- 1 - I NSPECTI ON APPARATUS FOR HANDRAI L OF PASSENGER CONVEYER AND
MAI NTENANCE METHOD OF PASSENGER CONVEYER BACKGROUND OF THE | NVENTI ON
Field of the Invention The invention relates to an
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the handrail is noved in accordance with necessity and is
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a state of the steel cords is observed by a visual inspection.
JP-A-2005-126175 discloses such a technique that a two-dimensional power
20 spectrum is calculated from X-ray images photographed by a construction similar to that
disclosed in JP-A-10-10060, and a uniformity of intervals between the steel cords or the presence
or absence of a skew or intersection of the steel cords is automatically judged from a pattern of
the power spectrum.
Although the light damage of the steel cords of the passenger conveyer is not
25 judged, JP-A-2008-309649 discloses such a technique that a steel belt in a rubber tire is X-ray
photographed, images which were continuously photographed in the circumferential direction of
the tire are adhered so as to form a panorama image, after that, it is processed, an outline of the
steel belt is extracted, thereafter, a width in the direction at a right angle to a circumference is
measured at regular intervals in the circumferential direction, and if the widths are discontinuous,
30 it isjudged that the steel cord has seriously been damaged.
Although the light damage of steel cords of the passenger conveyer is not judged,



30 it is judged that the steel cord has seriously been danmaged.
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25 the contact, lack, or entanglement of the steel cords is detected, if a judgement reference is

severely set, there is a possibility of misjudgement. In the case of the slight unfixed steel cord,
contact, lack, or entanglement, since it is not always necessary that the handrail has to be
exchanged, there is also a case where there are no problems on quality of the handrail.
According to the technique disclosed in JP-A~10-10060, since the light damage of
30 the steel cord is judged by the visual inspection, there is such a problem that a variation in
judgment and an overlooking by maintenance persons are liable to occur.
According to the technique disclosed in JP-A-2005-126175, the uniformity of the

steel cords or the presence or absence of the skew or intersection of the steel cords is



According to the technique disclosed in JP-A-2005-126175, the
uniformty of the steel cords or the presence or absence of the skew
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invention, According.to the invention, inages obtained by
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are processed, an unfixed steel cord or a contact, entanglement, or lack of the steel cords is
detected, and quality of the handrail can be automatically evaluated at three or more grades from
25 one or a combination of them, and to provide a maintenance method of the passenger conveyer
using such an inspection apparatus.
The above and other objects of the present invention will become apparent from
the following whole description and the drawings of the invention.
According to the invention, images obtained by photographing a handrail of a
30 passenger conveyer by an X-ray are processed, an unfixed steel cord or a contact, entanglement,
or lack of the steel cords is detected, and quality of the handrail is automatically evaluated at
three or more grades from one or a combination of them. In this instance, with respect to the
contact, entanglement, or lack of the steel cords, a judgement result about whether or not each of

those features continues in the longer direction of the handrail by a predetermined length or more



30 passenger Conveyer by an X-ray are processed, an unfixed st eel
cord or a contact, entanglenment, or lack of the steel cords is
detected, and quality of the handrail i automatically eval uated at
three or nore grades fromone or a conbination of them In this
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judges that the quality of the handrail is "light damage" in the case where the length of the lack
or entanglement of the steel cords in the longer direction of the handrail is shorter than the
25 predetermined length and the unfixed steel cord has occurred.
(5) In (4), the image processing unit judges that the quality of the handrail is "good
quality” in the case where all of the lengths of the lack, entanglement, and contact of the steel
cords in the longer direction of the handrail are shorter than the predetermined length and the
unfixed steel cord does not occur.
30 According to a maintenance method of the passenger conveyer of the invention,
for example, the quality of the handrail is judged by a method similar to the judging method
which is executed in the image processing unit in (1) to (5). If it is judged that the quality of

the handrail is "serious damage", the handrail is repaired, exchanged, or exchanged after the

repair. Ifit 1s judged that the quality of the handrail is "light damage", the handrail which was



(5)In (4), the inage processing unit judges that the quality of the
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damage", "light damage", "good quality”, and the like).
20 Other advantages of the invention will become apparent from the following whole

description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are diagrams showing an apparatus construction of an inspection
apparatus (X-ray inspection apparatus) for a handrail of a passenger conveyer of the invention
25 and an example of attachment of the apparatus to the handrail;
Fig. 2 is a diagram showing an example of a handrail X-ray image;
Fig. 3 is a diagram showing an embodiment of an image processing part of the X-
ray inspection apparatus of the invention;
Fig. 4 1s a diagram showing a first example of processings of an SC detection
30 part;
Fig. 5 1s a diagram showing an example of a contrast compensation of the SC
detection part;

Fig. 6 is a diagram showing an example of a detection of a temporary segment of



that the exchange timng of the handrail is approaching. The quality
of the handrail can be evaluated at nultigrades such as three or nore
grades (for exarrpl e, grades such as "serdg ous damage", "light danmage",
"good quality”, and the like). 20Q her advantages of the invention

w | bwc@ﬂmﬁmCﬁe@mdﬂ@r{ ol I owi ng whol e descri ption. BRIEF
DESCRI PTI ON OF THE DRAW NGS Figs. |A and 1B are

di agrams showi ng @ 7a19,§ahzg@§ SEOWRBRAOEPIHHS BPCcehing 98 fredempprappisamentsof
(X-ray th@§9§i%h%’fé§@ eldﬁé)n a handrail of a passenger conveyer

of the Thvention rrp’l e of attachnment of the apparatus to
the handrail; Fi FigRisa cﬁaaglaragh@mmgramm axameleofthepotesingantithaidC
X-ray image; Fig. 3 is a diagram show ng an enbodi nent of
an i giéfeﬁp%@%%l ng part of the X-ray inspection apparatus of the

| nvention; Fig. ,é;?d@ a%@g%ﬁ%é@fﬁ\é’:a%llénéﬂ 1h§ﬁqoﬁéﬁ&PSé rB&de%&P&‘ﬁftk&Q?

