1 TITLE OF THE | NVENTI ON APPARATUS AND METHOD FOR | NSPECTI ON OF

CONTI NUOUS MEMBER USED FOR TRANSPORT HECHANI SM | NCLUDI NG STEEL CORD 5
FI ELD OF THE | NVENTI ON The present invention relates to an
apparatus and a nethod for inspection of a continuous nenber, such as
a handrail of a passenger conveyor including an escal ator, a noving
si dewal kTTERd ®heTiLF k@,gV%NW@é rope for elevator, and the |ike, used
for 10 transport nechanism In particular, it relates to an apparatus
and a neAPARADES iIAMEPHEETHER PR dNEHRATITGOUSE nEPIRYNYQIFS MEMBSROVEED
mechani smincluding a steel cord. BACKGROUND COF THE | NVENTI ON 15A
passengercr OTRAYSFOBT MEGISANIS e St I DING as TERI. ngosh dewal k and t he
like, is provided with a handrail as a railing noved in

synchroni zation with stairs for carrying passengers. Passengers hold
on this handrail to stabilize thenselves. Such a handrail is

strugturfﬁ%tgflﬂg%%@vﬁ@g@ belt conprising 20 a nenber of steel

cords (here brevi a as SCin sone cases ) with a rubber
hol der and the@ further coverijélg an ix%eri or of the Et eel belt wi
? &

h a
decorative rubbéf PEERFRSEBEPD TR 2L GG YR 8BPBY 2hBFIAEA 3 YA ng
up a nunber of strands each forned by stranding a nunber of
i ndi vi dulsPr 281309 Qb Gt ReFONRBRCOL R BeBb@l] ¥ g5 adbpBerai At @F
with age,

a passenger conveyor including an escalator, amoving sidewalk,
and the like, a wire rope for elevator, and the like, used for
10 transportmechanism. Inparticular, it relatestoanapparatus

and a method for inspection of a continuous member for transport

mechanism including a steel cord.

BACKGROUND OF THE INVENTION
15 A passenger conveyor such as an escalator, a moving
sidewalk and the like, is provided with a handrail as a railing
moved in synchronization with stairs for carrying passengers.
Passengers holdon this handrail to stabilize themselves. Such
a handrail is structured by holding a steel belt comprising
20 a member of steel cords (hereafter, abbreviated as SC in some
cases) witha rubber holder and then further coveringanexterior
of the steel belt with a decorative rubber.
Each steel cord is configured by helically laying up a
number of strands each formed by stranding a number of individual

25 wires together. When this steel cord is deterioratedwith age,



2 the strand comes undone and a part of wires may protrude fromthe
steel cord. Hereafter, such a state ip which the wire is protruded
fromthe steel cord by way of the above course will be referred to as
"individualized wire (or com ng undone-steel 5 cord)" of the steel
cord. At this stage, however, the wire is not yet protruded from an
out er covies isigrararelonetshendeocer and we pautbef wireamacasesrude froMhen
a passenger conveyor is in operation, the handrail and the steel

cords i ngps peiedleddrider eiipraneteepeaiedly sherke 10 i themchiien 9§ a
driving apparatus. Then "individualized wire" eventually occurs.

pnether 9fofPhdd o dal @HOLRLLON Ofd AY W3eEE £0L LiliAR. aBReaLed; £an

be di agnosed by the presence or absence of this ual i zed

wire." | %%I i e de dvancenent, of deterloratlon can be
det o7 i 1% eé%%@r eh B DEANES Bla MYBICRTRD a0 TR [REBhEOBc 22T
ind|V|duaI|z re" contlnues in_a direction of the Iength of ' the

handrai | ST " of BhR it et - 15CIPhASHEF2gE( 15897 VSS5akA5 wire

di scl oses a met hod of applylng light to a crane rope to be di agnosed,
recei vi NS BOPIYS teRE @Er et rPRAT QR IRY FPBRT LAE raisiliveehs AgRreradivet h
a photo receiver to convert the anmount of received light into a
si gnal , awcbeoniernamg ¢dsesuation in this signal output into a
spectrumto judge a state of deterioration (wre break, wear, shape

| osing, el ongfié®ny) afs @RS conveyor is in operRaliemn, @Q@UHEﬂﬁrgll
(JP- A-2009- 12903) discloses an 25 apparatus and a nethod as a wire

break de{eetiMg JHRans cBkqs3 :LH@éFI@lété'Qeé e SP daix%t ¢l p3RRERAN §MhL At

wires froma rope inage shot wth a canera and detecting any

Pat adt ot Uit o (5P Fo0R TR A e Bees TacRer BN B gRRLLPE "
arranging, a }aser prajector and a phot o recei ver such that a wre
rope is e%l%%%ﬂ&%%i%? Ocﬁ35§ur|W§% HersPak WasEter oratienwet e

rope froman output signal to the photo receiver that receives the
| aser prapecti@rk korsuhashappprEctopel khdlidaraadhgyaljpe presence
deterioration fromfluctuation in periodicity

or absence of this “individualized wire.” In addition, the

degree of advancement of deterioration can be determined

15 according to length where an area with this “individualized

wire” continues in a direction of the length of the handrail.

Patent Document 1 (JP-A-Hei 11{1999)-325844) discloses

a method of applying light to a crane rope to be diagnosed,

receiving a projected light resulting from the applied light

20 with a photo receiver to convert the amount of received light

into a signal, and converting fluctuation in this signal output

into a spectrum to judge a state of deterioration (wire break,
wear, shape losing, elongation)} of wires.

