. The second rotation control part rotates the columnar part from the reference 

mirror angle to an inversion angle that is line-symmetric with respect to the laser beam irradiated from 

the end part of the cylinder part. The second point measurement control part makes the laser beam 

irradiate after the cylinder part is rotated by 180 degrees, and the columnar part is rotated by the 25 

inversion angle and measures a position of a predetermined second point in the hollow from the 

reflection point of the laser beam on the mirror. The correction control part corrects a rotation operation 

of the cylinder part from the reference cylindrical angle to 180 degrees and a rotation operation of the 

columnar part from the reference mirror angle to the inversion angle so that the position of the second 

point coincides with the position of the first point. 30 

[0011] 
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A shape measurement method according to the present invention is a shape measurement method of 

a shape measurement device including a laser range finder part, a cylindrical rotation part, a holding 

part, a mirror rotation part, and a mirror, and includes a first point measurement control step, a first 

rotation control step, a second rotation control step, a second point measurement control step, and a 

correction control step. Each control step of the shape measurement method corresponds to each 5 

control part of the shape measurement device. 

 

[Advantageous Effects of the Invention] 

[0012] 

According to the shape measurement device and the shape measurement method of the present 10 

invention, it is possible to perform a calibration work easily and can measure a shape accurately. 

[Brief Description of the Drawings] 

[0013] 

Fig. 1 is a schematic view and a functional block diagram of a shape measurement device according 

to the present invention. 15 

Fig.2A is a plan view of a shape measurement device according to the present invention. 

Fig.2B is a front perspective view of a shape measurement device according to the present invention. 

Fig.2C is a right side view of a shape measurement device according to the present invention. 

Fig.2D is a rear perspective view of a shape measurement device according to the present invention. 

Fig. 3 is a front view and a right side view when a cylinder part and a columnar part of the shape 20 

measurement device according to the present invention are rotated. 

Fig. 4 is a flowchart showing an execution procedure of a shape measurement method according to 

the present invention. 

Fig. 5A is a front cross-sectional view, a front view, and a plan view when a position of a first point of 

a shape measurement device according to the present invention is measured. 25 

Fig. 5B is a front cross-sectional view, a front view, and a plan view when the cylinder part is rotated 

by 180 degrees. 

Fig.6 A is a front cross-sectional view, a front view, and a plan view when the columnar part is rotated 

by 180 degrees. 

Fig.6 B is a xy plane, a front view, and a plan view in a difference between the position of the first 30 

point and a position of a second point. 
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Fig. 7A is a rear side perspective view showing an example of the shape measurement when a 

measurement angle β0 of the shape measurement device according to the present invention is 0 

degrees. 

Fig. 7B is a rear side perspective view showing an example of the shape measurement when the 

measurement angle β0 is 30 degrees. 5 

Fig. 8A is a plan view showing an example of the rotation of the columnar part and the rotation of the 

cylinder part when the reference mirror angle β1 is 20 degrees and the inversion angle β2 is 140 

degrees. 

Fig. 8B is a plan view showing an example of the rotation of the columnar part and the rotation of the 

cylinder part when the reference mirror angle β1 is 340 degrees and the inversion angle β2 is 220 10 

degrees. 

Fig. 9A is a perspective view showing an example of a rotation at a first rotation angle in the shape 

measurement device provided with a cover part and a transmission part. 

Fig 9B is a perspective view showing an example of a rotation at a second rotation angle and an 

internal configuration in the shape measurement device provided with a cover part and a transmission 15 

part. 

Fig. 10A is a perspective view of a device side showing an example when the shape measurement 

device is applied to a face of a tunnel face. 

Fig. 10B is a perspective view of a tunnel side showing an example when the shape measurement 

device is applied to a face of a tunnel face. 20 

Fig. 11A is a perspective view showing an example of the rotation of a cylinder part in Example. 

Fig. 11B is a perspective view showing an example of the rotation of a columnar part in Example. 

Fig. 12 is a schematic view showing an example of a confirmation test of a variation in measurement 

points. 

Fig. 13 is a table showing a result of the confirmation test of the variation in measurement points. 25 

Fig. 14 is a schematic view showing an example of a confirmation test of an accuracy in 

measurement points. 

Fig. 15 is a table showing the result of the confirmation test of the accuracy in measurement points. 

 

 30 
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[Description of Embodiments] 

[0014] 

The preferred embodiments of a shape measurement device according to the present invention will 

be explained below according to the attached drawings; thereby the present invention will be clearly 

understood. The embodiments below are examples materializing the present invention, and do not limit 5 

the technical scope of the present invention. 

[0015] 

As shown in Figs. 1 and 2, a shape measurement device 1 according to the present invention 

includes a laser range finder part 10, a cylindrical rotation part 11, a holding part 12, a mirror rotation 

part 13, a mirror 14 (reflection part), and a control device 15. 10 

[0016] 

Here, the laser range finder part 10 is fixed to a flat table 10a and is capable of measuring a distance 

from a starting point S of a laser beam L to an irradiation point P irradiated by the laser beam L. The 

cylindrical rotation part 11 is installed at an end part of the flat table 10a, and makes a rotational axis 

11b of a rotatable cylinder part 11a coincide with the laser beam L (optical axis) from the laser range 15 

finder part 10. 

 

[0017] 

The holding part 12 has a first surface 12a and a second surface 12b. The first surface 12a has a 

passage hole through that the laser beam L passes and is fixed to an end part of a cylinder part 11a of a 20 

cylindrical rotation part 11 irradiating the laser beam L. The second surface 12b has a cylindrical hole 

and is bent in a direction perpendicular to the first surface 12a. Here, the first surface 12a and the 

second surface 12b of the holding part 12 are formed in an L shape, and the second surface 12b is 

provided along the laser beam passing from the first surface 12a.  

[0018] 25 

Further, the mirror rotation part 13 is fixed to the second surface 12b of the holding part 12, and an 

end part of the columnar part 13a is rotatably attached to a cylindrical hole of the second surface 12b in 

a state where a rotation axis 13b of the rotatable columnar part 13a intersects the laser beam L (optical 

axis of the laser beam L) from the laser range finder part 10. 

 30 
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[0019] 

The mirror 14 is fixed to the end part of the columnar part 13a, disposes a reflection surface 14a on 

an extension line of the rotation axis 13b of the columnar part 13a, and reflects the laser beam L from 

the laser range finger part 10. 