of an SC det ection part S di agram show ng an exanple o
a cont rs&stc@d;(rpensatlon of the SC detection part; - 6 - a steel cord

Coupl | ng pr ocessiFig 101 bRizerwh P a e ERPLCsINE Ot & 86 MEtH G par
the SCdgtgs t?eﬂ:eB@érhent feature detection part;
10 Fig. 11 is a diagram showing a detection method of a segment feature "lack” in
the SC trace/segment feature detection part;
Fig. 12 is a diagram showing a detection method of a segment feature "contact" in
the SC trace/segment feature detection part;
Fig. 13 is a diagram showing a detection method of a segment feature
15 "entanglement" in the SC trace/segment feature detection part;
Fig. 14 is a diagram showing a quality judgement or graded quality evaluation
condition in a quality judgement part in every frame;
Fig. 15 is a diagram showing a flow for processings of an image processing part
of the X-ray inspection apparatus of the invention;
20 Fig. 16 is a diagram showing a second embodiment of the image processing part
of the X-ray inspection apparatus of the invention;
Fig. 17 is a diagram showing a panorama forming processing of the image
processing part of the X-ray inspection apparatus of the invention; and
Fig. 18 is a diagram showing an example of a panorama display of the image

25 processing part of the X-ray inspection apparatus of the invention.

DESCRIPTION OF THE EMBODIMENTS
Embodiments of the invention will be described with reference to the drawings.
In each of the drawings and embodiments, the same or similar component elements are
designated by the same reference numerals and their description is omitted.
30 [Photographing construction and example of attachment]
Figs. 1A and 1B are diagrams showing an apparatus construction of an inspection
apparatus (X-ray inspection apparatus) for a handrail of a passenger conveyer of the invention

and an example of attachment of the apparatus to the handrail. Fig. 1A is a diagram showing



Fig. 8 is a diagramshow ng a second exanpl e of the processings of
the SC 5 detection part; Fig. 9 is a di agram showi ng a col lation
nmet hod of an SC nodel and a detected ste7 cord; Fig. 10
is a di agram show ng a fl ow for processi‘ngs of an SC nodel hol di ng
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of a panorama display of the inage 25 processing part of the X-ray

i nspecséiotllappapetamsgriluomscenee @ht luspinance according to an irradiation amount of the X-
ray. The handrail 4 includes steel cords made of steel therein and a thickness of rubber differs

depending on its location. Therefore, an image serving as a shadow picture according to an X-
ray transmittance is generated in the scintillator 6. The image generated in the scintillator 6 is
15 fetched to the camera 7. In order to shut off light in the outside of the apparatus, the X-ray
photographing unit 1 can efficiently fetch only the image generated by light emission of the
scintillator 6. The camera 7 is connected to the image processing part 2 and the image is
fetched as electronic data to the image processing part 2.
Fig. 1B is an example in which the X-ray photographing unit 1 is attached to the
20 handrail. The X-ray photographing unit 1 is attached so that a part of the handrail 4 is built
therein. As a passenger conveyer, in an escalator which is disposed between an upper floor and
a lower floor and has steps 8 adapted to put a passenger thereon, an example in which the X-ray
photographing unit is attached to the handrail 4 in a slope portion is illustrated. However, the
attaching position is not limited to such a location. Upon X-ray photographing, the X-ray
25 photographing unit 1 and the handrail 4 are relatively moved. That is, the X-ray photographing
unit I is fixed and the handrail 4 is moved, or the X-ray photographing unit 1 is moved in a state
where the handrail 4 is at rest. Thus, a desired position of the handrail 4 can be photographed.
In the case where images are continuously photographed as moving images and are stored as
movies (moving image file) into a storing unit such as a magnetic medium or the like of the
30 image processing part 2, for example, an MPEG format or an AVI format can be used.
Fig. 2 is an example of the handrail X-ray image photo graphed by the X-ray
inspection apparatus of the invention. A lateral direction of the drawing is the longer direction
of the handrail 4. The handrail is photographed in a relatively short field of view of about 5 to

20 mm in the longer direction. Each steel cord is reflected as a black line segment (dark



DESCRI PTI ON OF THE EMBODI MENTS Enbodi nents of the

i nvention wll be described with reference to the drawi ngs. In each
of the drawi ngs and enbodi ments, the sarge or simlar conponent
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predetermined speed can be obtained.

25 [Image processing part of X-ray inspection apparatus]

Fig. 3 shows an embodiment of the image processing part of the invention which
can be embodied by, for example, the image processing part 2. The image processing part is
constructed by: a frame obtaining part (frame obtaining unit) 12; a steel cord detection part (steel
cord detection unit) (hereinbelow, referred to as an SC detection part) 13; a steel cord model

30 holding part (steel cord model holding unit) (hereinbelow, referred to as an SC model holding
part) 14; a steel cord trace/segment feature detection part (steel cord trace/segment feature
detection unit) (hereinbelow, referred to as an SC trace/segment feature detection part) 15; a
quality judgement part in every frame (quality judgement unit in every frame) 16; a final

judgement part (final judgement unit) 17; a display part (display unit) 18; a command input part



attaching position is not limted to such a | ocation. Upon X-ray
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processing so as to minimize a difference among the synthetic coordinates of the predetermined
number of cords. By this processing, to which one of the cord numbers, that is, "01 cord", "02
25 cord", ..., and "18 cord" in Fig. 2 of the steel cords each steel cord detected in the present frame
corresponds is determined. On the basis of such a correspondence relation, the presence or
absence of the lack, contact, and entanglement in the present frame of each steel cord is detected
and stored as "SC segment feature log in each frame" into the memory. The representative
coordinate of each steel cord is used for the updated information of the SC group model in the
30  SC model holding part 14. The coordinate of each steel cord of the updated SC group model is
stored as "SC trace log in each frame" into the memory.
With reference to the "SC segment feature log in each frame", the quality
judgement part 16 in every frame confirms the segment feature occurring in the present frame,

that is, the presence or absence of the lack, contact, and entanglement of the steel cord and in
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As a display part 18, a well-known graphical user interface such as a display of
the PC or the like can be used. Together with the image photographed by the camera 7, the
quality judgement result output by the final judgement part 17 can be displayed on the display
part 18.

