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SPECIFICATION

Title of Invention:
TUNNEL LINING SURFACE INSPECTION SYSTEM AND VEHICLE USED IN
TUNNEL LINING SURFACE INSPECTION SYSTEM

Technical field
[0001] The present invention relates to the tunnel lining surface inspection system and the
vehicle used in the tunnel lining surface inspection system, in particular to the system and
the vehicle for inspecting the soundness (degree of deterioration) of a tunnel by obtaining
the image indicating the three dimensional shape including the height information of the
tunnel lining surface.

Background arts

[0002] The applicant already proposed the travel road surface inspection system in which,
while a vehicle is traveling, the three dimensional shape (traverse direction, longitudinal
direction, height) of the surface of the travel road surface is measured by the light section
method using the photography means and the slit laser beam projecting means, mounted in

the vehicle, as shown in the Patent document 1.

[0003] According to the invention proposed in the Patent document 1, the image indicating
the three dimensional shape of the travel road surface can be obtained while a vehicle is
traveling, and, by using the image, the soundness (degree of deterioration) of the travel road
surface can be inspected by being capable of precisely confirming the unevenness such as a
wheel track generated on the travel road surface.
the Patent document 1: Japanese Patent Application Laid-open No. 2014-95627

Disclosure of Invention

Problems to be solved by the Invention
[0004] When cracking on the tunnel lining surface is photographied on the visualized image
with merely two dimensional information without height information, it is impossible to

determine whether the cracking has a risk of leading to flaking.

[0005] The present invention has been made by taking such actual states into account, and
is aiming at proposing the tunnel lining surface inspection system capable of measuring the
three dimensional shape of the surface of the tunnel lining surface to precisely determine
whether cracking has a risk of leading to flaking, by the light section method using the
photography means and the slit laser beam projecting means, mounted in the vehicle, while

the vehicle is traveling in the tunnel, and the vehicle used in the system.
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[0006] The first invention is characterized with a tunnel lining surface inspection system
wherein, while a vehicle is traveling in a tunnel, a three dimensional shape of a surface of a
tunnel lining surface is inspected by using a light section method using photography means
and slit laser beam projecting means mounted in the vehicle, and is processed into an image
used for inspecting the tunnel lining surface, the system comprising
photography means/slit laser beam projecting means arrangement means having an arc

surface shaped or approximately arc surface shaped arrangement surface corresponding to
one side face in both side faces of the tunnel lining surface and being installed in the vehicle,
wherein

a plurality of slit laser beam projecting means for projecting a long slit laser beam
along a circumferential direction of the tunnel lining surface to each area along a
circumferential direction of the one side face in the both side faces of the tunnel lining
surface are arranged along the circumferential direction of the arc surface shaped or
approximately arc surface shaped arrangement surface, and

a plurality of photography means for photographing from a direction different from
a projecting direction of the plurality of slit laser lights the each area along the
circumferential direction of the one side face in the both side faces of the tunnel lining
surface are arranged corresponding to the each of the plurality of slit laser beam projecting
means, along the circumferential direction of the arc surface shaped or approximately arc
surface shaped arrangement surface, apart from a positon where the slit laser beam
positioning means are arranged by a predetermined distance in a vehicle traveling direction,

fixing/reversing means for fixing the photography means/slit laser beam projecting
means arrangement means to a first measurement position where a three dimensional shape
of the one side face in the both side faces of the tunnel lining surface can be measured, and
180 ° reversing the photography means/slit laser beam projecting means arrangement
means around a vertical center axis to fix the photography means/slit laser beam projecting
means arrangement means to a second measurement position where the three dimensional
shape of the other side face in the both side faces of the tunnel lining surface can be
measured, and
image processing means for performing image processing to obtain the image used for

inspecting the tunnel lining surface, by using a result of the three dimensional shape
measurement of the one side face of the tunnel lining surface, measured in a state where the
photography means/slit laser beam projecting means arrangement means is fixed to the first
measurement position and a result of the three dimensional shape measurement of the
other side face of the tunnel lining surface, measured in a state where the photography

means/slit laser beam projecting means arrangement means is fixed to the second
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measurement position.

