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DESCRIPTION 

DETECTION APPARATUS AND DETECTION METHOD 

Field 5 

[0001] The present invention relates to a detection 

apparatus for detecting abnormalities of objects to be 

detected, and a detection method for detecting the 

abnormalities. 

10 

Background 

[0002] There has been a technique of receiving a 

plurality of sample images as input information to learn 

characteristics of objects to be inspected and, on the 

basis of the results of the learning, detect abnormalities 15 

occurring at the objects.  Patent Literature 1 below 

discloses an inspection auxiliary apparatus for detecting a 

defect such as looseness of a bolt used in a pylon.  The 

apparatus learns beforehand the characteristics of the 

object by using a large amount of the sample images. 20 

Citation List 

Patent Literature 

[0003] Patent Literature 1: Japanese Patent Application 

Laid-open No. 2014-159981 25 

Summary 

Technical Problem 

[0004] However, the above conventional technique suffers 

from a problem of great effort being required to beforehand 30 

learn the characteristics of the object from a large amount 

of the correct sample images in order to correctly learn 

the characteristics of the object.  The conventional 
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technique also suffers from a problem of failure to improve 

the accuracy of detection of the defect because the 

contents learned cannot be corrected after the start of the 

inspection operation. 

[0005] The present invention has been made in view of 5 

the above, and has an object of the present invention is to 

provide a detection apparatus capable of improving the 

detection accuracy of the abnormalities after the start of 

the inspection operation while reducing the amount of work 

that is done before the start of the inspection operation. 10 

Solution to Problem 

[0006] To solve the above problem and achieve the object, 

the present invention provides a detection apparatus 

comprising: an object characteristic storage device to 15 

store a parameter indicating a characteristic of an 

abnormal object; an object detection unit to detect an 

abnormal object candidate from image information by using 

the parameter; an object storage unit to store the abnormal 

object candidate; an object display unit to display the 20 

abnormal object candidate stored in the object storage 

unit; a calibration input unit to receive input of 

calibration information on the abnormal object candidate, 

and, on a basis of the calibration information, correct the 

abnormal object candidate stored in the object storage 25 

unit; and an object characteristic calibration unit to 

calibrate the parameter stored in the object characteristic 

storage device, on the basis of the calibration information 

received by the calibration input unit. 

30 

Advantageous Effects of Invention 

[0007] The present invention achieves the effect of 

improving the detection accuracy of the abnormalities after 
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the start of the inspection operation while reducing the 

amount of work that is done before the start of the 

inspection operation. 

Brief Description of Drawings 5 

[0008] FIG. 1 is a block diagram illustrating a 

configuration example of a detection apparatus according to 

a first embodiment. 

 FIG. 2 is a flowchart illustrating crack candidate 

detection processing in the detection apparatus according 10 

to the first embodiment. 

 FIG. 3 is a block diagram illustrating a configuration 

example of a detection apparatus according to a second 

embodiment. 

 FIG. 4 is a block diagram illustrating a configuration 15 

example of a detection apparatus according to a third 

embodiment. 

 FIG. 5 is a block diagram illustrating a configuration 

example of a detection apparatus according to a fourth 

embodiment. 20 

 FIG. 6 is a diagram illustrating an example of a 

method for calibrating a crack candidate by the detection 

apparatus according to the fourth embodiment. 

 FIG. 7 is a diagram illustrating an example of 

projecting a crack candidate for display at a detection 25 

apparatus according to a fifth embodiment. 

 FIG. 8 is a diagram illustrating an example of a 

method for calibrating a crack candidate by a detection 

apparatus according to a sixth embodiment. 

 FIG. 9 is a diagram illustrating an example of a 30 

method for calibrating a crack candidate by a detection 

apparatus according to a seventh embodiment. 

 FIG. 10 is a diagram illustrating an example of a 
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method for calibrating a crack candidate by a detection 

apparatus according to an eighth embodiment. 

 FIG. 11 is a diagram illustrating an example of a 

method for calibrating an abnormal portion candidate by a 

detection apparatus according to a ninth embodiment. 5 

 FIG. 12 is a block diagram illustrating a 

configuration example of a detection apparatus according to 

a tenth embodiment. 

 FIG. 13 is a flowchart illustrating crack candidate 

detection processing in the detection apparatus according 10 

to the tenth embodiment. 

 FIG. 14 is a block diagram illustrating a 

configuration example of a detection apparatus according to 

an eleventh embodiment. 

 FIG. 15 is a diagram illustrating a hardware 15 

configuration example of the detection apparatuses 

according to the first to eleventh embodiments. 

Description of Embodiments 

[0009] Hereinafter, a detection apparatus and a 20 

detection method according to embodiments of the present 

invention will be described in detail with reference to the 

drawings.  The embodiments are not intended to limit the 

invention. 

[0010] First Embodiment. 25 

 FIG. 1 is a block diagram illustrating a configuration 

example of a detection apparatus 20 according to a first 

embodiment of the present invention.  The detection 

apparatus 20 includes an image information input unit 1, an 

object characteristic storage device 2, an object detection 30 

unit 3, an object storage unit 4, an object display unit 5, 

a calibration input unit 6, and an object characteristic 

calibration unit 7.  The image information input unit 1 
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receives input of image information on an abnormal object 

to be detected.  The object characteristic storage device 2 

stores a parameter indicating the characteristic of an 

abnormal object.  The object detection unit 3 detects an 

abnormal object candidate from the image information by 5 

using the parameter indicating the characteristic of the 

abnormal object.  The object storage unit 4 stores the 

detected abnormal object candidate.  The object display 

unit 5 displays the abnormal object candidate stored in the 

object storage unit 4.  The calibration input unit 6 10 

receives input of calibration information on the abnormal 

object candidate displayed on the object display unit 5, 

and, on the basis of the calibration information, corrects 

the abnormal object candidate stored in the object storage 

unit 4.  The object characteristic calibration unit 7 15 

calibrates the parameter indicating the characteristic of 

the abnormal object stored in the object characteristic 

storage device 2, on the basis of the calibration 

information received by the calibration input unit 6. 

[0011] Abnormalities means a concrete surface condition 20 

different from proper conditions including a regularly 

uneven surface, a uniform surface pattern, and a flat 

surface. In an example of application for concrete 

integrity diagnostics, the abnormalities may be cracks, 

soil, deposits, leak sites, honeycombs that are areas where 25 

concrete aggregate is unevenly distributed, joints, and 

cold joints caused by failure to pour concrete.  However, 

when no other than cracks need not be detected for the 

integrity diagnostics, in some case, only cracks are judged 

to be abnormalities, and concrete surfaces having 30 

abnormalities other than cracks are judged to be in proper 

conditions.  Strict definition of abnormalities depends on 

the applications.  In the present embodiment, abnormal 
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objects to be detected are cracks.  Specifically, 

descriptions of embodiments of the present invention are 

directed to detection of cracks occurring in a structure 

such as a tunnel.  Abnormal objects to be detected are not 

limited to cracks.  The present embodiment can be applied 5 

to all of existing objects to be detected in image 

processing as a whole, including concrete surface abnormal 

conditions such as honeycombs, leak sites, and soil, and 

concrete surface conditions such as joints. 

[0012] The image information input unit 1 receives input 10 

of image information on an object such as tunnel to be 

inspected.  The image information is digitally taken by a 

digital camera or the like, and can be image-processed by a 

computer.  The image information input unit 1 may be a 

digital camera itself, or may be a data reader that reads 15 

data on the image information taken by a digital camera or 

the like via a storage medium, or a communication device 

that receives through wire communication or wireless 

communication the image information taken by a digital 

camera or the like. 20 

[0013] The object characteristic storage device 2 stores 

various parameters indicating the characteristic of an 

abnormal object to be detected.  When the detection 

apparatus 20 detects cracks, the object characteristic 

storage device 2 stores parameters indicating what color is 25 

similar to the color of a crack, crack thickness variation, 

and luminance difference from the surroundings of a crack. 

[0014] The parameters stored in the object 

characteristic storage device 2 are information used by the 

object detection unit 3 to make a determination in 30 

detecting cracks.  For example, the object characteristic 

storage device 2 stores, as a parameter, a threshold set by 

an intensity gradient when an image of an object to be 
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inspected is converted into a black and white image by 

gray-scale image processing. 

