10

15

20

25

30

Docket No. PMAA-17296-US,EP,CN,SG: Final

DESCRIPTION

DETECTION DEVICE AND DETECTION METHOD

Field
[0001] The present invention relates to a detection
device and a detection method for detecting a defor

of an inspection target.

Background

[0002] There have been various techniques for detec
deformations such as cracks and lifts generated on
structure to be inspected. Patent Literature 1 dis
technique for diagnosing cracks or the like by comb
measurement results obtained using various instrume
as an image instrument, an infrared ray detector, a
non-contact type electromagnetic wave radar as well
diagnostic results obtained using a hammering metho
visual check method, or the like. Patent Literatur
discloses a technique for diagnosing cracks or the
superimposing visible and infrared images of an ins

target.

Citation List
Patent Literature
[0003] Patent Literature 1: Japanese Patent No. 458

Patent Literature 2: Japanese Patent No. 5795850

Summary

Technical Problem

[0004] However, according to the above-described
conventional techniques, the hammering method and t
visual check method require a large amount of work
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human power, and require a determination process of
distinguishing abnormal parts from normal parts or
distinguishing abnormal sounds from normal sounds.
causes a problem in that the accuracy of detecting

or the like depends on the experience and skill of
investigator. The technique of utilizing infrared

is used to capture differences in the surface tempe

of an inspection target and specify a deformed port
the basis of the differences in surface temperature
However, this technique also has a problem of an in
of differences in received heat amount or heat tran

to irregularities on a structure surface, resulting
accuracy. That is, this technique does not depend
experience and skill of the investigator but is dif

to accurately detect a cracked state.

[0005] The present invention has been made in view
the above, and an object thereof is to obtain a det
device that can have an improved accuracy of detect
cracked state.

Solution to Problem

[0006] In order to solve the above-mentioned proble
and to achieve the object, a detection device accor
an aspect of the present invention includes a defor
detection unit to detect a deformation on a surface
structure from image information on the structure.
Moreover, the detection device includes a step dete
unit to detect a step on the surface of the structu
three-dimensional point group information on the st
measured with a laser. Furthermore, the detection
includes a determination unit to determine a state
deformation using information on the deformation ge
by the deformation detection unit and information o
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step generated by the step detection unit.

Advantageous Effects of Invention
[0007] According to the present invention, an effec
obtained where the accuracy of detecting a cracked

can be improved.

Brief Description of Drawings

[0008] FIG. 1 is a block diagram illustrating an
exemplary configuration of a detection device accor
a first embodiment.

FIG. 2 is a flowchart illustrating a process of th
detection device to determine the state of a detect
according to the first embodiment.

FIG. 3 is a diagram illustrating the content of im
information input to an image information input uni
according to the first embodiment.

FIG. 4 is a diagram illustrating the content of th
dimensional point group information input to a thre
dimensional point group information input unit acco
the first embodiment.

FIG. 5 is a diagram illustrating the content of cr
image information extracted by a crack extraction u
according to the first embodiment.

FIG. 6 is a flowchart illustrating a process of a
crack vector information generation unit to calcula
three-dimensional coordinates of a pixel with an ON
flag according to the first embodiment.

FIG. 7 is a diagram illustrating the content of
information on the three-dimensional coordinates of
with ON crack flags calculated by the crack vector
information generation unit according to the first
embodiment.
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FIG. 8 is a diagram illustrating the content of cr
vector information generated by the crack vector
information generation unit according to the first
embodiment.

FIG. 9 is a diagram illustrating the content of th
dimensional point group information with step flag
information about a step part extracted by a step
extraction unit according to the first embodiment.

FIG. 10 is a diagram illustrating the content of s
vector information generated by a step vector infor
generation unit according to the first embodiment.

FIG. 11 is a diagram illustrating a first exemplar
image for comparing a crack vector and a step vecto
determination unit according to the first embodimen

FIG. 12 is a diagram illustrating a second exempla
image for comparing the crack vector and a step vec
the determination unit according to the first embod

FIG. 13 is a diagram illustrating a third exemplar
image for comparing the crack vector and a step vec
the determination unit according to the first embod

FIG. 14 is a diagram illustrating a fourth exempla
image for comparing the crack vector and a step vec
the determination unit according to the first embod

FIG. 15 is a diagram illustrating the content of
lifting separation crack information about cracks
determined to be accompanied by lifting separation
determination unit according to the first embodimen

FIG. 16 is a diagram illustrating an exemplary cas
where the detection device according to the first
embodiment is configured with dedicated hardware.

FIG. 17 is a diagram illustrating an exemplary cas
where the detection device according to the first
embodiment is configured with a CPU and a memory.
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FIG. 18 is a block diagram illustrating an exempla
configuration of a detection device according to a
embodiment.

FIG. 19 is a diagram illustrating an exemplary ran
of pixels for which a three-dimensional image is to
obtained by a crack three-dimensional information
generation unit according to the second embodiment,
assuming that the margin range is one pixel.

FIG. 20 is a diagram illustrating the content of
information on the three-dimensional coordinates of
with ON crack flags and pixels within a margin rang
calculated by the crack three-dimensional informati
generation unit according to the second embodiment.

FIG. 21 is a flowchart illustrating a process of t
detection device to determine the state of a detect
according to the second embodiment.

FIG. 22 is a diagram illustrating a first exemplar
image for calculating the existence ratio of the st
vector in a three-dimensional space in the determin
unit according to the second embodiment.

FIG. 23 is a diagram illustrating a second exempla
image for calculating the existence ratio of the st
vector in a three-dimensional space in the determin
unit according to the second embodiment.

FIG. 24 is a diagram illustrating a third exemplar
image for calculating the existence ratio of the st
vector in a three-dimensional space in the determin
unit according to the second embodiment.

FIG. 25 is a diagram illustrating a fourth exempla
image for calculating the existence ratio of the st
vector in a three-dimensional space in the determin
unit according to the second embodiment.

FIG. 26 is a block diagram illustrating an exempla
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configuration of a detection device according to a
embodiment.

FIG. 27 is a flowchart illustrating a process of t
detection device to determine the state of a detect
according to the third embodiment.

FIG. 28 is a diagram illustrating how three-
dimensional point group information extracted from
three-dimensional point group information input uni
classified into two groups of points using a crack
as a boundary in the determination unit according t
third embodiment, and illustrating an exemplary str
surface position.

FIG. 29 is a block diagram illustrating an exempla
configuration of a detection device according to a
embodiment.

FIG. 30 is a flowchart illustrating a process of t
detection device to determine the state of a detect
according to the fourth embodiment.

FIG. 31 is a block diagram illustrating an exempla
configuration of a detection device according to a
embodiment.

FIG. 32 is a block diagram illustrating an exempla
configuration of a detection device according to a
embodiment.

FIG. 33 is a flowchart illustrating a process of t
detection device to determine the state of a detect
according to the sixth embodiment.

FIG. 34 is a diagram illustrating an exemplary
structure targeted for determination of the state o
crack and exemplary information obtained through
measurement in the detection device according to th
embodiment.

FIG. 35 is a diagram illustrating a first exemplar
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image for comparing the crack vector and the step v
a similarity determination unit according to the si
embodiment.

FIG. 36 is a diagram illustrating a second exempla
image for comparing the crack vector and the step v
the similarity determination unit according to the
embodiment.

FIG. 37 is a diagram illustrating a third exemplar
image for comparing the crack vector and the step v
the similarity determination unit according to the
embodiment.

FIG. 38 is a diagram illustrating a fourth exempla
image for comparing the crack vector and the step v
the similarity determination unit according to the
embodiment.

FIG. 39 is a diagram illustrating the content obta
by adding similarity values to lifting separation ¢
information indicating cracks determined to be acco
by lifting separation in the similarity determinati
according to the sixth embodiment.

FIG. 40 is a block diagram illustrating an exempla
configuration of a detection device according to a
embodiment.

FIG. 41 is a flowchart illustrating a process of t
detection device to determine the state of a detect

according to the seventh embodiment.

Description of Embodiments

[0009] Hereinafter, a detection device and a detect
method according to embodiments of the present inve
will be described in detail on the basis of the dra

The present invention is not limited to the embodim
[0010] First Embodiment.
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FIG. 1 is a block diagram illustrating an exemplar
configuration of a detection device 20 according to
embodiment of the present invention. The detection
20 includes an image information input unit 1, a th
dimensional point group information input unit 2, a
detection unit 3, a step detection unit 4, and a
determination unit 5. The detection device 20 is a
that detects a deformation on the surface of a stru
that is an inspection target. Examples of deformat
include cracks, dirt, precipitates, and water leaks
description of the present embodiment is based on t
assumption that deformations are cracks, and the sa
applies to the subsequent embodiments. The detecti
device 20 detects a crack that is a deformation on
structure surface, and determines whether the detec
crack is a crack only on the surface of the structu
crack accompanied by lifting separation or the like
the structure. The detection device 20 does not
necessarily detect only cracks as deformations, and
applied to the detection of other deformations.