[0007] The second invention is characterized, in the first invention, with a vehicle used in a
tunnel lining surface inspection system wherein, while a vehicle is traveling in a tunnel, a
three dimensional shape of a surface of a tunnel lining surface is inspected by using a light
section method using photography means and slit laser beam projecting means mounted in
the vehicle, and is processed into an image used for inspecting the tunnel lining surface, the
system comprising
photography means/slit laser beam projecting means arrangement means having an arc

surface shaped or approximately arc surface shaped arrangement surface corresponding to
one side face in both side faces of the tunnel lining surface and being installed in the vehicle,
wherein

a plurality of slit laser beam projecting means for projecting a long slit laser beam
along a circumferential direction of the tunnel lining surface to each area along a
circumferential direction of the one side face in the both side faces of the tunnel lining
surface are arranged along the circumferential direction of the arc surface shaped or
approximately arc surface shaped arrangement surface, and

a plurality of photography means for photographing from a direction different from
a projecting direction of the plurality of slit laser lights the each area along the
circumferential direction of the one side face in the both side faces of the tunnel lining
surface are arranged corresponding to the each of the plurality of slit laser beam projecting
means, along the circumferential direction of the arc surface shaped or approximately arc
surface shaped arrangement surface, apart from a positon where the slit laser beam
positioning means are arranged by a predetermined distance in a vehicle traveling direction,
and

fixing/reversing means for fixing the photography means/slit laser beam projecting

means arrangement means to a first measurement position where a three dimensional shape
of the one side face in the both side faces of the tunnel lining surface can be measured, and
180 ° reversing the photography means/slit laser beam projecting means arrangement means
around a vertical center axis to fix the photography means/slit laser beam projecting means
arrangement means to a second measurement position where the three dimensional shape of

the other side face in the both side faces of the tunnel lining surface can be measured.

[0008] The third invention is characterized, in the first invention, with the tunnel lining
surface inspection system, wherein the plurality of slit laser beam projecting means and the

plurality of photography means are characterized in that they are arranged in zigzag along
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the circumferential direction of the arc surface shaped or approximately arc surface shaped

arrangement surface.

[0009] The fourth invention is characterized, in the second invention, with the vehicle used
in the tunnel lining surface inspection system, wherein the plurality of slit laser beam
projecting means and the plurality of photography means are characterized in that they are
arranged in zigzag along the circumferential direction of the arc surface shaped or
approximately arc surface shaped arrangement surface.

Effect of the invention
[0010] The present invention enables the three dimensional shape of the surface of the
tunnel lining surface including the height information to be measured to precisely determine
whether cracking has a risk of leading to flaking, by the light section method using the
photography means and the slit laser beam projecting means, mounted in the vehicle, while
the vehicle is traveling in the tunnel.

Brief explanation of the drawings
[0011] [Fig. 1] Fig. 1 shows the left side face of the vehicle used in the tunnel lining surface
inspection system in the present invention.
[Fig. 2] Fig. 2 is a cross section plan showing the state where the vehicle is traveling on the
traveling lane on the left side in the tunnel and shows how the light section method using
the photography means and the slit laser beam projecting means, mounted in the vehicle,
measures the three dimensional shape of the surface of the tunnel lining surface.
[Fig. 3] Fig. 3 is an oblique drawing showing the photography means/slit laser beam
projecting means arrangement means.
[Fig. 4] Fig. 4 shows how the projecting direction of the slit laser beam projected from the
slit laser beam projecting means and the photography direction (collimation line) of the
photography means are related to each other, Fig. 4 (a) being seen from the arrow guiding A
direction in Fig. 3, namely from the right side face of the vehicle, and Fig. 4 (b) being an
oblique drawing.
[Fig. 5] Fig. 5 is a cross section plan showing the state where the vehicle is traveling on the
traveling lane on the right side in the tunnel.
[Fig. 6] Fig. 6 shows a procedure of the processing performed in the tunnel lining surface
inspection system in the embodiment.
(Fig. 7] Fig. 7 (a) shows the cracking formed on the construction joint of the tunnel lining
surface and the cracking formed on a location other than the construction joint, in Fig. 7 (b),
the cracking formed on the construction joint of the tunnel lining surface is magnified, and

in Fig. 7 (c), the cracking formed on a location other than the construction joint of the
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tunnel lining surface is magnified.
[Fig. 8] Fig. 8 shows an example of image processing performed in the personal computer.
Description of the reference numerals
[0012] 1 Vehicle 10(10a-10f) Photography means
20 (20 a-20 f)  Slit laser beam projecting means
30 Photography means/slit laser beam projecting means arrangement means
31 Arc surface shaped or approximately arc surface shaped arrangement surface
40 Fixing/reversingmeans 41 Driveaxis 100 Tunnel lining surface
100 A-100L Each area
Best Embodiments for implementing the invention
[0013] The embodiment of the tunnel lining surface inspection system and the vehicle used
in the tunnel lining surface inspection system in the present invention is explained below
while referring to the drawings.
Description of the reference numerals
[0014] Fig. 1 shows the left side face of the vehicle 1 used in the tunnel lining surface

inspection system in the present invention.