Patent Document 2 (JP-A-2009-12903) discloses an

25 apparatus and a method as a wire break detecting means of



10 of a change in the neasured outside dianeter. Pat ent
Docunment 4 (JP-A-Hei 10(1998)-10060) gii scl oses, as a procedure for

di agnosi ng deterioration in any steel "cord of a handrail for
passenger conveyor, of shooting for the handrail with the steel cords
i ncorporated therein by using 15 X-ray inspection apparatus while
novi ng tdetappanatasicaxr spqinhted, appeatddriebyiviesualbby a napectiinagea
state of the steel cord. Pat ent Docunent 5 (JP-A-2005-126175)

di scl oseshot wGaliCHl @drhdia AnRDWBE cEPERETAHY dWiteGh oirs ta ohlthA IO 1220
t wo- di mensi onal Fourier spectrum fronX-rayinages shot with a

confi gurationesi.m t EN t f@@% 4, and thereby
autonati%%# yf%%@e#%é nlﬁﬁ%}g%g gt)JI(_) %Iggnﬁgégt%?yeac rdi st ance between
mul tiple arrapged steel card S r sence of
meanderi ng fr% t%n%a YL %t E.Bg‘ga%@ﬁfjg%gi??ﬁﬁf?%%@%%ﬁ DBEGREAt 6

(JP- A-2008- 309649) discloses the 4 followi ng nmethod though it is not
for di aghb< et iaoié??BrPWﬂ%?@O%taé{é’l acBRACOfE - Al &YChy bpat
passenger conveyor. That is, disclosed is of shooting for a steel

bel t in &awiyshepreike s@itt hhowehgisyeenniviasisng iflgose oursindd gagester
continuously shot 5 in a direction of circunference of the tire to
form a pafiorfanw daragpe dmdmt benoptpeessingl e paropaniteo reagevee
extract an outline of the steel belt, further measuring a w dth of

the steethbeldecddivBiahd NbekrabsoljBcded tE6EHON ©d RAGANZLELY hhE
circunference, and when the width 1s discontinuous, determning 10

that t hedégg@&imsaﬂa%driorati&hefﬁo% l QW ARG Aoement 8%%35&2{:2%?“ S

non- pat ent Docunents 1 and 2 aside fromthe above-nenti
i1 gt i TRROBrLT e T CCReet g PR A\ R T exanpl e of the
invention 15 described |later and_wl| be described in the section of
the worki ng exa@ifite: DesuBeadr 4t 67 Eppr'dpt itét i3 8iakd 08 i PRi-Agesf
repl acenent
as a procedure for diagnosing deterioration in any steel cord
of a handrail for passenger conveyor, of shooting for the
handrail with the steel cords incorporated therein by using
15 X-ray inspection apparatus while moving the apparatus as
required, and thereby visually inspecting a state of the steel
cord.
Patent Document 5 (JP-A-2005-126175) discloses of
calculating a power spectrum, which is a square of a
20 two-dimensional Fourier spectrum, from X-ray images shot with
aconfigurationsimilar tothat in Patent Document 4, and thereby
automatically determining as to evenness of each distance
between multiple arranged steel cords and as to presence or

absence of meandering from a pattern of this power spectrum.

25 Patent Dccument 6 (JP-A-2008-309649) discloses the



of a handrail of a passenger conveyor, it is necessary to accurately
di agnose the degree of such deteriorafion. A 20 handrail of a
passenger conveyor is prone to be gradually deteriorated with age and
"individualized wire" may occur in any steel cord built therein.

Under the present circunstances, if it can be automatically detected
whet her ©olhotidg meitvicduahozell i ke ndiafonatigreds ianddeveriboatliengt h
the 25 "individualized wire" has occurred in a direction of the
length $nainyt Beckandpailof id hasdpassi bbe g SHmided rdi agRase
as to deterioration of the handrail. The technol ogy di scl osed

in Patenfs Dogwrandsch ks Hasedand ad‘%oﬁ:oélsoé’éerlgbléﬂ@‘“#ﬁdé?%ub-ﬁ%@ th e

regar di ng the anount of 5 received [ight resulting rom projection of

i ght towf%lW)f—e S\? € Of (irrﬂc‘;a%hosea% EJ'\:l eva%nglgg,eucf: inHouﬁE§h§ﬁ {:ng

a nor mal ran dt e S|nce peri o §itca @rdth
of the rq@ gllhouette and when convet% t he amount of received
i gh t o't Re %?%ﬁ‘éjro%rﬂf geteefrRgehhe 9 u%]ﬂeoﬁol RV BRI RGO m

periodical fluctuation fromthe signal, deterjioration of the rope can
be j udgenda%y Ik theSe PraseaRspact he eprl o BafUEM cnagse dOr gHEFSCt an
generated). In the case of a rope being used for a cranes or an
el evat orquilirse nefe e comd Inl@uis  wiftulrdile rameeeak i nghenwtiiéh of the
fluctuation of its
steel belt at equal intervals in a direction orthogonal to the
circumference, andwhen thewidth is discontinuous, determining
10 that the steel has damage.
The following document list presents non-patent Documents
1 and 2 aside from the above-mentioned patent documents. These
non-patent documents are utilized in spatial filtering in part
of image processing in a working example of the invention
i5 described later and will be described in the section of the
working example.

