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(54) ENDOSCOPE SYSTEM AND ENDOSCOPIC IMAGE GENERATION METHOD

(57) An endoscope system 1 includes a borescope
11A configured to pick up images of a rotatable inspection
target with a linear sensor 23a at predetermined time
intervals ΔTI to acquire a plurality of first inspection target
images along a direction B0 perpendicular to a rotating
direction of the inspection target, a borescope 11B con-
figured to pick up images of the inspection target with a
linear sensor 26a at the predetermined time intervals ΔTI
in synchronization with the acquisition timing of the first
inspection target images to acquire a plurality of second

inspection target images along the rotating direction of
the inspection target, and a PC 12. The PC 12 recon-
structs image data on each of the plurality of first inspec-
tion target images based on time-series image informa-
tion formed of the second inspection target images ar-
ranged over time and a correction table CT containing a
position of a pixel EP including a predetermined feature
quantity in each of the second inspection target images
and an amount of an angle of rotation of the inspection
target.
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Description

Technical Field

[0001] The present invention relates to an endoscope
system and an endoscope image generation method,
and particularly to an endoscope system and an endo-
scope image generation method configured to produce
an image of a rotating inspection target.

Background Art

[0002] An observation scope, such as an endoscope,
has been used to observe an interior of an inspection
target, for example, a jet engine. An inspector can, for
example, evaluate whether or not a defect of an object
is present and measure a size of the defect based on an
image of an interior of the object, that is, an inspection
image acquired by using the observation scope inserted
into the inspection target.
[0003] For example, a jet engine includes a plurality of
rotor blades (hereinafter referred to as blades) as a por-
tion to be inspected, and a casing of the engine is pro-
vided with an access port corresponding to each blade
group. The inspector inserts a borescope that is an en-
doscope through the access port and acquires an image
of the blade group observable through the access port.
[0004] When the inspector finishes acquiring an endo-
scope image of one group of blades periodically arranged
along a circumferential direction of the rotary shaft of the
jet engine by using the borescope inserted thorough the
access port, the inspector rotates the rotary shaft of the
rotor and acquires an endoscope image of a blade group
corresponding to the following access port.
[0005] The aforementioned method for successively
capturing similar endoscope images undesirably re-
quires a long inspection time period. To solve the unde-
sirable situation, U.S. Patent Application Publication No.
2014/0253715 proposes a method for simultaneously
photographing a plurality of blade groups with a plurality
of borescopes by inserting the borescopes through a plu-
rality of access ports corresponding to the plurality of
blade groups respectively and rotating a rotary shaft of
an engine.
[0006] Since the proposed method allows simultane-
ous photographing of the plurality of blade groups, en-
doscope images can be efficiently acquired as compared
with the method for successively photographing the re-
spective blade groups by sequentially inserting a single
borescope through each of the access ports.
[0007] In a case where a plurality of blade groups,
which are an inspection target, are rotated, for example,
by using a turning tool, rotation unevenness occurs in
some cases due, for example, to backlash of a gear box
provided in an engine to output rotary energy produced
by the engine to an external component, a hydraulic
pump connected to the gear box, and other attachment
apparatus. The rotation unevenness entirely or partially

expands or shrinks the inspection image of each of the
blade groups acquired with a borescope along the rotat-
ing direction of the blades, undesirably resulting in inac-
curacy of the produced image of each of the blades.
[0008] To solve the problem described above, the pro-
posed method described above includes a process of
correcting a piled image containing the plurality of result-
ant blade images based on a point where any of lumi-
nance values on a predetermined line on the piled image
coincides with an average luminance value (point of in-
tersection) to achieve uniform widths and positions of the
respective inspection images.
[0009] In the proposed method described above, how-
ever, since the piled image is corrected based only on
the point where any of the luminance values on the pre-
determined line on the piled image coincides with the
average luminance value (point of intersection), no inter-
intersection-point rotation unevenness is taken into con-
sideration, so that the resultant inspection images are
each undesirably an image completely free of an effect
of the rotation unevenness.
[0010] An object of the present invention is to provide
an endoscope system and an endoscope image gener-
ation method that allow acquisition of an endoscope im-
age free of an effect of unevenness of rotation of an in-
spection target.

Disclosure of Invention

Means for Solving the Problem

[0011] An endoscope system according to an aspect
of the present invention includes a first image acquisition
unit configured to pick up images of a rotatable inspection
target with an endoscope inserted into the inspection tar-
get at predetermined time intervals to acquire a plurality
of first inspection target images of the inspection target
along a direction perpendicular to a rotating direction of
the inspection target, a second image acquisition unit
configured to pick up images of the inspection target at
the predetermined time intervals in synchronization with
acquisition timing of the first inspection target images to
acquire a plurality of second inspection target images of
the inspection target along the rotating direction of the
inspection target, and an image data reconstruction unit
configured to reconstruct image data on each of the plu-
rality of first inspection target images based on time-se-
ries image information formed of the acquired second
inspection target images arranged over time and infor-
mation on correspondence between a position of a pixel
including a predetermined feature quantity or a predeter-
mined luminance value in each of the second inspection
target images and an amount of an angle of rotation of
the inspection target.
[0012] An endoscope image generation method ac-
cording to another aspect of the present invention in-
cludes picking up images of a rotatable inspection target
with an endoscope inserted into the inspection target at
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predetermined time intervals to acquire a plurality of first
inspection target images of the inspection target along a
direction perpendicular to a rotating direction of the in-
spection target, picking up images of the inspection target
at the predetermined time intervals in synchronization
with acquisition timing of the first inspection target images
to acquire a plurality of second inspection target images
of the inspection target along the rotating direction of the
inspection target, and reconstructing image data on each
of the plurality of first inspection target images based on
time-series image information formed of the acquired
second inspection target images arranged over time and
information on correspondence between a position of a
pixel including a predetermined feature quantity or a pre-
determined luminance value in each of the second in-
spection target images and an amount of an angle of
rotation of the inspection target.

Brief Description of the Drawings

[0013]

Fig. 1 is a perspective view showing how to inspect
a jet engine in accordance with an embodiment of
the present invention;
Fig. 2 is a configuration diagram showing a config-
uration of an endoscope system according to the
present embodiment;
Fig. 3 describes a configuration of a borescope 11A
and an image pickup area of the borescope 11A ac-
cording to the embodiment of the present invention;
Fig. 4 describes a configuration of a borescope 11B
and an image pickup area of the borescope 11B ac-
cording to the embodiment of the present invention;
Fig. 5 shows an image acquisition area IPA, where
a linear sensor 26a in a camera unit 26 in the bore-
scope 11B acquires an image of blades B according
to the embodiment of the present invention;
Fig. 6 is a block diagram showing a configuration of
a PC 12 according to the embodiment of the present
invention;
Fig. 7 is a flowchart showing an example of a proce-
dure of a blade inspection process carried out by a
control unit 31 of the PC 12 according to the embod-
iment of the present invention;
Fig. 8 describes a change in a linear image IPAi of
the image acquisition area IPA as time elapses ac-
cording to the embodiment of the present invention;
Fig. 9 shows a correction curve CC representing cor-
respondence between a position of a pixel EP of an
edge portion BE on the linear image IPAi and an
amount of angular change Δθ of an angle of rotation
of a rotary shaft AR according to the embodiment of
the present invention;
Fig. 10 describes rotation unevenness of the rotary
shaft AR in a rotation angle information image RS
according to the embodiment of the present inven-
tion;