[0015] The vehicle 1 is a work vehicle with a base of work track used for road maintenance

work, for example.

[0016] The loading space of the vehicle 1 has a container shape, and the door of one side
face of the container (the left side face in Fig. 1) and the door of the ceiling of the container

are openable. Fig. 1 shows the state where the doors are opened.

[0017] The photography means 10 (10 a, 10 b, 10 ¢, 104, 10 e, 10 f) and the slit laser beam
projecting means 20 (20 a, 20 b, 20 ¢, 20 d, 20 ¢, 20 f) are arranged in the loading space of
the vehicle 1 so that, when the above doors of the vehicle 1 are opened, the tunnel lining
surface can be photographied and illuminated. The photography means 10 and the slit laser
beam projecting means 20 are arranged in the photography means/slit laser beam projecting
means arrangement means 30. The photography means/slit laser beam projecting means
arrangement means 30 comprises the arc surface shaped or approximately arc surface
shaped arrangement surface 31. The plurality (six) of slit laser beam projecting means 20 a,
20b,20c, 204, 20 e, 20 f and the plurality (six) of photography means 10 a, 10 b, 10 ¢, 10
d, 10 e, 10 f are arranged in zigzag along the circumferential direction of the arc surface
shaped or approximately arc surface shaped arrangement surface 31. The image processing

unit 50 receives the image data photographied by the photography means 10 and performs
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image processing to generate three dimensional images of the tunnel lining surface.

[0018] Fig. 2 is a cross section plan showing the state where the vehicle 1 is traveling on the
traveling lane 150 L on the left side in the tunnel and shows how the light section method
using the photography means 10 and the slit laser beam projecting means 20, mounted in
the vehicle 1, measures the three dimensional shape of the surface of the tunnel lining
surface 100. For convenience safe of explanation, the road surface on the left side of the
center line TC in the tunnel in the drawing is defined as the traveling lane on the left 150 L,
and the road surface on the right side of the center line TC in the tunnel in the drawing is
dubbed as the overtaking lane on the right 150 R. Also, the left side of the tunnel lining
surface 100, delimited by the center line TC of the tunnel is defined as the left side face 101
L, and the right side of the tunnel lining surface 100, delimited by the center line TC of the
tunnel is defined as the right side face 101 R.

[0019] The illumination means 20 is configured to comprise a plurality (six in the
embodiment) of slit laser beam projecting means 20 a, 20 b, 20 ¢, 20 d, 20 e, 20 f projecting
the long slit laser beam L along the circumferential direction of the tunnel lining surface
100 to each area of 100 A, 100 B, 100 C, 100 D, 100 E, 100 F along the circumferential
direction of the left side face 101 L, namely one side face in both side faces of the tunnel
lining surface 100. It should be noted that, when the six slit laser beam projecting means 20
a-20 f are comprehensively described, they are dubbed slit laser beam projecting means 20,

hereinafter.

[0020] The photography means 10 (not shown in Fig. 2, see Fig. 1) are line cameras, and
configured to comprise a plurality (six in the embodiment) of photography means 10 a, 10 b,
10 ¢, 10 d, 10 e, 10 f photographing from the direction different from the projecting
direction of the slit laser light L each area of 100 A, 100 B, 100 C, 100 D, 100 E, 100 F
along the circumferential direction of the left side face 101 L, namely one side face in both
side faces of the tunnel lining surface 100. It should be noted that, when the six
photography means 10 a-10 f are comprehensively described, they are dubbed photography

means 10, hereinafter.

[0021] The slit laser beam projecting means 20 and the photography means 10 are arranged
in the photography means/slit laser beam projecting means arrangement means 30 having
the arc surface shaped or approximately arc surface shaped arrangement surface 31

corresponding to one side face in both side faces 101 L, 101 R of the tunnel lining surface
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100.

