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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 itis judged 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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JP- A- 10- 10060, since the Ilght damage of 30 the steel cord is_ judged
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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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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). Ifit is judged that the quality of



Fig. 2 is a diagramshow ng an exanpl-e of a handrail X-ray image;

Fig. 3 is$ a diagram showi ng an enbodi nent of an inage prozesm ng part
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invention. Examples of constructions of the invention other than the foregoing construction
will become apparent from the following whole description and the drawings of the invention.

According to the (1) of the invention, in the case where the length of lack or
entanglement of the steel cords in the longer direction of the handrail continues by the
predetermined length or more, it is judged that the quality of the handrail is "serious damage".
Therefore, it will be understood that it is necessary to exchange the handrail, and the
misjudgement and the unnecessary exchange of the handrail can be suppressed.

According to the (2) to (5) of the invention, in the case where the lack or
entanglement of the steel cords is in such a state that the quality of the handrail is not judged to
be "serious damage”, it is judged that the quality of the handrail is "light damage" in
consideration of the contact between the steel cords or the unfixed steel cord. In the other
cases, it is judged that the quality of the handrail is "good quality". Therefore, if it is judged
that the quality of the handrail is "light damage”, it will be understood that the exchange timing
of the handrail is approaching. The quality of the handrail can be evaluated at multi grades such
as three or more grades (for example, grades such as "serious damage", "light damage", "good
quality”, and the like).

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
and an example of attachment of the apparatus to the handrai];

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 is a diagram showing a first example of processings of an SC detection
part;

Fig. 5 is 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



Fig. 10 is a diagramshowing a flow for processings of an SC nodel

hol di ng part and an SC trace/ segnent feature detection part; 10Fi g.

11 is a diagram show ng a detection netlwd of a segnent feature

"l ack™ in the SC trace/ segnent feature detection part; : .
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Fig. 14 1s a diagram show ng gual ity judgenent or graded quality
eval uati on condi tHigr8 is a dagyaralshéwingudgeomdraxamalet ofithe proeesginkzs afbe SC
Fig. 15 is.a diagramshowng a flow for processings of an inage

procfbséﬁ"??ﬁtl?fé?"‘l“;of the X-ray inspection apparatus of the invention;
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processing part of the X-ray inspecCtion apparatus the 1 nvention;
Fi g. 1%teebcarddi agram showi ng a panorana formning processing of the
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di spl ayn@hbn B8rdchREA R Qe AeRLiich paf:t of the X-ray inspection
apparatus of the invention. DESCRI PTION OF THE EMBCDI MENTS
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



Enbodi ments of the invention will be described with reference to the
drawi ngs. In each of the drawi ngs and enbodi nents, the sanme or
simlar conponent elenents are designat by the sane reference
nunerals and their description is onittéd. 30 [Photographing

const r et L.on angdr X glﬁﬁék&g%%oﬁ&fogﬁﬂ tsﬂ%er apparafus i% Fonsﬁ'hgt%d bt@ix éﬁ%yl B

are di agrans "show n us con an 1nsp ion

appar atphstogréphimg unitdpedtandmagpprcasing)paft@imagepaoctssing unif) 2 Teivager
conveyer of  the iﬂyention and ?n exanpl e_of attachnment of the .
appar aPIRCEEINE PEt 45 fgpsirycted vy forjexamplega Bi- 05 fhgnhiken ovirggicoder 3 is added in
exanpl Ec&?ré&n%@ﬁdﬂ%&%& s construction and the apparatus is

constructe y an X-ray photographing unit 1 and an i nmage processing
parts (image procdbsXagyphotographinphmit Iniegengtruoted dyiandgK-pay b2 5] Sscintillator 6,
constructed by, for, e le,.,a PC or the |like. An encoder 3 i dded,
' accBIUARBEAT: h THECOUREY OBt ne ! patotel? ARG that et of g Handrail 4
const 1 B&f Sl tReinfahd¥s donBfucted id sREH Ahiahh@teRd: 1 %ﬁa&im £a0EAa %méféﬁeche