Fig. 11 is a flowchart showing an example of a pro-
cedure of a correction table creation process accord-
ing to the embodiment of the present invention;
Fig. 12 shows a correction curve CL obtained by de-
termining a point where a plurality of curves formed
of points of the pixel EP, which is a predetermined
feature point, are superimposed on one another by
a largest number and creating a trajectory of the de-
termined point according to the embodiment of the
present invention;
Fig. 13 shows a state in which a range of the linear
image IPAi is divided into a plurality of areas accord-
ing to the embodiment of the present invention;
Fig. 14 describes a method for determining a trajec-
tory of an average point, for example, a point where
a plurality of curves each representing a trajectory
of the pixel EP are superimposed on one another by
a largest number for each of the divided areas ac-
cording to the embodiment of the present invention;
Fig. 15 is a flowchart showing an example of a pro-
cedure of a process of creating a correction table CT
according to a modification of the embodiment of the
present invention;
Fig. 16 describes a method for generating the cor-
rection curve CL in S22 based on a maximum lumi-
nance value contained in image data cut out in every
predetermined cycle ΔTB according to the modifica-
tion of the embodiment of the present invention;
Fig. 17 is a flowchart showing an example of a pro-
cedure of a blade inspection process in S2 according
to the embodiment of the present invention;
Fig. 18 shows correspondence between a plurality
of blade linear images BI recorded in an image record
unit 33 and a rotation angle information image RS
recorded in a rotation state record unit 34 according
to the embodiment of the present invention;
Fig. 19 shows correspondence between the plurality
of blade linear images BI recorded in the image
record unit 33 and the rotation angle information im-
age RS after the reconstruction of the blade images
according to the embodiment of the present inven-
tion; and
Fig. 20 describes an image of blade groups produced
by an endoscope system 1 according to the embod-
iment of the present invention.

Best Mode for Carrying Out the Invention

[0014] An embodiment of the present invention will be
described below with reference to the drawings.

(System configuration)

[0015] Fig. 1 is a perspective view showing how to in-
spect a jet engine (hereinafter simply referred to as en-
gine) in accordance with the present embodiment. Fig.
2 is a configuration diagram showing a configuration of
an endoscope system according to the present embod-
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iment.
[0016] An endoscope system 1 is a blade inspection
system and includes a plurality of borescopes 11A con-
figured to acquire blade images, a single borescope 11B
configured to detect an angle of rotation, and a personal
computer (hereinafter referred to as PC) 12 as an inspec-
tion image generation apparatus. The plurality of bore-
scopes 11A and 11B are connected to the PC 12 via a
signal cable (hereinafter referred to as cable) 13. The
borescopes 11A and 11B each include an insertion sec-
tion 11a, which is inserted into an engine E, which in-
cludes a plurality of blades B, which are an inspection
target, and a grasping section 11b, which is provided at
a proximal end portion of the insertion section 11a.
[0017] In the present embodiment, the engine E is a
jet engine and includes an intake unit E1, a compressor
unit E2, a combustion unit (not shown), and an exhaust
unit (not shown) arranged from an intake side toward an
exhaust side. The present embodiment will be described
with reference to a case where the rotor blades (herein-
after simply referred to as blades) B, which are a plurality
of compressor blades in the compressor unit E2 provided
behind the intake unit E1, are inspected by the endo-
scope system 1. Further, a turning tool T is connected to
a gear box (not shown) of the engine E and configured
to be capable of rotating the plurality of blades B around
the rotary shaft AR.
[0018] The turning tool T is connected to the PC 12 via
a cable 14, and the turning tool T is so controlled in ac-
cordance with an instruction from the PC 12 as to rotate
the rotary shaft AR.
[0019] The following description will be made with ref-
erence to compressor blades. Note, however, that the
blade inspection system according to the present em-
bodiment can similarly inspect other blades, such as tur-
bine blades.
[0020] A casing C of the engine E has a plurality of
(three in the description) access ports AP in predeter-
mined positions. The insertion section 11a of each of the
borescopes 11A and 11B is an elongated rigid endo-
scope configured to be insertable into the casing C
through a hole of the corresponding access port AP and
have a diameter and a length that allow observation of a
blade B.
[0021] When the insertion section 11a of each of the
borescopes 11A and 11B, each of which is an endo-
scope, is inserted into the casing C, a fixture F is attached
to the access port AP through which the insertion section
11a is inserted. The fixture F is a device for supporting
and fixing the insertion section 11a of each of the bore-
scopes 11A and 11B in the position of the access port
AP of the casing C. That is, the fixture F is configured to
be attachable to the access port AP, have an insertion
hole through which the insertion section 11a is inserted,
and support the respective borescopes 11A and 11B.
[0022] The borescopes 11A and 11B are each provid-
ed with an illumination apparatus (not shown) configured
to illuminate each blade B, which is an inspection portion.

[0023] A plurality of blades are periodically arranged
on an outer circumferential surface of the rotary shaft AR
of the engine E along a circumferential direction. A plu-
rality of blades around one turn that correspond to each
of the access ports AP form one blade group and are the
inspection target. A plurality of blade groups have differ-
ent numbers of blades.
[0024] The plurality of blades B provided in each of the
blade groups have the same size and shape. That is, the
blade groups, which are the inspection target, each in-
clude blades B as a plurality of inspection portions having
the same shape.

(Configuration of borescope)