[0022] Fig. 3 is an oblique drawing showing the photography means/slit laser beam

projecting means arrangement means 30.

[0023] The six photography means 10 a-10 f are arranged respectively corresponding to
each of the six slit laser beam projecting means 20 a-20 f, along the circumferential
direction of the arc surface shaped or approximately arc surface shaped arrangement surface
31, apart from the positon where the slit laser beam positioning means 20 are arranged by

the predetermined distance d in the vehicle traveling direction.

[0024] To be more specific, the photography means/slit laser beam projecting means
arrangement means 30 is configured to comprise the member 32 obtained by forming a
cross section parallel to the circumferential direction of the tunnel lining surface 100,
namely perpendicular to the traveling direction of the vehicle 1, into fan shape, and a pair of
slit laser beam projecting means 20 and photography means 10 are arranged in the
arrangement surface 31 corresponding to the arc surface shaped or approximately arc
surface shaped surface of the fan-shaped member 32 at even or approximately even

intervals along the circumferential direction.

[0025] Here, the plurality (six) of slit laser beam projecting means 20 a, 20 b, 20 c, 20 d, 20
e, 20 f and the plurality (six) of photography means 10 a, 10b, 10 ¢, 10d, 10 e, 10 f are
arranged in zigzag along the circumferential direction of the arc surface shaped or

approximately arc surface shaped arrangement surface 31.

[0026] Thereby, the neighboring slit laser beams L projected from each of the slit laser
beam projecting means 20 a, 20 b, 20 c, 20 d, 20 e, 20 f and emitted to the each area of 100
A, 100 B, 100 C, 100 D, 100 E, 100 F can be prevented from being overlapped each other
(see Fig. 2). Accordingly, the device can be easily set without any need of considering the

interference of the silt laser beam L.

[0027] The fixing/reversing means 40 is configured to comprise the drive axis 41 which is
the vertical center axis C of the photography means/slit laser beam projecting means
arrangement means 30 and the stage 42. The stage 42 is fixed to the frame of the vehicle 1.
The fixing/reversing means 40 fixes the photography means/slit laser beam projecting

means arrangement means 30 to the first measurement position where the three dimensional
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shape of the left side face 101 L, namely one side face in both side faces 101 L, 101 R of
the tunnel lining surface 100 can be measured, and rotatably drives the drive axis 41 by a
motor, etc. relatively to the stage 42 to 180 ° reverse the photography means/slit laser beam
projecting means arrangement means 30 around the vertical center axis C, and fixes the
photography means/slit laser beam projecting means arrangement means 30 to the second
measurement position where the three dimensional shape of the right side face 101 R,
namely the other side face in both side faces 101 L, 101 R of the tunnel lining surface 100

can be measured.

[0028] Figs. 2, 3 show the state where the photography means/slit laser beam projecting

means arrangement means 30 is fixed to the first measurement position.

[0029] Fig. 4 shows how the projecting direction of the slit laser beam L projected from the
slit laser beam projecting means 20 and the photography direction (collimation line 11 a) of
the photography means 10 are related to each other, Fig. 4 (a) being seen from the arrow

guiding A direction in Fig. 3, namely from the right side face of the vehicle 1, and Fig. 4 (b)

being an oblique drawing.

[0030] The slit laser beam projecting means 20 projects the slit laser beam L to the
direction vertical to the surface of the tunnel lining surface 100, and emits the long slit laser
beam L along the circumferential direction of the tunnel lining surface 100, namely the
direction vertical to the traveling direction of the vehicle 1. The photography means 10
photographies the slit laser beam L emitted to the surface of the tunnel lining surface 100
from the oblique direction having the collimation line 11 a inclined to the surface of the

tunnel lining surface 100.

[0031] When the surface of the tunnel lining surface 100 is flat, the slit laser beam L
emitted to the surface is photographied as a linear line. However, when the surface of the
tunnel lining surface 100 is distorted from the unevenness, etc. of the surface, the slit laser
beam L emitted to the surface is photographied as a distorted line. By profiling the
distortion, the shape change of the surface of the tunnel lining surface 100 can be measured

with the resolution of 0.5 mm or smaller.

[0032] Fig. 5 is a cross section plan showing the state where the vehicle 1 is traveling on the
traveling lane 150 R on the right side in the tunnel. Fig. 5 shows the state where the

photography means/slit laser beam projecting means arrangement means 30 is 180 °
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reversed around the vertical center axis C by the fixing/reversing means 40 from the first

photography position and fixed to the second measurement position.