In order to appropriately make good timing of replacement
of a handrail of a passenger conveyor, it is necessary to
accurately diagnose the degree of such deterioration. A

20 handrail of a passenger conveyor is prone to be gradually
deteriorated with age and “individualized wire” may occur in
any steel cordbuilt therein. Under thepresent circumstances,
if it can be automatically detected whether or not

“individualized wire” has occurred and over how length the

25 “individualized wire” has occurred in a direction of the length



15 sil houette deviates from periodical fluctuation, it can be j udged
as an anomaly . On the other hand, in.the case of a handrail of a
passenger conveyor, it has a gap at a seamof a built-in steel cord
normal Iy and the fluctuation of its silhouette is non-periodical due
to the gap resulting in deviation from20 periodical fluctuation even
when t heyf arhee ainddetidr,i atai edooJThiw b dre authing tdetzdrlivodabigyanse as

j udgnment net hodnmay be unsuitable in sonme cases. In the technol ogy

di scl osegh | dle Pat 2ot aDOSUNENt tie KAyedmiber of wear splinter of a wire
is imged fromeach frane of an ITV 25 inmage taken in by an

i ndustrial tepgyislihad @ MdA ULk @ait%n%e?%ehﬁ@nftrMghsagggber

of wear splinter. However,” the patent docunment does not concrete

di scl ose t Ol .pr.o S§ for .detecting the.nu r_of wear

Gt s ool e e TROR REPESST Ded OF G, MRt Fa T Sholiiiet
in the outside dianeter of a wire rope is neasured b rojecting

| aser be%‘?ﬁe]f‘ﬁ?‘g PO i TS o] é’&ﬁd?@t&Pnsﬁéhlégﬁén Pafl Wi hat

has a gap in a steel cord even though it is not deteriorated like the
t echnol okP% wiPat ereNBoRTIEhE LEVaTed -t EBANGL BYyr e haydnag akeorhel
detection of "individualized wire" inportant for 10 deterioration

j udgnmentstrdred sdedentsince has & npdihieod eedhd logyt witsicirodedtha Patlent
Docunent 4, any deterioration in a wire rope or a steel cord is

j udged hyf vikseakopbesklhyubvtal eaaacenRer sSYMRlrt itheref{oramount of
unevenness judgnments are prone to be generated because of the

di f f er ence- A dd 1}&?:9&@6 AIONG; Bk Nt SRANGE & BEL N d\':'ﬁésfluctua%ie&é

t he technol ogy disclosed in Patent Docunent 5, unevenness Iin s

0 ent T _ n
ot apm i PR S B00R, “BaBERRRRR L lRRREEL R R BN, SR Lor o

and neandering are al so ) .
eterforation of the rope can be judged (In this case, an

unspecified freguency spectrum is generated). In the case of
a rope being used for a cranes or an elevator, it since is
continuous without a break, when the fluctuation of its
15 silhouette deviates from periodical fluctuation, it can be
judgedasananomaly. Ontheotherhand, inthecaseofahandrail
of a passenger conveyor, it has a gap at a seam of a built-in
steel cord normally and the fluctuation of its silhouette is
non-periodical due to the gap resulting in deviation from
20 periodical fluctuation even when they are not deteriorated.
Therefore, thisdeterioration judgment methodmaybe unsuitable

in some cases.
Inthetechnologydisclosed in Patent Document 2, the number
of wear splinter of a wire is imaged from each frame of an ITV

25 image taken in by an industrial television and a wire break



20 observed in non-deteriorated handrail. Therefore, according to
such a technology, it is difficult to,.judge the presence or absence
of any deterioration in a steel cord rtself. The patent docunent does
not take a technology for detecting "individualized wire" inportant
for deterioration judgnment 25 into account at all. 7 The

t echnol ogy dkisetios@ds +om Rate nudsetirehtwded Sihatteran Hbeeasgunpheon
that the wwdth of a steel belt of a normal tire is constant, when a

neasur engiteyal Hecofiehpe Ml hed thecsteel ybalikcdepar s ff®MAage
predeterm ned range, the tire is judged 5 to have damage. Wth

respect Po:?}é%in%%ﬁf cﬁ’é‘&éé%rrﬂ% handr @eﬁ@f‘%«iéf’sﬁaﬁﬁqéé‘f‘g? Wi thin

whi ch they have u3u y nean ng or uctuation in Irection
ort hogonal to, .t direction of length. Therefore,.the presence or
Sbsonce ot debbrirs sPEBROTRTR I S HTed o h e R AR RGPy Tigea BhERes
technol ogy. This 10 patent docunent does not disclose a technol ogy
for detetdith§ PR ds drarried of P15 EAPPF MR2GRERH I REPORCTEING
judgnment at all, either. Up to this point, introduced are
sever al ¥ bepmknolnl s dchnobegieblkfowaBiegnoselvd prekenhandrail
applicants, and anong them 15 a technology for automatically

di agnositigait hassd abe 0f adetierl ovatlicorer whbaghrigaks netadetshapeated

| osi ng, elongation) of any steel cord such as a wire rope although

has b_eenlﬂg@ﬁ@%eaeéﬁnbnofgtﬁﬂbaaeﬁﬂrmf&ur@enﬂ hey aine tRsitdtiakledbes
deterioration diagnose of any steel cord of the handrail for

passengel, €LY of - 29 As: io%negné?ﬁ’?lg?ag‘i%&% é’g}it b 48heCkLpg

especially as to "individualized wre ny steel w accuracy has
not _heen vention i s proposed in consideration of

1 bro osed yet.. The i : _ _
the boy%-%%?%%% i HEUHRTY cjé%t,o aef‘n%cci\"f%t'obj ect is to provide 25 an
' nspection appargius IO & S S 8 Pe p S " Shcument 4, any
deterioration in a wire rope or a steel cord is judged by visual
check by maintenance personnel. Therefore, unevenness
judgments are prone to be generated because of the difference
15 in judgment among maintenance individuals.