20 In order to urge the maintenance person who uses the X-ray inspection apparatus
of the invention to pay attention, it is also possible to construct in such a manner that the
processing of the image processing part 2 of the invention can be finished only by inputting the
same result as the result which is output from the final judgement part 17 to the command input
part 19. The construction of the image processing part has been described above.

25 [Frame obtaining part]

The frame obtaining part 12 sequentially extracts the frames from the obtained
moving image and processes them. This processing may be constructed as an on-line
processing, that is, in such a manner that each time the frame is received from the camera 7, it is
successively processed.  Or, the processing may be constructed as an off-line processing, that is,

30 in such a manner that after the whole measured portion of the handrail 4 was temporarily stored
as movies (moving image file) into a magnetic storing device, it is read out and processed. By
using the off-line processing, the processing can be executed without applying an excessive load
to the image processing part 2.

Iz the case where the X-ray photographing unit 1 or the handrail 4 is moved at the
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25 amount for a time interval until one frame is obtained is equal to 500/30 = 16.7 millimeters.
Therefore, if the length of the field of view of the handrail X-ray image is equal to 17 millimeters
or more, the whole image information of the handrail 4 is included in the movies. If a camera
of an interlace type is used as a camera 7, two images whose obtaining time differs by about 16.7
milliseconds are included as an even-number field and an odd-number field in each of 30 frames

30  which are obtained per second. If they are separated and processed as two images, the images
are obtained substantially at a frame rate of 60 frames per second. In this case, the movement
amount for a time interval until one frame is obtained is equal to 500/60 = 8.3333 millimeters.
Therefore, if a length in the longer direction of the handrail of the handrail X-ray image shown in

Fig. 2 15 equal to 8.4 millimeters or more, the whole image information of the handrail 4 is
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11 90 cord. Details of S6 will be described hereinafter. In the first loop of the S4 loop, S7 is not

processed but is skipped. However, in the second and subsequent loops, the temporary segment
of the steel cord detected in the previous loop is coupled with the temporary segment of the steel
cord detected in the present loop (S7). A coupling method will be described hereinafter. The
line on the right side of the line analyzed in the present loop is set (S8). When the analysis 1s
25 finished up to the right edge of the X-ray image, the processing routine exits from the S4 loop
(S9).
If the coupling length of the temporary segment of the steel cord detected in the
S4 loop reaches a predetermined length, such a segment is determined as a steel cord and the
coordinate in the right-angled direction among the coordinates of the center of gravity of the
30 coupled object of the temporary segment of the steel cord is set to a representative coordinate of
the steel cord in the relevant frame (S10). In S10, the decided number of steel cords and the
coordinate in the right-angled direction in the relevant frame of the decided steel cord are output.
The processing of the SC detection part 13 is finished.
Subsequently, the processing of S5 will be specifically described. Fig. 5isa
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- 12 -line 21 obtained in this manner is assumed to be f(x) and smoothed luminance distribution (b) is

multiplied by, for example, CONST/f(x), the luminance distribution in which the contrast has
been compensated is obtained ((d} of Fig. 5). "x" denotes a coordinate in the right-angled
30 direction and CONST is a constant. 'When a luminance value of the image or a lurninance
distribution value lies within a range from 0 to 255, a value about 200 is a proper value of
CONST. Since the broken line 21 serving as a value of f(x) is used for a division, it is also
effective to clip such a value so as not to be equal to a small value, for example, a numerical

value of 10 or less so that it does not become unstable. The clipping in this case is such a



included in the novies. [SC detection part] Subsequent |y,
the SC detection part 13 will be described. Fig. 4 is a diagram
showi ng a first exanple of processings_gf_the SC detection part and
shows a flow of the 5 processings. The X-ray inmage by the frame
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steel cord_are output. The processing of the SC detectlon part 13 is
fi ni shégordinate that the minimum value of the luminance distribution in (a) in Fig. 6. As for the
25 steepness of the valley 24, a distance in the right-angled direction between a maximum value 27
and a minimum value 28 is calculated and if it is equal to or less than a predetermined fixed
value, such a portion can be selected as a steep valley. The portion selected as a steep valley in
this manner is a detecting position of the temporary segment of the steel cord in the luminance
distribution in (a) in Fig. 6.
30 Fig. 7 is a diagram showing a coupling (S7) processing of the temporary segment
of the steel cord of the SC detection part 13.  (a), (b), (¢), and (d) in Fig. 7 are parts of the image
serving as a processing target of the SC detection part 13. Hatched regions 29 and 30 indicate

steel cords which exist independently. A hatched region 31 shows a state where two steel cords

are in contact with each other. A hatched region 32 shows a short steel cord. A broken line



Subsequently, the processing of 55 will be specifically described.
Fig. 5is a - 13 - diagramshow ng an exanple of the contrast
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Solid lines 34, 35, and 36 in (d) in Fig. 7 explicitly show results in which the

25 temporary segments of the steel cords were coupled in S7. This means that the independent
long steel cords 34 and 35 and the short steel cord 36 exist in the relevant frame.

In 510, a threshold value of the length is preliminarily determined. The coupling
results of a predetermined length or more are determined as steel cords and the coupling results
less than the threshold value are eliminated. As for the handrail X-ray image by the obtainment

30 of the frame obtaining part 12, since the image size in the longer direction is decided at a point of
time when the X-ray photographing unit 1 is designed, the threshold value of the length can be
determined.