[0020] 5 

The control device 15 is connected to each of the laser range finger part 10, the cylindrical rotation 

part 11, and the mirror rotation part 13, and controls each part. The control device 15 makes the laser 

range finder part 10 irradiate the laser beam L and measures a distance from the starting point S of the 

laser beam L to the irradiation point P of the laser beam L. Further, the control device 15 makes the 

cylinder part 11a of the cylindrical rotation part 11 rotate in order to rotate the holding part 12 fixed to the 10 

end part of the cylinder part 11a. Further, the control device 15 makes the columnar part 13a of the 

mirror rotation part 13 rotate in order to rotate the mirror 14 fixed to the end part of the columnar part 

13a. 

[0021] 

Here, as shown in Fig. 2, a fixed distance d1 from the starting point S of the laser beam L of the laser 15 

range finger part 10 to the reflection point R of the mirror 14 is fixed after the device is assembled. So, a 

radius distance d3 from the reflection point R of the laser beam L to the irradiation point P of the laser 

beam L can be calculated by subtracting the fixed distance d1 from a measurement distance d2. The 

measurement distance d2 is a distance from the starting point S of the laser beam L to the irradiation 

point P of the laser beam L. 20 

[0022] 

The shape measurement device 1 according to the present invention can rotate the laser beam L in 

two axes by using a rotation operation of the cylinder part 11a of the cylindrical rotation part 11 and a 

rotation operation of the columnar part 13a of the mirror rotation part 13. 

[0023] 25 

Here, a relationship between the radius distance d3 and a position of the irradiation point P from the 

reflection point R will be explained. As shown in Figs. 1 to 3, a traveling direction of the laser beam L 

from the starting point S of the laser range finger part 10 is defined as an x-axis direction, an upper 

direction perpendicular to the traveling direction of the laser beam L is defined as a y-axis direction, and 

a right direction perpendicular to the traveling direction of the laser beam L is defined as a z-axis 30 

direction. 
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[0024] 

If the y-axis direction is used as a reference, and a rotation angle when the laser beam L rotates from 

the y-axis direction to the right (counterclockwise) toward the z-axis direction is a first rotation angle α 

(degrees), a y-coordinate value and a z-coordinate value of the irradiation point P of the laser beam L 

with respect to the reflection point R of the laser beam L are expressed by the following equations (1) 5 

and (2). 

[0025] 

y = d3 × cos α (1) 

z = d3 × sin α (2) 

[0026] 10 

When the first rotation angle α is 0 degrees, the laser beam L (optical axis) coincides with the y-axis 

direction, and when the first rotation angle α is 90 degrees, the laser beam L (optical axis) coincides with 

the z-axis direction. 

[0027] 

Further, a rotation angle when the laser beam L rotates from the y-axis direction to the right 15 

(counterclockwise) toward the x-axis direction is a second rotation angle β (degrees), a y-coordinate 

value and a x-coordinate value of the irradiation point P of the laser beam L with respect to the reflection 

point R of the laser beam L are expressed by the following equations (3) and (4). 

[0028] 

y = d3 × cos β (3) 20 

x = d3 × sin β (4) 

[0029] 

When the second rotation angle β is 0 degrees, the laser beam L (optical axis) coincides with the y-

axis direction, and when the second rotation angle β is 90 degrees, the laser beam L (optical axis) 

coincides with the x-axis direction. 25 

[0030] 

Here, the control device 15 measures the measurement distance d2 from the starting point S of the 

laser beam L to the irradiation point P of the laser beam L, and calculates the radius distance d3 by 

subtracting the fixed distance d1 from the measurement distance d2. And, the control device 15 can 

calculate the position (x-coordinate value, y-coordinate value, z-coordinate value) of the irradiation point 30 

P of the laser beam L with respect to the reflection point R of the laser beam L by using the first rotation 
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angle α of the cylinder part 11a, the second rotation angle β of the columnar part 13a, and equations (1) 

to (4). 

[0031] 

The control device 15 incorporates a CPU, ROM, RAM, HDD, SSD, etc. (not shown), and the CPU 

uses the RAM as a work area, and executes program stored in the ROM, HDD, SSD, etc. Further, each 5 

control part described later also realizes a function of each control part by the CPU executing the 

program. 

[0032] 

Next, as shown in Figs. 1 to 8, a configuration and an execution steps according to an embodiment of 

the present invention will be explained. First, a measurer carries the shape measurement device 1 and 10 

visits a hollow at a site where the measurer wants to measure a hollow cross-sectional shape or a 

surface shape. Next, as shown in Fig. 5A, the measurer installs the shape measurement device 1 at a 

position near the center of the hollow 5 at the site, and turns on power of the control device 15 of the 

shape measurement device 1. Then, the control device 15 is activated and shifts to a measurement 

preparation of the shape. 15 

[0033] 

Here, when the measurer inputs a calibration key to the control device 1 in order to perform a 

calibration work of the shape measurement device 1 (Fig. 4: S101YES), a first point measurement 

control part 101 of the control device 15 rotates the cylinder part 11a of the cylindrical rotation part 11 to 

a predetermined reference cylindrical angle α1, rotates the columnar part to a predetermined reference 20 

mirror angle β1, makes the laser beam L irradiate, and measures a position of a predetermined first 

point A in the hollow 5 from a reflection point R of the laser beam L on the mirror 14 (Fig. 4: S102). 

[0034] 

Here, the measurement method of the first point measurement control part 101 is not particularly 

limited. For example, as shown in Fig. 5A, the first point measurement control part 101 rotates the 25 

cylinder part 11a of the cylindrical rotation part 11 to the predetermined reference cylindrical angle α1 

(here, 90 degrees, the laser beam is perpendicular from the y-axis direction to the z-axis direction) and 

coincides the laser beam L with the y-axis direction. Next, the first point measurement control part 101 

rotates the columnar part 13a of the mirror rotation part 13 to the predetermined reference mirror angle 

β1 (here, 0 degrees) and coincides the laser beam L with the z-axis direction. And, the first point 30 

measurement control part 101 irradiates the laser beam L from the laser range finger part 10, measures 
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the measurement distance d2, calculates the radius distance d3, and calculates a position (xa, ya, za) of 

the first point A using the reference cylindrical angle α1, the reference mirror angle β1 and the equations 

(1) to (4). 