[0025] Fig. 3 describes a configuration of each of the
borescopes 11A and an image pickup area of the bore-
scope 11A.
[0026] The borescopes 11A are each a side-viewing
endoscope. The insertion section 11a of each of the bo-
rescopes 11A is provided with an observation window 21.
[0027] In correspondence with the observation window
21, an optical member 22, which includes a mirror 22a,
an objective optical system 22b, and a relay optical sys-
tem 22c, is disposed in the insertion section 11a. The
mirror 22a is so disposed behind the observation window
21 as to reflect light incident through the observation win-
dow 21 and guide the light to the relay optical system
22c via the objective optical system 22b.
[0028] The grasping section 11b is provided with a
camera unit 23. The camera unit 23 includes an image
pickup optical system (not shown) configured to focus
light from an object image and a linear sensor 23a, which
is a solid-state image pickup device configured to convert
an optical object image formed by the light focused by
the image pickup optical system into an electrical object
image.
[0029] The linear sensor 23a in the camera unit 23 is
so arranged as to acquire a one-dimensional image along
a direction roughly parallel to an axis B0 of the blades B.
The camera unit 23 acquires an image having a viewing
angle α containing an entirety of a blade B along a direc-
tion roughly parallel to a longitudinal axis of the blades
B (that is, direction of axis B0).
[0030] A signal line 13a, which extends from the cam-
era unit 23, passes through the cable 13 and is connected
to the PC 12.
[0031] Fig. 4 describes a configuration of the bore-
scope 11B and an image pickup area of the borescope
11B.
[0032] The borescope 11B is a side-viewing endo-
scope. The insertion section 11a is provided with an ob-
servation window 24.
[0033] In correspondence with the observation window
24, an optical member 25, which includes a mirror 25a,
an objective optical system 25b, and a relay optical sys-
tem 25c, is disposed in the insertion section 11a. The
mirror 25a is so disposed behind the observation window
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24 as to reflect light incident through the observation win-
dow 24 and guide the light to the relay optical system
25c via the objective optical system 25b.
[0034] The grasping section 11b is provided with a
camera unit 26. The camera unit 26 includes an image
pickup optical system (not shown) configured to focus
light from an object image and a linear sensor 26a, which
is a solid-state image pickup device configured to convert
an optical object image formed by the light focused by
the image pickup optical system into an electrical object
image.
[0035] The linear sensor 26a in the camera unit 26 is
so arranged as to acquire a one-dimensional image along
a direction roughly perpendicular to the axis B0 of the
blades B. The camera unit 26 acquires an image having
a viewing angle β containing a width of at least one blade
B along a direction roughly perpendicular to a longitudinal
axis of the blades B (that is, direction of axis B0).
[0036] The borescope 11B is arranged in a position
where parts of two blades B adjacent to each other over-
lap and the overlapping portion is photographed so that
an edge portion BE of each of the blades B can be pho-
tographed. That is, the camera unit 26 acquires an image
having the viewing angle β always containing the edge
portion BE of a blade B along the direction roughly per-
pendicular to the longitudinal axis of the blades B (that
is, direction of axis B0).
[0037] A signal line 13b, which extends from the cam-
era unit 26, passes through the cable 13 and is connected
to the PC 12.
[0038] An image pickup signal that is a video signal
produced by each of the camera units 23 and 26 is out-
putted to the PC 12 via the cable 13.
[0039] Note that the camera units 23 and 26 each con-
tinuously acquire and output images in a predetermined
cycle ΔTI, which is sufficiently faster than a moving speed
of the blades B.
[0040] The camera unit 23 therefore forms an image
acquisition unit configured to pick up image of the blade
group, which is a rotatable inspection target, with the bo-
rescope 11A, which is inserted into the engine E, in the
cycle TI, which is a predetermined time interval, to ac-
quire a plurality of inspection target images of the blades
B with the linear sensor 23a, which extends along a di-
rection roughly perpendicular to a rotating direction of
the blade group (that is, direction of axis B0).
[0041] The camera unit 26 forms an image acquisition
unit configured to pick up image of a blade group with
the borescope 11B at the same time intervals (cycle ΔTI)
in synchronization with acquisition timing of the inspec-
tion target images acquired with the linear sensors 23a
to acquire a plurality of inspection target images of the
blades B with the linear sensor 26a, which extends along
the rotating direction of the blade group.
[0042] Further, in the description, the light that origi-
nates from an object and is acquired through the obser-
vation windows 21 and 24 is guided to the camera units
23 and 26, which are provided in the grasping sections

11b, via the optical members, such as the mirrors 22a
and 25a provided in the insertion sections 11a, respec-
tively. The linear sensors 23a and 26a may instead be
arranged along with the respective objective optical sys-
tems behind the observation windows 21 and 24 to ac-
quire images of the blades B.
[0043] Fig. 5 shows an image acquisition area IPA,
where the linear sensor 26a in the camera unit 26 in the
borescope 11B acquires an image of blades B.
[0044] The linear sensor 26a in the camera unit 26 ac-
quires a one-dimensional image along the direction
roughly perpendicular to the axis B0 of the blades B, as
described above, and the image acquisition area IPA re-
lating to the camera unit 26 is a one-dimensional area,
and a direction of a one-dimensional line of the image
acquisition area IPA is roughly parallel to a moving di-
rection A1 of the blades B, which is indicated by the arrow
A, as shown in Fig. 5.
[0045] That is, the linear sensor 23a in the camera unit
23 in each of the borescopes 11A acquires a one-dimen-
sional image along the axis B0 of the blades B, and an
image acquisition area IPB relating to the camera unit 26
in the borescope 11B is a one-dimensional area, and the
direction of the one-dimensional line of the image acqui-
sition area IPB is roughly parallel to the moving direction
A1 of the respective blades B, which is indicated by the
arrow A, as shown in Fig. 5.
[0046] In a linear image IPAi of the image acquisition
area IPA, part of a blade B or a portion close to the ob-
servation window 24 forms high-luminance-value pixels,
and part of the blade B or a portion far from the obser-
vation window 24 forms low-luminance-value pixels, as
shown in Figs. 4 and 5. A portion where a difference in
the luminance value between two pixels adjacent to each
other is greater than or equal to a predetermined value
corresponds to the edge portion BE of a blade B.
[0047] To ensure continuity of the rotation of the plu-
rality of blades B, during the period for which the rotating
blade groups are photographed, the image acquisition
area IPA is set to be an area or a range containing at
least one edge portion of the blades.
[0048] Therefore, when the blade groups rotate in the
direction indicated by the arrow A, the camera units 23
each output linear images Bi according to the rotation
and along the direction of the axis B0 of each of the blades
B, and the PC 12 can produce a two-dimensional image
of the blade B from the received linear images Bi.
[0049] Further, when the blade groups rotate in the di-
rection indicated by the arrow A, the camera unit 26 out-
puts linear images IPAi according to the rotation and each
containing information on a position of the edge portion
of each of the blades B, and the PC 12 can produce a
rotation angle information image (which will be described
later) of the blade B from the received linear images IPAi.
[0050] Note that, in the description, the borescopes
11A and 11B differ from each other in terms of the posi-
tions of the observation windows 21 and 24, the optical
members 22 and 25, and other factors, but the borescope
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11B may have roughly the same configuration as the
configuration of the borescopes 11A but differ from the
borescopes 11A only in that the orientation of the linear
sensor 26a differs from the orientation of the linear sen-
sors 23a.

(Configuration of PC)

[0051] Fig. 6 is a block diagram showing a configura-
tion of the PC 12. The PC 12 is configured to include a
control unit 31, a trigger generation unit 32, an image
record unit 33, a rotation state record unit 34, an image
reconstruction unit 35, a correction table storage unit 36,
and a turning tool drive unit 37.
[0052] The control unit 31 includes a central process-
ing unit (hereinafter referred to as CPU), a ROM, and a
RAM and executes a variety of programs stored in the
ROM. The variety of programs include an inspection
process program, which will be described later.
[0053] The trigger generation unit 32 is a circuit con-
figured to generate a trigger signal for simultaneous pho-
tographing performed by the plurality of borescopes 11A
and 11B and supply the plurality of borescopes 11A and
11B via a signal line 13c accommodated in the cable 13
under control of the control unit 31.
[0054] The image record unit 33 is a circuit configured
to receive an image signal from each of the plurality of
borescopes 11A and record the image signal in an inter-
nal storage unit 33a under the control of the control unit
31.
[0055] The rotation state record unit 34 is a circuit con-
figured to receive an image signal from the borescope
11B, produce a rotation angle information image RS
(which will be described later) showing the angle of ro-
tation of the rotary shaft AR, and record the rotation angle
information image RS in an internal storage unit 34a un-
der the control of the control unit 31.
[0056] The image reconstruction unit 35 is a circuit con-
figured to carry out a process of reconstructing the image
signals supplied from the plurality of borescopes 11A and
recorded in the image record unit 33 based on the rotation
angle information image RS recorded in the rotation state
record unit 34 and a correction table CT, which will be
described later, under the control of the control unit 31.
[0057] The correction table storage unit 36 stores the
correction table CT, which will be described later. The
correction table CT stores correspondence information
representing correspondence between a position of a
pixel of an edge portion BE on a linear image produced
by the borescope 11B and the angle of rotation of the
rotary shaft AR.
[0058] The turning tool drive unit 37 is a circuit config-
ured to output a drive signal to the turning tool T via the
cable 14 to rotate the rotary shaft AR under the control
of the control unit 31.