[0011] The image information input unit 1 receives
input of image information on the surface of a stru
For example, the image information input unit 1 rec
input of image information that is digitally captur

a digital camera or the like and can be subjected t
processing, and the image information input unit 1
digital camera itself. The image information input
may be a data reading device that reads data on ima
information captured with a digital camera or the |

a recording medium, or a communication device that
image information captured with a digital camera or
like by wired communication or wireless communicati

[0012] The three-dimensional point group informatio
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input unit 2 receives an input of three-dimensional
group information on the surface of a structure. T
three-dimensional point group information input uni
receives an input of point group information having
dimensional coordinates measured and acquired with
density laser scanner, and the three-dimensional po
group information input unit 2 may be a high-densit
scanner itself. The three-dimensional point group
information input unit 2 may be a data reading devi
reads data on three-dimensional point group informa
measured and acquired with a high-density laser sca
a recording medium, or a communication device that
three-dimensional point group information measured
acquired with a high-density laser scanner by wired
communication or wireless communication.

[0013] The crack detection unit 3 is a deformation
detection unit and detects a deformation on the sur
a structure from the image information on the struc
The crack detection unit 3 includes a crack extract
31 and a crack vector information generation unit 3
[0014] The crack extraction unit 31 is a deformatio
extraction unit, and analyzes image information inp
the image information input unit 1 and extracts a
deformation on the structure surface, more specific
crack, from the image information. The crack extra
unit 31 analyzes input image information to extract
by using a technique of image processing such as
binarization processing and edge detection processi
crack extraction unit 31 adds a crack flag indicati
crack to a pixel of the extracted crack to generate
image information. Note that the aforementioned te
of image processing is merely an example, and the p
invention is not limited thereto.

point
he

t2
three-
a high-
int

y laser

ce that
tion
nner via
receives

and

face of
ture.
ion unit
2.

ut to

ally a
ction

a crack

ng. The
ng a
crack
chnique
resent



10

15

20

25

30

Docket No. PMAA-17296-US,EP,CN,SG: Final

10

[0015] The crack vector information generation unit
is a deformation vector information generation unit
uses three-dimensional point group information inpu
three-dimensional point group information input uni
add three-dimensional coordinates to image informat
the crack extracted by the crack extraction unit 31
vectorize the image information. Specifically, the
vector information generation unit 32 calculates, f
pixel of the crack image information generated by t
extraction unit 31, three-dimensional absolute coor
on the structure surface on the basis of the inform
the three-dimensional positional coordinates indica
optical center position of the camera at the time o
capturing the image information, information on the
pose in three axial directions, and three-dimension
group information input from the three-dimensional
group information input unit 2, thereby obtaining t
dimensional information about the crack image infor
[0016] The crack vector information generation unit
groups cracks in a specified certain space with res
the three-dimensional information on crack image
information, and combines points in the same group
certain space into a line segment using a technique
linear approximation that utilizes the method of le
squares, thereby generating three-dimensional crack
information. When the distance between end points
plurality of line segments generated is less than a
specified distance, the crack vector information ge
unit 32 connects the end points to each other and s
them as the same crack vector information.

[0017] The step detection unit 4 detects a step on
surface of a structure from the three-dimensional p
group information on the structure measured with a
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The step detection unit 4 includes a step extractio
41 and a step vector information generation unit 42
[0018] The step extraction unit 41 extracts a minut
step on the surface of a structure from three-dimen
point group information. The minute step is, for e

a step having a height difference of about 1 mm. F
example, the step extraction unit 41 approximates t
surface of a structure as a smooth surface using sm
processing, calculates positional coordinates of ea
in the vertical direction with respect to the appro
structure surface, and extracts, as an irregular po
each point separated from the approximate structure
by a specified distance or more. The step extracti
41 determines the extracted irregular portion as a
and adds a step flag indicating a step portion to e
point constituting the step, thereby generating the
dimensional point group information on the step. N
the processing technique for detecting a step from
dimensional point group information mentioned here
merely an example, and the present invention is not
thereto. The size of a step is not limited to a he
difference of about 1 mm.

[0019] The step vector information generation unit
vectorizes the three-dimensional point group inform
a step extracted by the step extraction unit 41. T
vector information generation unit 42 groups points
specified certain space with respect to the three-
dimensional point group information on a step extra
the step extraction unit 41, and combines points in
same group in each certain space into a line segmen
a technique such as linear approximation that utili
method of least squares, thereby generating three-
dimensional step vector information. When the dist
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between end points of a plurality of line segments
generated is less than a specified distance, the st
vector information generation unit 42 connects the
points to each other and stores them as the same st
vector information.

[0020] The determination unit 5 determines the stat
a crack generated on the surface of a structure usi
vector information that is information on a deforma
generated by the crack vector information generatio
32 and step vector information that is information
step generated by the step vector information gener
unit 42. Specifically, the determination unit 5 ca

the distance between each line segment of the crack
indicated by three-dimensional crack vector informa
generated by the crack vector information generatio
32 of the crack detection unit 3 and the nearest li
segment of the line segments of the step vector ind
by three-dimensional step vector information genera
the step vector information generation unit 42 of t
detection unit 4. When the ratio of points having
inter-segment distance between a single crack vecto
corresponding step vector less than a specified val
equal to or greater than a threshold value, the
determination unit 5 determines that the crack
corresponding to the crack vector is accompanied by
separation, that is, the safety of the crack is low
[0021] Instead of performing determination based on
distance between line segments of three-dimensional
and step vectors, the determination unit 5 may proj
structure surface onto a two-dimensional plane to p
determination on the basis of the positional relati

the two-dimensional plane between two-dimensional ¢
step vectors, that is, on the basis of the distance

ep
end

ep

e of
ng crack
tion
n unit
ona
ation
Iculates
vector
tion
n unit
ne
icated
ted by
he step
an
rand a

ue is

lifting

the
crack
ecta
erform
on on
rack and
on the



10

15

20

25

30

Docket No. PMAA-17296-US,EP,CN,SG: Final

13

two-dimensional plane. A method for projecting a s
surface onto a two-dimensional plane includes, for
generating a two-dimensional developed figure, but
present invention is not limited thereto.

[0022] Next, a description will be given of a proce
the detection device 20 to determine whether a defo
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 2
flowchart illustrating a process of the detection d

to determine the state of a detected crack accordin
first embodiment.

[0023] First, the image information input unit 1 of
detection device 20 receives an input of image info
on the surface of a structure captured with a digit
camera or the like (step S1). FIG. 3 is a diagram
illustrating the content of image information input
image information input unit 1 according to the fir
embodiment. The image information includes red (R)
(G), and blue (B) values for each pixel. The image
information illustrated in FIG. 3 may be stored in
storage unit inside the image information input uni
may be stored in an external storage unit (not illu
[0024] The three-dimensional point group informatio
input unit 2 of the detection device 20 receives an

of three-dimensional point group information measur
a laser at the same timing as capturing the image
information (step S2). FIG. 4 is a diagram illustr

the content of three-dimensional point group inform
input to the three-dimensional point group informat
input unit 2 according to the first embodiment. Th
dimensional point group information includes X, Y,
coordinates for each point. The three-dimensional
group information illustrated in FIG. 4 may be stor
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storage unit inside the three-dimensional point gro
information input unit 2, or may be stored in an ex
storage unit (not illustrated).

[0025] With regard to the X, Y, and Z coordinates,
example, the XY axis can be taken on the horizontal
and the Z axis can be taken in the height direction
using the plane orthogonal coordinate system.
Alternatively, another coordinate system may be use
which a given point is set as the origin and the ea
northward, and vertically upward directions are
respectively set as the X, Y, and Z axis directions
example. For units of data indicating the coordina
values of each point, meters (m) or the like can be
but the present invention is not limited thereto.
image information and three-dimensional point group
information, for example, information measured with
mobile mapping system (MMS) can be used. The MMS ¢
accurately measure the position and attitude of a v
equipped with a measuring device, such as a digital
and a laser, using the global positioning system (G
inertial navigation device, and the like. Therefor
MMS can accurately acquire the position of a struct
adding the position of the structure or the like me
with the laser to the position of the vehicle.

[0026] With reference back to the description of th
flowchart of FIG. 2, the crack extraction unit 31 0
crack detection unit 3 analyzes the image informati
from the image information input unit 1, and extrac
crack from the image information (step S3). The cr
extraction unit 31 stores pixels of the crack porti
association with crack flags with ON information in

a crack. FIG. 5is a diagram illustrating the cont
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unit 31 according to the first embodiment. In the
information illustrated in FIG. 5, pixels having cr
flags with ON information constitute image informat
indicating a crack. In the image information illus

in FIG. 5, OFF information is added to the crack fl
pixels from which no crack is extracted. The crack
information illustrated in FIG. 5 may be stored in
storage unit inside the crack extraction unit 31, o
stored in an external storage unit (not illustrated

[0027] The crack vector information generation unit

calculates three-dimensional coordinates correspond
each pixel for all the pixels with ON crack flags i
crack image information (steps S4 to S7). Specific
the crack vector information generation unit 32 sel
processing target pixel from the image information
illustrated in FIG. 3 (step S4). The crack vector
information generation unit 32 checks the crack ima
information illustrated in FIG. 5, and checks wheth
processing target pixel has an ON crack flag (step
When the crack flag is OFF (step S5: No), the crack
information generation unit 32 returns to step S4 t
the next processing target pixel from the image inf
illustrated in FIG. 3 (step S4). When the crack fl
(step S5: Yes), the crack vector information genera
unit 32 calculates the three-dimensional coordinate
pixel with the ON crack flag on the basis of the th
dimensional point group information (step S6).
[0028] FIG. 6 is a flowchart illustrating a process
the crack vector information generation unit 32 to
calculate the three-dimensional coordinates of a pi
an ON crack flag according to the first embodiment.
from three-dimensional positional coordinates indic
the optical center position of the camera at the ti
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capturing the image information, information on the
pose in three axial directions, and the position of
processing target pixel on the image, the crack vec
information generation unit 32 calculates a three-
dimensional coordinate position at the time of capt
the processing target pixel and a capturing directi
vector indicating the direction of capturing the im
information from the three-dimensional coordinate p
at the time of capturing (step S21).