[0035] 

When the measurement of the first point measurement control part 101 is completed, next, a first 5 

rotation control part 102 of the control device 15 rotates the cylinder part 11a of the cylindrical rotation 

part 11 from the reference cylindrical angle α 1 to 180 degrees (Fig. 4: S103). 

[0036] 

Here, the rotation method of the first rotation control part 102 is not particularly limited. For example, 

as shown in Fig. 5B, the first rotation control part 102 calculates a calibration cylindrical angle α2 10 

obtained by adding 180 degrees to the reference cylindrical angle α1, and rotates the cylinder part 11a 

to the calibration cylindrical angle α2. That is, the first rotation control part 102 rotates the cylinder part 

11a by 180 degrees. Here, the rotation direction of the cylinder part 11a is not particularly limited. As 

shown in Fig. 5B, the rotation direction may be a counterclockwise direction or a clockwise direction with 

respect to the z-axis direction. 15 

[0037] 

When the rotation of the first rotation control part 102 is completed, a second rotation control part 103 

of the control device 15 rotates the columnar part 13a of the mirror rotation part 13 from the reference 

mirror angle β1 to an inversion angle β2 that is line-symmetric with respect to the laser light L irradiated 

from the end part of the cylinder part 11a (Fig. 4: S104). 20 

[0038] 

Here, the rotation method of the second rotation control part 103 is not particularly limited. For 

example, as shown in Fig. 6A, when the reference mirror angle β1 is 0 degrees, the inversion angle β2 

that is line-symmetric with respect to the laser light L irradiated from the end part of the cylinder part 11a 

as a symmetry line is 180 degrees. Therefore, the second rotation control part 103 calculates a 25 

calibration mirror angle β2 obtained by adding 180 degrees to the reference mirror angle β1 as an 

inversion angle, and rotates the columnar part 13a to the calibration mirror angle β2. That is, the second 

rotation control part 103 rotates the columnar part 13a by 180 degrees. Here, the inversion angle β2 is 

not particularly limited as long as the inversion angle β2 is an angle that is line-symmetric with respect to 

the reference mirror angle β1 with the laser light L irradiated from the end part of the cylinder part 11a as 30 

a symmetry line. The rotation direction of the columnar part 13a is not particularly limited. As shown in 
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Fig. 6A, the rotation direction may be a clockwise direction or a counterclockwise direction with respect 

to the x-axis direction. 

[0039] 

In this way, when the first rotation control part 102 rotates the cylinder part 11a by 180 degrees and 

the second rotation control part 103 rotates the columnar part 13a by the inversion angle β2 (here, 180 5 

degrees), the laser beam L returns to the same position as the position of the first point A. In the above 

description, after the first rotation control part 102 rotates the cylinder part 11a (Fig. 4: S103), the 

second rotation control part 103 rotates the columnar part 13a (Fig. 4: S104). In the present invention, 

since the laser beam L may return to the same position as the first point A, contrary to the above, after 

the second rotation control part 103 rotates the columnar part 13a, the first rotation control part 102 may 10 

rotate the cylinder part 11a. 

[0040] 

When the rotation of the second rotation control part 103 is completed, next, a second point 

measurement control part 104 of the control device 15 makes the laser beam L irradiate after the 

cylinder part 11a is rotated by 180 degrees, and the columnar part 13a is rotated by the inversion angle 15 

β2 (here, 180 degrees) and measures a position of a predetermined second point B in the hollow 5 from 

the reflection point R of the laser beam L on the mirror 14 (Fig. 4: S105). 

[0041] 

Here, the measurement method of the second point measurement control part 104 is not particularly 

limited. For example, as shown in Fig. 6A, the second point measurement control part 104 irradiates the 20 

laser beam L from the laser range finger part 10, measures the measurement distance d2, calculates 

the radius distance d3, and calculates a position (xb, yb, zb) of the second point B using the calibration 

cylindrical angle α2, the calibration mirror angle β2 (reversal angle) and the equations (1)-(4). 

[0042] 

When the measurement by the second point measurement control part 104 is completed, next, a 25 

correction control part 105 of the control device 15 corrects a rotation operation of the cylinder part 11a 

from the reference cylindrical angle α1 to the calibration cylindrical angle α2 (in this case, 180 degrees) 

and a rotation operation of the columnar part 13a from the reference mirror angle β1 to the inversion 

angle β2 (calibration mirror angle) (in this case, 180 degrees) so that the position of the second point B 

coincides with the position of the first point A. 30 
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[0043] 

Here, the correction method of the correction control part 105 is not particularly limited. For example, 

the correction control part 105 determines whether or not the position (xb, yb, zb) of the second point B 

coincides with the position (xa, ya, za) of the first point A (Fig. 4: S106). 

[0044] 5 

Here, the determination method of the correction control part 105 is not particularly limited. For 

example, as shown in Fig. 6B, the position (xb, yb, zb) of the second point B and the position (xa, ya, za) 

of the first point A are arranged on an xy plane formed by the x-axis direction and the y-axis direction. 

That is, the difference between the position (xb, yb, zb) of the second point B and the position (xa, ya, 

za) of the first point A comprises the difference in the rotation direction (here, the y-axis direction) of the 10 

cylinder part 11a and the difference in the rotation direction (here, the x-axis direction) of the columnar 

part 13a. Therefore, the correction control part 105 calculates a difference (dx = xb-xa) in the x-axis 

direction and a difference (dy = yb-ya) in the y-axis direction between the position (xb, yb, zb) of the 

second point B and the position (xa, ya, za) of the first point A. Then, the correction control part 105 

determines whether or not the difference dy in the y-axis direction is within a predetermined y-axis 15 

direction threshold dy0 and the difference dx in the x-axis direction is within a predetermined x-axis 

direction threshold dx0. 

[0045] 

As a result of the determination, when the difference dy in the y-axis direction is within the y-axis 

direction threshold dy0 and the difference dx in the x-axis direction is within the x-axis direction threshold 20 

dx0, the correction control part 105 determines that the position (xb, yb, zb) of the second point B 

coincides with the position (xa, ya, za) of the first point A (Fig. 4: S106YES), and does not particularly 

execute a correction process. 