In the technology disclosed in Patent Document 5,
unevenness 1in steel cords and the presence or absence of
meandering arequantitatively determined froma power specitrum.
Unevenness in a built-in steel cord and meandering are also

20 observed in non-deteriorated handrail. Therefore, according
to such a technology, it is difficult to judge the presence
or absence of any deteriocraticn in a steel cord itself. The
patent document does not take a technology for detecting

“individualized wire” important for deterioration judgment

25 into account at all.



S transport nechani sm nanely, the inspection apparatus capabl e of
automatical ly and accurately detecting and/or di agnosing especially
as to the "individualized wire" (com ng-undone steel cord) of a steel
cord included in the continuous nenber which 5 is, for exanple, not
only handrail of the passenger conveyor but al so continuous nenbers
of transport mMmEcharcdmaidwer dibatokke pasBenger honueyot .6 SEMMVARY: OF
THE | NVENTI ON 10To achi eve the above object, the invention as to

Caiml bs hasifdnp@Eibl rgREcthenyapparat us Jide CHUINWIUS ABPRSI
including a steel cord used in a transport nmechani sm The inspection

appar at us; 1. i%ogBﬁFEQ £9fyhen measuré}nén@nvéﬂ?@io@tﬂgivsicﬁlmtofagﬁéi es
X-rays or visible light 15 to forma projected 1mage of the stee
cord; and i) an.i € _praocessing.unit_that cei.ves. t he

o o1 ect odt TRRBELF SR THab PRy Shee e st ERE T scibatderd,
of , upon thevpro'ected image including a | ine segnent thinner than a
nor mel stRERVESR %%%-hﬂﬁﬁg¥r?ﬁpﬁ?Fdﬁ{ﬁE%%lﬁﬁﬁﬁk%HBlﬁBﬂﬁhhaQ@ré%éel

cord, extracting the |line segnent, and detecting "individualized

W re" causaevibyleomhegr andend thin Welch déleychbrde assuad labiresndefing

i nspection based on the line segnent extraction data. According to

t he presentfliunterdtiom ds wodCrachidn otthsgo®akbspedhal Ky ragttiont hé
"individualized wire" (com ng undone-steel cord) of the steel cord of
not onl yi &gl ai ITHefr - fassenges s6A8Y eyolarthdde fl Hkeebubrat $6n

continuous nenbers of transport nechani smother than the passenger
conveyor;, Jdifidentallyy EARnBENEL RldSLh S PierNe dRyihiody | neRt Ber
10 patent document does not disclose a technology for detecting
“individualized wire” required in deterioration judgment at
all, either.
Up to this point, introduced are several publicly known
technologies knowable to the present applicants, and among them,
15 a technology for automatically diagnosing the state of
deterioration (wire break, wear, shape losing, elongation) of
any steel cord such as a wire rope although has been proposed
as in Patent Document 1, they are unsuitable for deterioration
diagnose of any steel cordof the handrail for passenger conveyor
20 as mentioned above. A technology of detecting especially as
to “individualized wire” of any steel with accuracy has not
been proposed yet.
The invention is proposed in consideration of the

above-mentioned circumstances, and its object is to provide

25 an inspection apparatus for a continuous member used for
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15

20

8

transport mechanism, namely, the inspection apparatus capable
of automatically and accurately detecting and/or diagnosing
especiallyas tothe Vindividualizedwire” (coming-undone steel
cord) of a steel cord included in the continuous member which
is, for example, not only handrail of ﬁhe passenger conveyor
but also continuous members of transport mechanism other than

the passenger conveyor.

SUMMARY OF THE INVENTION

To achieve the above object, the invention as to Claim
1 is basically an inspection apparatus for continuous member
including a steel cord, which is used in a transport mechanism,
configured by helically laying up plural individualized wires.
The inspection apparatus is comprised of:

(1) an imaging unit that applies X-rays or visible light
to form a projected image of fhe steel cord as an object of
inspection; and

(ii) an image processing unit that receives the projected
image from the imaging unit, carries out image processing upon
the projected image and detects an individualized wire
protruding from the steel cord coming undone with extracting
a line segment thinner than a normal steel cord and higher in

brightness than the normal steel cord from the projected image.