[0015] As to image information input from the image 

information input unit 1, the object detection unit 3 

refers to a parameter stored in the object characteristic 5 

storage device 2, thereby detecting from the image 

information a crack candidate that is a candidate for a 

crack.  For example, when an intensity gradient threshold 

in gray scale display is stored in the object 

characteristic storage device 2 as described above, the 10 

object detection unit 3 converts the image information 

input from the image information input unit 1 into a gray 

scale.  When the gray-scale image includes a location 

having an intensity gradient higher than or equal to the 

threshold, such a location is detected as a crack candidate.  15 

A method of detecting a crack candidate on the basis of the 

intensity gradient threshold is an example, and the object 

detection unit 3 may alternatively use, in combination, 

various parameters stored in the object characteristic 

storage device 2 to detect a crack candidate from image 20 

information input from the image information input unit 1.  

The object detection unit 3 stores information on the 

detected crack candidate in the object storage unit 4. 

[0016] The object storage unit 4 stores the crack 

candidate detected by the object detection unit 3.  The 25 

crack candidate stored in the object storage unit 4 is, for 

example, information provided by an image identifying the 

location of a crack in image information input from the 

image information input unit 1, information showing the 

shape of a crack by a Bezier curve, information showing the 30 

shape of a crack by a spline curve, or the like, but is not 

limited to them. 

[0017] The object display unit 5 refers to the object 
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storage unit 4, and displays, in a visible form, the crack 

candidate stored in the object storage unit 4.  For example, 

the object display unit 5 displays the crack candidate, for 

example, on a display of a personal computer of the 

detection apparatus 20, or on a head-mounted display worn 5 

by a user who is an inspector performing crack inspection. 

[0018] The calibration input unit 6 receives, from a 

user who has viewed the crack candidate displayed on the 

object display unit 5, input of a crack candidate judgment 

on whether the displayed crack candidate is an object which 10 

the user desires to detect.  Although the object display 

unit 5 displays the crack candidate detected by the object 

detection unit 3, the object detection unit 3 can fail to 

detect all cracks correctly.  This case is where a location 

that is not a crack is detected by the object detection 15 

unit 3 as a crack candidate, or where the object detection 

unit 3 fails to detect a location having a crack, as a 

crack candidate.  The user inputs, via the calibration 

input unit 6, the mark or “×” for the crack candidate 

displayed on the object display unit 5.  For example, the 20 

user inputs the mark for a location where a crack is 

displayed correctly, and “×” for a location where a crack 

is not displayed correctly.  The user also inputs, via the 

calibration input unit 6, “OK” or the like for the crack 

candidate displayed on the object display unit 5 when the 25 

user has judged that all cracks have been detected 

correctly.  The calibration input unit 6 outputs, to the 

object characteristic calibration unit 7, calibration 

information that is information such as ,  “×,” or “OK” 

input by a user.  On the basis of the calibration 30 

information such as , , or OK , the calibration 

input unit 6 corrects the crack candidate stored in the 
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object storage unit 4.  Components for receiving input of 

calibration information from a user at the calibration 

input unit 6 include a mouse and a keyboard used with a 

personal computer, a touch panel of a mobile terminal, and 

a pen tablet, but are not limited to them.  The calibration 5 

input unit 6 has a storage unit that temporarily stores 

calibration information received from a user. 

[0019] On the basis of the calibration information input 

at the calibration input unit 6, the object characteristic 

calibration unit 7 calibrates the parameter stored in the 10 

object characteristic storage device 2 so that the object 

detection unit 3 avoids detecting a location which the 

object detection unit 3 has erroneously detected although 

this location is not a crack, or so that the object 

detection unit 3 can detect a location which the object 15 

detection unit 3 has failed to detect although this 

location is a crack.  For example, when the object 

detection unit 3 has erroneously detected the location 

although the location is not a crack, the object 

characteristic calibrator 7 performs calibration to 20 

increase the above-described intensity gradient threshold 

that is the parameter stored in the object characteristic 

storage device 2.  On the other hand, when the object 

detection unit 3 has failed to detect the location although 

the location is a crack, the object characteristic 25 

calibrator 7 performs calibration to decrease the above-

described intensity gradient threshold that is the 

parameter stored in the object characteristic storage 

device 2.  When “OK” is input at the calibration input unit 

6, the object characteristic calibration unit 7 does not 30 

calibrate the parameter stored in the object characteristic 

storage device 2. 

[0020] Next, a description is made as to a detection 



���������	�
���
�����

���

10

method for detecting abnormalities by the detection 

apparatus 20, specifically as to a flowchart of crack 

candidate detection processing.  More specifically, a 

process of detecting cracks occurring in a surface of a 

concrete tunnel during the inspection of the tunnel is 5 

described below.  FIG. 2 is a flowchart illustrating crack 

candidate detection processing in the detection apparatus 

20 according to the first embodiment.  The parameter is set 

in the object characteristic storage device 2 of the 

detection apparatus 20 so that the object detection unit 3 10 

can use the parameter stored in the object characteristic 

storage device 2. 

[0021] First, image information on a tunnel surface 

taken by a digital camera or the like is input to the image 

information input unit 1 of the detection apparatus 20 15 

(step S1).  The object detection unit 3 detects a crack 

candidate from the image information input from the image 

information input unit 1, by using a parameter stored in 

the object characteristic storage device 2, the parameter 

indicating a characteristic of a crack that is an abnormal 20 

object (step S2).  The object detection unit 3 stores the 

detected crack candidate in the object storage unit 4 (step 

S3). 

[0022] The object display unit 5 displays the crack 

candidate stored in the object storage unit 4 (step S4).  25 

The calibration input unit 6 receives from a user 

calibration information on the crack candidate displayed on 

the object display unit 5 (step S5).  When the calibration 

information from the user indicates that there is an error 

in the crack candidate (step S6: Yes), for example, when 30 

there is “×” as discussed above, the calibration input unit 

6 corrects the crack candidate stored in the object storage 

unit 4, on the basis of the calibration information (step 
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S7).  Then, on the basis of the calibration information 

input at the calibration input unit 6, the object 

characteristic calibration unit 7 calibrates the parameter 

stored in the object characteristic storage device 2 (step 

S8). 5 

[0023] In the detection apparatus 20, the process 

returns to step S1, and the same abnormality detection 

processing is performed repeatedly.  The object detection 

unit 3 detects a crack candidate by using the calibrated 

parameter stored in the object characteristic storage 10 

device 2 (step S2).  When there is no error in the crack 

candidate (step S6: No), for example, when “OK” is input as 

discussed, processing in step S7 of the calibration input 

unit 6 and processing in step S8 of the object 

characteristic calibration unit 7 are omitted, and the 15 

process returns to step S1. 

[0024] In the detection apparatus 20, thus, when there 

is the error in the crack candidate detected by the object 

detection unit 3, the object characteristic calibration 

unit 7 calibrates the parameter stored in the object 20 

characteristic storage device 2, on the basis of the 

calibration information on the detected crack candidate.  

Since the detection apparatus 20 repeatedly performs the 

process illustrated in the flowchart in FIG. 2, the 

parameter stored in the object characteristic storage 25 

device 2 converges to a certain value.  As a result, errors 

in the detection of crack candidate at the object detection 

unit 3 can be reduced.  When there is no error in detection 

of the crack candidate, the detection apparatus 20 

continues the inspection of crack detection by using a 30 

parameter obtained when there is no error in crack 

candidate detection. 

[0025] As described above, according to the present 
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embodiment, the detection apparatus 20 detects the crack 

candidate from the image information by using the parameter 

indicating the crack characteristic, and, when there is an 

error in the crack candidate, calibrates the parameter on 

the basis of the calibration information from the user.  5 

Thus, the detection apparatus 20 can improve crack 

detection accuracy by calibrating the parameter on the 

basis of the calibration information without requiring a 

large amount of work in the stage prior to starting the 

inspection operation and even during the inspection 10 

operation.  The more the detection apparatus 20 is used, 

the more the crack detection accuracy can be improved.  

Further, the detection apparatus 20, which calibrates the 

parameter stored in the object characteristic storage 

device 2 on the basis of the calibration information 15 

received from the user, can a setting that facilitates the 

detection of the crack candidate which the user desires to 

detect.  That is, the detection apparatus 20 is customized 

according to user’s preference. 

[0026] Second Embodiment. 20 

 A description of the present embodiment is directed to 

a case where a detection apparatus stores a calibration 

history. 