(Operation)

[0059] A process of inspecting the blades B will next
be described.
[0060] Fig. 7 is a flowchart showing an example of a
procedure of the blade inspection process carried out by
the control unit 31 of the PC 12.
[0061] A user who is an inspector inserts borescopes
11A through a respective plurality of the access ports AP
corresponding to a plurality of blade groups that the user
desires to inspect out of the plurality of blade groups in
the engine E and fixes the borescopes 11A in predeter-
mined positions where an image of each of the blades B
of each of the blade groups. For example, the borescopes
11A are each so inserted and fixed in a position and at
an orientation that prevent adjacent blades B from over-
lap with each other but allow the entire shape of each of
the blades B to be photographed.
[0062] The user further inserts the borescope 11B
through one of the plurality of access ports AP and fixes
the borescope 11B in a predetermined position where an
image of the image acquisition area IPA described above
can be acquired. The image acquisition area IPA is set
to be an area or a range that always contains at least
one edge portion BE of the blades B so that the continuity
of the rotation of each of the blade groups can be ensured,
as described above.
[0063] When the user inputs a predetermined com-
mand to the PC 12, the control unit 31 of the PC 12 reads
and executes an inspection process program corre-
sponding to a command inputted from the ROM to carry
out the blade inspection process in Fig. 7.
[0064] The control unit 31 carries out a correction table
creation process (S1) and carries out the blade inspec-
tion process (S2) after the correction table creation proc-
ess, as shown in Fig. 7.
[0065] Before a description of the process in S1, the
image produced by the borescope 11B will be described.
[0066] Fig. 8 describes a change in the linear image
IPAi of the image acquisition area IPA as time elapses.
Part of a blade group is shown in an upper portion of Fig.
8, and the rotation angle information image RS produced
from the linear image IPAi, which is an image of the image
acquisition area IPA and produced by the borescope
11B, is shown in a lower portion of Fig. 8.
[0067] A vertical axis of the rotation angle information
image RS in Fig. 8 corresponds to time t that elapses
from above to below, and a horizontal axis of the rotation
angle information image RS corresponds to a position of
each pixel of the linear image IPAi. In the description, the
linear image IPAi has a plurality of pixels from a leftmost
pixel P1 to a rightmost pixel Pmax.
[0068] The rotation angle information image RS shows
a change in an edge position of the edge portion BE con-
tained in the linear image IPAi for a time period T, in which
the rotary shaft AR of the engine E makes one turn. Spe-
cifically, the edge position of the edge portion BE is indi-
cated by a pixel EP as an edge pixel. The pixel EP, which
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is the edge pixel corresponding to the edge portion BE,
can be determined, for example, by comparing pixel val-
ues of two pixels adjacent to each other and evaluating
whether or not a difference between the pixel values is
greater than or equal to a predetermined value.
[0069] That is, the linear image IPAi in the rotation an-
gle information image RS is replaced with pixel informa-
tion representing a position of the pixel EP of a detected
edge portion BE, and the rotation state record unit 34
described above superimposes linear images IPAi each
containing the pixel EP of the edge portion BE on one
another along a direction of a temporal axis representing
the time t to produce the rotation angle information image
RS shown in Fig. 8 and records the rotation angle infor-
mation image RS in the storage unit 34a.
[0070] The borescope 11B is so set up that the linear
image IPAi always contains the pixel EP corresponding
to at least one edge portion BE, as described above.
Further, the camera units 23 and 26 each continuously
acquire images in the cycle ΔTI, which is sufficiently faster
than the moving speed of the blades B. When the blade
groups rotate in the rotation direction indicated by the
arrow A in Fig. 5, the position of the pixel EP of the edge
portion BE on the linear image IPAi changes as the time
t elapses, as shown in Fig. 8.
[0071] In Fig. 8, the pixel EP of the edge portion BE at
time t1 moves rightward at time t2. The number of pixels
EP of the edge portion BE is one at the time t1, and the
following pixel EP of the edge portion BE is added at the
time t2. In Fig. 8, one pixel EP of the edge portion BE is
present on the linear image IPAi at time ta, and two pixels
EP of the edge portions BE are present on the linear
image IPAi at time tb.
[0072] That is, the position of the pixel EP correspond-
ing to the edge portion BE in the image acquisition area
IPA moves in accordance with the rotation of the rotary
shaft AR, as indicated by solid lines in Fig. 8.
[0073] Let T be a time period required for the rotary
shaft AR to make one turn and N be the number of blades
B contained in a blade group, and a cycle ΔTB, which is
the cycle in which a blade image of a blade B contained
in the blade group appears, is expressed by equation (1)
below: 

[0074] The cycle in which the edge portion BE of the
blade B appears is therefore also ΔTB. An angular
change ΔθB of the rotary shaft AR corresponding to ΔTB
is expressed by equation (2) below: 

[0075] Since the position of the edge portion BE cor-
responds to a rotation angle position of the rotary shaft

AR, the position of the pixel EP corresponding to the edge
portion BE on the linear image IPAi also corresponds to
the rotation angle position of the rotary shaft AR.
[0076] Fig. 9 shows a correction curve CC showing
correspondence between the position of the pixel EP of
the edge portion BE on the linear image IPAi and an
amount of angular change Δθ in the angle of rotation of
the rotary shaft AR. A horizontal axis of Fig. 9 corre-
sponds to the position of the pixel EP of the edge portion
BE on the linear image IPAi, and a vertical axis of Fig. 9
corresponds to the amount of angular change Δθ in the
angle of rotation of the rotary shaft AR. Information on
the correction curve CC is stored as the correction table
CT in the correction table storage unit 36. Note that the
correction table CT is created in the inspection process,
as will be described later.
[0077] The correction curve CC shown in Fig. 9 is de-
termined by aberrations produced by the optical system
including the observation window 24 and the optical
member 25 in the borescope 11B, an angle of the one-
dimensional line of the image acquisition area IPA with
respect to the moving direction of the blades B, and other
factors.
[0078] When the position of the pixel EP of the edge
portion BE moves from the position of the pixel PI to the
position of the pixel Pmax as the time t elapses in ac-
cordance with the rotation of the rotary shaft AR, the
amount of angular change Δθ around the rotary shaft AR
between edge portions BE adjacent to each other is ΔθB
described above, as shown in Fig. 9. Further, the cycle
in which the edge portion BE appears is ΔTB, as de-
scribed above.
[0079] Therefore, counting the cycle (number of cy-
cles) in which the pixel EP on the linear image IPAi ap-
pears in the same position or the number by which the
pixel EP on the linear image IPAi appears in the same
position after the first time t1 and calculating an amount
of angular change Δθα based on the position of the pixel
EP on the linear image IPAi in each cycle allow determi-
nation of the angle of rotation θ of the rotary shaft AR
from the time t1 during the rotation of the rotary shaft AR.
[0080] For example, let M be the number of appear-
ances of the pixel EP and Δθα be the amount of angular
change in a next cycle ΔTB, and the angle of rotation θ
of the rotary shaft AR from the time t1 is expressed by
equation (3) below: 