According to the present invention as to Claim 1, it is

possible toautomaticallyandaccuratelydetect and/or diagnose
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5 image of a handrail shot with then inspection apparatus for the
handrai | of passenger conveyor of theginvention; FIG 6is a
conceptual rendering of an X-ray inmagé of a good state -handrail by
an inspection apparatus for the handrail of passenger conveyor of the
invention; 10FIGS. 7A to 7C are conceptual renderings of an X-ray

i mge ofeapbandt ayksito the “indivdkdustidgedofi et écootag nadohg-theel

i nspection apparatus for the handrail of passenger conveyor of the

inventioBord) of the steelFt&xd&f ot dnav Rgndlhustdatingparsexgepl e
of an imaging 15 system FIG 9 1s a draw ng

expl ai ni @9&@@?&% %eﬁé st BigRut i op c@nﬂ%ddﬂ%gﬁeﬁlﬂégg%ﬁ*%rgﬂsgort

ordi nary stee FIG 10 1s a draw ng explaining the
brightness distribution of an_inage forned by a thin steel cord with
20 ¥ind Jres 0 e thaf"chE o0 hBE, nfepdtl’ g expl ai ning the
brightness distribution of an inmage fornmed by a steel cord having a
borderline outj—s‘?‘a]éy%‘?fﬁ%]t%'r Lhe other effectsgfghq 3nvent igngih pgher

expl ai ni ngajt he brightness 25 distribution of an imge formed by a
st eel coebahagdepeading emCéais déndidmepplication witlthe 2RpRgeRt
drawing illustrating an exanple of an inmagi ng system FI G
14 is a firaw tige i de¢sistiptiog anwonkiwgo bxaopl ehdd Spoand £ egeion.
processing unit of the inspection apparatus for the handrail of
passenger conveyor of the invention;
BRIEF DESCRIPTICN OF THE DRAWINGS
10 FIG. 1 is adrawing illustrating a flow of wire detection
processing in an inspection apparatus of the present invention
for handrail of a passenger conveyor;
FIG. 2 is a drawing illustrating an example of a line
segment detection filter of the inspection apparatus of the
15 present invention for handrail of the passenger conveyor;
FIGS. 3A to 3C are drawings illustrating an example of
a line segment aggregation image in the inspection apparatus
of the invention for the handrail of the passenger conveyor;
FIG. 4A is a schematic diagram illustrating an example
20 of a configuration of the inspection apparatus for handrail
of the passenger conveyor in this working examplie in state that
the inspection apparatus 1is set on the handrail during
inspection;

FIG. 4B is a schematic diagram illustrating an example

25 of the equipment configuration of the inspection apparatus for



FIG 15 is a drawing illustrating a first exanple of the processing
by the Sc detection part of the |nspg&;|on apparatus for the handrai
of passenger conveyor of the invention; 10 FIGS. 16A to 16D are
drawings illustrating an exanple of contrast conpensation by the

i nspection apparatus for the handrail of passenger conveyor of the

i nventi omhe handrafl GX s antrdl @rareeyodr afi nge ihivestdati agdahow
exanpl e of detection of a tenporary segnent of steel cord by the 15

i nspect i ph BPpRIAWS af BEntRgi hapgémid WfeRRSISANGRTE reeRveY 8t off thhe
i nvention; FIGS. 18A to 18D are drawings illustrating the

processipng pfgcoupl ing tenporary segments of a steel cord by the
i nspection apparatus for the handrall of passenger conveyor of the 20
i nvention;

lustratin Se
of 'processi ngf 5y the 56 JEREERROhT LA F= Bt - FReH T P S R apBarar g
for the handrai ssenger cony, or of the |nvent|on FIG 20A is
A 15%‘1

a dr awi ngRd9e Ut {tRE M ENEPRFAL PBN2RBERBAUF 0F O&in
Sc nodel and detected steel cords in 12 the inspection apparatus for
t he handeke | haridipakh eplgaraserinesorcotveyer | ol eme oipvention; FI G 20B
is adramng illustrating an exanple of the collation nethod for an
SC nodel and deétlect édist eetomosdisuah Seddwering pettanoi-appaiabys Ho6r
t he handrail of passenger conveyor of the invention;
a good state -handrail by an inspection apparatus for the
handrail of passenger conveyor of the invention;

10 FIGS. 7TA to 7C are conceptual renderings of an X-ray image
of a handrail in the initial stage of deterioration by the
inspection apparatus for the handrail of passenger conveyor
of the invention;

FIG. 8 is a drawing illustrating an example of an imaging

15 system;

FIG. Sisadrawingexplainingthebrightnessdistribution
of an image formed by an ordinary steel cord;

FIG. 10 1is a drawing explaining the brightness
distribution of an image formed by a thin steel cord with

20 “individualized wire”;

FIG. 11 1is a drawing explaining the Dbrightness
distribution of an image formed by a steel cord having a
borderline outside diameter;

FIG. 12 1is a drawing explaining the brightness

25 distribution of an image formed by a steel cord having a



FIG 20Cis a dranwing illustrating a distance table used in an

exanpl e of the collation nethod for SC nodel and detected steel
cords in the inspection apparatus for the handrail of 10 passenger
conveyor of the invention; FIG 21 is adrawing illustrating a

fl ow of processing by the SC nodel holding part and an SC
trace/ segireott § eét udeadetecti on part of the inspection apparatus for
the handrail of passenger conveyor of the invention; 15FIG 22 is a

drawi ng illustrating i delRGlineni Metbedaf of g ansemite bealll Ragh agk
of steel cord” in the inspection apparatus ?or t he 'handrail of
passengeg,, cogyeyor of the invention; FIG 23 is a draw ng
iIIustratYng a detection nethod for 20 a segnent feature "contact

bet ween st eel ds", i.n the_inspectjpon apparatus far .the handrail _of
passenger convﬁeﬁéo'r Slo thé gﬁ@%hﬁ?oﬁ%fﬁgglﬁ“? $ éf’odfﬁcé\ﬂgnﬁxamp&e of
illustrating a detection nethod for a segnment feature "entangl ed

st eel® coRUsMMAGE HEOGEGTSHES oA 28T apPardt IR Floront RPPRdRdV4& [EOgf the
passenger conveyor of the 13 invention; - FIG 25 is a draw ng
i |1 ustratangranl exhnphesefger nebvvelel | gedtve ristventidre i nspection
apparatus for the handrail of passenger conveyor of the invention;