X-ray photographing unit 1 has such a structure that a part
handr aXrrag fetzerd 4wl theséintifldter ®i nAmXdray 3s entitet foot thd X-mysubdhS so astorimve an

that th 1.4, t ed the. X- t 5 the ..
Sci nt i PrEop aemied oy Bedapdnd: Fiomeant 1w ifse o5 dpeagnilstor
have aiy #fkddeecentiplatt Whid e fofds b ALONSENEE S hBRNENAy 1 irraisled HeASh Al BRe
the scintillator 6. The scintillator 6 10 is a fludrescent plate

whi ch gréutiliatond performs a dbieraseancantmluntinanke aegprdisg to amitiadiatian amenet af the X-

The scjinti fluo C a  hance accqrndi

o an 19t adhab L TR RTheR ARG Bhrelh % BREREDEEE S Bifers
cords depdadiaf onliteddcatiber eTherefote, an ihigisaasss & a shabbe pidirkfaeédiding to an X-
depending on jts |ocation. Therefqre, an inmage serving as a shadow
pi ctu rl@yg@eamﬁaﬂgf ip gengratrd iy {hespigHiatox ¢.anEke magg epearated an the seipgllator 6 is
SchRti [ i Qi | '

ot ohe P2 ig Be shnera 7170R oRRERS SheO I U itk of Bedbpptah, thezey

t he appetegrashing et Xearagifipleotiy fetelpbnlp theliniape dereaatedd§ lighteamiikstorf ef thl

only the i generated by light .em ssion of the scintillator 6. The
canar #RIBREGn naBE Eaned 1k eonThiisd WhHG uags Recrame P and e magsde | <
fet cheglichsd 84 86dtFAld datd &) e hRaddRobddBAL pR @CESSi Ng part 2. Fig. 1B is
an exanple in which the X-ray photograpﬁl ng unit 1 is attached to the

20 handrail. TheFix-1Ris anrxamgleiphihich thaid{ray photographiguhisbistattathed to the

oo vl " 25l Bt b S o SR R Bl RN ot
floor madimafsd RRsenSercbaptRd, ih An RidalAoAHEE RO osEEb&RBen ANudeABbOAnd

I n which the X-raﬁ1 photographi ng unit is attached to the handrail 4
in a SAleper feenandrhas steps § adaptas teput apessenser therronaan exempieyingwhich thenkray

not |im 3 | gN. - I r. ' t -ra

25 pnolsyEieshbenttills Balls fRnapBal ks h U pOHRRRRLARea adelitng

i's, thetadhingpogifimt sgoalimited tasiuch allodasiofi XEgorNdal bRotogrghiak) thd X-gay

noved, . or th%_ X-ray phoriao%ra hing unit 1 is nmoved in a state where

t h€? h G apung Wl 4 £ 0a * AEf TG VElg dn i t B 1Bhg harah ahefp ghaphipg
& hahat 24 e Rardrerd 4 lenoysdi 1 TBRt Toithe Keray aheloghaph

can b pNCk¥HEARNEHre 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 pﬁoto 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
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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



Fig. 3 shows an enbodi nent of the inage processing part of the
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constructed
together thh the coordinate in the right-angled direction of each steel cord, information of a

luminance of the steel cord region and a luminance of a background region adjacent thereto is
updated and held. The steel cords in the SC group model are labeled as "01 cord", "02
cord", ..., "18 cord", and the like in Fig. 2, respectively.
20 The SC trace/segment feature detection part 15 compares the representative
coordinate of the steel cord as an output of the SC detection part 13 with the coordinates of the
SC group model held in the SC model holding part 14 and performs a correspondence allocation
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 frace 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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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,

80  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.