[0033] The slit laser beam projecting means 20 f, 20 e, 20 d, 20 c, 20 b, 20 a respectively
project the long slit laser beam L along the circumferential direction of the tunnel lining
surface 100 to each area of 100 G, 100 H, 100 I, 100 J, 100 K, 100 L along the
circumferential direction of the right side face 101 R, namely the other side face in both

side faces of the tunnel lining surface 100.

{0034] The photography means 10 f, 10 e, 10d, 10 ¢, 10 b, 10 a (not shown in Fig. 2)
respectively photography from the direction different from the projecting direction of the
slit laser light L each area of 100 G 100 H, 100 I, 100 J, 100 K, 100 L along the
circumferential direction of the right side face 101 R, namely the other side face in both

side faces of the tunnel lining surface 100.

[0035] Here, as mentioned above, the plurality (six) of slit laser beam projecting means 20 a,
20b, 20 c, 20 d, 20 e, 20 f and the plurality (six) of photography means 10 a, 10b, 10 ¢, 10
d, 10 e, 10 fare arranged in zigzag along the circumferential direction of the arc surface

shaped or approximately arc surface shaped arrangement surface 31 (see Fig. 3).

[0036] Thereby, the neighboring slit laser beams L projected from each of the slit laser
beam projecting means 20 f, 20 e, 20 d, 20 ¢, 20 b, 20 a and emitted to the each area of 100
G, 100 H, 1001, 100 J, 100 K, 100 L can be prevented from being overlapped each other.

[0037] Fig. 6 shows the procedure of the processing performed in the tunnel lining surface

inspection system in the embodiment.

[0038] At first, while the photography means 10 and the slit laser beam projecting means 20
are fixed to the first measurement position, the vehicle 1 drives along the traveling lane 150
L on the left side. While the vehicle 1 is traveling, the six photography means 10 a-10 f and
the slit laser beam projecting means 20 a-20 f are activated. Thereby, each slit laser beam L
emitted to each area 100 A, 100 B, 100 C, 100 D, 100 E, 100 F of the left side face 101 L of
the tunnel lining surface 100 is sequentially photographied by the six photography means
10a,10b, 10¢c, 10d, 10 e, 10 f, as the vehicle 1 travels. The image data of the each area
100 A-100 F of the left side face 101 L of the tunnel lining surface 100 photographied by
the each photography means 10 a-10 f are captured into the image processing unit 50 (see
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Fig. 2; Step 201).

[0039] Then, the fixing/reversing means 40 180 ° reverses the photography means/slit laser
beam projecting means arrangement means 30 around the vertical center axis C and fixes
the photography means 10 a-10 f and the slit laser beam projecting means 20 a-20 f to the

second measurement position (Step 202).

[0040] While the photography means 10 a-10 f and the slit laser beam projecting means 20
a-20 f are fixed to the second measurement position, the vehicle 1 travels along the

overtaking lane 150 R on the right side.

[0041] While the vehicle 1 is traveling, the six photography means 10 a-10 f and the slit
laser beam projecting means 20 a-20 f are activated. Thereby, each slit laser beam L emitted
to each area 100 G, 100 H, 100 1, 100J, 100 K, 100 L of the right side face 101 R of the
tunnel lining surface 100 is sequentially photographied by the six photography means 10 f;
10e,104d,10c, 10, 10 a, as the vehicle 1 travels. The image data of the each area 100
L-100 G of the right side face 101 R of the tunnel lining surface 100 photographied by the
each photography means 10 {-10 a are captured into the image processing unit 50 (see Fig.
5; Step 203).

[0042] The image data of the each area 100 A-100 F of the left side face 101 L of the tunnel
lining surface 100 and the image data of the each area 100 G-100 L of the right side face
101 R of the tunnel lining surface 100, captured into the image processing unit 50 are

captured into the exterior personal computer, for example, for image processing (Step 204).

[0043] Fig. 7 (a) shows the portion of the cracking 301 formed on the construction joint of
the tunnel lining surface 100 and the portion of the cracking 302 formed on a location other

than the construction joint.

[0044] In Fig. 7 (b), the portion of the cracking 301 formed on the construction joint of the

tunnel lining surface 100 is magnified. In Fig. 7 (c), the portion of the cracking 302 formed
on a location other than the construction joint of the tunnel lining surface 100 is magnified.
In both cases, it can be identified that the uplift of around 1 mm is formed on the surface of

the cracking 301, 302.