[0046] 

On the other hand, as a result of the determination, when the difference dy in the y-axis direction is over 25 

the y-axis direction threshold dy0 or when the difference dx in the x-axis direction is over the x-axis 

direction threshold dx0, the correction control part 105 determines that the position of the second point B 

(xb, yb, zb) does not coincide with the position of the first point A (xa, ya, za) (Fig. 4: S106 NO), and 

corrects the rotation operation of the cylinder part 11a or the rotation operation of the columnar part 13a 

so that the position (xb, yb, zb) of the second point B coincides with the position (xa, ya, za) of the first 30 

point A (Fig. 4: S107). 
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[0047] 

Here, the correction method of the correction control part 105 is not particularly limited. For example, 

when the difference dy in the y-axis direction is over the y-axis direction threshold dy0, even if the 

cylinder part 11a rotates 180 degrees, because the cylinder part 11a does not rotate 180 degrees, the 

difference dy in the y-axis direction occurs. Therefore, the correction control part 105 calculates an angle 5 

difference dα in the y-axis direction by the following equation (5) by using the radial distance d3 from the 

reflection point R of the laser beam L on the mirror 14 to the irradiation point P of the laser beam L in the 

measurement of the position of the first point A (or the second point B) and the difference dy in the y-

axis direction. 

[0048] 10 

dα = tan-1 (dy / d3) (5) 

[0049] 

Then, the correction control part 105 calculates a correction value ay of the rotation operation Y of the 

cylinder part 11a by using the angle difference dα by the following equation (6). 

[0050] 15 

ay = (180 - dα) / 180 (6) 

[0051] 

The correction value ay is a division value obtained by dividing a subtraction value by 180 degrees, 

the subtraction value obtained by subtracting the angle difference dα from 180 degrees. The correction 

control part 105 can correct the rotation operation Y of the cylinder part 11a by multiplying the rotation 20 

operation Y of the cylinder part 11a by the correction value ay. In this way, when the cylinder part 11a 

rotates by 180 degrees, it is possible to correctly rotate the cylinder part 11a by 180 degrees using the 

corrected value ay. The above angle is based on degrees (degree method), the angle may be based on 

radians (curvature method). The same applies hereinafter. 

[0052] 25 

When the difference dx in the x-axis direction is over the x-axis direction threshold dx0, even if the 

columnar part 13a rotates by the reversal angle β2 (180 degrees in this case), because the columnar 

part 13a does not rotate 180 degrees, the difference dx in the x-axis direction occurs. Therefore, the 

correction control part 105 calculates an angle difference dβ in the x-axis direction by the following 

equation (7) by using the radial distance d3 from the reflection point R of the laser beam L on the mirror 30 
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14 to the irradiation point P of the laser beam L in the measurement of the position of the first point A (or 

the second point B) and the difference dx in the x-axis direction. 

[0053] 

dβ = tan-1 (dx / d3) (7) 

[0054] 5 

Then, the correction control part 105 calculates a correction value ax for the rotation operation X of 

the columnar part 13a by using the reference mirror angle β1, and the inversion angle β2, and the angle 

difference dβ by the following equation (8). 

[0055] 

ax = (β2 - β1 - dβ) / (β2 - β1) (8) 10 

[0056] 

The correction value ax is a division value obtained by dividing a first subtraction value from a second 

subtraction value, the first subtraction value obtained by subtracting the reference mirror angle β1 from 

the inversion angle β2, and the second subtraction value obtained by subtracting the angle difference dβ 

from the first subtraction value. 15 

[0057] 

Here, when the reference mirror angle β1 is 0 degrees and the inversion angle β2 is 180 degrees, the 

correction control part 105 calculates a correction value ax of the rotation operation X of the columnar 

part 13a by using the angle difference dβ by the following equation (9). 

[0058] 20 

ax = (180 - dβ) / 180 (9) 

[0059] 

In this case, the correction value ax is a division value obtained by dividing a subtraction value from 

180 degrees, the subtraction value obtained by subtracting the angle difference d β from 180 degrees. 

The correction control part 105 can correct the rotation operation X of the columnar part 13a by 25 

multiplying the rotation operation X of the columnar part 13a by the correction value ax. In this way, 

when the columnar part 13a rotates by 180 degrees, it is possible to correctly rotate the columnar part 

13a by 180 degrees using the correction values ax. 

 

 30 
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[0060] 

When the correction process is not executed (Fig. 4: S106YES) or when the correction control part 

105 completes the correction (Fig. 4: S107), the correction control part 105 of the control device 15 

inquires of the measurer whether or not the calibration is completed (Fig. 4: S108). 

[0061] 5 

Here, the inquiry method of the correction control part 105 is not particularly limited. For example, the 

correction control part 105 displays the position (xa, ya, za) of the first point A, the position (xb, yb, zb) of 

the second point B, a correction completion, and a calibration completion key selectable and a 

recalibration key selectable, and prompts the measurer to select either the calibration completion key or 

the recalibration key. 10 

[0062] 

Here, in a case where the measurer thinks that it is necessary to perform the calibration again, when 

the measurer selects the recalibration key, the correction control part 105 receives the selection of the 

recalibration key and returns to the S102, and the first point measurement control part 101 measures the 

position of the first point A again (Fig. 4: S102). 15 

[0063] 

Here, for example, in a case where the measurer changes the position of the first point A, when the 

measurer inputs the reference cylindrical angle α1 of the cylinder part 11a, the first point measurement 

control part 101 receives the reference cylindrical angle α1 of the cylinder part 11a, rotates the cylinder 

part 11a of the cylindrical rotation part 11 by the reference cylindrical angle α1, and measures the 20 

position of the first point A of the hollow 5. In this way, in a case where the calibration is repeated, it is 

possible to measure the position of the first point A and the position of the second point B at different 

positions and perform the correction process. And, when the measurer inputs the reference mirror angle 

β1 of the columnar part 13a, the first point measurement control part 101 receives the reference mirror 

angle β1 of the columnar part 13a similarly, rotates the columnar part 13a of the mirror rotation part 11 25 

by the reference mirror angle β1, and measures the position of the first point A in the hollow 5. In S102, 

when the measurement of the position of the first point A is completed, the process is repeated up to 

S108. 

[0064] 

On the other hand, in the S108, in a case where the measurer thinks that it is not necessary to 30 

perform calibration again, the measurer selects the calibration completion key, the correction control part 
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105 receives the selection of the calibration completion key. And a shape measurement control part 106 

of the control device 15 rotates the rotation angle β of the columnar part 13a to a predetermined 

measurement angle β0, then irradiates the laser beam L while rotating the rotation angle α at each 

predetermined measurement angle α0, and measures a shape with the radius distance d3 from the 

reflection point R of the laser beam L to the irradiation point P of the laser beam L as a radius of the 5 

shape and with the reflection point R of the laser light L on the mirror 14 as the center of the shape (Fig. 