Although the example in which the smoothing and the contrast compensation are

performed each time one line is analyzed in the HR processing loop S4 has been described
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cord”, "03 cord", "04 cord", and "05 cord" of the steel cord model, respectively. By this

processing, the names of "01 cord" to "05 cord" are determined for the detected steel cords,

respectively. Each cord of the SC model has position information (coordinate). The



- 15 - group 33 in the vertical direction of the drawing explicitly
shows lines for a lum nance distribution analysis which are set in 53
and 58. That is, the | um nance distribug%on is anal yzed al ong t hose
| ines and the tenporary segnent of the Steel cord is decided in the
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are elimnated. As for the handrail X-ray inage by the obtai nment
of thePQ)Si%\Qme@?éhﬁrprgcrpﬁﬁ the yertisphendumne Arpagdingtioe with asteasksopger

N G e
det er npéwitibns, that is, dll, d21, d31, d22, d32, d42, d33, d43, and d53 denote absolute values of the
25 coordinate differences. A vertical column of the right edge of the distance table is a column
- where the minimum coordinate difference as a minimum value of the coordinate differences is
written. With respect to "01 cord" and "05 cord", since there are only the values of d11 and
d53, they are written. In other positions, the minimum value of the relevant row is written.
For example, a smaller one of d21 and d22 is written in the row of "02 cord”. If both of them
30 are equal, the equal numerical value is written,
Since three steel cords are detected for the five steel cords of the SC model here,
any two of them are not detected yet. Therefore, two steel cords are selected in order from the
larger value in the vertical column of the right edge of the distance table. The steel cords

corresponding to the selected row are regarded as cords which are not detected yet. For
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held as background luminances. The predetermined distance denotes a middle point between
the coordinates of the adjacent steel cords. In S21, those coordinate values and luminance
values are updated.

30 If the number of detected steel cords lacks, the processing routine advances to a
processing P1 (S20). In the processing P1, with respect to the present SC model and the
detected steel cords, the distance table described in (c) in Fig. 9 is formed (S22). As described
above, on the basis of the minimum coordinate difference, the steel cords which are not detected

yet are specified and the cord names are allocated to the detected steel cords (823). On the
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Th&Dst TeRRER g TFE0n RuTeiied Pua brekgndine 4b dpdieate heglstected
cords Walclrfr e EihecdGloRch R MRlseahilfits 47 indcate positions of the coordinates of the

steel cords of the SC model held in the SC model holding part 14 and correspond to "01 cord",
"02 cord", ..., and "18 cord" in order from the upper cord. The sixteen detected steel cords 46
have already been labeled by the cooperation processing of the SC model holding part 14 and the

30 SC trace/segment feature detection part 15. In the case of this example, the steel cords of "09
cord” and "10 cord" are not detected yet. The coordinates where the steel cords which are not
detected yet should exist can be known from the SC model and they are located in a region
surrounded by a broken line 48.

Therefore, the lowest luminance of the region shown by the broken line 48 in the
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have already been labeled by the cooperation processing of the SC model holding part 14 and the
SC trace/segment feature detection part 15 described above. In the case of this example, the
30 steel cords of "09 cord" and "10 cord" are not detected yet. The coordinates where the steel
cords which are not detected yet should exist can be known from the SC model and they are
located in the region surrounded by the broken line 52.
Therefore, the lowest luminance of the region shown by the broken line 52 in the

X-ray image is calculated. When it is smaller than a predetermined threshold value, it is judged



The trace of the steel cords and the updating of the SC nodel by the
cooperation processing of the SC nodel holding part 14 and the SC
trace/ segnent feature detection part 15 g have been descri bed above.
The trace is perforned by the SC trace'% rt (SCtrace unit) in the SC
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The sixteen detected steel cords 46 have already been | abeled by the

cooper Heistasl prrde estbe 5§ woddl heldSTtheo3fe model latildige paut 14 2nd aerdesphied B0'05C

tracel/ seqgne f eat ure detectj,on rt. 15, In the ca t hi,s, ex |.e,
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the r e&a%léﬁﬂ%e&%o*ﬁ%f béé? E&H",l"bggorﬁs, dnd "tibgord" are not detected yet. The

coordinates where the steel cords which are not detected yet should exist can be known from the
25 SCmodel and they are located in the region surrounded by the broken line 56.
Therefore, the lowest luminance of the region shown by the broken line 56 in the
X-ray image is calculated. When it is smaller than a predetermined threshold value, it is judged
that a plurality of steel cords are in contact with each other. As a predetermined threshold
value, an average value of the Juminance of the corresponding steel cord of the SC model and the
30 luminance of the background adjacent thereto can be used as described above. In this example,
since the steel cords of "08 cord", "09 cord", and "10 cord" are not detected yet, it is judged that
those steel cords are in contact with each other. In this case, three or more steel cords are in
contact with each other and, accordingly, the steel cords other than the neighboring steel cords

are also in contact with each other, so that if is judged that the entanglement occurred.
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The quality judgement of the steel cord or the graded quality evaluation is
performed by adding a length, as an index, during which the segment feature such as "lack",
"contact" or "enténglemen " mentioned above continues in the longer direction of the steel cord.

30 For example, as threshold values in the longer direction of "lack”, "contact" and "entanglement",
predetermined natural numbers of C1, B1, and C2 are decided, respectively. If the segment
features continue for a time interval which is equal to or larger than their threshold values, the
quality judgement of the relevant steel cord or the graded evaluation is performed. The

judgement result or the evaluation result is held in the "quality judgement log in every frame" of



that a plurality of steel cords are in contact with each other. As a
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it is pxaigeel if thatA Jt.ltigeneertt dndpcaive nd bngnmﬂrqedhty" an@the-other Judgements are
decided to be "serious damage", the graded evaluation processing can be executed as a quality
judgement. Or, it is also possible to construct in such a manner that the A judgement is decided

30 tobe "good quality", the C judgement is decided to be "serious damage", the display part 18 is

notified of a fact that it is necessary to exchange the handrail, the maintenance worker is allowed
to exchange the handrail, the B judgement is decided to be "light damage", and the display part
18 is notified of a fact that the exchange timing of the handrail is approaching. Although

predetermined lengths of B1, C1, and C2 are expressed by the frames in Fig. 14, each of them
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as every month or the like or can be also determined in consideration of one or more of an
operating time, the number of circulating times of the handrail, and a movement distance. The
processing of the final judgement part 17 has been described above. The embodiment of the
construction of the image processing part of the X-ray inspection apparatus of the invention has
30 been described above.