[0029] From the three-dimensional point group
information input from the three-dimensional point
information input unit 2, the crack vector informat
generation unit 32 extracts a group of points locat
the direction advanced by the capturing direction v
calculated in step S21 from the three-dimensional
coordinate position at the time of capturing the pr
target pixel calculated in step S21 (step S22).
[0030] The crack vector information generation unit
generates a surface piece that includes the extract
of points and a group of points around the extracte
of points using a technique such as plane approxima
that utilizes the method of least squares (step S23
[0031] The crack vector information generation unit
calculates and stores, as the three-dimensional coo
of the processing target pixel, the intersection be
the capturing direction vector from the three-dimen
coordinate position calculated for the processing t
pixel and the generated surface piece (step S24).

is a diagram illustrating the content of informatio
three-dimensional coordinates of pixels with ON cra
calculated by the crack vector information generati
32 according to the first embodiment. The crack ve
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coordinates for each pixel with an ON crack flag, a
stores the three-dimensional coordinates of each pi
using the X, Y, and Z coordinates. The three-dimen
coordinates of pixels with ON crack flags illustrat
FIG. 7 may be stored in a storage unit inside the ¢
vector information generation unit 32, or may be st
an external storage unit (not illustrated).

[0032] With reference back to the description of th
flowchart of FIG. 2, the crack vector information
generation unit 32 checks whether all the pixels of
image information have been processed, that is, whe
three-dimensional coordinates have been calculated
the pixels with ON crack flags (step S7). When not
pixels have been processed (step S7: No), the crack
information generation unit 32 returns to step S4 t
the next processing target pixel from the image inf
illustrated in FIG. 3 (step S4).

[0033] When all the pixels have been processed (ste
Yes), the crack vector information generation unit
generates individual crack vectors through processi
as linear approximation or line segment connection
grouping information on the three-dimensional coord
of the pixels with ON crack flags or by utilizing t
method of least squares (step S8). FIG. 8 is a dia
illustrating the content of crack vector informatio
generated by the crack vector information generatio
32 according to the first embodiment. It is assume
each crack vector generated by the crack vector inf
generation unit 32 has a polygonal line shape. Sin
crack vector has a polygonal line shape, the shape
crack vector can be represented by two end points a
opposite ends and a plurality of vertices. Therefo
one crack vector, the position of each of the end p
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and vertices is stored using the X, Y, and Z coordi
The crack vector information illustrated in FIG. 8
stored in a storage unit inside the crack vector
information generation unit 32, or may be stored in
external storage unit (not illustrated).

[0034] The step extraction unit 41 of the step dete
unit 4 analyzes the three-dimensional point group
information input from the three-dimensional point
information input unit 2, and extracts a step from
three-dimensional point group information (step S9)
step extraction unit 41 stores a group of points of
step portion in association with step flags with ON
information indicating a step part. FIG. 9is adi
illustrating the content of three-dimensional point
information with step flag information about a step
extracted by the step extraction unit 41 according
first embodiment. The three-dimensional point grou
information with the step flag information illustra
FIG. 9 is obtained by adding step flag information
three-dimensional point group information on each p
illustrated in FIG. 4. The three-dimensional point
information with the step flag information illustra
FIG. 9 may be stored in a storage unit inside the s
extraction unit 41, or may be stored in an external
unit (not illustrated). When step flag information
added to each point of the three-dimensional point
information, the three-dimensional point group info
and the step flag information may be separately sto
in the case of the image information illustrated in
and the crack flag information illustrated in FIG.
described in relation to the image information, ins
being stored together as described with reference t
[0035] The step vector information generation unit
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generates individual step vectors through processin
as linear approximation or line segment connection
grouping the three-dimensional point group informat
ON step flags or by utilizing the method of least s
(step S10). FIG. 10 is a diagram illustrating the

of step vector information generated by the step ve
information generation unit 42 according to the fir
embodiment. It is assumed that each step vector ge
by the step vector information generation unit 42 h
polygonal line shape. Since each step vector has a
polygonal line shape, the shape of a step vector ca
represented by two end points at opposite ends and
plurality of vertices. Therefore, for one step vec
position of each of the end points and vertices is
using the X, Y, and Z coordinates. The step vector
information illustrated in FIG. 10 may be stored in
storage unit inside the step vector information gen
unit 42, or may be stored in an external storage un
illustrated).

[0036] The determination unit 5 performs vector
comparison using the crack vector generated by the
vector information generation unit 32 and the step
generated by the step vector information generation
(step S11). Specifically, the determination unit 5
calculates the distance between each line segment o
crack vector and a line segment of the step vector
to the each line segment of the crack vector, and
determines whether the crack is accompanied by lift
separation on the basis of the ratio of points of a
crack vector having a distance to the corresponding
vector less than a specified threshold value (step
[0037] FIGS. 11 to 14 are diagrams illustrating
exemplary images for comparing a crack vector and a
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vector in the determination unit 5 according to the first
embodiment. Here, as an example, it is assumed tha t the

threshold value of the inter-segment distance is a

threshold value v, and the determination unit 5 determines

that a crack is accompanied by lifting separation w hen the
ratio of points having an inter-segment distance eq ual to
or less than the threshold value v to all the points is 50%

or more. Itis also assumed that the determination unit 5
can accept an operation from a user to set or chang e the

value of 50%.
[0038] When comparing a crack vector 101 and a step

vector 201 illustrated in FIG. 11, the determinatio nunit5
determines that the distance between a line segment section
A of the crack vector 101 and the step vector 201 i s Bl,
the distance between a line segment section B of th e crack
vector 101 and the step vector 201 is zero, the dis tance
between a line segment section C of the crack vecto r101
and the step vector 201 is zero, the distance betwe ena
line segment section D of the crack vector 101 and the step
vector 201 is zero, the distance between a line seg ment
section E of the crack vector 101 and the step vect or 201
is B2, the distance between a line segment section F of the
crack vector 101 and the step vector 201 is zero, a nd the
distance between a line segment section G of the cr ack
vector 101 and the step vector 201 is zero. Since gl and
B2 are both less than the threshold value v, the number of
points having an inter-segment distance equal to or less
than the threshold value v is seven, and thus the ratio of

points having an inter-segment distance equal to or less
than the threshold value v is 100% (7/7=100%). Therefore,

the determination unit 5 determines that the crack vector

101 is a crack accompanied by lifting separation.
[0039] When comparing the crack vector 101 and a st ep
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vector 202 illustrated in FIG. 12, the determinatio n unit 5
determines that the distance between the line segme nt
section A of the crack vector 101 and the step vect or 202
is «l, the distance between the line segment section B of
the crack vector 101 and the step vector 202 is g1, the
distance between the line segment section C of the crack
vector 101 and the step vector 202 is zero, the dis tance
between the line segment section D of the crack vec tor 101
and the step vector 202 is zero, the distance betwe en the
line segment section E of the crack vector 101 and the step
vector 202 is B2, the distance between the line segment
section F of the crack vector 101 and the step vect or 202
is B3, and the distance between the line segment sectio nG
of the crack vector 101 and the step vector 202 is R4.
Since ol is equal to or greater than the threshold value Vs
and plto B4 are less than the threshold value v, the
number of points having an inter-segment distance e gual to
or less than the threshold value v is six, and the ratio of
points having an inter-segment distance equal to or less
than the threshold value v is 85.7% (6/7=85.7%). Therefore,
the determination unit 5 determines that the crack vector

101 is a crack accompanied by lifting separation.

[0040] When comparing the crack vector 101 and a st ep
vector 203 illustrated in FIG. 13, the determinatio n unit 5
determines that the distance between the line segme nt
section A of the crack vector 101 and the step vect or 203
is «l, the distance between the line segment section B of
the crack vector 101 and the step vector 203 is o2, the
distance between the line segment section C of the crack
vector 101 and the step vector 203 is g1, the distance
between the line segment section D of the crack vec tor 101
and the step vector 203 is B2, the distance between the

line segment section E of the crack vector 101 and the step
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vector 203 is B3, the distance between the line segment
section F of the crack vector 101 and the step vect

is B4, and the distance between the line segment sectio

of the crack vector 101 and the step vector 203 is

Since ol and «2 are both equal to or greater than the

threshold value v,and plto

B5 are less than the threshold

or 203
nG
B5.

value v, the number of points having an inter-segment

distance equal to or less than the threshold value v is
five, and the ratio of points having an inter-segme nt
distance equal to or less than the threshold value v is
71.4% (5/7=71.4%). Therefore, the determination un it 5
determines that the crack vector 101 is a crack acc ompanied
by lifting separation.