4: S109).  

[0065] 

Here, the measurement method of the shape measurement control part 106 is not particularly limited. 

For example, as shown in Fig. 7A, the shape measurement control part 106 rotates the rotation angle β 10 

of the columnar part 13a to the predetermined measurement angle β0 (for example, 0 degrees), 

irradiates the laser beam L while rotating the rotation angle α of the cylinder part 11a at each 

predetermined measurement angle α0 (for example, 45 degrees), and calculates the radius distance d3 

for each measurement angle α0. Here, the measurement angle α0 is not particularly limited. For 

example, the measurement angle α0 may be 5 degrees, 10 degrees, 20 degrees, 30 degrees, 45 15 

degrees, 60 degrees, 90 degrees, etc. 

[0066] 

Here, the shape measurement control part 106 rotates the rotation angle α of the cylinder part 11a 

from 0 degrees to 360 degrees, and makes the laser beam L rotate one rotation from 0 degrees to 360 

degrees. Then, the shape measurement control part 106 calculates the position of the irradiation point P 20 

for each measurement angle α0 with the reflection point R of the laser beam L as the center, and 

connects the positions of the irradiation points P for each measurement angle α0. Thus, the shape 

measurement control part 106 can measure the cross-sectional shape of the hollow 5 at the site. 

[0067] 

As shown in Fig. 7B, the shape measurement control part 106 rotates the rotation angle β of the 25 

columnar part 13a to the predetermined measurement angle β0 (for example, 30 degrees), and then 

irradiates the laser beam L while rotating the rotation angle α of the cylinder part 11a by the 

predetermined measurement angle α0 (for example, 45 degrees), and calculates the radius distance d3 

for each measurement angle α0. And, the shape measurement control part 106 calculates the position 

of the irradiation point P for each measurement angle α0 with the reflection point R of the laser beam L 30 

as the center, and connects the positions of the irradiation points P for each measurement angle α0. 
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Here, by rotating the columnar part 13a by the predetermined measurement angle β0, it is possible to 

measure the cross-sectional shape in a direction inclined from the vertical direction with respect to the 

hollow 5. In the above description, the shape measurement control part 106 fixes the measurement 

angle β of the cylinder part 11a, rotates the rotation angle α of the columnar part 13a, and measures 

each irradiation point P. It is not particularly limited. the shape measurement control part 106 5 

appropriately combines the measurement angle β of the columnar part 13a and the rotation angle α of 

the cylinder part 11a, it is possible to measure not only the hollow cross-sectional shape but also various 

surface shapes. 

[0068] 

As described above, the present invention can perform the calibration work easily and can measure 10 

the shape accurately. In particular, by setting the rotation axis of the laser beam L to two axes, it is 

possible to measure not only the cross-sectional shape of the hollow 5 in the vertical direction but also 

the cross-sectional shape of the hollow 5 in a direction inclined from the vertical direction, and it is 

possible to widen a measurement range of the shape.  

[0069] 15 

In particular, since the present invention performs the correction process by the regular and reverse 

rotation operation of the two axes by the rotation of the cylinder part 11a and the rotation of the 

columnar part 13a, so the correction is not based on an absolute position in one axis, but on a relative 

position in two axes. Therefore, among the three causes in the calibration work in the conventional art, it 

is possible to eliminate a defect of the setting of the second reference point of the second cause and a 20 

defect of the installation position of the device of the third cause, and it is possible to narrow down a 

cause to a defect of the rotation operation of the cylinder part 11a and the columnar part 13a of the first 

cause. As a result, it is possible to improve the efficiency of the calibration work and the calibration 

accuracy. 

[0070] 25 

Further, in the conventional single-axis hollow cross-sectional shape measurement device, the 

calibration space is needed in four directions at each 90 degrees in the orthogonal direction of the 

rotation axis, but in a biaxial shape measurement device of the present invention, the calibration space 

is not needed in a facing direction by the regular and reverse rotation, and the calibration space is only 

needed in two directions, so that the calibration space can be reduced. In other words, the calibration 30 
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space of the biaxial shape measurement device of the present invention is only one fourth of the 

calibration space of the single-axis hollow cross-sectional shape measurement device. 

[0071] 

In the above description, the case where the reference mirror angle β1 is 0 degrees and the inversion 

angle β2 is 180 degrees has been described, if the inversion angle β2 is an angle line-symmetrical to the 5 

reference mirror angle β1 with respect to the laser beam L irradiated from the end part of the cylinder 

part 11a as a symmetry line, the inversion angle β2 is not particularly limited. 

[0072] 

For example, as shown in Fig. 8A, when the reference mirror angle β1 is 20 degrees, the inversion 

angle β2 is 180 - 20 - 20 = 140 degrees. Thus, by rotating the cylinder part 11a by 180 degrees, the 10 

second point B returns to the first point A. 

[0073] 

As shown as shown in Fig. 8B, when the reference mirror angle β1 is 340 degrees, the inversion 

angle β2 is 180 – (340 - 360) - (340 - 360) = 220 degrees. Thus, by rotating the cylinder part 11a by 180 

degrees, the second point B returns to the first point A. In this way, the inversion angle β2 can be 15 

appropriately determined. 

[0074] 

In the present invention, the holding part 12, the mirror rotation part 13, and the mirror 14 are 

exposed to an outside. As shown in Fig. 9, the present invention includes a cover part 16 and a 

transmission part 17, the cover part 16 protecting the holding part 12, the mirror rotation part 13, and the 20 

mirror 14, the transmission part 17 provided in the cover part 16, and making the laser beam L transmit, 

so the cover part 16 and the transmission part 17 may protect the holding part 12, the mirror rotation 

part 13, and the mirror 14. The transmission part 17 may be formed in an elongated shape along the 

laser beam L irradiated from the end part of the cylinder part 11a in accordance with a scanning region 

of the laser beam L. 25 

[0075] 

In the above description, the correction control part 105 is configured to correct the rotation operation 

X of the cylinder part 11a and the rotation operation Y of the columnar part 13a. However, the present 

invention may include an adjustment mechanism for physically adjusting a first rotation angle α and a 

second rotation angle β separately in a main body of the shape measurement device 1. For example, by 30 

providing a first adjustment mechanism for adjusting the first rotation angle α of the cylinder part 11a 
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and a second adjustment mechanism for adjusting the second rotation angle β of the columnar part 13a, 

it is possible to perform physical adjustment. 