[0027] FIG. 3 is a block diagram illustrating a 

configuration example of a detection apparatus 20a 25 

according to the second embodiment.  The detection 

apparatus 20a is the detection apparatus 20 having the 

object characteristic calibration unit 7 replaced with an 

object characteristic calibration unit 7a, and a 

calibration history storage unit 8 added. 30 

[0028] The calibration history storage unit 8 stores a 

calibration history that is a history in which the 

parameter in the object characteristic storage device 2 is 
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calibrated on the basis of the calibration information 

input from the calibration input unit 6 in the past. 

[0029] The object characteristic calibration unit 7a 

calibrates the parameter stored in the object 

characteristic storage device 2, by using the calibration 5 

information received at the calibration input unit 6 and 

the calibration history stored in the calibration history 

storage unit 8.  For example, when the object detection 

unit 3 has failed to detect a crack as a crack candidate 

even through this crack exists, the object characteristic 10 

calibration unit 7a calibrates the parameter stored in the 

object characteristic storage device 2 to facilitate the 

detection of the crack on the basis of the calibration 

information input from the calibration input unit 6.  On 

the other hand, when the object characteristic calibration 15 

unit 7a changes the parameter too large, a crack can be 

erroneously detected as a crack candidate even through the 

crack does not exist.  Therefore, when a new calibration 

occurs, the object characteristic calibration unit 7a 

refers to the calibration history stored in the calibration 20 

history storage unit 8, and calibrates the parameter stored 

in the object characteristic storage device 2 so as to 

reflect the content of the calibration information input 

from the calibration input unit 6. 

[0030] As described above, according to the present 25 

embodiment, the detection apparatus 20a calibrates the 

parameter by using the calibration history in which the 

parameter was calibrated in the past.  This can shorten a 

period of time taken for the parameter to converge to a 

certain value, compared to a case where the calibration 30 

history is not used.  Although, in the first embodiment, 

the calibration input unit 6 has the storage unit that 

temporarily stores the calibration information received 
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from the user, the calibration history storage unit 8 may 

be used in place of the storage unit of the calibration 

input unit 6 for temporarily storing calibration 

information. 

[0031] Third Embodiment. 5 

 A description of the present embodiment is directed to 

a case where a crack candidate is displayed in 

superposition on original image information.  The 

description uses the first embodiment as an example, but 

the present embodiment is also applicable to the second 10 

embodiment. 

[0032] FIG. 4 is a block diagram illustrating a 

configuration example of a detection apparatus 20b 

according to the third embodiment.  The detection apparatus 

20b is the detection apparatus 20 having the object display 15 

unit 5 replaced with an object display unit 5a, and an 

image information storage unit 9 added. 

[0033] The image information storage unit 9 stores image 

information input at an image information input unit 1.  

Using a parameter stored in the object characteristic 20 

storage device 2, the object detection unit 3 detects a 

crack candidate for the image information stored in the 

image information storage unit 9.  A process of detecting a 

crack candidate in the object detection unit 3 is similar 

to that in the first embodiment. 25 

[0034] The object display unit 5a displays the crack 

candidate stored in an object storage unit 4 and the image 

information stored in the image information storage unit 9, 

with the crack candidate and the image information being 

superposed on each other.  When the object storage unit 4 30 

stores the crack candidate in the form of information on a 

Bezier curve or a spline curve, or the like as described 

above, the object display unit 5 in the first embodiment 
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can display the crack candidate but, in some cases, may 

fail to allow a user to imagine a site in a tunnel.  In the 

present embodiment, the object display unit 5a displays the 

crack candidate in the object storage unit 4 and image 

information on the site in the tunnel, with the crack 5 

candidate and the image information being superposed on 

each other, such that the user who does not know the site 

is provided with the image that helps the user image the 

site. 

[0035] As described above, according to the present 10 

embodiment, in the detection apparatus 20b, the crack 

candidate and the image information from which the object 

detection unit 3 detects the crack candidate are displayed 

with the crack candidate and the image information being 

superposed on each other.  This can provide the user with 15 

the image that helps the user image the site and, as 

compared to a case where the superposition display is not 

done, can improve accuracy of calibration information from 

the user. 

[0036] Fourth Embodiment. 20 

 A description of the present embodiment is directed to 

a method of superimposing and displaying information on 

another inspection result and a crack candidate, with the 

information on the inspection result and the crack 

candidate being superposed on each other, and a method of 25 

detecting a crack candidate by using information on another 

inspection result.  The description uses the first 

embodiment as an example, but the present embodiment is 

also applicable to the second and third embodiments. 

[0037] FIG. 5 is a block diagram illustrating a 30 

configuration example of a detection apparatus 20c 

according to the fourth embodiment.  The detection 

apparatus 20c is the detection apparatus 20 having the 
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object detection unit 3 replaced with an object detection 

unit 3a, the object display unit 5 replaced with an object 

display unit 5b, and an inspection result storage unit 10 

added. 

[0038] The inspection result storage unit 10 stores an 5 

inspection result of an inspection for cracks other than 

image information in the area of image information input at 

the image information input unit 1. 

[0039] The object detection unit 3a acquires information 

on the inspection result stored in the inspection result 10 

storage unit 10.  The object detection unit 3a detects a 

crack candidate outside an area indicated by the inspection 

result stored in the inspection result storage unit 10.  

Alternatively, the object detection unit 3a changes the 

value of the parameter stored in the object characteristic 15 

storage device 2, and detects a crack candidate within the 

area indicated by the inspection result stored in the 

inspection result storage unit 10. 

[0040] The object display unit 5b displays the crack 

candidate stored in the object storage unit 4 and the 20 

inspection result stored in the inspection result storage 

unit 10, with the crack candidate and the inspection result 

being superposed on each other.  The object display unit 5b 

in the present embodiment can provide a user with a lot of 

visualized information by using the crack candidate in the 25 

object storage unit 4 and the inspection result of the 

inspection other than image information.  The description 

below is made on the assumption that the inspection other 

than image information is a hammering test. 

[0041] First, a description is made as to a case where 30 

information on another inspection result and a crack 

candidate are displayed as being superimposed on each other.  

FIG. 6 is a diagram illustrating an example of a method for 
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calibrating crack candidates by the detection apparatus 20c 

according to the fourth embodiment.  FIG. 6(a) is a diagram 

illustrating crack candidates stored in the object storage 

unit 4.  FIG. 6(b) illustrates an abnormal location 

provided by a hammering test, the abnormal location being 5 

stored in the inspection result storage unit 10.  FIG. 6(c) 

illustrates a state in which the crack candidates and the 

abnormal portion detected by the hammering test are 

displayed as being superimposed on each other.  FIG. 6(d) 

illustrates the content of calibration determined. 10 

[0042] As illustrated in FIG. 6(c), the crack candidates 

stored in the object storage unit 4 illustrated in FIG. 

6(a) and the inspection result stored in the inspection 

result storage unit 10 illustrated in FIG. 6(b) are 

displayed as being superposed on each other by the object 15 

display unit 5b.  A user can make a judgment on the crack 

candidates on the basis of the superposition image of FIG. 

6(c) displayed on the object display unit 5b.  With regard 

to a crack candidate (X) illustrated in FIG. 6(a), for 

example, the user can judge that calibration should be 20 

performed to delete from FIG. 6(a) the crack candidate (X) 

because the abnormal location of FIG. 6(b) provided by the 

hammering test shows no detected abnormalities at a 

location of the crack (X).  The operations of the 

calibration input unit 6 that has received from the user 25 

the calibration information on the deletion of the crack 

candidate (X), and the object characteristic calibration 

unit 7 are similar to those in the above-described first 

embodiment, for example. 

[0043] Next, a method of detecting a crack candidate by 30 

using information on another inspection result will be 

described.  The object detection unit 3a acquires 

information on the inspection result stored in the 
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inspection result storage unit 10 to obtain the information 

on the abnormal location detected by the hammering test 

illustrated in FIG. 6(b).  The object detection unit 3a 

performs detection of a crack candidate from the image 

information outside the area of the abnormal location 5 

provided by the hammering test, without performing crack 

candidate detection processing on the area of the abnormal 

location provided by the hammering test illustrated in FIG. 