[0081] Further, a time period Tt having elapsed since
the time t1 relating to the rotary shaft AR is expressed
by equation (4) below: 
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[0082] Here, ΔTα represents an amount of temporal
change in the cycle ΔTB.
[0083] As described above, the angle of rotation θ and
the elapsed time period Tt from the start of the rotation
of the rotary shaft AR can be calculated from information
on the position of the pixel EP on the linear image IPAi.
[0084] However, the rotation of the rotary shaft AR con-
tains rotation unevenness due, for example, to backlash
of the gear box, as described above. Therefore, although
not shown in Fig. 8, the movement of the position of the
pixel EP located on the linear image IPAi and correspond-
ing to the edge portion BE contains unevenness in ac-
cordance with the rotation unevenness of the rotary shaft
AR, and the photographing range of the blade B con-
tained in a resultant linear image IPAi therefore does not
correspond to the angle of rotation of the rotary shaft AR.
[0085] To address the problem described above, the
correction table, which is a correspondence table that
relates the position of each pixel EP of the edge portion
BE on the linear image IPAi to the angle of rotation around
the rotary shaft AR, is created from a plurality of linear
images IPAi produced by continuously photographing
the rotary shaft AR rotated at a constant speed by using
the turning tool T (S1). The correspondence table is used
to reconstruct image signals from the plurality of bore-
scopes 11A for generation of rotation-unevenness-free
image signals from rotation-unevenness-containing im-
age signals. The correspondence table is used to rear-
range, delete, or otherwise correct blade images record-
ed in the image record unit 33 at the time of the recon-
struction, and the correspondence table is therefore
hereinafter referred to as the correction table.

(Correction table creation process)

[0086] Fig. 10 describes the rotation unevenness of
the rotary shaft AR in the rotation angle information image
RS. In a case where no rotation unevenness of the rotary
shaft AR is present, the position of the pixel EP corre-
sponding to the edge portion BE contained in the linear
image IPAi changes along curves EPi indicated by two-
dot chain lines in Fig. 10 in the rotation angle information
image RS. In contrast, in the case where the rotation
unevenness of the rotary shaft AR is present, the position
of the pixel EP corresponding to the edge portion BE
contained in the linear image IPAi changes, for example,
as indicated by solid lines in Fig. 10.
[0087] Fig. 8 shows the rotation angle information im-
age RS in the case where no rotation unevenness of the
rotary shaft AR is present, and in the case where no ro-
tation unevenness of the rotary shaft AR is present, the
cycle in which the edge portion BE of a blade B appears
is ΔTB described above, which is a constant cycle, as
described above. However, since the rotation of the ro-
tary shaft AR contains rotation unevenness, a cycle ΔT1
between time ta1 and ta2 during which the edge portion
BE at the pixel P1 appears and a cycle ΔT2 between time
ta2 and ta3 during which the edge portion BE at the pixel

PI appears do not coincide with the cycle ΔTB, as shown
in Fig. 10.
[0088] In the case where the rotation unevenness
shown in Fig. 10 is present, images of the blade groups
produced by the borescopes 11A are each entirely or
partially expanded or shrunk along the rotating direction
of the blades B, so that resultant images of the plurality
of blades B received by the image record unit 33 are not
correctly produced.
[0089] To address the problem described above, in the
present embodiment, the correction table CT and the ro-
tation-unevenness-containing rotation angle information
image RS are used to correct and reconstruct blade im-
ages produced by the borescopes 11A. The correction
table CT is created in S1 shown in Fig. 7. The correction
table CT, which is the correspondence information rep-
resenting the correspondence between the position of
the pixel of the edge portion BE on the linear image IPAi
and the angle of rotation of the rotary shaft AR, is created
based on the linear images IPAi produced by actually
rotating the inspection target.
[0090] Fig. 11 is a flowchart showing an example of a
procedure of a correction table creation process.
[0091] The control unit 31 first carries out a rotation
angle information image creation process of controlling
the turning tool drive unit 37 to drive the turning tool T to
rotate the rotary shaft AR at a constant speed, acquiring
linear images IPAi of the image acquisition area IPA from
the borescope 11B in the cycle ΔTI, creating the rotation
angle information image RS, and recording the rotation
angle information image RS in the storage unit 34a (S11).
[0092] In S11, the rotation angle information image RS
formed by stacking the linear images IPAi shown in Fig.
10 is produced. The rotation angle information image RS
is an image containing information on the rotation une-
venness, that is, rotation angle unevenness of the rotary
shaft AR. In the rotation angle information image creation
process, for example, the rotary shaft AR is rotated for a
predetermined time period, so that a plurality of curves
representing a trajectory of the pixel EP corresponding
to the edge portion BE are produced.
[0093] The control unit 31 then causes the points of
the pixel EP of the edge portion BE, which is a predeter-
mined feature point, contained in the rotation angle in-
formation image RS to undergo a predetermined statis-
tical process to generate a correction curve CL (S12).
[0094] The control unit 31 superimposes the trajecto-
ries of the pixel EP in the rotation angle information image
RS on one another in such a way that positions of a pre-
determined pixel coincide with one another to generate
an image of the superimposed trajectories. The control
unit 31 then calculates and determines an average point,
for example, a point where a largest number of trajecto-
ries are superimposed on one another, out of the points
of the pixel EP, which is the predetermined feature point,
and generates the correction curve CL from the deter-
mined point.
[0095] Fig. 12 shows the correction curve CL obtained
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by determining a point where a plurality of curves formed
of the points of the pixel EP, which is the predetermined
feature point, are superimposed on one another by the
largest number and creating a trajectory of the deter-
mined point.
[0096] As shown in Fig. 12, a trajectory of the point
where the plurality of curves (indicated by dotted lines)
representing the trajectory of the pixel EP with the posi-
tions of the pixel P1 coinciding with one another are su-
perimposed on one another by the largest number is de-
termined as the correction curve CL in the statistical proc-
ess in S12.
[0097] As described above, the superimposed image
generated in S12 is an image obtained by superimposing
the trajectories of the pixel EP on one another in such a
way that the positions of the predetermined pixel (P1),
where a feature value of the linear image IPAi is present,
coincide with one another, and the feature value is a fea-
ture value representing an edge of the linear image IPAi.
[0098] The correction curve CL is a curve obtained by
inverting the correction curve CC shown in Fig. 9, which
represents the correspondence between the position of
the pixel EP of the edge portion BE on the linear image
IPAi and the amount of angular change Δθ in the angle
of rotation of the rotary shaft AR, with the orientation of
the temporal axis reversed, and the correction curve CL
is position change information representing a change in
the position of the pixel EP on the linear image IPAi.
[0099] The control unit 31 generates correction table
data in the correction table CT shown in Fig. 10 from the
correction curve CL determined in S12 and carries out a
process of generating the correction table data to be
stored in the correction table storage unit 36 (S13).
[0100] As described above, the rotary shaft AR of the
engine E is rotated at a constant speed by using the turn-
ing tool T, a plurality of rotation-unevenness-containing
curves representing the trajectory of the pixel EP are ac-
quired and recorded, the correction curve CL in a con-
stant speed rotation state is estimated from a trajectory
obtained by averaging the recorded curves representing
the trajectory of the pixel EP, and the correction table
data is generated from the correction curve CL.
[0101] Note that, in Fig. 12, a position of ΔTB in Fig. 9
is set in a position of an average of the points of time
when the pixel EP of a next edge portion BE appears in
the position of the pixel P1 on the trajectory of the pixel
EP during a period for which the trajectory of the pixel
EP that starts from the pixel PI moves from the pixels P1
to Pmax of the linear image IPAi.
[0102] Note that the correction table data may instead
be determined by dividing a range of the linear image
IPAi into a plurality of areas, determining a trajectory of
a point where the superimposition occurs by a largest
number for each of the divided areas, and connecting
the plurality of determined trajectories to each other.
[0103] Fig. 13 shows a state in which the range of the
linear image IPAi is divided into a plurality of areas. The
image acquisition area IPA is divided at two positions,