[0041] When comparing the crack vector 101 and a st ep
vector 204 illustrated in FIG. 14, the determinatio nunit5
determines that the distance between the line segme nt
section A of the crack vector 101 and the step vect or 204
is «l, the distance between the line segment section B of
the crack vector 101 and the step vector 204 is o2, the
distance between the line segment section C of the crack
vector 101 and the step vector 204 is o3, the distance

between the line segment section D of the crack vec tor 101
and the step vector 204 is o4, the distance between the

line segment section E of the crack vector 101 and the step
vector 204 is o5, the distance between the line segment

section F of the crack vector 101 and the step vect or 204
is a6, and the distance between the line segment sectio nG
of the crack vector 101 and the step vector 204 is of.
Since «lto o7 are equal to or greater than the threshold

value v, the number of points having an inter-segment

distance equal to or less than the threshold value v is
zero, and the ratio of points having an inter-segme nt
distance equal to or less than the threshold value v is 0%
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(0/7=0%). Therefore, the determination unit 5 dete rmines
that the crack vector 101 is not a crack accompanie d by
lifting separation.
[0042] The determination unit 5 can calculate the
distance between line segments of crack and step ve ctors
using either the two-dimensional coordinates or the three-
dimensional coordinates. The determination unit 5 stores,
as lifting separation crack information, cracks ide ntified
as being accompanied by lifting separation in assoc iation
with information on the corresponding crack and ste p
vectors. FIG. 15 is a diagram illustrating the con tent of
lifting separation crack information about cracks
determined to be accompanied by lifting separation in the
determination unit 5 according to the first embodim ent.
The determination unit 5 stores each lifting separa tion
crack determined to be a crack accompanied by lifti ng
separation in association with information on crack and
step vectors. The lifting separation crack informa tion
illustrated in FIG. 15 may be stored in a storage u nit
inside the determination unit 5, or may be stored i nan
external storage unit (not illustrated).
[0043] The determination unit 5 compares a crack ve ctor
and a step vector, and when the ratio of points hav ing an
inter-segment distance equal to or less than the th reshold
value v is 50% or more as illustrated in FIGS. 11 to 13,
the determination unit 5 determines that the crack vector
101 is a crack accompanied by lifting separation, a nd
stores lifting separation crack information therefo r. When
the ratio of points having an inter-segment distanc e equal
to or less than the threshold value v is less than 50% as
illustrated in FIG. 14, the determination unit 5 de termines
that the crack vector 101 is not a crack accompanie d by
lifting separation, and does not store lifting sepa ration
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crack information therefor. Although the determina
unit 5 determines whether a crack is accompanied by
separation on the basis of the ratio of points havi
inter-segment distance equal to or less than the th

value v, the determination unit 5 may determine whether a

crack is accompanied by lifting separation on the b
the number of points having an inter-segment distan

to or less than the threshold value Y.

[0044] When vector comparison has not been complete

at least one of the crack vectors (step S13: No), t
determination unit 5 returns to step S11 to select
crack vector and perform vector comparison. When v
comparison has been completed for all the crack vec

(step S13: Yes), the determination unit 5 ends the

[0045] Subsequently, the hardware configuration of

detection device 20 will be described. In the dete
device 20, the image information input unit 1 is
implemented by a measuring device such as a digital
or an interface circuit that acquires data on image
information. The three-dimensional point group inf
input unit 2 is implemented by a measuring device s
high-density laser scanner or an interface circuit
acquires data on three-dimensional point group info
The crack detection unit 3, which includes the crac
extraction unit 31 and the crack vector information
generation unit 32, the step detection unit 4, whic
includes the step extraction unit 41 and the step v
information generation unit 42, and the determinati
5 are implemented by a processing circuitry. That
detection device 20 includes a processing circuitry
generating a crack vector from image information,
generating a step vector from three-dimensional poi
information, and comparing the crack vector and the
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vector to determine whether the crack represented b
crack vector is accompanied by lifting separation.
processing circuitry may be dedicated hardware or a
processing unit (CPU) that executes programs stored
memory and the memory.

[0046] FIG. 16 is a diagram illustrating an exempla
case where the detection device 20 according to the
embodiment is configured with dedicated hardware.
case where the processing circuitry is dedicated ha

a processing circuitry 91 illustrated in FIG. 16
corresponds, for example, to a single circuit, a co
circuit, a programmed processor, a parallel program
processor, an application specific integrated circu
(ASIC), a field programmable gate array (FPGA), or
combination thereof. Each of the functions of the
detection device 20 may be individually implemented
processing circuitry 91 or the functions of the det
device 20 may together be implemented by the proces
circuitry 91.

[0047] FIG. 17 is a diagram illustrating an exempla
case where the detection device 20 according to the
embodiment is configured with a CPU and a memory.
case where a processing circuitry includes a CPU 92
memory 93, the functions of the detection device 20
implemented by software, firmware, or a combination
software and firmware. Software or firmware is des

in the form of a program and stored in the memory 9
the processing circuitry, the CPU 92 reads and exec
program stored in the memory 93, thereby implementi
function. That is, the detection device 20 include
memory 93 to store a program which, when executed b
processing circuitry, performs a step of generating
vector from image information, a step of generating
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vector from three-dimensional point group informati

a step of comparing the crack vector and the step v
determine whether the crack represented by the crac
is accompanied by lifting separation. In other wor
these programs cause a computer to execute the proc
and methods for the detection device 20. The CPU 9
a processing device, a computing device, a micropro

a microcomputer, a processor, a digital signal proc
(DSP), or the like. Examples of the memory 93 incl
non-volatile or volatile semiconductor memory, a ma
disk, a flexible disk, an optical disc, a compact d

mini disc, a digital versatile disc (DVD), and the
Examples of non-volatile or volatile semiconductor
include a random access memory (RAM), a read only m
(ROM), a flash memory, an erasable programmable ROM
an electrically EPROM (EEPROM), and the like.

[0048] Note that the functions of the detection dev
20 may be implemented partly by dedicated hardware
partly by software or firmware. For example, the f

of generating a crack vector from image information
function of generating a step vector from three-dim
point group information can be implemented by the
processing circuitry 91 serving as dedicated hardwa
the function of comparing the crack vector and the
vector to determine whether the crack represented b
crack vector is accompanied by lifting separation c
implemented by the CPU 92 reading and executing pro
stored in the memory 93.

[0049] In this manner, the processing circuitry can
implement the above-described functions using dedic
hardware, software, firmware, or a combination ther
[0050] As described above, according to the present
embodiment, the detection device 20 generates a ste
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from three-dimensional point group information obta
through laser measurement, generates a crack vector
image information obtained through capturing simult
with the laser measurement, and compares the crack
and the step vector to determine the state of the ¢
represented by the crack vector on the basis of the
distance between line segments constituting the res
vectors. As a result, the detection device 20 can
eliminate the need for a large amount of work time
power, and can automatically determine whether a cr
generated on the surface of a structure is merely a

or a crack accompanied by lifting separation withou
depending on the experience and skill of the invest
The detection device 20 can thus have an improved a
of detecting a cracked state.

[0051] Second Embodiment.

In the first embodiment, the inspection device 20
generates a crack vector from image information, ge
a step vector from three-dimensional point group
information, and compares the two vectors to determ
whether the crack is accompanied by lifting separat
a second embodiment, a description will be given of
where the state of a crack is determined in an insp
device without vectorizing a crack obtained from im
information.

[0052] FIG. 18 is a block diagram illustrating an
exemplary configuration of a detection device 20a a
to the second embodiment. The detection device 20a
configured by replacing the crack detection unit 3
determination unit 5 of the detection device 20 wit
crack detection unit 3a and a determination unit 5a
crack detection unit 3a is configured by replacing
crack vector information generation unit 32 of the
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detection unit 3 with a crack three-dimensional inf
generation unit 33.

[0053] In a similar manner to the crack vector
information generation unit 32, the crack three-dim
information generation unit 33, which is a deformat
three-dimensional information generation unit, calc
for each pixel of the crack image information gener
the crack extraction unit 31, three-dimensional abs
coordinates on the structure surface on the basis o
information on the three-dimensional positional coo
indicating the optical center position of the camer
time of capturing the image information, informatio
camera pose in three axial directions, and three-
dimensional point group information input from the
dimensional point group information input unit 2, t
obtaining three-dimensional information about the ¢
image information. However, the crack three-dimens
information generation unit 33 obtains three-dimens
information about crack image information with resp
the pixels in a range defined by adding a certain m
range to the crack image information extracted by t
extraction unit 31. In the second embodiment, pixe
range defined by adding a certain margin range to e
pixel corresponding to a crack are regarded as bein
deformation range. The crack three-dimensional inf
generation unit 33 does not generate crack vector
information unlike the crack vector information gen
unit 32, but finishes its processing after obtainin
dimensional information for the pixels correspondin

crack portion and pixels in a margin range.