6(b).  In this case, the object detection unit 3a detects 

the crack candidate (X) illustrated in, for example, FIG. 10 

6(c).  The object detection unit 3a, which limits the area 

that is to be subjected to the crack candidate detection 

processing, can lighten a load on the detection processing 

and shorten the detection time.  Alternatively, the object 

detection unit 3a changes the value of the parameter stored 15 

in the object characteristic storage device 2 and detects 

the crack candidate from the image information within the 

area of the abnormal location provided by the hammering 

test illustrated in FIG. 6(b).  It is imaginable that a 

crack candidate is more likely to be detected within the 20 

area of the abnormal location provided by the hammering 

test illustrated in FIG. 6(b) than outside the area of the 

abnormal location provided by the hammering test 

illustrated in FIG. 6(b).  The object detection unit 3a can 

improve the crack candidate detection accuracy by changing 25 

the value of the parameter, namely, changing the crack 

candidate detection sensitivity, to perform detection 

processing.  Alternatively, the object detection unit 3a 

changes the value of the parameter stored in the object 

characteristic storage device 2, and detects the crack 30 

candidate from the image information within the area of the 

abnormal location provided by the hammering test 

illustrated in FIG. 6(b).  Outside the area of the abnormal 
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location provided by the hammering test illustrated in FIG. 

6(b), the object detection unit 3a may perform the normal 

crack candidate detection processing. 

[0044] Although the description has been made as to the 

method in which the crack candidate and the abnormal 5 

location provided by the hammering test are displayed as 

being superposed on each other, and the method for 

detecting the crack candidate by using the information on 

the abnormal location provided by the hammering test, the 

configuration of the detection apparatus 20c illustrated in 10 

FIG. 5 is not limited to this.  For example, when only the 

method in which a crack candidate and an abnormal location 

provided by the hammering test are displayed as being 

superposed on each other is performed, the connection 

between the inspection result storage unit 10 and the 15 

object detection unit 3a can be eliminated.  In this case, 

the object detection unit 3a may have the configuration of 

the object detection unit 3 as in the first embodiment.  

When only the method for detecting the crack candidate by 

using the information on the abnormal location provided by 20 

the hammering test is performed, the connection between the 

inspection result storage unit 10 and the object display 

unit 5b can be eliminated.  In this case, the object 

display unit 5b may have the configuration of the object 

display unit 5 as in the first embodiment. 25 

[0045] As described above, according to the present 

embodiment, the crack candidate and the inspection result 

other than image information are displayed as being 

superposed on each other by the detection apparatus 20c.  

This can provide a user with an image of inspection results 30 

of a plurality of different inspections, and, as compared 

to a case where the superimposition display is not 

performed, can improve accuracy of calibration information 
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from the user. 

[0046] The detection apparatus 20c detects the crack 

candidate by using the inspection result other than the 

image information.  Thus, the detection apparatus 20c can 

lighten the load on the detection processing and shorten 5 

the detection time, by performing the crack candidate 

detection processing outside the area indicated by the 

inspection result other than the image information.  

Further, the detection apparatus 20c can improve the crack 

candidate detection accuracy by changing the value of the 10 

parameter and performing the crack candidate detection 

processing within the area indicated by the inspection 

result other than the image information. 

[0047] Fifth Embodiment. 

 A description of the present embodiment is directed to 15 

a method of projecting, by an object display unit 5, a 

crack candidate onto a place where image information is 

taken.  The description uses the first embodiment as an 

example, but the present embodiment is also applicable to 

the second to fourth embodiments. 20 

[0048] FIG. 7 is a diagram illustrating an example of 

projecting a crack candidate for display at the detection 

apparatus 20 according to the fifth embodiment.  The 

configuration of the detection apparatus 20 in the present 

embodiment is similar to that in the first embodiment.  In 25 

the first embodiment, the crack candidate is displayed on 

the display of the personal computer or the like of the 

detection apparatus 20.  If the detection apparatus 20 is 

sized to be brought to a site where the inspection is 

conducted, such a size of the detection apparatus 20 is 30 

brought to this inspection site, and the object display 

unit 5 projects a detected crack candidate onto the site at 

which the image information has actually been taken.  
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Projection methods include a method using a projector.  

Alternatively, a crack candidate may be displayed on a 

head-mounted display worn by a user so that the user sees 

an actual crack over the head-mounted display. 

[0049] At the side where the inspection is conducted, a 5 

user can compare an actual situation in a tunnel, that is, 

an actual crack with a projected crack candidate, and can 

accurately make a judgment on the crack candidate, as 

compared to a case where a crack candidate is checked in a 

place different from the inspection site.  Alternatively, 10 

the object display unit 5 can project a crack candidate 

onto a place other than a side where image information has 

actually been taken.  Although, in the fourth embodiment, 

the crack candidate and the abnormal location provided by 

the hammering test are displayed as being superposed on 15 

each other by the object display unit 5b, the object 

display unit 5b can project and display such an image in 

which the crack candidate is superimposed. 

[0050] As described above, according to the present 

embodiment, the object display unit 5 of the detection 20 

apparatus 20 projects and displays the crack candidate onto 

the site where the image information has been taken.  This 

can improve accuracy of calibration information from a user, 

as compared with a case where the crack candidate is 

displayed on a display of a personal computer or the like. 25 

[0051] Sixth Embodiment. 

 A description of the present embodiment is directed to 

a specific example of a calibration method by a detection 

apparatus.  The description uses the first embodiment as an 

example, but the present embodiment is also applicable to 30 

the second to fifth embodiments. 

[0052] FIG. 8 is a diagram illustrating an example of a 

method for calibrating a crack candidate by the detection 
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apparatus 20 according to the sixth embodiment.  FIG. 8(a) 

is a crack candidate displayed on the object display unit 5.  

FIG. 8(b) illustrates a calibration method in which a crack 

at a portion of the crack candidate is deleted.  FIG. 8(c) 

illustrates a calibration method in which a crack is added 5 

to a portion of the crack candidate. 

[0053] In the detection apparatus 20, the calibration 

input unit 6 receives as calibration information the input 

of “×” from the user about a crack candidate among crack 

candidates displayed on the object display unit 5, which 10 

crack candidate is judged by a user to be not a crack.  On 

the basis of the calibration information, the calibration 

input unit 6 make correction to delete the location judged 

to be not a crack, among the crack candidates stored in the 

object storage unit 4.  Then, the calibration input unit 6 15 

outputs to the object characteristic calibration unit 7 the 

calibration information on the crack candidate judged to be 

not a crack.  The object characteristic calibration unit 7 

calibrates the parameter stored in the object 

characteristic storage device 2 so that the location taken 20 

as the crack candidate will not be detected as a crack 

candidate in the next crack detection processing.  In an 

example of the first embodiment, the calibration to 

increase the intensity gradient threshold stored in the 

object characteristic storage device 2 is performed. 25 

[0054] In the detection apparatus 20, the calibration 

input unit 6 receives as calibration information the input 

of “×” from the user about a location not indicated as a 

crack candidate like the crack candidates displayed on the 

object display unit 5, which location is judged by the user 30 

to have a crack.  On the basis of the calibration 

information, the calibration input unit 6 makes correction 

to add a crack at the location to the crack candidates 
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stored in the object storage unit 4, which location is 

judged by the user to have a crack.  Then, the calibration 

input unit 6 outputs to the object characteristic 

calibration unit 7 the calibration information on the crack 

that has not been detected as a crack candidate.  The 5 

object characteristic calibration unit 7 calibrates the 

parameter stored in the object characteristic storage 

device 2 so that the crack that has not been detected as 

the crack candidate will be detected as a crack candidate 

in the next crack detection processing.  In an example of 10 

the first embodiment, the calibration to decrease the 

intensity gradient threshold stored in the object 

characteristic storage device 2 is performed. 

[0055] As described above, according to the present 

embodiment, when there is an error in detecting a crack 15 

candidate, the calibration input unit 6 of the detection 

apparatus 20 makes correction to add a crack to or delete a 

crack from the crack candidates stored in the object 

storage unit 4, and outputs the calibration information to 

the object characteristic calibration unit 7, and the 20 

object characteristic calibration unit 7 calibrates the 

parameter stored in the object characteristic storage 

device 2.  Thus, even during an inspection operation, the 

detection apparatus 20 can improve crack detection accuracy 

by correcting the crack candidate and calibrating the 25 

parameter, on the basis of the calibration information. 

[0056] Seventh Embodiment. 

 A description of the present embodiment is directed to 

an application example of the sixth embodiment, and in 

particular, to a specific example of a calibration method 30 

by the detection apparatus 20.  The description uses the 

first embodiment as an example, but the present embodiment 

is also applicable to the second to fifth embodiments. 
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[0057] FIG. 9 is a diagram illustrating an example of a 

method for calibrating a crack candidate by the detection 

apparatus 20 according to the seventh embodiment.  FIG. 