[Flow for processings of image processing part]

Fig. 15 is a diagram showing a flow for processings of the image processing part
of the X-ray inspection apparatus of the invention. Subsequently, the flow for the processings

of the image processing part will be described with reference to Fig. 15. Prior to newly
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j udgenment part] Fig. 16 is a diagram showing a second embodiment of the image processing part
of the X-ray inspection apparatus of the invention. The X-ray inspection apparatus shown in
Fig. 16 has a construction in which a trace log database 57 and an unfixed steel cord detection

part in every frame (unfixed steel cord detection unit in every frame) 58 are added to the X-ray
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obt ai n'aﬂgeapﬁ{cl;: of the steel cord itself, there is a doubt of light damage in the rubber which holds the
steel cord.  As for the rank of B plus, the final judgement of the final judgement part 17 can be
30 also set into four ranks through the foregoing quality judgement log in every frame. In this
case, the final judgement is also classified into four ranks of A, B plus, B, and C. The
judgement result of B plus can be also judged to be "light damage" as quality.
[Panorama display]

By the above description, according to the X-ray inspection apparatus for the



10 12. Subsequently, an SC detection processing S29 is executed by
the SC detection part 13. An SC trace and segnent feature detection
processing S30 is executed by the coopeg,?tion of the Sc nodel hol ding
part 14 and the Sc trace/ segnent featuré’ detection part 15. At the
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exanpl e“of image processing part] By the processing parts and the
progessi ng fl ow Gegerdebaibtion of te frdnieolitbialiptpartd®, jtudgRomRb 1P afAEh Bat at
"l ack"™, "contact", and "entangl enent" of the steel cords can be nade.
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Fig. 16 h tructian in which a t .| ag..dat 57 and
ont xetreltaath G8F ettt ol Bt B9 b A i et RS PR oy or
det-ect bpRonbhiuttingthe WeiwWesltyan®rad@ obtadhcaddetife thdeindrailadis moved by the

predetermined distance, an image that is equivalent to the image obtained by photographing the

20 handrail which is moving at the predetermined speed can be obtained.
Fig. 17 is a diagram showing a panorama forming processing of the image
processing part of the X-ray inspection apparatus of the invention. As mentioned above, it is a
processing for forming the panorama image from the moving image obtained at the
predetermined speed or obtained at a speed similar to the predetermined speed by using the
25 encoder 3. (a)in Fig. 17 is a conceptual diagram of luminance sampling to form the panorama
image. (b)in Fig. 17 is a conceptual diagram for mapping the sampled luminance, An
explanation will be made on the assumption that the number of steel cords is equal to 10.
(a) in Fig. 17 shows a state where a group of 10 steel cords is photographed while
moving them by a distance of d0 millimeters in the longer direction each time one frame is
30 photographed. The obtained frames are labeled by 10, {1, £2, f3, .... It is assumed that the
length of the field of view in the longer direction of the steel cord in each frame is equal to dO
millimeters. A boundary of the field of view of each frame is shown by a broken line which
vertically transverses the steel cords.  ¢0, cl, c2, and c3 indicate arrays of the pixels existing at

the center of the field of view in the longer direction of the frames f0, f1, f2, and 3, respectively.



i nspection apparatus shown in Fig. 3. Apart 59 of 12 to 15 has
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j udgene og 1h every frame. In this casé, the j udgenent is
al so clsamplifig &cheirfotroed hom thapixsl afays, a Binptanss inBge aimgilaCto THhaementgedehove

result of B plus_can be also.judged to be."light .damage". as aljty.
[ odior dnaPaIGR YFeBi HOTsSE DRERe Pt Pefe Hifteds SPREr bR ook e
| NSpect,0R i GPRX A48 cl00k0l BE, o1, dZ, cr2, ... of the pixels for the luminance sampling are

arranged around the centers c0, cl, ¢2, ... in the frames and results of the sampling are mapped as

illustrated in (b) in Fig. 17, a panorama image is also obtained. In this case, each interval in the
longer direction of the arrays of the pixels of the luminance sampling of <10, cr0, cll, crl, cl2,

30 cr2, ... is smaller than that in each of the above-mentioned two examples, that is, those in the
case where the width of the field of view is equal to or larger than d0. Thus, a local distortion
occurs in the panorama image in (b) in Fig. 17. However, as shown in (b) in Fig. 17, the
number D of pixels between ¢0 and cl is the same as that in each of the above-mentioned two

examples and is reproduced as the same distance in the panorama image. When the panorama



handrail of the escalator of the invention, the quality judgenment or
the nultigrade quality judgenent of the steel cords built in the
escal ator handrail (or the handrail its S%f) is automatically made. In
addition to the automatic judgenent, iT<“the steel cords are

panor ana- di spl ayed u an appar.at,us. hecones.an ratus whi S
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X-ray inspection apparatus for the handrai| of the escalator of the
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pr edet ﬁmf ne atdi shance dbasedmoH ttpe %gc der 3 or b constth%jéi ng. t he
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i mage obtai ned, at the predeterm nedq speed or aqbtaj ned at .speed,
si m | aPanapHh lsbhaaéa‘érfsff i ﬂléalag QREiPLAY RS He ForeEREsads ik ppiipn;of the
Fig. L1&mni |G fa; ' i r
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panor ama | In Fig. s a cept ual diagram mappi ng

t he samptasglel Bk manved, forexapxydé, dm dtei right wind lefidey thuley operative, tepomin which

th t he..nynber. gf ste rds is equal .to 10. in Fig. 17 shows.
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t _hem bﬂle&\)fpefaﬁbﬁ.ﬂcﬁl 18fs sAnet bbinBties &hole pTaH&_ainQ Heefe ﬂidrﬁ%ri SMheable
time one frane is 30 phot o(graphed. The obtai ned franmes are | abel ed by

f13, fpanorama frgage are display¢dsargddbewbalctnanerapadmagaigtdispigyet laba fiaghidication