pixels PA and PB, into three areas, as shown in Fig. 13.
A trajectory where the superimposition occurs by a larg-
est number is determined for each of the divided areas.
Note that, in the description, the image acquisition area
IPA is divided into the three areas but may instead be
divided into two areas or four or more areas.
[0104] Fig. 14 describes a method for determining a
trajectory of an average point, for example, a point where
a plurality of curves each representing the trajectory of
the pixel EP are superimposed on one another by a larg-
est number for each of the divided areas.
[0105] In a first area (range from pixels PI to (PA-1)),
a trajectory CL1 of a point where a plurality of curves
(indicated by dotted lines) with positions of the pixel PI
coinciding with are superimposed on one another by a
largest number is determined in a statistical process, as
shown in Fig. 14. In a second area (range from pixels PA
to (PB-1)), a trajectory CL2 of a point where a plurality
of curves (indicated by dotted lines) with positions of the
pixel PA coinciding with one another are superimposed
on one another by a largest number is determined in the
statistical process. In a third area (range from pixels PB
to Pmax), a trajectory CL3 of a point where a plurality of
curves (indicated by dotted lines) with positions of the
pixel PB coinciding with one another are superimposed
on one another by a largest number is determined in the
statistical process.
[0106] The correction curve CL is determined by con-
necting end points of the three trajectories CL1, CL2, and
CL3 determined in the respective areas to each other in
such a way that the three trajectories CL1, CL2, and CL3
are continuous with each other. The correction table data
is generated from the correction curve CC generated by
connecting the three trajectories CL1, CL2, and CL3 to
each other (S13).
[0107] Note that, also in Fig. 14, the position of ΔTB in
Fig. 9 is set in the position of the average of the points
of time when the pixel EP of a next edge portion BE ap-
pears in the position of the pixel P1 on the trajectory of
the pixel EP during the period for which the trajectory of
the pixel EP that starts from the pixel PI moves from the
pixels PI to Pmax of the linear image IPAi.
[0108] The correction table data in the correction table
CT stored in the correction table storage unit 36 is thus
generated.
[0109] Note that, as a variation of the method for gen-
erating the correction table data, the statistical process
described above is not carrying out, but image data on
linear images IPAi containing no pixel EP may be super-
imposed on one another in every cycle ΔTB, and the cor-
rection curve CC may be determined from a distribution
of luminance in positions of respective pixels of the su-
perimposed image.
[0110] Fig. 15 is a flowchart showing an example of
the procedure of the process of creating the correction
table CT according to a modification.
[0111] The control unit 31 first carries out a cyclic image
record process of controlling the turning tool drive unit
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37 to drive the turning tool T to rotate the rotary shaft AR
at a constant speed, acquiring a linear image IPAi of the
image acquisition area IPA from the borescope 11B in
every cycle ΔTI, and recording a cyclic image in every
predetermined cycle ΔTB (S21). The cyclic image record-
ed in every cycle ΔTB is an image that contains image
data in a range of the cycle ΔTB and has a range wider
than the range of the cycle ΔTB. The predetermined cycle
ΔTB can be determined by equation (1) described above.
[0112] The control unit 31 then separates the cyclic
images each produced in every predetermined cycle ΔTB
from one another along the time t at intervals of the pre-
determined cycle ΔTB and superimposes the plurality of
separated cyclic images each separated in every cycle
ΔTB on one another to generate a correction curve CL
from time when maximum luminance occurs in each pixel
position (S22). That is, the superimposed image is an
image obtained by superimposing a plurality of pixel val-
ue images extracted in every predetermined cycle ΔTB
on one another. It can also be said that the correction
curve CL generated from the time when the maximum
luminance occurs in each pixel position is a curve gen-
erated from an average time when the pixel EP appears.
[0113] Fig. 16 describes a method for generating the
correction curve CL in S22 based on the maximum lumi-
nance value contained in image data cut out in every
predetermined cycle ΔTB.
[0114] The correction curve CL is generated by con-
necting positions of the points of time when the luminance
value is maximized in the pixel positions, as shown in
Fig. 16. In Fig. 16, the positions of the points of time
corresponding to peaks of distributions of the luminance
values (indicated by dotted lines) in respective four pixel
positions of the pixels PI, PA, PB, and Pmax are deter-
mined as the points of time when the maximum lumi-
nance occurs.
[0115] Also in Fig. 16, the position of ΔTB in Fig. 9 is
set in the position of the average of the points of time
when the pixel EP showing the maximum luminance val-
ue appears in the position of the pixel P1 on the trajectory
of the pixel EP during the period for which the trajectory
of the pixel EP that starts from the pixel PI moves across
the range of the linear image IPAi.
[0116] After S22, the correction table data generation
process is carried out (S23). The process in S23 is the
same as the process in S13.
[0117] The present modification therefore also allows
generation of the correction table data in the correction
table CT stored in the correction table storage unit 36.
[0118] As described above, the PC 12 is a correction
information generation apparatus configured to generate
the correction table CT, which is correction information.
The processes in S12 and S22 described above form a
position change information extraction unit configured to
arrange linear images IPAi acquired with the linear sen-
sor 26a along the time lapse and extract the position
change information representing a change in the position
of a pixel having a predetermined feature value or a pixel