9(a) illustrates crack candidates displayed on the object 

display unit 5, and FIG. 9(b) illustrates the content of 5 

calibration determined.  In the seventh embodiment, in the 

detection apparatus 20, the calibration input unit 6 

receives as calibration information the input of “×” from 

the user about a location not indicated as a crack 

candidate like the crack candidates displayed on the object 10 

display unit 5, which location is judged by a user to have 

a crack.  On the basis of the calibration information, the 

calibration input unit 6 makes correction to add a crack at 

the location to the crack candidates stored in the object 

storage unit 4.  Then, the calibration input unit 6 outputs 15 

to the object characteristic calibration unit 7 the 

calibration information on the crack that has not been 

detected as a crack candidate. 

[0058] At this time, when the addition of the crack to 

the crack candidates reveals that cracks having been so far 20 

considered to be separate provide, actually, a single crack, 

the calibration input unit 6 thereafter treats these cracks 

as the single crack.  Treating the cracks as the single 

crack means that, for example, when a plurality of crack 

candidates is stored in the object storage unit 4 and the 25 

object detection unit 3 assigns an identification number 

such as a serial number to each of the crack candidates, 

the calibration input unit 6 assigns a new identification 

number to each of the crack candidates.  In the example of 

FIG. 9, the calibration input unit 6 corrects the crack 30 

candidates stored in the object storage unit 4 so that two 

cracks taken as a crack A and a crack B are treated as a 

crack A’. 
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[0059] The object characteristic calibration unit 7 

calibrates the parameter stored in the object 

characteristic storage device 2, in the manner as discussed 

above, so that a crack that has not been detected as a 

crack candidate will be judged to be a crack in the next 5 

crack detection processing, specifically, so that a crack 

is detected at a location interconnecting the crack A and 

the crack B in FIG. 9(a).  In an example of the first 

embodiment, the object characteristic calibration unit 7 

performs the calibration to decrease the intensity gradient 10 

threshold stored in the object characteristic storage 

device 2. 

[0060] Unlike the example in FIG. 9, in some case, a 

crack having been considered to be a single crack as 

illustrated in FIG. 9(b), but turns out to be actually two 15 

separate cracks as illustrated in FIG. 9(a).  In this case, 

the calibration input unit 6 of the detection apparatus 20 

makes correction to delete, from the crack candidate stored 

in the object storage unit 4, a crack at a location judged 

to be a crack.  The the calibration input unit 6 outputs to 20 

the object characteristic calibration unit 7 the 

calibration information on the location having been 

erroneously detected as a crack candidate.  At this time, 

when the deletion of the crack from the crack candidate 

reveals that a crack having been so far considered to be a 25 

single crack provides, actually, two cracks, the 

calibration input unit 6 thereafter treats the crack as two 

cracks.  Specifically, the calibration input unit 6 makes 

correction to divide one crack candidate stored in the 

object storage unit 4 into a plurality of crack candidates, 30 

and assigns a new identification number to each of the 

crack candidates. 

[0061] As described above, according to the present 
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embodiment, when there in an error in detecting a crack 

candidate, the calibration input unit 6 of the detection 

apparatus 20 makes correction to combine a plurality of 

crack candidates stored in the object storage unit 4 into 

one crack candidate or divide one crack candidate stored in 5 

the object storage unit 4 into a plurality of crack 

candidates.  Thus, even during an inspection operation, the 

detection apparatus 20 can correct the crack candidate to 

conform to an actual crack form on the basis of the 

calibration information. 10 

[0062] Eighth Embodiment. 

 A description of the present embodiment is directed to 

a case where a plurality of users performs calibration by 

the detection apparatus 20.  The description uses the first 

embodiment as an example, but the present embodiment is 15 

also applicable to the second to seventh embodiments. 

[0063] FIG. 10 is a diagram illustrating an example of a 

method for calibrating a crack candidate by the detection 

apparatus 20 according to the eighth embodiment.  FIG. 

10(a) is a diagram illustrating crack candidates displayed 20 

on the object display unit 5.  FIGS. 10(b) to 10(f) 

illustrate the contents of calibration on the crack 

candidates by the users.  FIG. 10(g) illustrates the 

content of calibration determined. 

[0064] In the detection apparatus 20, the calibration 25 

input unit 6 receives, as calibration information, the 

input of “×” from the users about a crack candidate among 

crack candidates displayed on the object display unit 5, 

which crack candidate is judged by each user to be not a 

crack.  Also, the calibration input unit 6 receives, as 30 

calibration information, the input of “×” from the users 

about a location not indicated as a crack candidate like 

the crack candidates displayed on the object display unit 5, 
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which location is judged by each user to have a crack.   

Two users A and E have judged that a crack (X) of the crack 

candidates is not a crack, but three users B, C, and D have 

judged the crack (X) to be a crack.  Three users A, C, and 

D have judged that a location (Y), which has not been 5 

displayed as a crack candidate on the object display unit 5, 

has a crack, and two users B and E have judged that the 

location (Y) has no crack. 

[0065] In the present embodiment, the calibration input 

unit 6 determines the content of calibration, that is, 10 

calibration information by majority decision made on 

information received from the users with respect to a crack 

candidate on which a plurality of users have different 

judges.  The calibration input unit 6 temporarily stores 

information received from the users in a storage unit that 15 

the calibration input unit 6 has.  In the example of FIG. 

10, the above three-to-two user’s judgement causes the 

calibration input unit 6 to determine that the crack 

candidate (X) is a crack, and determine that the location 

(Y) has a crack.  The calibration input unit 6 eventually 20 

decides to perform calibration with the content illustrated 

in FIG. 10(g).  The calibration input unit 6 makes 

correction to add the crack at the portion (Y) to the crack 

candidates stored in the object storage unit 4, which 

portion (Y) has been judged to have a crack.  Then, the 25 

calibration input unit 6 outputs to the object 

characteristic calibration unit 7 calibration information 

on the crack at the portion (Y) that has not been detected 

as a crack candidate.  The object characteristic 

calibration unit 7 calibrates the parameter stored in the 30 

object characteristic storage device 2 so that the crack at 

the portion (Y) that has not been detected as a crack 

candidate will detected as a crack candidate in the next 
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crack detection processing.  In an example of the first 

embodiment, calibration to decrease the intensity gradient 

threshold stored in the object characteristic storage 

device 2 is performed. 

[0066] As described above, according to the present 5 

embodiment, in the detection apparatus 20, when the 

calibration input unit 6 receives the calibration 

information from a plurality of users, the calibration 

input unit 6 determines the content of calibration by 

majority decision made on judgments of the users with 10 

respect to the location on which the users have made 

different judgements.  Thus, the detection apparatus 20 can 

determine the content of final calibration by simple 

computation, employing judgments of a plurality of users. 

[0067] Ninth Embodiment. 15 

 A description of the present embodiment is directed to 

an example different from that in the eighth embodiment in 

a case where a plurality of users performs calibration on 

the detection apparatus 20.  The description uses the first 

embodiment as an example, but the present embodiment is 20 

also applicable to the second to seventh embodiments. 

[0068] FIG. 11 is a diagram illustrating an example of a 

method for calibrating an abnormal location candidate by 

the detection apparatus 20 according to the ninth 

embodiment.  For example, when a plurality of cracks has 25 

centrally occurred in a wide area, the area of the 

occurrence of the cracks is shown as an abnormal location 

candidate.  Alternatively, the abnormal location candidate 

can be used as the length of an individual crack candidate.  

FIG. 11(a) is a diagram illustrating an abnormal location 30 

candidate displayed on the object display unit 5.  FIGS. 

11(b) and 11(c) illustrate the content of calibration on 

the abnormal location candidates by users.  FIG. 11(d) 
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illustrates the content of calibration determined. 