[0054] A method of adding a certain margin range to

crack image information will be described. FIG. 19
diagram illustrating an exemplary range of pixels f
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a three-dimensional image is to be obtained by the
three-dimensional information generation unit 33 ac
to the second embodiment, assuming that the margin
one pixel. In this example, one pixel adjacent to

the pixels with ON crack flags is regarded as being
certain margin range. The crack three-dimensional
information generation unit 33 obtains three-dimens
information about the pixels with ON crack flags an
pixels with OFF crack flags located within the marg
The crack three-dimensional information generation
does not obtain three-dimensional information with

to the pixels with OFF crack flags located outside
margin range.

[0055] FIG. 20 is a diagram illustrating the conten
information on the three-dimensional coordinates of
with ON crack flags and pixels within a margin rang
calculated by the crack three-dimensional informati
generation unit 33 according to the second embodime
crack three-dimensional information generation unit
calculates three-dimensional coordinates for each o
pixels with ON crack flags and pixels located withi
margin range, and stores, as three-dimensional info
on the deformation, the three-dimensional coordinat
each pixel using the X, Y, and Z coordinates. The
dimensional coordinates of the pixels with ON crack
and pixels located within the margin range illustra
FIG. 20 may be stored in a storage unit inside the
three-dimensional information generation unit 33, o
stored in an external storage unit (not illustrated
[0056] The determination unit 5a determines the sta
a deformation by using the three-dimensional inform
the deformation that is information on the deformat

using the vector information on a step. Specifical
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information on the three-dimensional coordinates of
with ON crack flags and pixels within a margin rang
generated by the crack three-dimensional informatio
generation unit 33, the determination unit 5a gener
three-dimensional space that includes all the coord
of the pixels with ON crack flags and pixels locate
the margin range. The determination unit 5a calcul
existence ratio that is the ratio of a three-dimens
step vector generated by the step vector informatio
generation unit 42 existing in the three-dimensiona
When the existence ratio of the step vector in the
dimensional space is equal to or greater than a thr
value, the determination unit 5a determines that th
represented by the pixels with ON crack flags is
accompanied by lifting separation, and stores the r
[0057] Instead of performing determination by
calculating the existence ratio of a three-dimensio
vector in a three-dimensional space that includes a
coordinates of pixels with ON crack flags and pixel
margin range, the determination unit 5a may project
the three-dimensional space and the three-dimension
vector onto a two-dimensional plane to perform
determination using the positional relation on the
dimensional plane between the area range of a regio
includes the two-dimensional pixels with ON crack f
two-dimensional pixels in the margin range and the
dimensional step vector.

[0058] Next, a description will be given of a proce
the detection device 20a to determine whether a def
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 21
flowchart illustrating a process of the detection d
20a to determine the state of a detected crack acco
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the second embodiment. The difference from the flo
of the first embodiment illustrated in FIG. 2 will
described.

[0059] The crack three-dimensional information
generation unit 33 sets a margin range for the pixe
crack extracted by the crack extraction unit 31, th
pixels with ON crack flags (step S31). The crack t
dimensional information generation unit 33 checks w
processing target pixel selected in step S4 is a pi
an ON crack flag or a pixel located within the marg
(step S32). When the processing target pixel is ne
pixel with an ON crack flag nor a pixel located wit
margin range (step S32: No), the crack three-dimens
information generation unit 33 returns to step S4 t
the next processing target pixel from the image inf
illustrated in FIG. 3 (step S4). When the processi
target pixel is either a pixel with an ON crack fla
pixel located within the margin range (step S32: Ye
crack three-dimensional information generation unit
calculates the three-dimensional coordinates of the
with the ON crack flag or the pixel located within
margin range on the basis of the three-dimensional
group information (step S6). The process of the cr
three-dimensional information generation unit 33 to
calculate the three-dimensional coordinates of a pi
an ON crack flag or a pixel located within a margin
is the same as the process of the crack vector info
generation unit 32 of the first embodiment to calcu
three-dimensional coordinates of a pixel with an ON
flag. However, pixels targeted for three-dimension
coordinate calculation are different from those in
first embodiment.

[0060] From the information on the three-dimensiona
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coordinates of the pixels with ON crack flags and p
within the margin range generated by the crack thre
dimensional information generation unit 33, the
determination unit 5a generates a three-dimensional
that includes all the pixels with ON crack flags an
located within the margin range (step S33). Then,
determination unit 5a calculates the existence rati
three-dimensional step vector generated by the step
information generation unit 42 in the three-dimensi
space (step S34). On the basis of the calculated e
ratio, the determination unit 5a determines whether
crack is accompanied by lifting separation (step S1
[0061] FIGS. 22 to 25 are diagrams illustrating
exemplary images for calculating the existence rati
step vector in a three-dimensional space in the
determination unit 5a according to the second embod
Here, as an example, it is assumed that the margin
two pixels, and the determination unit 5a determine
crack is accompanied by lifting separation when the
existence ratio is 50% or more.

[0062] The existence ratio of the step vector 201 i
three-dimensional space illustrated in FIG. 22 is 1
the determination unit 5a determines that the crack
represented by the pixels with ON crack flags is
accompanied by lifting separation. The existence r
the step vector 202 in the three-dimensional space
illustrated in FIG. 23 is 100%, and the determinati
5a determines that the crack represented by the pix
ON crack flags is accompanied by lifting separation
[0063] The existence ratio of the step vector 203 i
three-dimensional space illustrated in FIG. 24 is 1
the determination unit 5a determines that the crack
represented by the pixels with ON crack flags is no
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accompanied by lifting separation. The existence r
the step vector 204 in the three-dimensional space
illustrated in FIG. 25 is 0%, and the determination
determines that the crack represented by the pixels
crack flags is not accompanied by lifting separatio
[0064] When the existence ratio has not been calcul
for at least one of the step vectors (step S35: No)
determination unit 5a returns to step S34 to select
next step vector and calculate the existence ratio.

the calculation of existence ratio for all the step

has been completed (step S35: Yes), the determinati
5a ends the process.

[0065] Note that the detection device 20a can be
implemented by the same hardware configuration as t
detection device 20 of the first embodiment.

[0066] As described above, according to the present
embodiment, the detection device 20a generates a st
vector from three-dimensional point group informati
obtained through laser measurement, generates three
dimensional information on pixels with ON crack fla
pixels located within a margin range from image inf
obtained through capturing simultaneously with the
measurement, and determines the state of the crack
basis of the existence ratio of the step vector in
dimensional space that includes pixels with ON crac
and pixels within the margin range. As a result, a
first embodiment, the detection device 20a can elim
the need for a large amount of work time by human p
and can automatically determine whether a crack gen
on the surface of a structure is merely a crack or
accompanied by lifting separation without depending
experience and skill of the investigator. Furtherm
since the detection device 20a can determine whethe
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crack is accompanied by lifting separation without
generating a crack vector, the determination method
easier than that of the first embodiment. Therefor
processing time required for determination can be r
[0067] Third Embodiment.

In the first embodiment, the inspection device 20
generates a crack vector from image information, ge
a step vector from three-dimensional point group
information, and compares the two vectors to determ
whether the crack is accompanied by lifting separat
a third embodiment, a description will be given of
where the state of a crack is determined in a detec
device without vectorizing a step obtained from thr
dimensional point group information.

[0068] FIG. 26 is a block diagram illustrating an
exemplary configuration of a detection device 20b a
to the third embodiment. The detection device 20b
configured by replacing the step detection unit 4 a
determination unit 5 of the detection device 20 wit
structure surface position calculation unit 6 and a
determination unit 5b.

[0069] The structure surface position calculation u
calculates the position of a structure surface by
approximating the surface of a structure as a smoot
surface from three-dimensional point group informat
input from the three-dimensional point group inform
input unit 2, for example, using smoothing processi
[0070] The determination unit 5b determines the sta
a crack by using crack vector information that is
information on a deformation, information on the po
of a structure surface, and three-dimensional point
information. Specifically, on the basis of a crack
generated by the crack vector information generatio
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32, the determination unit 5b extracts, from the th
dimensional point group information input unit 2, t
dimensional point group information in a space with
specified range from the crack vector. The determi
unit 5b classifies the extracted three-dimensional
group information into two groups of points using t
vector as a boundary in the direction perpendicular
structure surface position calculated by the struct
surface position calculation unit 6. The determina
unit 5b calculates the vertical distance between ea
of the classified groups of points and the structur
surface position, and calculates and stores the ave
vertical distance between each group of points and
structure surface position. The determination unit

performs the same process on all the crack vectors.

[0071] When the difference between the calculated

average vertical distances of two groups of points

to each other via a single crack vector from the st
surface position is equal to or greater than a spec
threshold value, the determination unit 5b determin
there is a step around the crack on the structure s
represented by the crack vector at the boundary bet
two groups of points. The determination unit 5b fu
determines the state of the crack, that is, determi
whether the crack is accompanied by lifting separat
using information on the determined step. The
determination unit 5b performs the same process on
crack vectors.

[0072] Next, a description will be given of a proce
the detection device 20b to determine whether a def
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 27
flowchart illustrating a process of the detection d
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20b to determine the state of a detected crack acco
the third embodiment. The difference from the flow
the first embodiment illustrated in FIG. 2 will be
described.