FIG. 15 is a drawing illustrating a first example of the
processing by the SC detection part of the inspection apparatus
for the handrail of passenger conveyor of the invention;

10 FIGS. 16A to 16D are drawings illustrating an example
of contrast compensation by the inspection apparatus for the
handrail of passenger conveyor of the invention;

FIGS. 17A and 17B are drawings illustrating an example
of detection of a temporary segment of steel cord by the

15 inspection apparatus for the handrail of passenger conveyor
of the invention:

FIGS. 18Atol8Daredrawings illustratingthe processing
of coupling temporary segments of a steel cord by the inspection
apparatus for the handrail of passenger conveyor of the

20 invention;

FIG. 19 is a drawing illustrating a second example of
processing by the SC detection part of the inspection apparatus
for the handrail of passenger conveyor of the invention;

FIG. 20A is a drawing illustrating an example of the

25 collation method for an SC model and detected steel cords in



5FIG 26 is a drawi ng explaining an exanple of a quarity judgnment
condition in the inspection apparatus .for the handrail of passenger
conveyor of the invention; FI 27 is a drawi ng explaining a
bri ght ness neasurenent nethod used when a brightness threshold val ue
Bth is unfixed; 10 FIG 28 is a drawing illustrating a second

wor ki ng exanplspeaf: iam appapes processihrghamdta bf ofnpd sxsqrepd it oonveyor
apparatus for the handrail of passenger conveyor; FI GS. 29A
to 29C ape draMimgsntibmstrati ng an exanple of an SC detection |og
tabl e and an SC nodel |og table; 15FI GS. 30Ato 30C are draw ngs

|11 ustrating angt hesoxadiph &aply fy S AgLeELL o1 90 Labhe18Ndeap,SC

nodel | og table; 31 15 adrawng iflustrating anet

for inple ting hidirectianal ace; FIG .32 .s .a draw ng .
11 ustr ey B TR b St hristees; RE5605] The Fehge st coeed RgaR inof
t he i nspection apparatus for the handrail of_fassenger conveyor of
the i’nveht® oA SRREH LEPARRRRT Ghal Of rdiEen $RAE} + PP RTFeNger conveyoR G

33 is adrawing illustrating a flow of processing by the inage
processi ¢y Haetioverhepnt nspection apparatus for 25 the handrail of
passenger conveyors of the invention; and 19 FIG 34 is a

drawi ng il | ustF&ii B§Cabs iavdgerdgngystlemtfort idet ectli sgawcavitrad leyused
visible light.
inanexample of the collationmethod for an SCmodel and detected
steel cords in the inspection apparatus for the handrail of
10 passenger conveyor of the invention;

FIG. 21 is a drawing illustrating a flow of processing
by the SC model holding part and an SC trace/segment feature
detection part of the inspection apparatus for the handrail
of passenger conveyor of the invention;

15 FIG. 22 is a drawing illustrating a detection method for
a segment feature “lack of steel cord” in the inspection
apparatus for the handrail of passenger conveyor of the
invention;

FIG. 23 is a drawing illustrating a detection method for

20 asegmentfeature“contactbetweensteelcords”intheinsﬁection
apparatus for the handrail of passenger conveyor of the
invention;

FIG. 24 is a drawing illustrating a detection method for

a segment feature “entangled steel cords” in the inspection

25 apparatus for the handrail of passenger conveyor of the



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5 In the present

i nvention, an object to be inspected ff a continuous nenber i ncluding
a steel cord used in a transport nmechanism As favorabl e exanpl es of
t he conti nuous nenber of the transport nechanism they include a
handrai| of passenger conveyor such an escal ator, a noving sidewal k,
and the inkenti6nA bare wre rope used for el evator may be included
in the continuous nenber of the transport nechani sm The

invention incrudes 20 iiAgNgduAingf APDhyt Agt YXnd aYsh Olex¥in®ilRl €of
light to forma projected i mage of the steel cord. Wen the object to

be imaged; ) g; § g, st el fQEgeOf ihhe and{ald . didy 0{1195%5’%1;%;?59%0: the

conveyor, It 1s desirable to use an 1 magi'ng unit rays because
t he steeﬂa§8£d. fo£he hgndra%lcésvcovereg w%th.an ou{er_covering of a
decor at i V&  rubber® d%%?r%???y, when The® b? St N he ?%hged is a bare
wire rope (steel cqrd) for an elevataor, desirable is_an inmaging unit
usi ng vi si bl e DT i dift ISTRATHERS SFOLELSIRG BRi e22BP+¢ & GulVRRAEE
processing of, for exanple, receiving the projected inmage fromthe

i magi ng iwdgmenripgongdl ioaciughad nergaid osegpipata thd Angrthehhandashl
normal steel cord and higher in brightness than the normal steel cord
25 i n t hef paojechger i cageeyextsicthagithent ioe; segnent as a 15
tenporary segnment of the steel cord having "individualized wire". As

a preferabl e ex@amieist i daBHNYxPNbE nk fgCOMriGW RS d<OmehOtrexan®! e,
upon the steel cord having a normal outside dianeter, forman unbra

of the speel gYLby &ABL 2 ¥R L B 3k8eh aCPh%ue Bth is unfixed;