[0069] In the eighth embodiment, when a plurality of 

users performs calibration, the calibration input unit 6 

determines the content of calibration by majority decision 

made on calibration information input by the plurality of 5 

users.  In the present embodiment, the calibration input 

unit 6 determines the content of calibration, that is, 

calibration information used for crack candidate correction 

and parameter calibration, on the basis of the ratios of 

pieces of calibration information input by a plurality of 10 

users.  In the example in FIG. 11, for the abnormal

location candidate displayed on the object display unit 5 

illustrated in FIG. 11(a), a user A judges that an abnormal 

location candidate exists within an area of a dotted line 

illustrated in FIG. 11(b).  For the abnormal location 15 

candidate displayed on the object display unit 5 

illustrated in FIG. 11(a), a user B has judged that an 

abnormal location candidate exists in an area of a dotted 

line illustrated in FIG. 11(c).  In this case, for example, 

the calibration input unit 6 determines an abnormal20 

location on the basis of the ratio between the area of the 

dotted line illustrated in FIG. 11(b) and the area of the 

dotted line illustrated in FIG. 11(c).  Specifically, the 

calibration input unit 6 determines that the area indicated 

by a solid line of FIG. 11(d) extending along midpoints 25 

between the dotted-line area of FIG. 11(b) and the dotted-

line area of FIG. 11(c) is defined as the abnormal location. 

[0070] Alternatively, the calibration input unit 6 may 

weight the result of each user’s judgment.  For example, 

when the user A is an expert with longer years of 30 

experience in inspection than the user B, the calibration 

input unit 6 increases the weight of a judgment result of 

the user A, that is, changes the ratio between the dotted 
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line areas indicated by the judgment results of the users, 

thereby making it possible to enlarge the area of the 

abnormal location shown by the solid line in FIG. 11(d).  

Alternatively, each user may report weights on his own, 

depending on whether the users have confidence in the 5 

results of his own judgment or not.  In the example in FIG. 

11, the weight of the judgment result of the user A is 

equal to the weight of the judgment result of the user B. 

[0071] As described above, according to the present 

embodiment, in the detection apparatus 20, when the 10 

calibration input unit 6 receives the calibration 

information from the plurality of users, the calibration 

input unit 6 determines the content of calibration on the 

basis of the ratios of the respective users’ judgment 

results.  Thus, the detection apparatus 20 can determine 15 

the final content of calibration by employing judgments of 

the plurality of users while increasing the specific weight 

of the judgment content of a user whose judgment accuracy 

is estimated to be high. 

[0072] Tenth Embodiment. 20 

 A description of the present embodiment is directed to 

a case where a detection apparatus stores different 

parameters used in the detection of crack candidates for 

different objects to be inspected, and uses the parameters, 

depending on the objects.  The description uses the first 25 

embodiment as an example, but the present embodiment is 

also applicable to the second to ninth embodiments.

[0073] FIG. 12 is a block diagram illustrating a 

configuration example of a detection apparatus 20d 

according to the tenth embodiment.  The detection apparatus 30 

20d is the detection apparatus 20 having the object 

characteristic storage device 2 replaced with an object 

characteristic storage device 2a.  The object 
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characteristic storage device 2a has an object 

characteristic selection unit 21, a plurality of specific 

object characteristic storage units 22, and a specific 

condition input unit 23. 

[0074] The object characteristic selection unit 21 5 

selects one specific object characteristic storage unit 22 

from the plurality of specific object characteristic 

storage units 22, and sets a parameter stored in the 

selected specific object characteristic storage unit 22 as 

a parameter to be used by the object detection unit 3. 10 

[0075] The plurality of specific object characteristic 

storage units 22 each of which is an object characteristic 

storage unit stores various parameters indicating the 

characteristics of abnormal objects to be detected, the 

parameters being set for different objects to be inspected. 15 

[0076] The specific condition input unit 23 receives 

input of, for example, conditions of objects to be 

inspected, for the plurality of specific object 

characteristic storage units 22. 

[0077] The descriptions of the first to ninth 20 

embodiments are directed to, specifically, to a case where 

cracks occurring in a tunnel are detected.  However, there 

are many tunnels to be inspected in different conditions 

including weather conditions at places where the tunnels 

are placed, concrete materials used, and construction 25 

methods.  When only one type of parameter can be set, it is 

conceivable that even when the parameter is calibrated 

based on a plurality of times of crack detection, the 

object detection unit 3 tends to fail to detect a crack 

candidate in some tunnel although the tunnel has a crack, 30 

or the object detection unit 3 tends to erroneously detect 

a crack candidate in another tunnel although the other 

tunnel has no crack.  For example, it is imaginable that 
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when the same parameter is used to detect cracks of a 

tunnel under a foggy humid environment and a tunnel under a 

dry environment, the crack of the former tunnel is 

difficult to detect while the crack of the latter tunnel is 

easy to detect. 5 

[0078] Thus, in the present embodiment, a parameter is 

set for each of tunnels under different environments, for 

example.  In the detection apparatus 20d, different 

parameters for different tunnels are stored in the 

plurality of specific object characteristic storage units 10 

22, and the object characteristic selection unit 21 selects 

the specific object characteristic storage unit 22 in which 

a parameter for a tunnel to be inspected is stored.  The 

object detection unit 3 detects a crack candidate by using 

the parameter stored in the specific object characteristic 15 

storage unit 22 selected by the object characteristic 

selection unit 21.  A method for detecting a crack 

candidate by the object detection unit 3 is similar to that 

in the first to ninth embodiments.  Although a parameter 

calibration method is also similar to the method described 20 

in the embodiments so far, the object characteristic 

calibration unit 7 calibrates the parameter stored in the 

specific object characteristic storage unit 22 selected by 

the object characteristic selection unit 21, via the object 

characteristic selection unit 21. 25 

[0079] Next, a description is made as to a flowchart of 

abnormality detection processing in the detection apparatus 

20d, specifically, as to a process of detecting cracks 

occurring in a surface in an inspection of a concrete 

tunnel.  FIG. 13 is a flowchart illustrating crack 30 

candidate detection processing in the detection apparatus 

20d according to the tenth embodiment.  In the detection 

apparatus 20d, the parameter is set in each of the specific 
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object characteristic storage units 22 so that the object 

detection unit 3 can use the parameter stored in each of 

the specific object characteristic storage units 22 of the 

object characteristic storage device 2a. 

[0080] Processing in step S1 illustrated in FIG. 13 is 5 

similar to the processing in step S1 illustrated in the 

flowchart in FIG. 2.  After the processing in step S1, the 

object characteristic selection unit 21 selects the 

specific object characteristic storage unit 22 from the 

plurality of specific object characteristic storage units 10 

22, the selected specific object characteristic storage 

unit 22 storing a parameter for a tunnel to be inspected 

this time (step S11).  Using the parameter stored in the 

specific object characteristic storage unit 22 selected by 

the object characteristic selection unit 21, the object 15 

detection unit 3 detects a crack candidate from the image 

information input from the image information input unit 1 

(step S2a).  After that, processing in steps S3 to S7 

illustrated in FIG. 13 is similar to the processing in 

steps S3 to S7 illustrated in the flowchart in FIG. 2.  20 

After the processing in step S7, on the basis of the 

calibration information input at the calibration input unit 

6, the object characteristic calibration unit 7 calibrates 

the parameter stored in the specific object characteristic 

storage unit 22 selected by the object characteristic 25 

selection unit 21, via the object characteristic selection 

unit 21 (step S8a).  A method for calibrating the parameter 

in the specific object characteristic storage unit 22 by 

the object characteristic calibration unit 7 is similar to 

that when a parameter in the object characteristic storage 30 

device 2 is calibrated.  Although the processing in step 

S11 is performed between step S1 and step S2a in FIG. 13, 

the processing in step S11 may be performed immediately 
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before step S1. 

[0081] The detection apparatus 20d, which has a 

plurality of specific object characteristic storage units 

22 for different objects to be inspected, can detect not 

only tunnels but also other structures such as bridges.  5 

When different parameters are stored in the plurality of 

specific object characteristic storage units 22, a 

plurality of parameters for some structure under, for 

example, different indoor or outdoor environments may be 

stored. 10 

[0082] As described above, according to the present 

embodiment, the detection apparatus 20d has the plurality 

of different parameters for different objects to be 

inspected and different inspection conditions.  The 

detection apparatus 20d allows for a plurality of 15 

inspection conditions by storing parameters for various 

conditions for different tunnels, different structures 

other than tunnels, different installation condition of a 

structure such as an indoor installation and an outdoor 

installation, different temperatures and humidities of an 20 

installation environment, concrete materials, and different 

construction method such as a shield tunneling, a 

reinforced concrete (RC) structure, and a spray method. 

[0083] Eleventh Embodiment. 