: ! ; j i b | |
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shown pyrtian ivhekethe késtits vhthe Quality judpeleit %bﬂéﬁfa‘éﬂ(ﬂiﬁgﬁo thB @rafeelqualay &% the
e

cO_cl , c2, and c3 indicate arrays of t pi. xel s exi s:tli ng._.at the
cerfBer stgel copbox hapdipilyheldiin e "quali judgsment lge inerarp frape” argelignlagied so as to

ft), fle difsgngtﬁlﬁl@df@’thé %&%Pﬂﬁ%hs\,’ or a difference of textures in correspondence to the

position in the longer direction of the steel cord\. For example, they can be displayed in such a
manner that lattice regions 64 and 65 indicate the C rank, a hatched region 70 indicates the B
rank, and other regions indicate the A rank.

30 Subsequently, with respect to a flow for processings of the image processing part
2 of the X-ray inspection apparatus of the invention, S34 to 838 in Fig. 15 will be described. In
S34, the panorama display part superimposes the final judgement result into the panorama image
described in Fig. 18 and displays the obtained panorama image onto the display part 18. A part
66 of the panorama which is displayed without being reduced may be displayed so that the frame



- 28 - ¢c10 and crO indicate arrays of the every seven pixels arranged
at regular intervals on the left side and the right side of cQO
respectively. Arrays cll , crl, cl12, cr cl3, and cr3 of every seven
pi xel s are al so arranged at regul ar intérvals on the left side and

the ri I :
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view i S larger than dO due to Re variation, the arrays c¢10, cfQ
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do around the c of the franes and the
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of “The 116l 0 of vl ow ol Lhe Trane Le Srell or- than d due ta the o me
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rames and result e sanpling are napped a
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this case h inter in the | onger direction of t rrays of. th
pi xel s 1‘6?"’11%‘1%6‘%‘]’%%" él’%e&FPﬁFF %“HFSQQ‘T@HU% rﬁ@fE the 438“‘&9% &%ﬁm@@ of e steel
i's SRR Ye ﬁdk%ﬂ step@ly stép RAEe 8f mbRE AR \RMTE 861k 2P 8 GofnbthaB¥RBPIHeS:.
that is, those in the case where the wwdth of the field of viewis
equal mcondlngnogm invrtrong ©ncerthg procesding: for adiessing thecmxezimﬁtﬂ]s X-raytitpege at
b as.shown in ( in Fi

P Eeaiodcks gt i B Badilios IROTER iR SRR B el

each Ofyrddessimdeere BBpl A6k, bV i8%a5W: \mﬁ:e%ﬂﬁ’dy §pé PO 0RYREEksAng tdebe

sane distance in the panorama inage. en the panorama
completed within a permissible time.

Although the invention has been described above with respect to the
embodiments, the constructions described in the embodiments so far are merely examples and
30 many modifications of the invention are possible within the scope of the invention without
departing from the technical idea. The constructions described in the embodiments may be
combined and used so long as they are not contradictory. In the Description, there is also a case
where "inspection" is called "check" and it is assumed that "inspection” in the Description and

claims incorporates "check". Similarly, in the Description, there is also a case where



- 29 - imge is constructed by the panorama synthesi zi ng et hod

menti oned above, even if the variation on manufacturing of each X-ray
tube exists in the wwdth of the field o% view of the franme, since the
distortion that is caused by the vari at bh is uni formy distributed

to the,whole panarang .i.-nage, .t he.panoram _image. in wWic e . .

cocal at PRTRRL SRR G, A E s RO E Bel SRS s e DiSiop and
| nspecicladfs GROrpdeatdy OVefAle!. The maintenanc¥\Yepait)iRnPROMaLIEedsiBGE AR
descri bed above is_ displayed, the quality judgenent result held in
the " qisppetipnj(cerskharandingg anchexshanap 1§ exgentedyn ﬂdmma@ﬁ A sagyvisERvo or
descri I Rq.El di spl ayed, for exanple, per color
in an %%g%?ﬁ%%?%|%ﬁ o?ﬂgﬁé&%éﬁgggﬁt panorama i mage frame. \Wen a

di splay area of the display part 18 of the inmage processing part 10 2
is limted, the whole panorama cannot be displayed. In such a case,
the |l onger direction of the whole panorama is properly reduced and

di spl ayed and a part thereof is not reduced or is displayed at a
reducti on degree snaller than the whol e panorama i mage, so that the
panoranma i mage can be effectively displayed in the |imted display
screen. An exanple of the panorama display is shown in Fig. 18. A
handrai|l nunber 61 15 for specifying the handrail serving as an

i nspection target, a final judgenent result 62, a whole panorana 67
whi ch is reduced and di spl ayed, and a part 66 of the panoranma are

di spl ayed in a panoranma display screen 60 displayed on the display
part 18. A rectangle 68 is a portion of the whole panorama 67 and
shows a portion displayed as a part 66 of the panorama. \Wen the
rectangle 68 is noved, for exanple, to the right and left by the key
operation, the portion which 20 is displayed in the part 66 of the
panorama which is displayed al so changes in association with the
operation. In this manner, both of the whol e panorama i mage and a
part of the whol e panorama i mage are di splayed and t he whol e panorama
image is displayed at a magnification smaller than that of a part of
t he whol e panorama inage. A band 63 in the longer direction is a
portion where the results of the quality judgenment (corresponding to
the grade of quality of the 25 steel cord or handrail) held in the
"quality judgenent log in every frane" are displayed so as to be