[0073] The structure surface position calculation u
calculates a structure surface position from three-
dimensional point group information input from the
dimensional point group information input unit 2 us
technique of smoothing processing or the like (step
[0074] On the basis of a crack vector, the determin
unit 5b extracts, from the three-dimensional point
information input unit 2, three-dimensional point g
information in a space within a specified range fro
crack vector (step S42).

[0075] The determination unit 5b classifies the
extracted three-dimensional point group information
two groups of points using the crack vector as a bo

in the direction perpendicular to the structure sur
position (step S43).

[0076] The determination unit 5b calculates the ver
distance between each point of the groups of points
structure surface position, and calculates the aver
vertical distance between each group of points and
structure surface position (step S44).

[0077] The determination unit 5b calculates the
difference between the average vertical distances o
groups of points adjacent to each other via a sing|
vector (step S45). On the basis of the calculated
difference between the average vertical distances,
determination unit 5b determines whether the crack
accompanied by lifting separation (step S12).

[0078] FIG. 28 is a diagram illustrating how three-
dimensional point group information extracted from
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three-dimensional point group information input uni
classified into two groups of points using a crack
102 as a boundary in the determination unit 5b acco
the third embodiment, and illustrating an exemplary
structure surface position 301. The determination
classifies the three-dimensional point group inform
extracted from the three-dimensional point group
information input unit 2 into the left group of poi

the right group of points using the crack vector 10
boundary. The determination unit 5b calculates the
vertical distance between each point of the left gr
points and the structure surface position 301, and
calculates the average vertical distance (a) betwee
left group of points and the structure surface posi

In a similar manner, the determination unit 5b calc
the vertical distance between each point of the rig
of points and the structure surface position 301, a
calculates the average vertical distance (-b) betwe
right group of points and the structure surface pos
When the value of “(a)-(- b)”, which is the differe
between the average vertical distances of the two g
points, is greater than a specified threshold value
determination unit 5b determines that the crack rep
by the crack vector 102 is accompanied by lifting
separation.

[0079] When the difference between the average vert
distances of two adjacent groups of points has not
calculated for at least one of the crack vectors (s
No), the determination unit 5b returns to step S45
calculate the difference between the average vertic
distances of two groups of points adjacent to each
via a single unprocessed crack vector. When the di
between the average vertical distances of two adjac
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groups of points has been calculated for all the cr
vectors (step S46: Yes), the determination unit 5b
process.

[0080] Note that the detection device 20b can be
implemented by the same hardware configuration as t
detection device 20 of the first embodiment.

[0081] As described above, according to the present
embodiment, the detection device 20b calculates a s
surface position from three-dimensional point group
information obtained through laser measurement, gen
crack vector from image information obtained throug
capturing simultaneously with the laser measurement
determines the state of the crack using the differe
between the average vertical distances of two group
points defined by the crack vector from the structu
surface position. As a result, as in the first emb

the detection device 20b can eliminate the need for
amount of work time by human power, and can automat
determine whether a crack generated on the surface
structure is merely a crack or a crack accompanied
lifting separation without depending on the experie
skill of the investigator. Furthermore, since the
detection device 20b can determine whether a crack
accompanied by lifting separation without generatin
vector, the determination method is easier than tha
first embodiment. Therefore, the processing time r

for determination can be reduced.

[0082] Although the present embodiment has been
described in relation to the first embodiment, the
embodiment is also applicable to the second embodim
this case, since the detection device can determine

a crack is accompanied by lifting separation withou
generating neither a crack vector nor a step vector
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determination method is much easier than those of t
and second embodiments. Therefore, the processing
required for determination can be further reduced.
[0083] Fourth Embodiment.

In a fourth embodiment, a method of editing a crac
vector in a detection device will be described. Al
the present embodiment will be described in relatio
first embodiment, the present embodiment is also ap
to the third embodiment.
[0084] FIG. 29 is a block diagram illustrating an
exemplary configuration of a detection device 20c a
to the fourth embodiment. The detection device 20c
includes a display unit 7 and a crack vector inform
editing unit 8 in addition to the components of the
detection device 20.
[0085] The display unit 7 displays image informatio
input from the image information input unit 1 and
information on a crack vector generated by the crac
information generation unit 32 in a format that a u
visually recognize. The display unit 7 may separat
display image information and a crack vector, or
superimpose image information and a crack vector.
example, the display unit 7 displays information on
display or the like mounted on a personal computer
like constituting the detection device 20c. Note t
display unit 7 may include only a display control u
displays a crack vector or the like on a display, a
external display or the like that is connected to t
detection device 20c may be used as the display. O
display unit 7, for example, those illustrated in F
to 14 of the first embodiment, FIGS. 22 to 25 of th
embodiment, FIG. 28 of the third embodiment, and th
may be displayed.
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[0086] The crack vector information editing unit 8
editing unit, and edits and corrects crack vector
information generated by the crack vector informati
generation unit 32 in response to a user checking i
information and a crack vector displayed on the dis
unit 7 and inputting a correction process such as a
deleting a vertex of the crack vector and increasin
reducing the length of a line segment constituting
crack vector. The crack vector information editing
stores crack vector information obtained by correct
content of crack vector information generated by th
vector information generation unit 32 illustrated i
Crack vector information that has not been edited i
crack vector information editing unit 8 remains the
the crack vector information generated by the crack
information generation unit 32.

[0087] The determination unit 5 determines whether
crack generated on the surface of a structure is
accompanied by lifting separation using crack vecto
information corrected by the crack vector informati
editing unit 8 and step vector information generate
step vector information generation unit 42. The
determination method in the determination unit 5 is
same as that in the first embodiment.

[0088] Next, a description will be given of a proce
the detection device 20c to determine whether a def
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 30
flowchart illustrating a process of the detection d
20c to determine the state of a detected crack acco
the fourth embodiment. The difference from the flo
of the first embodiment illustrated in FIG. 2 will
described.
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[0089] In the detection device 20c, the crack vecto
information editing unit 8 accepts a correction pro
from a user who has checked image information and a
vector displayed on the display unit 7, and edits ¢
vector information generated in step S8 (step S51).
detection device 20c, edited crack vector informati
be stored in a storage unit inside the crack vector
information editing unit 8, or may be stored in an
storage unit (not illustrated). Other processes of
detection device 20c are the same as those in the f
embodiment.
[0090] For the hardware configuration of the detect
device 20c, a display or the like is necessary in t
display unit 7, but other components can be impleme
the same configuration as the detection device 20 o
first embodiment.
[0091] As described above, according to the present
embodiment, the detection device 20c enables a user
check image information and a crack vector and to e
information on the crack vector when the user deter
that the crack vector generated for the image infor
does not accurately represent the actual crack. As
result, the detection device 20c obtains the same e
as the detection device 20 of the first embodiment,
have an improved accuracy of automatically determin
whether a crack generated on the surface of a struc
merely a crack or a crack accompanied by lifting se
by using more accurate information on a crack vecto
input information.
[0092] Fifth Embodiment.

In a fifth embodiment, a description will be given
a case where information on a crack vector, informa
a step vector, and the like are displayed on a dete
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device. Although the present embodiment will be de
in relation to the first embodiment, the present em

is also applicable to the second to fourth embodime
[0093] FIG. 31 is a block diagram illustrating an
exemplary configuration of a detection device 20d a
to the fifth embodiment. The detection device 20d

a display unit 7d in addition to the components of
detection device 20.

[0094] The display unit 7d displays, in a format th
user can visually recognize, image information inpu
the image information input unit 1, crack image inf
generated by the crack extraction unit 31, crack ve
information generated by the crack vector informati
generation unit 32, three-dimensional point group
information input from the three-dimensional point
information input unit 2, three-dimensional point g
information with step flags generated by the step
extraction unit 41, step vector information generat
the step vector information generation unit 42, and
separation crack information generated by the deter
unit 5. For example, the display unit 7d displays
information on a display or the like mounted on a p
computer or the like constituting the detection dev
Note that the display unit 7d may include only a di
control unit that displays a crack vector or the li
display, and an external display or the like that i
connected to the detection device 20d may be used a
display. The display unit 7d displays, for example
illustrated in FIGS. 11 to 14 of the first embodime
22 to 25 of the second embodiment, FIG. 28 of the t
embodiment, and the like. In a case where the pres
embodiment is applied to the fourth embodiment, the
unit 7d may also serve as the display unit 7.
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[0095] For example, the display unit 7d displays th
dimensional point group information with step flags
applying a color that indicates a step to points wi
step flags and superimposing a crack vector thereon
thereby assisting a user in intuitively recognizing
positional relation between the step and the crack.
superimposing three-dimensional point group informa
with step flags and a crack vector, the display uni
display the respective images on different layers t

on and off each image, making it easier for a user
the images. The display unit 7d may superimpose a
vector and a step vector or may display pixels of ¢
image information with ON crack flags in a color in

a crack and displaying the step vector thereon. Th
display unit 7d may also display pixels of image
information with ON crack flags in a color indicati
crack, and display three-dimensional point group
information with step flags thereon by applying a ¢
indicating a step to points with ON step flags. Th
display unit 7d may also display all pieces of info

on different layers, accept a user’s selection, and
only necessary pieces of information. Note that on
display unit 7d, each piece of information may be d
three-dimensionally, or both a crack and a step may
displayed using two-dimensionally developed informa
[0096] With respect to lifting separation crack
information generated by the determination unit 5,
display unit 7d can indicate which cracks and steps
associated with each other and determined to be lif
separation by superimposing image information and t
dimensional point group information as input inform
[0097] The flowchart illustrating a process of the
detection device 20d of the fifth embodiment to det
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the state of a detected crack is the same as the fl

of the first embodiment illustrated in FIG. 2.