 A description of the present embodiment is directed to 25 

a method different from that in the tenth embodiment in a 

case where a detection apparatus stores different 

parameters used for detection of crack candidates for 

different objects to be inspected, and uses the parameters, 

depending on the objects.  The description uses the first 30 

embodiment as an example, but the present embodiment is 

also applicable to the second to ninth embodiments.

[0084] FIG. 14 is a block diagram illustrating a 
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configuration example of a detection apparatus 20e 

according to the eleventh embodiment.  The detection 

apparatus 20e is the detection apparatus 20 having the 

object characteristic storage device 2 replaced with an 

object characteristic storage device 2b.  The object 5 

characteristic storage device 2b has an object 

characteristic selection unit 21a, a plurality of specific 

object characteristic storage units 22, the specific 

condition input unit 23, and a common object characteristic 

storage unit 24. 10 

[0085] The common object characteristic storage unit 24, 

which is an object characteristic storage unit, stores 

various parameters indicating the characteristics of 

abnormal objects for all objects to be inspected.  The 

common object characteristic storage unit 24 has a 15 

configuration corresponding to that of the object 

characteristic storage device 2 in the first embodiment. 

[0086] The object characteristic selection unit 21a 

selects one object characteristic storage unit from the 

plurality of specific object characteristic storage units 20 

22 and the common object characteristic storage unit 24, 

and sets a parameter stored in the selected object 

characteristic storage unit as a parameter to be used by 

the object detection unit 3. 

[0087] Crack candidate detection processing in the 25 

detection apparatus 20e is similar to that in the flowchart 

illustrated in FIG. 13 in the tenth embodiment.  In the 

present embodiment, in processing in step S11, the object 

characteristic selection unit 21a selects from the 

plurality of specific object characteristic storage units 30 

22 and the common object characteristic storage unit 24, 

one specific object characteristic storage unit 22 or the 

common object characteristic storage unit 24 in which a 
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parameter for a tunnel to be inspected this time is stored.  

In processing in step S2a, the object detection unit 3 

detects a crack candidate from the image information input 

from the image information input unit 1, by using the 

parameter stored in the specific object characteristic 5 

storage unit 22 or the common object characteristic storage 

unit 24 selected by the object characteristic selection 

unit 21a.  In processing in step S8a, on the basis of the 

calibration information input at the calibration input unit 

6, the object characteristic calibration unit 7 calibrates 10 

the parameter stored in the specific object characteristic 

storage unit 22 or the common object characteristic storage 

unit 24 selected by the object characteristic selection 

unit 21a, via the object characteristic selection unit 21a. 

[0088] In the detection apparatus 20e, it is also 15 

possible to store, in the common object characteristic 

storage unit 24, a parameter based on the results of 

calibration performed based on all past calibration 

information and, from a certain point of time, allow the 

specific object characteristic storage units 22 to store 20 

parameters resulting from repeated execution of the crack 

detection processing for specific objects to be inspected, 

such as tunnels, on the basis of a copy of the parameter 

stored in the common object characteristic storage unit 24.  

In detecting an abnormal object such as a crack, the 25 

detection apparatus 20e selects either a parameter stored 

in the specific object characteristic storage unit 22 or a 

parameter stored in the common object characteristic 

storage unit 24.  The detection apparatus 20e normally 

selects one of the specific object characteristic storage 30 

units 22 that matches the condition, and selects the common 

object characteristic storage unit 24 when none of the 

specific object characteristic storage units 22 matches the 
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condition. 

[0089] In the object characteristic storage device 2a in 

the above-described tenth embodiment, the plurality of 

specific object characteristic storage units 22 are used 

for different tunnels or structures.  Meanwhile, it is 5 

imaginable that all of the parameters in the specific 

object characteristic storage units 22 are converge to the 

same value as the parameters are calibrated through 

repeated inspections.  Thus, in the object characteristic 

storage device 2b in the eleventh embodiment, the 10 

parameters stored in the specific object characteristic 

storage units 22 and having their values converged may be 

stored as a common parameter in the common object 

characteristic storage unit 24. 

[0090] As described above, according to the present 15 

embodiment, the detection apparatus 20e has, in addition to 

the plurality of specific object characteristic storage 

units 22, the common object characteristic storage unit 24 

that stores as various parameters the characteristics of 

abnormal objects for all objects to be inspected.  Thus, 20 

regarding an object that is to be inspected for the first 

time, a parameter stored in the common object 

characteristic storage unit 24 can be used to start the 

inspection because, for example, none of the specific 

object characteristic storage units 22 stores the 25 

characteristic of such an object.  When the parameter is 

updated as a result of performing a plurality of times of 

the inspection, the updated parameter can be newly stored 

in the specific object characteristic storage unit 22. 

[0091] A hardware configuration implementing the 30 

components in the block diagram of the detection apparatus 

20 illustrated in FIG. 1 will be described.  FIG. 15 is a 

diagram illustrating a hardware configuration example of 
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the detection apparatuses according to the first to 

eleventh embodiments.  In the detection apparatus 20 of FIG. 

1, the image information input unit 1 is implemented by an 

input unit 93 such as a digital camera, a data reader that 

reads data, or a communication device.  The object 5 

characteristic storage device 2 and the object storage unit 

4 are implemented by a memory 92.  The object detection 

unit 3 and the object characteristic calibration unit 7 are 

implemented by a processor 91 executing programs for their 

configurations stored in the memory 92.  The object display 10 

unit 5 is implemented by the processor 91 executing a 

program for the object display unit 5 stored in the memory 

92, together with a monitor 95.  The calibration input unit 

6 is implemented by the processor 91 executing a program 

for the calibration input unit 6 stored in the memory 92, 15 

together with an input interface 94.  The processor 91, the 

memory 92, the input unit 93, the input interface 94, and 

the monitor 95 are connected by a system bus 96.  In the 

detection apparatus 20, a plurality of processors 91 and a 

plurality of memories 92 may cooperate to perform the 20 

functions of the components illustrated in the block 

diagram in FIG. 1.  Although the detection apparatus 20 can 

be implemented by the hardware configuration illustrated in 

FIG. 15, the detection apparatus 20 can be implemented by 

either software or hardware. 25 

[0092] Although the detection apparatus 20 illustrated 

in FIG. 1 has been described, the detection apparatuses 20a 

to 20e in the other embodiments can also be implemented by 

the hardware configuration example illustrated in FIG. 15.  

In the detection apparatus 20a illustrated in FIG. 3, the 30 

object characteristic calibration unit 7a is implemented by 

the processor 91 executing a program for the object 

characteristic calibration unit 7a stored in the memory 92.  
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The calibration history storage unit 8 is implemented by 

the memory 92.  In the detection apparatus 20b illustrated 

in FIG. 4, the object display unit 5a is implemented by the 

processor 91 executing a program for the object display 

unit 5a stored in the memory 92, together with the monitor 5 

95.  The image information storage unit 9 is implemented by 

the memory 92.  In the detection apparatus 20c illustrated 

in FIG. 5, the object display unit 5b is implemented by the 

processor 91 executing a program for the object display 

unit 5b stored in the memory 92, together with the monitor 10 

95.  The inspection result storage unit 10 is implemented 

by the memory 92.  In the detection apparatus 20d 

illustrated in FIG. 12, the object characteristic selection 

unit 21 is implemented by the processor 91 executing a 

program for the object characteristic selection unit 21 15 

stored in the memory 92.  The specific object 

characteristic storage units 22 are implemented by the 

memory 92.  The specific condition input unit 23 is 

implemented by the input interface 94.  In the detection 

apparatus 20e illustrated in FIG. 14, the object 20 

characteristic selection unit 21a is implemented by the 

processor 91 executing a program for the object 

characteristic selection unit 21a stored in the memory 92.  