[0076] 

Since the present invention can achieve high accuracy, it is possible to measure not only the cross-

sectional shape of the hollow of tunnel, the large underground cavity, the building, or the large cylindrical 5 

pipe, but also the cross-sectional shape of a hollow such as a small underground cavity, a small 

cylindrical pipe, etc., and furthermore, it is suitable for checking and inspecting these changes over time, 

etc. 

[0077] 

For example, the present invention can be used for measurement of a clearance (tail clearance) 10 

between an inner peripheral surface of a tail part of a shield machine in excavation of a subway or a 

sewerage tunnel and an outer peripheral surface of a segment located inside the tail part. For example, 

the shape measurement device 1 according to the present invention is installed near the center of a 

tunnel, the calibration work is performed, the inner peripheral surface of the tail part of the shield 

machine as a first shape is first measured, the outer peripheral surface of the segment installed inside 15 

the tail part as a second shape is second measured, it is possible to measure the tail clearance by 

subtracting the second shape from the first shape. 

[0078] 

Further, in mountain tunnel construction, it is important to ensure a stability of a tunnel face, and 

therefore, it is necessary to periodically monitor a push-out amount of the tunnel face. The present 20 

invention can be used to measure the push-out amount of the tunnel face. For example, the shape 

measurement device 1 according to the present invention is installed in front of the tunnel face, the 

calibration work is performed, a surface of a first tunnel face is measured as a first shape, a surface of 

the same tunnel face is measured as a second shape after a lapse of a predetermined period, it is 

possible to measure the push-out amount of the tunnel face by subtracting the second shape from the 25 

first shape. Specifically, as shown in Fig. 10, by vertically standing the shape measurement device 1 

provided with the cover part 16 and the transmission part 17 and scanning the laser beam L at a 

predetermined first rotation angle α and a predetermined second rotation angle β with respect to the 

tunnel face, it is possible to measure the surface of the tunnel face.  

 30 
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[0079] 

Further, the present invention may be used for measurement of a face pushing behavior or 

management of a finished shape of a mountain tunnel. the present invention may measure displacement 

of a slope or a wall surface or a three-dimensional surface shape. 

[0080] 5 

<Examples, Comparative Examples, etc.> 

The present invention will be specifically described below by way of Examples and Comparative 

examples, and the present invention is not limited thereby. 

[0081] 

[Example] 10 

As shown in Figs. 1 to 7, a shape measurement device 1 according to the present invention was 

assembled and manufactured, and as shown in Figs. 11A and 11B, the manufactured shape 

measurement device 1 was used as an Example. Here, as shown in Fig. 11A, it was confirmed that the 

rotation angle of the columnar part 13a was fixed and the cylinder part 11a rotated by 360 degrees. 

Further, as shown in Fig. 11B, it was confirmed that the rotation angle of the cylinder part 11a was fixed 15 

and the columnar part 13a rotated by 360 degrees. 

[0082] 

<Confirmation Test of Variation in Measurement Points> 

As shown in Fig. 12, in a room, the shape measurement device 1 of Example was vertically installed 

at a position away from a wall surface by a predetermined distance (about 2000mm), and the laser 20 

beam L was coincided with the y-axis direction. The rotation angle of the columnar part 13a for reflecting 

the laser beam L in a direction perpendicular to an irradiation direction was set to an instrument angle of 

0 degrees, and a first rotation angle α of the cylinder part 11a and a second rotation angle β of the 

columnar part 13a were corrected. Measurement points (No. 1 to No. 63) corresponding to each first 

rotation angle α and each second rotation angle β were set. Next, the processes from the S101 to the 25 

S108 was performed to perform the calibration process, and then the radial distance d3 from the 

reflection point R of the laser beam L to the irradiation point P of the laser beam L was measured ten 

times, the subtracted value obtained by subtracting the smallest value from the largest value among the 

ten measurement points was calculated as the difference, and the variation in the measurement points 

was confirmed. 30 
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[0083] 

<Result of Confirmation Test of Variation in Measurement Points> 

As shown in Fig. 13, the differences of the measurement points from No. 1 to No. 63 were all within 1. 

5mm, and it was found that the variation of the measurement points was extremely small. 

[0084] 5 

<Comparative Example> 

A commercially available surveying instrument was used as a Comparative Example. 

[0085] 

<Confirmation Test of Accuracy of Measurement Points> 

As shown in Fig. 14, in a room, the shape measurement device 1 of Example was horizontally 10 

installed at a position away from the roof by a predetermined distance (about 2000mm), and the laser 

beam L was coincided with the z-axis direction. The rotation angle of the columnar part 13a for reflecting 

the laser beam L in a direction perpendicular to an irradiation direction was set to an instrument angle of 

0 degrees, and a first rotation angle α of the cylinder part 11a and a second rotation angle β of the 

columnar part 13a were corrected. Measurement points (No. 1 to No. 9, No. 14, No. 22, No. 26 to No. 15 

33, No. 38, No. 46, No. 53, No. 57 to No. 63, the positions of measurement point numbers are the same 

as in Fig. 9) corresponding to each first rotation angle α and each second rotation angle β were set. 

Next, the processes from the S101 to the S108 was performed to perform the calibration process, and 

then by using the radial distance d3 from the reflection point R of the laser beam L to the irradiation point 

P of the laser beam L, the positions were measured. On the other hand, the shape measurement device 20 

1 of Example was changed to the surveying instrument of Comparative Example, and the positions of 

each measurement point were measured using the surveying instrument. Then, a subtraction value 

obtained by subtracting the position of the measurement point of Example from the position of the 

measurement point of Comparative Example in the x-axis direction, the y-axis direction, and the z-axis 

direction were calculated as differences, and the subtraction differences between the measurement 25 

points were confirmed.  