In the case where the X-ray photographing unit 1 or the handrail 4 is moved at the
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Therefore, if the length of the ficld 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. Ifa 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 movernent
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 is equal to 8.4 millimeters or more, the whole image information of the handrail 4 is
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| um naggge SEAUTPRBLEd P b ﬁreﬁd’ug%op 1s 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 is
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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low, they are compensated. (c) in Fig. 5 shows projection luminance distribution in the longer
direction by S1. A broken line 21 indicates an envelope of the maximum value of the
projection luminance distribution in the longer direction. After a primary difference of the
luminance distribution was calculated and a plurality of maximum values were detected as

25  values near a zero-crossing, a curve which is come into contact with those plurality of maximum
values can be obtained by, for example, a Lagrange's polynomial approximation. If the broken
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 luminance
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
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such ahis-mdrfher 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 (87) processing of the temporary segment
of the steel cord of the SC detection part 13.  (a), (b), (c), 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
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In (b) in Fig. 7, a white rectangle 34 existing int atched region

203G 5 of the f&@me pltaining part 12, since the image size in the longer direction i 1s 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 84 has been described
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which is executed by a cooperation processing of the SC model holding part 14 and the SC
trace/segment feature detection part 15 will be described with reference to Fig. 9.

25 To simplify the explanation, it is assumed that the number of steel cords built in
the handrail is inherently equal to 5.  Therefore, the SC model is also constructed by five steel
cords and can be sequentially labeled by "01 cord", "02 cord", ¥03 cord", "04 cord", and 05
cord" from the edge, respectively. It is now assumed that five steel cords were detected by the
SC detection part 13. In this case, the detected steel cords and the steel cords of the SC model

30 are unconditionally made to correspond to each other in order from the edge ((2) in Fig. 9).
That is, the detected steel cords 37, 38, 39, 40, and 41 are made to correspond to "01 cord", "02
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
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( coor dvheat thp mifinenm codrdinate 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



coordi nates of the SC nodel are updated by the coordinate of the
center of gravity representing the position of the steel cord which
was detected and was made to correspondjgA white circle at the center
of a detected steel cord in (a) in Fig. 9 explicitly shows the

posi t i GramplepHthe LONGFN02QbrdIraal ifie/rowbdfoD3 icbrdFivire Selédied "GRG MART 83 cord"
three steel cords were detected. It corresponds to a case where ot her

two st &t n%cﬂetﬁteé et | Jhwsge deteetad pisel goed Hbisaradedo serrespend '@ eatiliraf the
t eel : L0 Cat ACk
Cestri o SBAAERANTE abemngd fal RiCU BEd. i gBREa Yelfora 1) sSHElh

cords ebrredpend tdderd" of thoSCenmivhaghidis detdinedttha itie r"da; chrd" WhTleddetected

det ect ed g@e&l cord 42 is made to correspond to the SC nodel are "01

cor 8f ¢pmadgg oogesppnd &3 rQf corg't ofj the SE rpeded andit dndetagpaiddbeigt is

" 04 corugS cofgMe of detected steel cords 43 and 44 remains. By the

simlar restricting condition, the cords in which the detected steel

cord 43 is made ﬁythmabmmmmésmmgs;ﬂ:eﬁﬁiemﬂ&ie deteeted @ReeLaords are'd@fdrmined.

cord", The, det ecf eel d 44 js

corres ef’ er g@dcg’rf’d"mfd“@ﬁe Egrog cor‘iarpgk hfbgé Lis ug@ﬁibgﬁ@é(}p%lp@ée held

in (c) b?/'i‘hé: dt€k] c@rdsﬁo"‘@htalﬁgoﬁﬁﬁgé £ QAT RE o@myS@ﬂﬁqeﬁQﬁﬁgﬁe@}gﬁﬁ co 81nate
d na the S

vertical colum of the left edge indicates the cor
modél . helddyfthe steelcond 4. tHe aopplinate dfy)SsivodisofitheS € meael Isolpdatedi byditft ed

inth t d. th tten, fromt t ht
i or aeropam LA edfteLpthan Th héreneis 0fCeadiot Goina Shddloiard
smal | . ubaaté&nb}sth%a@fﬂhﬁtestMﬁcmw%@ét Dte@RdlyGRiodS: Fdnd #31 bét%eﬁﬁlear e