The common object characteristic storage unit 24 is 

implemented by the memory 92. 25 

[0093] The configurations illustrated in the above 

embodiments illustrate an example of the subject matter of 

the present invention, and can be combined with another 

known art, and can be partly omitted or changed without 

departing from the scope of the present invention. 30 

Reference Signs List 

[0094] 1  image information input unit; 2, 2a, 2b  
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object characteristic storage device; 3, 3a object 

detection unit; 4  object storage unit; 5, 5a, 5b  object 

display unit; 6  calibration input unit; 7, 7a  object 

characteristic calibration unit; 8  calibration history 

storage unit; 9  image information storage unit; 10  5 

inspection result storage unit; 21, 21a  object 

characteristic selection unit; 22  specific object 

characteristic storage unit; 23  specific condition input 

unit; 24  common object characteristic storage unit; 20, 

20a, 20b, 20c, 20d, 20e  detection apparatus. 10 
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CLAIMS 

1. A detection apparatus comprising: 

 an object characteristic storage device to store a 

parameter indicating a characteristic of an abnormal 

object; 5 

 an object detection unit to detect an abnormal object 

candidate from image information by using the parameter; 

 an object storage unit to store the abnormal object 

candidate; 

 an object display unit to display the abnormal object 10 

candidate stored in the object storage unit; 

 a calibration input unit to receive input of 

calibration information on the abnormal object candidate, 

and, on a basis of the calibration information, correct the 

abnormal object candidate stored in the object storage 15 

unit; and 

 an object characteristic calibration unit to calibrate 

the parameter stored in the object characteristic storage 

device, on the basis of the calibration information 

received by the calibration input unit. 20 

2. The detection apparatus according to claim 1, further 

comprising: 

 a calibration history storage unit to store a 

calibration history that is a history of calibration based 25 

on the calibration information, wherein 

 the object characteristic calibration unit calibrates 

the parameter stored in the object characteristic storage 

device, by using the calibration information received by 

the calibration input unit, and the calibration history 30 

stored in the calibration history storage unit. 

3. The detection apparatus according to claim 1 or 2, 



���������	�
���
�����

���

42

further comprising: 

 an image information storage unit to store the image 

information, wherein 

 the object display unit displays the abnormal object 

candidate stored in the object storage unit, and the image 5 

information stored in the image information storage unit, 

with the abnormal object candidate and the image 

information being superposed on each other. 

4. The detection apparatus according to claim 1, 2, or 3, 10 

further comprising: 

 an inspection result storage unit to store an 

inspection result of an inspection for the abnormal object 

other than the image information, wherein 

 the object display unit displays the abnormal object 15 

candidate stored in the object storage unit, and the 

inspection result stored in the inspection result storage 

unit, with the abnormal object candidate and the inspection 

result being superposed on each other. 

20 

5. The detection apparatus according to claim 1, 2, or 3, 

further comprising: 

 an inspection result storage unit to store an 

inspection result of an inspection for the abnormal object 

other than the image information, wherein 25 

 the object detection unit detects the abnormal object 

candidate from the image information outside an area 

indicated by the inspection result stored in the inspection 

result storage unit. 

30 

6. The detection apparatus according to claim 1, 2, or 3, 

further comprising: 

 an inspection result storage unit to store an 
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inspection result of an inspection for the abnormal object 

other than the image information, wherein 

 the object detection unit changes a value of the 

parameter and detects the abnormal object candidate from 

the image information within an area indicated by the 5 

inspection result stored in the inspection result storage 

unit. 

7. The detection apparatus according to any one of claims 

1 to 6, wherein 10 

 the object display unit projects and displays the 

abnormal object candidate stored in the object storage unit 

or an image in which the abnormal object candidate is 

superimposed and displayed. 

15 

8. The detection apparatus according to any one of claims 

1 to 7, wherein 

 the calibration input unit makes correction to add or 

delete an abnormal object to or from the abnormal object 

candidate stored in the object storage unit, on the basis 20 

of the calibration information. 

9. The detection apparatus according to any one of claims 

1 to 7, wherein 

 the calibration input unit makes correction to combine 25 

a plurality of abnormal object candidates stored in the 

object storage unit into one abnormal object candidate, or 

dividing one abnormal object candidate into a plurality of 

abnormal object candidates, on the basis of the calibration 

information. 30 

10. The detection apparatus according to any one of claims 

1 to 9, wherein 
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 when a plurality of pieces of calibration information 

on an identical abnormal object candidate is input to the 

calibration input unit, the calibration input unit 

determines calibration information by majority decision. 

5 

11. The detection apparatus according to any one of claims 

1 to 9, wherein 

 when a plurality of pieces of calibration information 

on an identical abnormal object candidate is input to the 

calibration input unit, the calibration input unit 10 

determines calibration information on the basis of ratios 

of areas of the abnormal object candidate indicated by the 

pieces of the calibration information. 

12. The detection apparatus according to any one of claims 15 

1 to 11, wherein 

 the object characteristic storage device includes:

 a plurality of object characteristic storage units in 

which different parameters are stored; and 

 an object characteristic selection unit to select one 20 

object characteristic storage unit from the plurality of 

object characteristic storage units, and 

 the object detection unit detects an abnormal object 

candidate from image information by using a parameter 

stored in the object characteristic storage unit selected 25 

by the object characteristic selection unit, and 

 the object characteristic calibration unit calibrates 

the parameter stored in the selected object characteristic 

storage unit. 

30 

13. A detection method for detecting an abnormality by a 

detection apparatus, the method comprising: 

 a detection step of detecting, by an object detection 
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unit, an abnormal object candidate from image information, 

using a parameter indicating a characteristic of an 

abnormal object; 

 a storage step of storing, in an object storage unit, 

the abnormal object candidate; 5 

 a display step of displaying, by an object display 

unit, the abnormal object candidate; 

 a calibration input reception step of receiving, by a 

calibration input unit, input of calibration information on 

the abnormal object candidate; 10 

 a correction step of correcting, by the calibration 

input unit, the abnormal object candidate stored in the 

object storage unit, on a basis of the calibration 

information; and 

 a calibration step of calibrating, by an object 15 

characteristic calibration unit, the parameter on the basis 

of the calibration information. 

14. The detection method according to claim 13, wherein 

 in the calibration step, the object characteristic 20 

calibration unit calibrates the parameter by using the 

calibration information and a calibration history that is a 

history of calibration based on the calibration information. 

15. The detection method according to claim 13 or 14, 25 

wherein 

 in the display step, the object display unit displays 

the abnormal object candidate and the image information, 

with the abnormal object candidate and the image 

information being superposed on each other. 30 

16. The detection method according to claim 13, 14, or 15, 

wherein 
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 in the display step, the object display unit displays 

the abnormal object candidate and an inspection result of 

an inspection for the abnormal object other than the image 

information, with the abnormal object candidate and the 

inspection result being superposed on each other. 5 

17. The detection method according to claim 13, 14, or 15, 

wherein 

 in the detection step, the object detection unit 

detects the abnormal object candidate from the image 10 

information outside an area indicated by an inspection 

result of an inspection for the abnormal object other than 

the image information. 

18. The detection method according to claim 13, 14, or 15, 15 

wherein 

 in the detection step, the object detection unit 

changes a value of the parameter and detects the abnormal 

object candidate from the image information within an area 

indicated by an inspection result of an inspection for the 20 

abnormal object other than the image information. 

19. The detection method according to any one of claims 13 

to 18, wherein 

 in the display step, the object display unit projects 25 

and displays the abnormal object candidate or an image in 

which the abnormal object candidate is superimposed and 

displayed. 

20. The detection method according to any one of claims 13 30 

to 19, wherein 

 in the correction step, the calibration input unit 

makes correction to add or delete an abnormal object to or 
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from the abnormal object candidate stored in the object 

storage unit on the basis of the calibration information. 

21. The detection method according to any one of claims 13 

to 19, wherein 5 

 in the correction step, the calibration input unit 

makes correction to combine a plurality of abnormal object 

candidates stored in the object storage unit into one 

abnormal object candidate on the basis of the calibration 

information. 10 

22. The detection method according to any one of claims 13 

to 21, wherein 

 in the calibration input reception step, when a 

plurality of pieces of calibration information on an 15 

identical abnormal object candidate is input to the 

calibration input unit, the calibration input unit 

determines calibration information by majority decision. 

23. The detection method according to any one of claims 13 20 

to 21, wherein 

 in the calibration input reception step, when a 

plurality of pieces of calibration information on an 

identical abnormal object candidate is input to the 

calibration input unit, the calibration input unit 25 

determines calibration information on the basis of ratios 

of areas of the abnormal object candidate indicated by the 

pieces of the calibration information. 

24. The detection method according to any one of claims 13 30 

to 23, further comprising: 

 a selection step of selecting one object 

characteristic storage unit from a plurality of object 
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characteristic storage units when different parameters are 

stored in the plurality of object characteristic storage 

units in the detection apparatus, wherein 

 in the detection step, the object detection unit 

detects an abnormal object candidate from image information 5 

by using a parameter stored in the object characteristic 

storage unit selected in the selection step, and 

 in the calibration step, the object characteristic 

calibration unit calibrates the parameter stored in the 

selected object characteristic storage unit. 10 