[0086] 

<Result of Confirmation Test of Accuracy of Measurement Points> 

As shown in Fig. 15, the differences between the measurement points from No. 1 to No.9, No.14, 

No.22, No.26 and from No.33, No.38, No.46, No.53, No.57 to No. 63 were all within 5. 0mm, and the 30 

measurement points of the shape measurement device 1 of Example were extremely close to the 
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measurement points of the survey instrument used in the conventional art. It was found that the 

accuracy of the measurement points in the example was high. 

[Industrial Applicability] 

[0087] 

As described above, the shape measurement device and the shape measuring method according to 5 

the present invention are useful in the field of measuring the shape of a tunnel, a building, or the like, for 

example, in the field of civil engineering, the field of surveying, the field of measurement, and the like. 

Those are effective as a shape measurement device and a shape measuring method capable of 

measuring a shape with high accuracy in spite of a simple configuration. 

[Reference Signs List] 10 

[0088] 

1 SHAPE MEASUREMENT DEVICE 

10 LASER RANGE FINGER PART 

11 CYLINDRICAL ROTATION PART 

12 HOLDING Part 15 

13 MIRROR ROTATION PART 

14 MIRROR 

15 CONTROL DEVICE 

101 FIRST POINT MEASUREMENT CONTROL PART 

102 FIRST ROTATION CONTROL PART 20 

103 SECOND ROTATION CONTROL PART 

104 SECOND POINT MEASUREMENT CONTROL PART 

105 CORRECTION CONTROL PART 

106 SHAPE MEASUREMENT CONTROL PART
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[CLAIMS] 

[Claim 1] 

A shape measurement device comprising: 

a laser range finger part being fixed to a flat table and being capable of measuring a distance from a 

starting point of a laser beam to an irradiation point irradiated by the laser beam; 

a cylindrical rotation part being installed at an end part of the flat table, and making a rotational axis of a 

rotatable cylinder part coincide with the laser beam from the laser range finder part; 

a holding part having a first surface and a second surface, the first surface having a passage hole through 

that the laser beam passes and fixed to an end part of the cylinder part of a cylindrical rotation part irradiating 

the laser beam, and the second surface having a cylindrical hole and being bent in a direction perpendicular 

to the first surface; 

a mirror rotation part being fixed to the second surface, and rotatably attaching an end part of a columnar 

part to the cylindrical hole in a state where a rotation axis of the columnar part coinciding with the laser beam 

from the laser range finger part; 

a mirror being fixed to an end part of the columnar part, disposing a reflection surface on an extension line 

of the rotation axis of the columnar part, and reflecting the laser beam from the laser range finger part; 

a first point measurement control part rotating the cylinder part to a predetermined reference cylindrical 

angle, rotating the columnar part to a predetermined reference mirror angle, making the laser beam irradiate, 

and measuring a position of a predetermined first point in a hollow from a reflection point of the laser beam 

on the mirror; 

a first rotation control part rotating the cylinder part from the reference cylindrical angle to 180 degrees; 

a second rotation control part rotating the columnar part from the reference mirror angle to an inversion 

angle that is line-symmetric with respect to the laser beam irradiated from an end part of the cylinder part; 

a second point measurement control part making the laser beam irradiate after the cylinder part is rotated 

by 180 degrees, and the columnar part is rotated by the inversion angle, and measuring a position of a 

predetermined second point in the hollow from the reflection point of the laser beam on the mirror; and 

a correction control part correcting a rotation operation of the cylinder part from the reference cylindrical 

angle to 180 degrees and a rotation operation of the columnar part from the reference mirror angle to the 

inversion angle so that the position of the second point coincides with the position of the first point. 
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[Claim 2] 

The shape measurement device according to claim 1, further comprising: 

a shape measurement control part rotating the rotation angle of the columnar part to a predetermined 

measurement angle, irradiating the laser beam while rotating the rotation angle at each predetermined 

measurement angle, and measuring a shape with the radius distance from the reflection point of the laser 

beam to the irradiation point of the laser beam as a radius of the shape and with the reflection point of the 

laser light on the mirror as the center of the shape. 

 

[Claim 3] 

The shape measurement device according to claim 1, wherein: 

a traveling direction of the laser beam from the starting point of the laser range finger part is defined as an 

x-axis direction, an upper direction perpendicular to the traveling direction of the laser beam is defined as a 

y-axis direction, and a right direction perpendicular to the traveling direction of the laser beam is defined as 

a z-axis direction, 

the first point measurement control part rotates the cylinder part to a predetermined reference cylindrical 

angle, coincides the laser beam with the y-axis direction, rotates the columnar part to a predetermined 

reference mirror angle, coincides the laser beam with the z-axis direction, irradiates the laser beam from the 

laser range finger part, measures a measurement distance, calculates a radius distance d3 obtained by 

subtracting a fixed distance from a starting point of the laser beam to a reflection point of the mirror from the 

measurement distance, and calculates a position (xa, ya, za) of the first point using the reference cylindrical 

angle α1, the reference mirror angle β1 and the equations (1) to (4), 

y = d3 × cos α (1) 

z = d3 × sin α (2) 

y = d3 × cos β (3) 

x = d3 × sin β (4) 

the second point measurement control part irradiates the laser beam from the laser range finger part, 

measures the measurement distance, calculates the radius distance d3, and calculates a position (xb, yb, 

zb) of the second point B using the calibration cylindrical angle α2, the calibration mirror angle β2 and the 

equations (1)-(4), and 

the correction control part corrects so that the position (xb, yb, zb) of the second point B coincides with 

the position (xa, ya, za) of the first point A. 
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[Claim 4] 

The shape measurement device according to claim 1, wherein: 

the correction control part calculates a difference in the rotation direction of the cylinder part between the 

position of the second point and the position of the first point, and a difference in the rotation direction of the 

columnar part, and determines whether or not the difference in the rotation direction of the cylinder part is 

within a predetermined first threshold and the difference in the rotation direction of the columnar part is within 

a predetermined second threshold, 

when the difference in the rotation direction of the cylinder part is within the first threshold and the 

difference in the rotation direction of the columnar part is within the second threshold, the correction control 

part does not execute a correction process, 

when the difference in the rotation direction of the cylinder part is over the first threshold, the correction 

control part corrects the rotation operation of the cylinder part, and  

when the difference in the rotation direction of the columnar part is within the second threshold, the 

correction control part corrects the rotation operation of the columnar part. 