having a predetermined pixel value of the resultant im-
age, such as the edge portion, on the linear image IPAi.
[0119] The position change information extraction unit,
which is formed of the processes in S12 and S22, then
generates a superimposed image obtained by superim-
posing a plurality of acquired images, the linear images
IPAi in the description, on one another along the time
lapse and extracts, from the superimposed image, the
correction curve CL, which is on-image position change
information on a change in the position of the pixel having
a feature value or the pixel having a predetermined pixel
value of the image. The position change information is
information on the correction curve generated based on
the trajectory of time-lapse, on-image positions of the
pixel having an image feature value or the pixel having
an image pixel value in the superimposed image.
[0120] Further, the processes in S13 and S23 de-
scribed above form a correspondence information gen-
eration unit configured to generate information on the
correspondence between the position of a pixel in the
linear image IPAi and the angle of rotation of the blade
groups, which are the inspection target, from the position
change information extracted in S12 and S22. The cor-
respondence information generation unit, which is
formed of the processes in S13 and S23, generates, as
the correspondence information, a correspondence table
representing the correspondence between the position
of the pixel in the image and the angle of rotation of the
inspection target.
[0121] Referring back to Fig. 7, after the correction ta-
ble is created, the control unit 31 carries out the blade
inspection process (S2). Fig. 17 is a flowchart showing
an example of the procedure of the blade inspection proc-
ess.
[0122] The control unit 31 controls the trigger genera-
tion unit 32 to simultaneously supply the plurality of bo-
rescopes 11A and 11B with a trigger signal in the prede-
termined cycle ΔTI to cause the plurality of borescopes
11A to photograph the respective blade groups and the
borescope 11B to photograph the image acquisition area
IPA (S31). The process in S31 is carried out by the image
record unit 33 and the rotation state record unit 34.
[0123] As a result, an image of each of the blade
groups, that is, a linear image BT of each of the blades
B (hereinafter referred to as blade linear image BI) is
recorded in the image record unit 33. At the same time,
the rotation state record unit 34 causes the borescope
11B to photograph the image acquisition area IPA to gen-
erate the rotation angle information image RS.
[0124] Fig. 18 shows correspondence between a plu-
rality of blade linear images BI recorded in the image
record unit 33 and the rotation angle information image
RS recorded in the rotation state record unit 34. Fig. 18
shows two blade images BG1 and BG2 produced by the
borescopes 11A in a first access port AP1 and a second
access port AP2 and the rotation angle information image
RS produced by the borescope 11B in the access port
for the borescope 11B.
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[0125] In Fig. 18, the lapse of the time t of each of the
blade linear images BI coincides with the lapse of the
time t of the rotation angle information image RS. That
is, image data on the each of blade linear images BI and
image data on the rotation angle information image RS
in the same position in a vertical axis in Fig. 18 are image
data photographed and produced at the same timing. For
example, image data BG1j, BG2j, ... on the respective
blade linear images BI and image data RSj on the rotation
angle information image RS at time tj are image data
photographed at the same timing.
[0126] In Fig. 18, in the rotation angle information im-
age RS, the rotary shaft AR rotates slowly in a period tpa
in the lapse of the time t, and the pixel EP appears tem-
porally after the pixel EP appears in the case where no
rotation unevenness is present and which is indicated by
the two-dot chain lines.
[0127] The rotary shaft AR rotates faster in a second
half of a period tpb, and the pixel EP appears temporally
before the pixel EP appears in the case where no rotation
unevenness is present and which is indicated by the two-
dot chain lines.
[0128] Further, the rotary shaft AR stops rotating in a
period tpc, and the pixel EP is successively present in
the same pixel position.
[0129] The rotary shaft AR temporarily rotates in a re-
versed direction in a period tpd, and the position of the
pixel EP primarily moves toward the pixel PI side and
then resumes moving in the intended direction.
[0130] As described above, the rotation unevenness
occurs in a variety of manners, and a plurality of blade
linear image BI and the rotation angle information image
RS in the same position in the vertical axis direction are
time-course image information formed of pieces of image
data photographed at the same timing and arranged
along the time lapse.
[0131] The position of the pixel EP corresponding to
each edge portion BE corresponds to the amount of an-
gular change Δθα in the cycle ΔTB, as shown in Fig. 9.
Information in the correction table CT corresponding to
the correction curve CC in Fig. 9 is created in S13 (or
S23) and stored in the correction table storage unit 36.
[0132] The control unit 31 therefore uses the rotation
angle information image RS created in S31 and the cor-
rection table CT created in S13 (or S23) to reconstruct
the blade images of each of the blade groups photo-
graphed by the plurality of borescopes 11A and created
in S31 (S32).
[0133] Specifically, the correction table CT stored in
the correction table storage unit 36 is a table correspond-
ing to the correction curve CC in the case where no ro-
tation unevenness is present, such as the case shown
in Fig. 8. Based on the correction table CT, the control
unit 31 arranges the correction table CT corresponding
to the correction curve CC in every cycle ΔTB to create
a rotation angle information image RSR showing a tra-
jectory of the pixel EP in the case where no rotation un-
evenness is present, such as the case shown in Fig. 8.