di stingui shed by the colors, synbols, or a difference of textures in
correspondence to the position in the |onger direction of the steel
cord. For exanple, they can be displayed in such a manner t hat

| attice regions 64 and 65 indicate the C rank, a hatched region 70

i ndicates the B rank, and other regions indicate the A rank.
30Subsequently, with respect to a flow for processings of the inmge
processing part 2 of the X-ray inspection apparatus of the invention,
534 to S38 in Fig. 15 will be described. In 534, the panorana display
part superinposes the final judgenent result into the panorama inage
described in Fig. 18 and displays the obtai ned panoranma i mage onto
the display part 18. Apart 66 of the panorama which is displayed

wi t hout being reduced may be displayed so that the frame



- 30 - portion of the rank in which a degree of |ight damage is

| argest is preferentially selected with reference to the "quality
judgenent log in every frame". \Wen thejyhol e range indicates the A
rank, the portion where the segnent feature occurred nay be sel ected
as a digphpysportion with reference to the "SC segnent feature log in
each franme". Upon displaying, the image may be 5 stored into a
magnetilc di sk.  Aninspectionjapparaisis foret hehdrad af a@aprnperaenveyen gemipssing:

di spl ayed in S34, the nQr ang .di spl art enter.s i spl

processi ng | oop S"?S}Eﬁwgﬁ?og%%r%gg 3&&@ fﬁ%‘fﬂ?@%@?%&lgﬁ’ﬁﬂ%ﬁ@)@nﬁﬁ?e
part 1%a&abdr coByeychBy UBK-taypaitd the rectangle 68 in Fig. 18 is noved
to the right and left and, on the basis of information thereof, a

portion which is aiigseEapmeessne =R foproBeivg Heagspiatogmphadby sid X-ray

di spl ay, . i 8, LI N .
ank gty ibie Ohe T SRt s S phaFe RAPR Rl T Fara o),
i nput t efihd jidgingthatiglggity dhald Randeuir @F is "earibuselpmags’ inakncdsa plicicadlendih@f the
processing routine exits fromthe display_ processi nghl oop,. S35, Al of

] I
the prdédsysatpaglsmenhal saiksieclcouls inp lenest digedtign of paid handipil pontispes pa
passengggdeq&ql\ﬁ%éggn%g&og Rerd nvention are finished. By finishing all of

c y

t he processi ngs e sane key input as the 15 judgenent result of
t he i nshecti on apfimrappastikaccdrimghankimil] whéreinhmidiasge poaesshigwey/E)

of the jnvention as nmentioned aboye, such g situatjon that the. -
escal at45teckd W&?&ﬁ%’eﬁ‘é?"é Mo cordsrind g SMB@&UPEW QPR (4) is "light

conf i r g B ocem tRE e R Kisth ofGRAEDINGD B 2Bl ah MR d1@Rent 3T sH8 blecBords in
case of on€ or two steel cords, even in a case where three or nore

st eel dbe bmgerdirdstion of $aid hanelraibi#d are shortertbampthepeedsterminedt sugtie andbd length of

20 fixed steel d,..t | agk. h .ee|. d h t act
pet woer ot FRAT BT eabriid o icindhs BRI EF P bRl CuBFe e
det ect qﬂed&é}ﬁﬁ’ng’ﬂrl@n Haptiot@t i vel y measured by using the lengths in

whi ch those exter na%l appear ance features continue, and the degree of
light damage of t¥he appaetusa@seardisario pleip ddwhercwrsais! igags pegresning WHER) frdges

nvent 00 e b r 38 bR B RbR LAy O OBEE EAANEL e [ g Be e

i mge dack? bntaagleinent] tndattrct anesd wedllrotdien pratlbegen dakctidneoDéaiddandrati ) are
i s unnecessary, _the igh,sgggd processi ng can be conpleted or, even

in a | chopsthan thepesdctapminepdengtihe processi ng can be conpl eted within

a permgsible ting, apparatus accordift tttk'@l'd%ﬂﬂ@ﬁeljeﬁvs%mihg%g ?o%eps%‘?%‘unit 2)

descri bed above with respect to the enbodi nents, t nstruction
descr i bietecisrthe hefiedistatl nedtis whichfaposition afsaidlsiecbaard devizied 180 amenkerent

nodi fi catjons .of. .the inyention are. sible within the. scope, of. t he
vent TGN SE SHELH Phg PR R ABaRE Chmoftihe iR % fhighl el o
constrygé mg& Jle2664 bedhid Rarldigl @yhed ijﬁaa%ag shaf B qRali§uTRhiaAndnd (Wisdlight
so long as they are not contradi ctor n the Description, there is

al so a dagwgeinghecase pdgecthp daneth of tbaf/aicb ¢r entheglementrod the sted cergls imibg longer
L R e
occurred.
S. The apparatus according to claim 4, wherein said image processing unit (2) judges
that the quality of said handrail (4) is "good quality" in the case where all of the lengths of the
lack, entanglement, and contact of the steel cords in the longer direction of said handrail (4) are
shorter than the predetermined length and the unfixed steel cord does not occur.
6. The apparatus according to claim 1, wherein said image processing unit (2) has:
a steel cord detection unit (13) for detecting the steel cords which exist
independently among said steel cords; and

a segment feature detection unit (15) for detecting that the contact, entanglement,