witten in order"fr"om t"heI left. Since which one of the steel cords
has be&epriimgtes pf"Ypgad "¢ arespentivelyoi nt of ti me, the nanes cannot be

decided 20 to th t t di stance ta

absol ute val ue O?hg%d)sr%fa%rg%rﬁogg%goc[egsug% Y The eﬁgﬁg R 8“%‘%93? g"t)%]a q%for
nodsl  ardedstigs 008zl i fat Bigof0 BacdiaghmtshewiigiL0dwe torgireassia gy sf3hé SC model
vvrlttegelat a position where the row crosses, the vertical col um

conbi nBP/ABE befttlﬁ andithe P frace/segment faBue Aeipeionassi Inat itbiiemgmber of deteCted

T AR g At S o

denot ealdbbthksteel scalduesredbterted, 25 seseaitetatm thid frocasingsoutedefinishal. In

o L b AL She et S Al oS B 10

di fbber @reas] srdybf tht ST mMd i #ERAAGhunteficallhnkeddhe a2 nafe of Rledtoe] cqrd of
since there are only the values of dll and d53, they are witten.

ot her @Gﬁ& model is sthall i oxdenfiny e stead tordrin whidhethe neordimate of the deteater steel
F t
Fon AR, S AR SR S LS T S S

Wr i tt egorresponding steel cofdi dh@hd funERarkt ©€ theGip@isal ﬁﬁ%&’ﬁ&lﬁ@b&ﬁdfu@fe pobiion, that
five steel cords of the SC._nodel here, any two t hem are not

det ect i¢the Samingmeeraflen handrailbX gk imageddse gbtemmlte@f the ﬁiameoqb@mmng paihl2.

| a ]
di g? anié gse% luéﬂéaﬁﬁ‘lvglué{a gte\ée(!é%r %@ng% rsggsmbgér% ptOH qﬂ‘e 56 %& 24 %%\RP%\IP gns
r egar dexdbeth sides dBsuchiacbgioun e/hivhtarel e@;eﬁﬁeﬂl Qaelﬁ othE@i’)y a prebiStermied ditkice bfe

t he row fr ﬁ corg] and the row of " d" were selected, "02
cord" Bgidas baskgroupd lupigangss. d@%&r@éﬁe%ﬂed fhﬁﬁa@ce dengtes aupiddlepoint between
cord i 0 fdi S
det er fn&nggortaﬁﬂf‘esto?ﬂﬁoardja%%ﬁgggé (lzlwfdﬁ‘ ]in té‘gltO g%cc}o? ﬁ cor ggéﬁﬁqllﬁ%ﬁb

t o corvaspengupdatéd04 cord” of the SC nodel and it is determ ned that

it_is "04 cord", .The det
30 'If thenu %er o% Setected 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 (¢} 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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on the basis of the m ni nrum coordi nate difference, the steel cords
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Pagd 44 aigtefﬁﬁr 1&% }ercéaﬁgfé %95%@%01{ s%?rtoﬁrru?edc,:%} aelg:rtoi(gnnlifeat{é inghscate the detected
steel cords. Eighteen horizontal line segments 47 indicate 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 43.

Therefore, the lowest luminance of the region shown by the broken line 48 in the
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a regi %n surrounded by a broken line 46 indicate the detected steel
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coordi nates of t . | "
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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 16 detected steel cords 50
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
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cord" are not datlﬁfﬂf@é thelowdst lunfinhnte GE ¢hel e gion SRS b$ HRMroken 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 luminance 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 it is judged that the entanglement occurred.
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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
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Further, when the segment feature of "entanglement” continues for a time interval

of the C2 frames or more, the relevant frame is judged as a Crank. By tracing the frame from

the present frame to the subsequent frame by (C2-1) frames, the "quality judgement log in every

frame" is updated so that all of the frames locating between the relevant frame and the present
25 frame are set to the C judgement.