10 FIG. 28 is a drawing illustrating a second working example
of an image processing unit of an inspection apparatus for the
handrail of passenger conveyor;

FIGS. 29A to 29C are drawings illustrating an example of
an SC detection log table and an SC model log table;

15 FIGS. 30Ato30Caredrawings illustratinganother example
of an SC detection log table and an SC model log table;

FIG. 31lisadrawingillustrating amethod for implementing
bidirectional trace;
FIG. 32 is a drawing illustrating a flow of processing

20 by the image processing unit of the inspection apparatus for
the handrail of passenger conveyor of the invention when
bidirectional trace is carried oui;

FIG. 33 is a drawing illustrating a flow of processing
by the image processing unit of then inspection apparatus for

25 the handrail of passenger conveyors of the invention; and



5 com ng undone, forma thin penunbra. The image processing unit is
configured to previously set a brightness range taken as a criterion
for penunbra and extract |ine segnent's equivalent to the
"individualized wire" based on this criterion. (Visualization and

Pi ck-up of X-ray Image) 10This enbodi nent judges deterioration of the
steel cord byFpeocebssisng tieadeéhgcetillusdrat duqldrrz dchanimef sgktehefsteel
cord fromthe inmage obtai ned by shooting the handrail of the

passengedec toMEYPra Wrihe Xoy ayssiiethightjme, a criterion of
detection for "individualized wire" of the steel cord is whether or
not 15 a feature of a |line segnment to be "individualized wire" |asts
for a predetermned |l ength or longer in the direction of the length

7l ndi vi o oatp W re EF el ot el e B RS L cd Peat ur e

of "individualized wire", the qualjty 20 of the handrail is )
eval Gated, fof SOFFHEESSH My SEVAY A0 ©8I§65d Tet Bee 1REPRCESARGE

and a good state with normal, or in .
a continuous member including a steel cord used in a transport

mechanism. As favorable examples of the continuous member of
the transport mechanism, they include a handrail of passenger
conveyor such an escalator, a moving sidewalk, and the like.

10 A bare wire rope used for elevator may be included in the
continuous member of the transport mechanism.

The invention includes an imaging unit of applying X-rays
or visible light to form a projected image of the steel cord.
When the object to be imaged is the steel cord of the handrail

15 for passenger conveyor, it is desirable to use an imaging unit
using X-rays because the steel cord of the handrail is covered
with an outer covering of a decorative rubber. Contrarily,
when the object to be imaged is a bare wire rope (steel cord)
for an elevator, desirable is an imaging unit using visibie

20 light.

The image processing unit carries out image processing
of, for example, receiving the projected image from the imaging
unit, and upon including a line segment thinner than each normal
steel cord and higher in brightness than the normal steel cord

25 in the projected image, extracting the line segment as a



three or nore levels of no good state with serious damage, a caution
state with |ight damage, and a good te wwth normal. In this
enbodi nent, inmage processing is carried out by 25 visualizing the
steel cord built in the handrail of each 16 passenger conveyor by
X-ray shooting. For exanple, the X-ray shooting is carried out for

t he handtarponstiskgimehtiaf sheetecedrdsdilacad; hehaeehdanl Xz¢dyitrulie
that applies X-rays and a scintillator that is a screen for

vi sual i zZA8ga afrf&Pdbldbgeapld), ahEMdPMERNIW iR abh raytigiedetbi ght
shut off. The scintillator is a sheet of paper or resin having

sever al f ; i 1 fil - i al
oonli ot TPoraRiBIS] dodif 0 sPael b GERERS Ml ddhay JR ERbe Rt aJBLEE LS

In the sgintillator, light em ssion wth high, brightness ars_10
ot o por tPah U aPEEs % Pls SOLET 5P SoRChAE: DY pERFRS SRR GR
bei ng bl ocked by the built-in steel cord; contrarily, non-1ljght |

em sg’i ornCHphRAMEARNCAnt ARG Wk BERUFRYE - ar B P dMaPRRIch SR T 1H) WBéEng
bl ocked with the built-in steel cord because of absorption of the
X-rays ih$ocomblgierd torrariqugledadion SriphtniessErpageonakha steel
cord. In actuality, however, sonme X-rays are diffusely reflected and
t her eby apptiited it évernpenyaivta end betanea Whes so§meays ayeibhoeked
by the steel cord resulting in the scintillator emtting slight |ight

Wi th | owedright nessi wdgatizéd PR e R9Esédi on reasderacselati vel y
brightness 20 distribution since is generated as a sil houette of the

steel cofg; sthes sidhowelt e §§@kb@p599txyiéyrﬂ¥§ ra. (Description of

Wre) The "individualized wre" cited here refefs to a state where
AL 0,01 LS BONEAIE Rl Phosh G GoTes svatape. 25,36
by processing to detect “individualized wire” of the steel cord
fromthe image obtainedby shooting the handrail of the passenger
conveyor with X-rays. At this time, a criterion of detection

for “individualized wire” of the steel cord is whether or not

15 a feature of a line segment to be “individualized wire” lasts
for a predetermined length or longer in the direction of the
length of thehandrail. Uponlastingforapredetermined length

or longer, “individualized wire” is detected. By utilizing

such detected feature of “individualized wire”, the quality

20 of the handrail is evaluated, for example, in two levels of

no good state with damage and a good state with normal, or in

three or more levels of no good state with seriocus damage, a
caution state with light damage, and a good state with normal.