10



NE-08PCT

[0045] The construction joint has weak strength, and easily generates cracking. Merely by
the use of visualized images, it is impossible to determine whether or not cracking
generated on the tunnel lining surface 100 is the cracking which has uplift of no shorter

than 1 mm which leads to flaking.

[0046] In the embodiment, the three dimensional shape image of the tunnel lining surface
100 is obtained, and thereby, it is possible to determine whether or not cracking generated
on the tunnel lining surface 100 is the cracking which has uplift of no shorter than 1 mm

which leads to flaking.

[0047] Fig. 8 shows an example of image processing performed in the personal computer.

[0048] The three dimensional image 120 of the tunnel lining surface 100 in the region
where the vehicle 1 traveled can be obtained for the entire circumference (left/right, both
side faces 101 L, 101 R) of the tunnel lining surface 100 by connecting the image data of
the each area 100 A-100 F of the left side face 101 L of the tunnel lining surface 100 and
the image data of the each area 100 L-100 G of the right side face 101 R of the tunnel lining
surface 100. In Fig. 8, “111” represents the joint delimiting each span of the tunnel lining

surface 100.

[0049] The three dimensional image 120 is the height image showing the height of the
tunnel lining surface 100 according to each two dimensional position in the circumferential
direction of the tunnel lining surface 100 and the traveling direction of the vehicle 1. For
example, the color of the higher portions changes into the brighter and the color of the

lower portions changes into the darker.

[0050] For example, when the cracking 303 on the three dimensional image 120 is
displayed lighter, and the cracking 304 on the three dimensional image 120 is displayed
darker, it can be identified that the cracking 304 has larger uplift and thus, has higher risk of
flaking. Conventionally, the visualized image with no height information has failed to
eliminate the possibility of erroneously identifying the color unevenness or stain formed on
the tunnel lining surface 100 as cracking, but, in the present embodiment, the presence of
cracking having the risk of leading to flaking can be precisely identified over the entire

circumference of the tunnel lining surface 100.
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[0051] When the image processing of the three dimensional image 120 of the tunnel lining
surface 100 is performed, the technology of the infrared thermal imaging analysis device
which belongs to the prior application of the applicant and is already patented (Japan Patent
No. 5140892) may be applied for more precise analysis.

[0052] In this technology of the infrared thermal imaging analysis device, the information
of temperature gradient overlapped in the infrared image is removed to display the image

which further clarifies the difference between the sound portion and the damaged portion.

[0053] Performing the image processing by applying the technology of the infrared thermal
imaging analysis device to the three dimensional image 120 of the tunnel lining surface 100
enables the image which further clarifies the difference between the sound and flat portion
and the portion 304 a with uplift of no shorter than 1 mm which has the risk of leading to
flaking on the tunnel lining surface 100 to be obtained. Therefore, the presence of cracking
having the risk of leading to flaking can be further precisely identified over the entire

circumference of the tunnel lining surface 100.
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The invention claimed 1is:

1. A tunnel lining surface inspection system wherein,

while a vehicle 15 traveling in a tunnel, a three dimensional
shape of a surface of a tunnel lining surface is inspected by
using a light section method using photography means and
slit laser beam projecting means mounted in the vehicle, and
is processed into an image used for inspecting the tunnel
lining surface, the system comprising

a plurality of slit laser beam projecting means for pro-
jecting a long slit laser beam along a circumferential
direction of the tunnel lining surface to each area along
a circumferential direction of the one side face in the
both side faces of the tunnel lining surface to the
direction vertical to the surface of the tunnel lining
surface,

a plurality of photography means for photographing from
a direction different from a projecting direction of the
plurality of slit laser lights the each area along the
circumferential direction of the one side face in the
both side faces of the tunnel lining surface by photo-
graphing the slit laser direction emitted to the surface of
the tunnel lining surface from the oblique direction
having the collimation line inclined to the surface of the
tunnel lining surface, and

a fan-shaped member having predetermined width in a
traveling direction of the vehicle, where its section
vertical in a traveling direction of the vehicle with a fan
shape forms an arc-shaped surface, being arranged in
the vehicle so that one side face in both side faces of the
tunnel lning surface corresponds to the arc-shaped
surface of the fan-shaped member,