-31 - "maintenance"” is called "repair” and it is assunmed that

"mai ntenance” in the Description and clains incorporates "repair".
The mai nt enance (repair) denotes that a% | east one of the inspection
(check), nending, and exchange is execu 3. It i ncorporates a case

wh t f.th nbi ned o am1.32..= CL ;
1 ChsReel RSt ARG R RaRiPaf Prof e mgeienmm eyl
conpri Shitbt da@ctthé axelbedsogr aphi ng unit (1) for photographi ng the
handrai|l (4) of the passenger conveyer by an X-ray; and an

i mage PF ocessi ng THAAPPATRYS Aesording teedlainh @ veliereimagid sp@ne@éﬁ%éﬁteﬁsﬂm unit
A ; . .
of st edl S ARHRALRR S YrtorBnenl AR B e o TR AT hcre

of sai daidarel @irlls ¢ahhot Ife dd@tddishel@RBYBere said lBgion dsdarkérahsh apledetginfined
of the |ack or entangl enent of said steel cords in a_|onger directiagn
of sai drHidwamanse Eeshel yalverdnd detscisdbatdhadane hoy syl Brsaifbites] copls imhe
appar a : :

o L P i BB o R Rl 0T Bl P e k.
qual i t g. of sai d Taadppdarhtu¢ ddcording ta diim Havbegel said imhge prasessingang (B)dids a
of the lengths of the.lack d.entangl ement of said steel cords in

Che 1 oAGETeH: e Aecun Gt SHARARAIE SCly G e I defoct R g i onfived

predet gfai &edl benet BydRdeRehCHIhik Bls Jcher&PRiaRlstetyyagn said steel
cords in the longer direction of said handrail continues by the

pr edet &r mi ned | eldye hpparatnpaeordilg toThamad pereatin said coegaiprogessiog oh#i(2) Hns:

sard handrai | (a5 Tl REGHHRT 7 e hitida L ORG b osisd P irt lion were
1 engt hgle@@rgd@thapggt; £dt angl enent, and contact of said steel cords in

the longer direction of said handrail (4) are shorter than the ]
predet ermi ned | efgbrfixedsteet perdalstestion wait 6353 derdionpatiag Biedrase pesultied pad n

a1, TSRS0I ) G0 0 LB Bl )

posi t i deteaingshaidhe tefetedatget cdiy has peoneied & said stdeldiosd Amntbe caxe whefea difference
the directigon at, a rjght angle to the |onger direction of, said .
handr aPf @ preyieterpiged digiose PrHAPTG HEStHEA ma%%te ehsad sfsslderd In g diyectign at a

"1ight gm . : : h of the lack or

ent angf1 rrengﬁec}f) tﬁfgﬂg‘% ee gtéeé@gf;ﬁl&n td}ea‘ﬁlrtggiger direction of said

handr ail. i s shor The appaaatus heeoptiegietdaim Hedhelangiitl image proecssing ure @2) has:
steel cord has occurred 5. T ar at us .accor di to claim4,

wher ei o ai d ) g SPGB EER AT T SRR e Steeh o Hid aelarnes gy steel
sai d hapdrRddel;ll is "good quality” in the case where all of the

| engths of the lack, entanglenment, and contact of the steel cords in
t he | onger directpisal wird swddl hedding anit (14 forupdatingandholdingmosifien information

B et S ko LR A e 52, BBl S0 AR DY BB o
unit (2badk@sound poitedl. cord detection unit (13) for detecting the

steel cords which exist independently anong said steel cords; and a
segmentlf eat ure &B¢ apnaryps sprdigg w)claigy 1 sé@%l@f‘étcplﬁ‘@ﬂﬁlﬁﬁﬂ PeReaEa gisplay, unit

ent ang tm&lfonnfng%%aﬁorama image of said steel cords from the image photographed by said X-
ray photographing unit (1), superimposing the presence or absence of an unfixed steel cord, a
contact, the entanglement, or the lack in each position in the longer direction of said steel cords
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12. . The apparatus according to claim 11, wherein said panorama display unit (18)
displays a whole portion of said panorama image and a part of said whole panorama image into

one display screen, displays said whole panorama image at a magnification smaller than that of a
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st eps ahmapdtot ogr aphi ng a handrail (4) of the passenger conveyer by
an X—ral)é; and

The method according to claim 17, wherein in the case where all of the lengths of
the lack, entanglement, and contact of the steel cords in the longer direction of said handrail (4)
are shorter than the predetermined length and the unfixed steel cord does not occur, it is judged
that the quality of said handrail (4) is "good quality".

19. The method according to claim 14, wherein if it is judged that the quality of said



processi ng an i mage photographed by said X-ray, detecting a |ack or
ent angl enent of steel cords built in said handrail (4), and judging
that quality of said handrail (4) is ﬁgﬁlous damage" in the case

where a length of the | ack or entangle f of said steel cords in a
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bet weemadedl steel cords is detected and in the case where both of

t he Ieggths of t%ﬁplaCk and entanglenent of sajid steel cords in_ the
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pr edet epamned ptrsidhorter thaw e @prmdl inspegticdgediotthat the quality of said
handrail (4) is "light damage". 16. The method according to claim
15, wherein in the case where all of the I engths of the |ack,

ent angl enent, and contact of said steel cords in the |onger direction
of said handrail (4) are shorter than the predetermned length, it is
judged that the quality of said handrail is "good quality”. 17. The
met hod according to claim 15, wherein the unfixed steel cord in which
a position of said steel cord is deviated froman i nherent position
of said steel cord by a predeterm ned di stance or nore in the
direction at a right angle to the |onger direction of said handrai

(4) is detected, and in the case where the length of the lack or

ent angl enent of the steel cords in the longer direction of said

handrail is shorter than the predeterm ned | ength and the unfixed
steel cord has occurred, it is judged that the quality of said
handrail (4) is "light damage". 18. The nmethod according to claim

17, wherein in the case where all of the I engths of the |ack,

ent angl enent, and contact of the steel cords in the |onger direction
of said handrail (4) are shorter than the predeterm ned | ength and
the unfi xed steel cord does not occur, it is judged that the quality
of said handrail (4) is "good quality". 19. The nethod according to
claim14, wherein if it is judged that the quality of said -35 -
handrail (4) is "serious damage", said handrail is nended, exchanged,
or exchanged after it was nended. 20.The nethod according to claim
15, wherein if it is judged that the quality of said handrail (4) is
"light damage", the handrail which was judged to be "light damage" is
i nspected again at a period shorter than a normal inspection period.