[0098] For the hardware configuration of the detect
device 20d, a display or the like is necessary in t
display unit 7d, but other components can be implem
the same configuration as the detection device 20 o
first embodiment.

[0099] As described above, according to the present
embodiment, the detection device 20d can allocate a
image information, three-dimensional point group
information, crack image information, crack vector
information, three-dimensional point group informat
step information, step vector information, and lift
separation crack information to different layers fo
superimposed display. As a result, the detection d
20d obtains the same effects as the detection devic
the first embodiment, and enables a user to recogni
state of a crack by displaying information such tha
user can check the positional relation between the
and the step.

[0100] Sixth Embodiment.

In a sixth embodiment, a method of adding a simila
to lifting separation crack information in a detect
device will be described. Although the present emb
will be described in relation to the first embodime
present embodiment is also applicable to the second
fifth embodiments.

[0101] FIG. 32 is a block diagram illustrating an
exemplary configuration of a detection device 20e a
to the sixth embodiment. The detection device 20e

a similarity determination unit 9 in addition to th
components of the detection device 20.

[0102] The similarity determination unit 9 determin
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the similarity between a deformation and a step usi
determination result of the state of a crack in the
determination unit 5. For example, the similarity
determination unit 9 further compares the shapes of
vector and a step vector or the like, regardless of
distance between the vectors, using, for example, t
distance between line segments of the crack vector
step vector and the ratio of points having an inter
distance equal to or less than the threshold value
calculated by the determination unit 5 of the first
embodiment, thereby determining the similarity betw
crack vector and the step vector. Alternatively, f
example, the similarity determination unit 9 furthe
compares the shape represented by pixels with ON cr
flags and the shape of a step vector or the like us
example, the existence ratio of the step vector in
dimensional space that includes pixels of a crack a
pixels within a margin range calculated by the
determination unit 5a of the second embodiment, the
determining the similarity between the pixels with
flags and the step vector. The similarity determin
unit 9 stores information on the determined similar
association with lifting separation crack informati

is the result of determination by the determination
[0103] Next, a description will be given of a proce
the detection device 20e to determine whether a def
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 33
flowchart illustrating a process of the detection d
20e to determine the state of a detected crack acco
the sixth embodiment. The difference from the flow
the first embodiment illustrated in FIG. 2 will be
described.
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[0104] The processing of steps S1 to S13 performed

the detection device 20e is the same as that in the
flowchart of the first embodiment illustrated in FI
Upon completion of the processing in the determinat
5, the similarity determination unit 9 determines t
similarity between a crack vector and a step vector
S61).

[0105] FIG. 34 is a diagram illustrating an exempla
structure targeted for determination of the state o
crack and exemplary information obtained through
measurement in the detection device 20e according t
sixth embodiment. The following description is bas
the assumption that the structure targeted for dete
the state of a crack is a tunnel 401, and the state
crack is detected on a wall surface part 402 within
measured range. As in the first embodiment, the de
device 20e generates a crack vector from pixels wit
crack flags on the basis of image information 403 ¢
with a digital camera or the like. As in the first
embodiment, the detection device 20e also generates
vector from points with ON step flags on the basis
three-dimensional point group information 404 measu
a high-density laser scanner or the like. FIGS. 35
illustrate a crack vector obtained from the image
information 403 and a step vector obtained from the
dimensional point group information 404 superimpose
each other.

[0106] FIGS. 35 to 38 are diagrams illustrating
exemplary images for comparing the crack vector and
step vector in the similarity determination unit 9
according to the sixth embodiment. The similarity
determination unit 9 determines the similarity in p

on the basis of inter-segment distances between vec
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calculated by the determination unit 5 in the first
embodiment. The similarity determination unit 9 al
determines the similarity in shape using variations
inter-segment distances. For example, even when th
distance between a crack vector and a step vector,
similarity determination unit 9 determines that the
similarity in shape is high if the inter-segment di

are equal to each other. The similarity determinat

9 further determines an overall similarity from the
position similarity and the shape similarity. The
similarity determination unit 9 may take the averag
position similarity and the shape similarity as the
similarity, or may designate the similarity with a
value as the overall similarity.

[0107] Note that the crack vector 101 and the step
vectors 201 to 204 in FIGS. 35 to 38 are the same a
crack vector 101 and the step vectors 201 to 204 in
11 to 14 described in the first embodiment. In thi

the similarity determination unit 9 determines the
similarity in position on the basis of the ratio of

having an inter-segment distance equal to or less t

threshold value v calculated by the determination unit 5.

[0108] When comparing the crack vector 101 and the
vector 201 illustrated in FIG. 35, the similarity
determination unit 9 determines that the position
similarity is “five” on the basis of the result of

calculating inter-segment distances in the determin

unit 5, and determines that the shape similarity is

on the basis of variations in the inter-segment dis

Since the values are both “five”, the similarity
determination unit 9 determines that the overall si

is “five”.

[0109] When comparing the crack vector 101 and the
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vector 202 illustrated in FIG. 36, the similarity
determination unit 9 determines that the position
similarity is “five” on the basis of the result of
calculating inter-segment distances in the determin
unit 5, and determines that the shape similarity is
on the basis of variations in the inter-segment dis
Since the lower value is “four”, the similarity
determination unit 9 determines that the overall si
is “four”.

[0110] When comparing the crack vector 101 and the
vector 203 illustrated in FIG. 37, the similarity
determination unit 9 determines that the position
similarity is “two” on the basis of the result of
calculating inter-segment distances in the determin
unit 5, and determines that the shape similarity is
on the basis of variations in the inter-segment dis
Since the lower value is “two”, the similarity
determination unit 9 determines that the overall si
is “two”.

[0111] When comparing the crack vector 101 and the
vector 204 illustrated in FIG. 38, the similarity
determination unit 9 determines that the position
similarity is “one” on the basis of the result of
calculating inter-segment distances in the determin
unit 5, and determines that the shape similarity is
on the basis of variations in the inter-segment dis
Since the values are both “one”, the similarity
determination unit 9 determines that the overall si
is “one”.

[0112] The similarity determination unit 9 stores
information on the determined similarity in associa
with lifting separation crack information that is t
result of determination by the determination unit 5
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39 is a diagram illustrating the content obtained b
similarity values to lifting separation crack infor
indicating cracks determined to be accompanied by |
separation in the similarity determination unit 9 a

to the sixth embodiment. The lifting separation cr
information with similarity values illustrated in F

is obtained by adding similarity information to eac
lifting separation crack of the lifting separation
information illustrated in FIG. 15. The lifting se
crack information with similarity values illustrate

39 may be stored in a storage unit inside the simil
determination unit 9, or may be stored in an extern
storage unit (not illustrated).

[0113] The higher the overall similarity is, the mo
likely it is that the crack represented by the
corresponding crack vector is accompanied by liftin
separation. On the other hand, the lower the overa
similarity is, the less relevant the crack represen
the corresponding crack vector is to the step and t
likely it is that the crack represented by the
corresponding crack vector is accompanied by liftin
separation. The similarity determination unit 9 ma
a user of the determination content for a lifting
separation crack with a high overall similarity. F
example, in a case where the display unit 7d is pro
in the fifth embodiment, the similarity determinati

9 may notify a user of the content of the overall
similarity via the display unit 7d. In the above-d
case, five levels of similarity are set for each of
position similarity, shape similarity, and overall
similarity. Alternatively, more levels of similari

be set. In this case, the similarity determination
may change the way of notifying a user and the cont
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notification in accordance with the level of the ov
similarity.

[0114] Note that the detection device 20e can be
implemented by the same hardware configuration as t
detection device 20 of the first embodiment.

[0115] As described above, according to the present

embodiment, the detection device 20e determines the
similarity between a crack vector and a step vector
guantifies the similarity. As a result, the detect
device 20e obtains the same effects as the detectio
20 of the first embodiment, and enables a user to ¢
similarity value to intuitively recognize the safet
detected crack.

[0116] Seventh Embodiment.

In the first to sixth embodiments, it is determine
whether a detected crack is merely a crack or a cra
accompanied by lifting separation by using image
information digitally captured with a digital camer
like and three-dimensional point group information
with a high-density laser scanner. In a seventh em
a description will be given of a case where a detec
device further uses the result of detecting an inte
deformation with a radar. Although the present emb
will be described in relation to the first embodime
present embodiment is also applicable to the second
sixth embodiments.