Although the graded evaluation processing has been described above, for
example, if the A judgement is decided to be "good quality” and the other judgements are
decided to be "serious damage", the graded evaluation processing can be executed as a guality
judgement, Or, it is also possible to construct in such a manner that the A judgement is decided

30  to be "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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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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situation is called an "unfixed steel cord” feature in addition to the above three kinds of extemal

30 appearance feature.
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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The processing of the quality judgement part 16 in every frame has already been
described. Among the frames which were judged to be A, with respect to the frame in which
the occurrence of the unfixed steel cord is recognized, the A judgement is replaced by a B plus
judgement with reference to the "position log of unfixed steel cord in every frame". Thus, in

25  the foregoing description based on Fig. 14, the quality ranks of the steel cord is classified into
four kinds of ranks of A, B plus (B+), B, and C from the three kinds of ranks of A, B, and C. B
plus denotes a rank in which although there are no signs of light damage in the external
appearance 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
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(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, f1, £2, 3, .... 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 steef cords.  ¢0, c1, c2, and ¢3 indicate arrays of the pixels existing at

the center of the field of view in the longer direction of the frames f0, f1, £2, and 3, respectively.
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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 fthis case, each inferval in the
longer direction of the arrays of the pixels of the luminance sampling of ¢l0, cr0, cll, erl, ¢l2,

80 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 c0 and ¢l 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
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be distinguished by the colors symbols, 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, $34 to S38 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
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may b eAQ&o?&h@(c? %e%%zehﬂé‘ﬁ, stinc% tltu:[ Sr%%essing for accessing the pixels of the X-ray image at

25 random in accordance with the pattern of the X-ray image is unnecessary, the high speed

processing can be completed or, even in a low-price handy type PC, the processing can be
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
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rank (quality of the handrail) by the final judgenent part 17 is
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of the inspection apparatus for the handrail of the passenger
conveyer of the invention as nentioned above, such a situation that

t he escal at or mai nt enance person finishes the inspection w thout
confirm ng can be prevented. According to the invention, as well as a
case of one or two steel cords, even in a case where three or nore
steel cords are built in the handrail, the presence or absence of the
20 unfixed steel cord, the lack of the steel cord, the contact

bet ween the steel cords, or the entanglenent of the steel cords is
detected, they are quantitatively neasured by using the lengths in
whi ch those external appearance features continue, and the degree of

| i ght damage of the steel cord can be judged step by step at three or
nore grades froma sole or a conbination of them According to the

i nvention, since the processing for accessing the pixels of the X-ray
i mge at 25 randomin accordance with the pattern of the X-ray inage
i s unnecessary, the high speed processing can be conpleted or, even
in alowprice handy type PC, the processing can be conpleted within
a permssible tine. Al though the invention has been descri bed above
with respect to the enbodi nents, the constructions described in the
enbodi nents so far are nerely exanples and 30 nmany nodi fications of
the invention are possible within the scope of the invention w thout
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direction of said handrail is shorter than the predetermined length and the unfixed steel cord has

occurred.
5. 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 vnfixed 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, entangiement,
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a steel cord model holding unit (14) for updating and holding position information

of the steel cords of said steel cord model and luminance information of a steel cord portion and
a background portion.
11. The apparatus according to claim 1, further comprising a panorama display unit
(18) for forming a panorama 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
to said panorama image, displaying the obtained panorama image, and displaying ranks of
quality of said handrail (4) by said image processing unit (2} in each position in the longer
direction of said steel cord so that said ranks can be distinguished by colors, symbols, or textures.
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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The met hod according to claim14, wherein if it is judged that the
qual i t92meAEeSai d

18. 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



-35 - handrail (4) is "serious damage", said handrail is nended,
exchanged, or exchanged after it was nended. 20. The nethod according
to claim15, wherein if it is judged thRab-the quality of said

handrail (4) is "Ilg t damage", the handrail which was judged to be

"| i ght haa éé‘l) is dsarioup demegs” awid handrailds peended] estiongert, ot bechangedafieait was

i nspectj on peri od.
20. The method 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 inspected

again at a period shorter than a normal inspection period.