 

[Claim 5] 

The shape measurement device according to claim 1, wherein: 

the correction control part calculates a difference in the rotation direction of the cylinder part between the 

position of the second point and the position of the first point, and a difference in the rotation direction of the 

columnar part,  

the correction control part calculates a correction value of the rotation operation of the cylinder part by 

using the radial distance from the reflection point of the laser beam on the mirror to the irradiation point of 

the laser beam in the measurement of the position of the first point or the second point and the difference in 

the rotation direction of the cylinder part,  

the correction control part calculates a correction value of the rotation operation of the columnar part by 

using the radial distance and the difference in the rotation direction of the columnar part, and  

the correction control part corrects the rotation operation of the cylinder part and the rotation operation of 

the columnar part. 

 

[Claim 6] 

The shape measurement device according to claim 1, wherein: 
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a traveling direction of the laser beam from the starting point of the laser range finger part is defined as an 

x-axis direction, an upper direction perpendicular to the traveling direction of the laser beam is defined as a 

y-axis direction, and a right direction perpendicular to the traveling direction of the laser beam is defined as 

a z-axis direction, 

the correction control part calculates a difference (dx = xb-xa) in the x-axis direction and a difference (dy 

= yb-ya) in the y-axis direction between the position (xb, yb, zb) of the second point and the position (xa, ya, 

za) of the first point, 

the correction control part calculates an angle difference dα in the y-axis direction by the following equation 

(5) by using the radial distance d3 from the reflection point of the laser beam on the mirror to the irradiation 

point of the laser beam in the measurement of the position of the first point and the difference dy in the y-axis 

direction, 

dα = tan-1 (dy / d3) (5) 

the correction control part calculates a correction value ay of the rotation operation Y of the cylinder part 

by using the angle difference dα by the following equation (6), and  

ay = (180 - dα) / 180 (6) 

the correction control part corrects the rotation operation of the cylinder part by multiplying the rotation 

operation of the cylinder part by the correction value ay. 

 

[Claim 7] 

The shape measurement device according to claim 1, wherein: 

a traveling direction of the laser beam from the starting point of the laser range finger part is defined as an 

x-axis direction, an upper direction perpendicular to the traveling direction of the laser beam is defined as a 

y-axis direction, and a right direction perpendicular to the traveling direction of the laser beam is defined as 

a z-axis direction, 

the correction control part calculates a difference (dx = xb-xa) in the x-axis direction and a difference (dy 

= yb-ya) in the y-axis direction between the position (xb, yb, zb) of the second point and the position (xa, ya, 

za) of the first point, 

the correction control part calculates an angle difference dβ in the x-axis direction by the following equation 

(7) by using the radial distance d3 from the reflection point of the laser beam on the mirror to the irradiation 

point of the laser beam in the measurement of the position of the first point and the difference dx in the x-axis 

direction, 
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dβ = tan-1 (dx / d3) (7) 

the correction control part calculates a correction value ax for the rotation operation of the columnar part 

by using the reference mirror angle β1, and the inversion angle β2, and the angle difference dβ by the 

following equation (8), and 

ax = (β2 - β1-dβ) / (β2 - β1) (8) 

the correction control part corrects the rotation operation of the columnar part by multiplying the rotation 

operation of the columnar part by the correction value ax. 

 

[Claim 8] 

The shape measurement device according to claim 6, wherein: 

the correction control part calculates an angle difference dβ in the x-axis direction by the following equation 

(7) by using the radial distance d3 from the reflection point of the laser beam on the mirror to the irradiation 

point of the laser beam in the measurement of the position of the first point and the difference dx in the x-axis 

direction, 

dβ = tan-1 (dx / d3) (7) 

the correction control part calculates a correction value ax for the rotation operation of the columnar part 

by using the reference mirror angle β1, and the inversion angle β2, and the angle difference dβ by the 

following equation (8), and 

ax = (β2 - β1-dβ) / (β2 - β1) (8) 

the correction control part corrects the rotation operation of the columnar part by multiplying the rotation 

operation of the columnar part by the correction value ax. 

 

[Claim 9] 

The shape measurement device according to claim 7, wherein: 

when the reference mirror angle β1 is 0 degrees and the inversion angle β2 is 180 degrees, the correction 

control part calculates a correction value ax of the rotation operation of the columnar part by using the angle 

difference dβ by the following equation (9). 

ax = (180 - dβ) / 180 (9) 

 

[Claim 10] 

A shape measurement method of a shape measurement device, 
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the shape measurement device comprising: 

a laser range finger part being fixed to a flat table and being capable of measuring a distance from a 

starting point of a laser beam to an irradiation point irradiated by the laser beam; 

a cylindrical rotation part being installed at an end part of the flat table, and making a rotational axis of a 

rotatable cylinder part coincide with the laser beam from the laser range finder part; 

a holding part having a first surface and a second surface, the first surface having a passage hole through 

that the laser beam passes and fixed to an end part of the cylinder part of a cylindrical rotation part irradiating 

the laser beam, and the second surface having a cylindrical hole and being bent in a direction perpendicular 

to the first surface; 

a mirror rotation part being fixed to the second surface, and rotatably attaching an end part of a columnar 

part to the cylindrical hole in a state where a rotation axis of the columnar part coinciding with the laser beam 

from the laser range finger part; and 

a mirror being fixed to an end part of the columnar part, disposing a reflection surface on an extension line 

of the rotation axis of the columnar part, and reflecting the laser beam from the laser range finger part; 

the shape measurement method comprising: 

a first point measurement control step for rotating the cylinder part to a predetermined reference cylindrical 

angle, rotating the columnar part to a predetermined reference mirror angle, making the laser beam irradiate, 

and measuring a position of a predetermined first point in a hollow from a reflection point of the laser beam 

on the mirror; 

a first rotation control step for rotating the cylinder part from the reference cylindrical angle to 180 degrees; 

a second rotation control step for rotating the columnar part from the reference mirror angle to an inversion 

angle that is line-symmetric with respect to the laser beam irradiated from an end part of the cylinder part; 

a second point measurement control step for making the laser beam irradiate after the cylinder part is 

rotated by 180 degrees, and the columnar part is rotated by the inversion angle, and measuring a position of 

a predetermined second point in the hollow from the reflection point of the laser beam on the mirror; and 

a correction control step for correcting a rotation operation of the cylinder part from the reference cylindrical 

angle to 180 degrees and a rotation operation of the columnar part from the reference mirror angle to the 

inversion angle so that the position of the second point coincides with the position of the first point.