The control unit 31 then reconstructs the blade images
in such a way that the image data on the respective blade
groups obtained in S31 are rearranged (including move-
ment, deletion, duplication, interpolation, and other types
of operation) in image data positions where the positions
of the pixel EP in the respective image data in the rotation
angle information image RSR coincide with one another.
[0134] For example, image data BG1k, BG2k, ... on
the respective blade images BG1, BG2, ... at time tk are
moved to the positions of points of time where the image
data BG1k, BG2k, ... are supposed to be present in the
case where no rotation unevenness is present, as indi-
cated by dotted lines in Fig. 18.
[0135] That is, the image data on the respective blade
images BG1, BG2, ... obtained in S31 are so moved, de-
leted, or otherwise processed based on the rotation angle
information image RS obtained in S31 and the correction
table CT stored in the correction table storage unit 36
that the respective blade images BG1, BG2, ... are
changed to images at the time when the rotary shaft AR
rotates at a constant speed, whereby the respective
blade images BG1, BG2, ... are so reconstructed that a
constant change in the angle of rotation with time is
achieved.
[0136] As described above, the process in S32 forms
an image data reconstruction unit configured to recon-
struct image data on each inspection target image ac-
quired with the linear sensor 23a in accordance with the
angle of rotation of the inspection target based on the
time-course image information in which inspection target
images acquired with the linear sensor 26a are arranged
along the time lapse and the correction table CT, which
is the information on the correspondence between the
position of the pixel having a predetermined feature value
or a predetermined luminance value in each of the in-
spection target images and the amount of the angle of
rotation of the inspection target. The pixel in the corre-
spondence information is a pixel having the predeter-
mined feature value or the predetermined luminance val-
ue in each of the images of the plurality of blades B. The
image data reconstruction unit, which is formed of the
process in S32, reconstructs the respective image data
on the inspection target images produced by the bore-
scopes 11A by arranging the image data each produced
in every cycle ΔTI, which is the predetermined time in-
terval, based on the correction table CT, which is the
correspondence information.
[0137] Fig. 19 shows correspondence between the
plurality of blade linear images BI recorded in the image
record unit 33 and the rotation angle information image
RS after the reconstruction of the blade images.
[0138] In the reconstruction process in S23, part of the
image data BG1j, BG2j, ... on the respective blade linear
images BI in the period tpa is deleted, for example, in a
decimation process, so that the period tpa is shortened.
The image data BG1j, BG2j, ... on the respective blade
linear images BI in the period tpb are combined with an
added data by duplication, interpolation, and other types
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of operation, so that the period tpb is prolonged.
[0139] The image data BG1j, BG2j, ... on the respec-
tive blade linear images BI in the period tpc have lost
image data during the stationary period, for example, by
deletion. As a result, in Fig. 18, a cut-out portion of part
of the blades B is expanded and hence enlarged because
the rotary shaft AR stopped rotating, whereas in Fig. 19,
the image data during the non-rotating period is deleted
so that the cut-out portion is so corrected as to have a
non-expanded size.
[0140] The image data BG1j, BG2j, ... on the respec-
tive blade linear images BI in the period tpd have lost
image data during the reversed rotation, for example, by
deletion.
[0141] In other words, the respective image data on
the reconstructed blade images are image data obtained
by rearranging the image data BG1j, BG2j, ... on the re-
spective blade linear images BI photographed at the pre-
determined time intervals in such a way that the image
data are arranged at constant time intervals.
[0142] As a result, the image data BG1j, BG2j, ... on
the respective blade linear images BI reconstructed in
S32 are changed to image data obtained when the rotary
shaft AR rotates at a constant rotation speed with no
rotation unevenness.
[0143] The control unit 31 causes the image data BG1j,
BG2j, ... on the respective blade linear images BI ob-
tained in S32 to undergo a predetermined defect process
(S33). In the defect process, for example, evaluation of
whether or not a defect is present, determination of the
type of the defect, measurement of the size of the defect,
and other types of operation are performed with the aid
of image processing.
[0144] Fig. 20 describes an image of the blade groups
produced by the endoscope system 1 according to the
embodiment described above.
[0145] In Fig. 20, part of the image of the blade groups
in an upper portion shows an image BGA of the blade
groups before the reconstruction using the correction ta-
ble CT, and part of the image of the blade groups in the
lower portion shows an image BGB of the blade groups
after the reconstruction using the correction table CT.
[0146] In the image BGA of the blade groups before
the reconstruction in S22, the widths of the respective
blades B in the rotation direction vary due to the rotation
unevenness of the rotary shaft AR, but in the image BGB
of the blade groups after the reconstruction in S22, the
widths of the respective blades B in the rotation direction
are equal to one another.
[0147] As described above, the embodiment described
above can provide an endoscope system configured to
allow acquisition of an endoscope image free of an effect
of rotation unevenness of an inspection target from an
endoscope image produced by rotating the inspection
target.
[0148] The embodiment described above can further
provide a correction information generation apparatus
configured to generate correction information for acquir-

ing an inspection image free of an effect of rotation un-
evenness of an inspection target and a correction infor-
mation generation method for correcting an image of a
rotating inspection target.
[0149] In the embodiment described above, the cor-
rection curve CC is calculated by actually driving the en-
gine E to create the correction table CT. Instead, a cor-
rection table may be calculated from information on de-
sign or specifications of the engine E and stored in the
correction table storage unit 36 in advance, and the thus
calculated and stored correction table CT may be used.
That is, the correspondence information representing the
correspondence between the position of a pixel having
a predetermined feature value or a predetermined lumi-
nance value in the linear image IPAi and the amount of
the angle of rotation of the inspection target may be in-
formation set in advance based, for example, on infor-
mation on design of the inspection target.
[0150] Further, in the example described above, the
borescope 11B photographs the edge portion BE of each
blade B. Instead, a predetermined mark may be provided,
for example, on the rotary shaft AR at the root of each of
the blades B, and the mark may be photographed, fol-
lowed by creation of the correction table. Since the rotary
shaft AR or any other portion at the root of the blades B
is not damaged by use of the engine E, information on
the rotation state can be acquired in a more reliable man-
ner.
[0151] The present invention is not limited to the em-
bodiment described above, and a variety of changes,
modifications, and other improvements are conceivable
to the extent that the changes, modifications, and other
improvements do not change the substance of the
present invention.
[0152] The present application is filed based on the
claim of priority of Japanese Patent Application No.
2015-146718 filed in Japan on July 24, 2015, the contents
of which are incorporated in the present specification and
claims by reference.

Claims

1. An endoscope system comprising:

a first image acquisition unit configured to pick
up images of a rotatable inspection target with
an endoscope inserted into the inspection target
at predetermined time intervals to acquire a plu-
rality of first inspection target images of the in-
spection target along a direction perpendicular
to a rotating direction of the inspection target;
a second image acquisition unit configured to
pick up images of the inspection target at the
predetermined time intervals in synchronization
with acquisition timing of the first inspection tar-
get images to acquire a plurality of second in-
spection target images of the inspection target
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along the rotating direction of the inspection tar-
get; and
an image data reconstruction unit configured to
reconstruct image data on each of the plurality
of first inspection target images based on time-
series image information formed of the acquired
second inspection target images arranged over
time and information on correspondence be-
tween a position of a pixel including a predeter-
mined feature quantity or a predetermined lumi-
nance value in each of the second inspection
target images and an amount of an angle of ro-
tation of the inspection target.

2. The endoscope system according to claim 1,
wherein the inspection target includes a plurality of
inspection sites with a same shape, and
the pixel in the correspondence information is the
pixel including the predetermined feature quantity or
the predetermined luminance value in each image
of the plurality of inspection sites.

3. The endoscope system according to claim 1, where-
in the correspondence information is information set
in advance based on information on the inspection
target.

4. The endoscope system according to claim 1, where-
in the correspondence information is information cre-
ated based on the second inspection target images
produced by rotating the inspection target.

5. The endoscope system according to claim 1, where-
in the image data reconstruction unit performs the
reconstruction by arranging the respective image da-
ta of the first inspection target images at the prede-
termined time intervals based on the correspond-
ence information.

6. An endoscope image generation method compris-
ing:

picking up images of a rotatable inspection tar-
get with an endoscope inserted into the inspec-
tion target at predetermined time intervals to ac-
quire a plurality of first inspection target images
of the inspection target along a direction perpen-
dicular to a rotating direction of the inspection
target;
picking up images of the inspection target at the
predetermined time intervals in synchronization
with acquisition timing of the first inspection tar-
get images to acquire a plurality of second in-
spection target images of the inspection target
along the rotating direction of the inspection tar-
get; and
reconstructing image data on each of the plural-
ity of first inspection target images based on

time-series image information formed of the ac-
quired second inspection target images ar-
ranged over time and information on corre-
spondence between a position of a pixel includ-
ing a predetermined feature quantity or a pre-
determined luminance value in each of the sec-
ond inspection target images and an amount of
an angle of rotation of the inspection target.
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