wherein, the plurality of slit laser beam projecting means

have the arc-shaped surface of the fan-shaped member
as the arrangement surface, being installed, along the
circumferential direction of the arc-shaped surface, and
the plurality of photography means correspond to the
each of the plurality of slit laser beam projecting
means, and have the arc-shaped surface of the fan-
shaped member as the arrangement surface, being
installed along the circumferential direction of the
arc-shaped surface, apart from a position where the slit
laser beam positioning means are arranged by a pre-
determined distance in a vehicle traveling direction,
and
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the system further comprises

fixing and reversing means comprising drive axis which is
the vertical center axis and a stage fixed to the frame of
the vehicle, for fixing the fan-shaped member to a first
measurement position where a three dimensional shape
of the one side face in the both side faces of the tunnel
lining surface can be measured, and 180° reversing the
fan-shaped member around a vertical center axis to fix

the fan-shaped member to a second measurement posi-
tion where the three dimensional shape of the other side
face in the both side faces of the tunnel lining surface
can be measured, and

image processing means for performing image processing

to obtain the image used for inspecting the tunnel lining
surface, by using a result of the three dimensional shape
measurement of the one side face of the tunnel lining
surface, measured in a state where the fan-shaped
member is fixed to the first measurement position and
a result of the three dimensional shape measurement of
the other side face of the tunnel lining surface, mea-
sured in a state where the fan-shaped member 1s fixed
to the second measurement position.

2. A vehicle used in a tunnel lining surface inspection
system wherein, while a vehicle is traveling in a tunnel, a
three dimensional shape of a surface of a tunnel lining
surface 1s inspected by using a light section method using
photography means and slit laser beam projecting means
mounted in the vehicle, and is processed into an image used
for inspecting the tunnel lining surface, the system compris-
ing

a plurality of slit laser beam projecting means for pro-

jecting a long slit laser beam along a circumferential
direction of the tunnel lining surface to each area along
a circumferential direction of the one side face in the
both side faces of the tunnel lining surface to the
direction vertical to the surface of the tunnel lining
surface,
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a plurality of photography means for photographing from
a direction different from a projecting direction of the
plurality of slit laser lights the each area along the
circumferential direction of the one side face in the
both side faces of the tunnel lining surface by photog-
raphying the shit laser direction emitted to the surface of
the tunnel lining surface from the oblique direction
having the collimation line inclined to the surface of the
tunnel lining surface. and

a fan-shaped member having predetermined width in a
traveling direction of the vehicle, where its section
vertical in a traveling direction of the vehicle with a fan
shape forms an arc-shaped surface, being arranged in
the vehicle so that one side face in both side faces of the
tunnel lining surface corresponds to the arc-shaped
surface of the fan-shaped member,

wherein, the plurality of slit laser beam projecting means
have the arc-shaped surface of the fan-shaped member
as the arrangement surface, being installed, along the
circumferential direction of the arc-shaped surface, and
the plurality of photography means correspond to each
of the plurality of slit laser beam projecting means, and
have the arc-shaped surface of the fan-shaped member
as the arrangement surface, being installed along the
circumferential direction of the arc-shaped surface,
apart from a position where the slit laser beam posi-
tioning means are arranged by a predetermined distance
in a vehicle traveling direction, and

the system further comprises

fixing and reversing means comprising drive axis which is
the vertical center axis and a stage fixed to the frame of
the vehicle, for fixing the fan-shaped member to a first
measurement position where a three dimensional shape
of the one side face in the both side faces of the tunnel
lining surface can be measured, and 180° reversing the
fan-shaped member around a vertical center axis to fix
the fan-shaped member to a second measurement posi-

tion where the three dimensional shape of the other side
face in the both side faces of the tunnel lining surface
can be measured.
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3. The tunnel lining surface mspection system claimed in
claim 1, wherein the plurality of slit laser beam projecting
means and the plurality of photography means are charac-
terized in that they have the arc-shaped surface of the
fan-shaped member as the arrangement surface, being
installed in zigzag along the circumferential direction of the
arc-shaped surface.

4. The vehicle used in the tunnel lining surface inspection
system, claimed in claim 2, wherein the plurality of slit laser
beam projecting means and the plurality of photography
means are characterized in that they have the arc-shaped
surface of the fan-shaped member as the arrangement sur-
face, being installed in zigzag along the circumferential
direction of the arc-shaped surface.
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