[0117] FIG. 40 is a block diagram illustrating an
exemplary configuration of a detection device 20f a
to the seventh embodiment. The detection device 20
configured by replacing the determination unit 5 of
detection device 20 with a determination unit 5f an

a radar information input unit 10 and an internal
deformation detection unit 11.
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[0118] The radar information input unit 10 receives
input of radar information on the inside of a struc

The radar information input unit 10 receives an inp
radar information measured and acquired with a rada
the radar information input unit 10 may be a radar
The radar information input unit 10 may be a data r
device that reads data on radar information measure
acquired with a radar via a recording medium, or a
communication device that receives information meas
acquired with a radar by wired communication or wir
communication.

[0119] The internal deformation detection unit 11
detects a cavity as a deformation inside a structur
radar information input by the radar information in

10, and stores the position of the detected cavity.
method of detecting a cavity in the internal deform
detection unit 11 is not particularly limited.

[0120] On the basis of the three-dimensional positi
information on crack and step vectors recorded in |
separation crack information and the positional inf

on a cavity detected by the internal deformation de
unit 11, the determination unit 5f calculates the d
between the crack vector and the cavity and the dis
between the step vector and the cavity. When the
calculated distance is equal to or less than a spec
threshold value, the determination unit 5f determin
the crack is accompanied by the cavity. Note that
determination unit 5f may calculate only the distan
between either of the vectors and the cavity. Ina

in the same way as the determination unit 5 of the
embodiment, the determination unit 5f may compare a
vector and a step vector to determine whether the ¢

accompanied by lifting separation, and may further
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the distance to a cavity using one or two vectors a
described above to determine whether the crack is
accompanied by the cavity.

[0121] Next, a description will be given of a proce
the detection device 20f to determine whether a def
detected on the surface of a structure is merely a

a crack accompanied by lifting separation. FIG. 41
flowchart illustrating a process of the detection d

20f to determine the state of a detected crack acco
the seventh embodiment. The difference from the f
of the first embodiment illustrated in FIG. 2 will
described.

[0122] In the detection device 20f, the radar
information input unit 10 receives an input of rada
information on the inside of a structure measured,
example, with a radar (step S71).

[0123] The internal deformation detection unit 11
detects a cavity inside the structure from the rada
information input from the radar information input
(step S72).

[0124] In step S12, the determination unit 5f deter
whether a crack is accompanied by lifting separatio
Further, on the basis of the three-dimensional posi
information on crack and step vectors and the posit
information on the cavity, the determination unit 5
calculates the distance between the crack vector an
cavity and the distance between the step vector and
cavity, or the distance between either of the vecto
the cavity (step S73). Note that the determination
may skip the processing of steps S11 and S12. Furt
the basis of the calculated distance, the determina
unit 5f determines whether the crack represented by
crack vector is accompanied by the cavity (step S74
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[0125] Note that the detection device 20f can be
implemented by the same hardware configuration as t
detection device 20 of the first embodiment. In th

the radar information input unit 10 is implemented
measuring device or an interface circuit that acqui

on radar information. The internal deformation det

unit 11 is implemented by a processing circuitry.

[0126] As described above, according to the present

embodiment, the detection device 20f combines three
dimensional point group information obtained throug
measurement, image information captured simultaneou
the laser measurement, and internal cavity informat
obtained through radar measurement to determine the
of the crack represented by a crack vector. Asar

the detection device 20f can automatically determin
whether a crack generated on the surface of a struc
merely a crack or a crack accompanied by lifting se
and can further automatically determine whether the

is accompanied by a cavity.

[0127] The configurations described in the above-
mentioned embodiments indicate examples of the cont
the present invention. The configurations can be ¢
with another well-known technique, and part of the
configurations can be omitted or modified within a

not departing from the scope of the present inventi

Reference Signs List

[0128] 1 image information input unit; 2 three-
dimensional point group information input unit; 3,
crack detection unit; 4 step detection unit; 5, 5a
determination unit; 6 structure surface position
calculation unit; 7, 7d display unit; 8 crack vec
information editing unit; 9 similarity determinati
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10 radar information input unit; 11 internal defo
detection unit; 20, 20a, 20b, 20c, 20d, 20e, 20f d
device; 31 crack extraction unit; 32 crack vector
information generation unit; 33 crack three-dimens
information generation unit; 41 step extraction un

step vector information generation unit.

rmation
etection

ional
it; 42
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CLAIMS
1. A detection device comprising:

a deformation detection unit to detect a deformati
on a surface of a structure from image information
structure;

a step detection unit to detect a step on the surf
of the structure from three-dimensional point group
information on the structure measured with a laser;

a determination unit to determine a state of the
deformation using information on the deformation ge
by the deformation detection unit and information o

step generated by the step detection unit.

2. The detection device according to claim 1, where
the deformation detection unit includes:
a deformation extraction unit to extract the
deformation on the surface of the structure from th
information; and

a deformation vector information generation unit

to generate vector information on the extracted def
using the three-dimensional point group information
surface of the structure,

the step detection unit includes:

a step extraction unit to extract the step on the

surface of the structure from the three-dimensional
group information; and
a step vector information generation unit to

generate vector information on the extracted step,

the determination unit determines the state of the
deformation using the vector information on the def
that is the information on the deformation and the
information on the step that is the information on
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3. The detection device according to claim 1, where in
the deformation detection unit includes:
a deformation extraction unit to extract the
deformation on the surface of the structure from th e image
information; and

a deformation three-dimensional information

generation unit to generate three-dimensional infor mation
on the extracted deformation using the three-dimens ional
point group information on the surface of the struc ture,

the step detection unit includes:
a step extraction unit to extract the step on the
surface of the structure from the three-dimensional point
group information; and
a step vector information generation unit to
generate vector information on the extracted step, and

the determination unit determines the state of the

deformation using the three-dimensional information on the

deformation that is the information on the deformat ion and
the vector information on the step that is the info rmation
on the step.

4. The detection device according to any one of cla ims 1

to 3, comprising

a display unit to display the image information, t he
information on the deformation, the three-dimension al point
group information, the information on the step, and a
determination result of the state of the deformatio nin the

determination unit.

5. A detection device comprising:
a deformation detection unit to detect a deformati on
on a surface of a structure from image information on the

structure;
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a structure surface position calculation unit to
calculate a position of the surface of the structur
three-dimensional point group information on the st
measured with a laser; and

a determination unit to determine a state of the
deformation using information on the deformation de
by the deformation detection unit and information o
position of the surface of the structure calculated
structure surface position calculation unit, wherei

the deformation detection unit includes:

a deformation extraction unit to extract the
deformation on the surface of the structure from th

information; and

a deformation vector information generation unit

to generate vector information on the extracted def
using the three-dimensional point group information
surface of the structure, and

the determination unit determines whether the surf
of the structure includes a step defined by the def
as a boundary, using the vector information on the
deformation that is the information on the deformat
information on the position of the surface of the s
and the three-dimensional point group information,
further determines the state of the deformation usi

information on the step on the surface of the struc

6. The detection device according to claim 2 or 5,
comprising:

a display unit to display the image information an
the vector information on the deformation; and

an editing unit to accept an operation from a user
correct the vector information on the deformation,

the determination unit determines the state of the
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deformation using the vector information on the def

corrected by the editing unit.

7. The detection device according to any one of cla
to 6, comprising

a similarity determination unit to determine a
similarity between the deformation and the step usi
determination result of the state of the deformatio
determination unit.

8. The detection device according to any one of cla
to 7, comprising

an internal deformation detection unit to detect a
deformation inside the structure from radar informa
wherein

the determination unit further determines a state
the deformation using information on the deformatio
the structure detected by the internal deformation

detection unit.

9. A detection method for a detection device to det
deformation on a surface of a structure, the method
comprising:

a deformation detection step of a deformation
detection unit detecting a deformation on the surfa
the structure from image information on the structu

a step detection step of a step detection unit
detecting a step on the surface of the structure fr
three-dimensional point group information on the st
measured with a laser; and

a determination step of a determination unit
determining a state of the deformation using inform
the deformation detected in the deformation detecti

ormation
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and information on the step detected in the step de tection
step.
10. A detection method for a detection device to de tecta

deformation on a surface of a structure, the method
comprising:

a deformation detection step of a deformation
detection unit detecting a deformation on the surfa ce of
the structure from image information on the structu re;

a structure surface position calculation step of a
structure surface position calculation unit calcula ting a
position of the surface of the structure from three -
dimensional point group information on the structur e
measured with a laser; and

a determination step of a determination unit

determining a state of the deformation using inform ation on
the deformation detected in the deformation detecti on step
and information on the position of the surface of t he
structure calculated in the structure surface posit ion

calculation step, wherein
the deformation detection step includes:
a deformation extraction step of a deformation
extraction unit extracting the deformation on the s urface
of the structure from the image information; and
a deformation vector information generation step
of a deformation vector information generation unit
generating vector information on the extracted defo rmation
using the three-dimensional point group information on the
surface of the structure, and
the determination step includes:
a step determination step of the determination
unit determining whether the surface of the structu re
includes a step defined by the deformation as a bou ndary,
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using the vector information on the deformation tha tis the
information on the deformation, the information on the
position of the surface of the structure, and the t hree-

dimensional point group information; and

a deformation state determination step of the
determination unit further determining the state of the
deformation using information on the step on the su rface of

the structure.