In this embodiment, image processing is carried out by

25 wvisuallizing the steel cord built in the handrail of each



17 separately fromothers, wherein each wire is designated as an

i ndi vidualized wre. The outside diangter of each wre is
approximately 1/5 to 1/10 of the outside dianeter of each nornal

steel cord. Upon the outside dianeter of each wire being 0.18 5 mm or
so, for exanple, the outside dianeter of the steel cord fornmed by

st r andi nga$ agedde rcdrhese mbyes-1sy EHpatmmy. Sfotroexdarpan athesB-ray
(Disclosure of Wre) A physical nmeasure for discrimnating an

ordi narysségelnd O £ 0. AR auti Ferf e eacd-0thesi trs phhei-iausskde
di aneters. The outside dianeter of the ordinary steel cordis 1.5 to

1.8 mm wahlgs mgFaaéJ& &y A TR gnEPBeV\EH& azﬂﬂt tBkhE%ﬁ, o aRge, of

0.15to 0.3 However, even mage I s opti cal

| bl | h |
bt I ARSI fli%aeeFﬁ%gsﬂt%%e sl S el KR8y Lnkds

because of fluctuation in the distance between the canera and the
wire. O%@hénmﬂﬂﬁl$%ﬁ@nﬁMﬂ%F%hééﬂlﬂ?%ﬁ%@% +h9%he s§i€elodor d BOPI ¢

in the handrail, in order to clearly
sc1ntlllatorlsasheetofpaperorre51nhav1ngseveralhundreds

of pm or sc in thickness with fluorescent material applied
thereto, and emits light while it is irradiated with X-rays.
Inthescintillator, lightemissionwithhighbrightness appears
10 at aportionwhere a large dose of X-rays are irradiated without
beingblocked by the built-in steel coxrd; contrarily, non-l1ight
emission appears at an area where X-rays are not irradiated
by being blocked with the built-in steel cord because of
absorption of the X-rays into the steel cord or reflection of
15 theE-rayonthesteel cord. Inactuality, however, some X-rays
are diffusely reflected and thereby applied to even a part of
the area where X-rays are blocked by the steel cord resulting
in the scintillator emitting slight light with low brightness
at such a part. For this reason, a relatively brightness
20 distribution since is generated as a silhouette of the steel
cord, the silhouette can be shot with a camera.
(Description of Wire)
The “individualized wire” cited here refers to a state
where strandingofwiresconstitutingthe steel cordcomes undone,

25 so that at least part of the stranded wires individually exits



take an image of very thin wires, it is necessary to apply a 20 dose
of strong X-rays fromso small an aperture as |less than 0.1mm
However, since the output of X-rays is |imted because of cooling,
safety, and cost, the required size of an aperture for outgoing
X-rays is 0.7 mmor so. So, it is necessary to carry out shooting

t hr ough sepxXabylexitompehieunse havragn a5 edrtaia degiegnarel tlseanby

automatically detection of 18 "individualized wire" is carried out
for the whaevsswhl red Nwordsi dendli aues Ble tHedméber SbZec@Eht herd- L3y
exit aperture. As described later with reference to draw ngs,

when shogll Ry &nst&8Y 168M¢h W/iH JF LAY S ARAIES 4O, Bftéh%rﬁﬂs%ﬁalge

having 5 a certain size, in the scintillator, an unbra wth a dar

shadow i er d re.th -rays are not irradi at by
boi g coniTer da b ogkel WY RReRatEraLifele h YT sB o Ly
exit aperture since has a cer%§%$osize, adEart of the X-rays_is not

conplPet 1% B 56k edOhi FATRES st &°d B0 BRGFEE NG i TS SpERdnBP Y
around the unbra. The penunbra is a shadow brighter than the unbra.
The out steemed dreterr Hidine Wk mddase sigdserist Aad MHeosi 26 b
the X-ray exit aperture, the wire cannot forman unbra and its inmage
i s forned. bymondy so penunbra. Therefore, when detecting an object
conprised of 15 only a penunbra, the object since is unlike an

ordi nari tyis¢BesutOr&f hayviteg an unbra, it is possible to detect the
wire fromthe penunbra in even an X-ray inmagi ng system having an

X-ray exit aperdgif& dar &%%sh'i%nf%c&‘i%fﬁiﬁﬂ&&%ﬁ%@g&%ﬁek%éi0”
of any wire as thin wre fromthe steel cord Is applied not
1¢ cord and a wire from each other is their outside diameters.
The outside diameter of the ordinary steel cord is 1.5 to 1.8
mm while the outside diameter of the wire is within the range
of 0.15 to 0.3 mm. However, even when an image is shot with
an optical lens system within the visible light range, it is
15 difficult to obtain so clear an image that the outside diameter
can be measured because of fluctuation in the distance between
the camera and the wire. On the other hand, when shooting wires
in the steel cord built in the handrail, in order to clearly
take an image of very thin wires, 1t is necessary to apply a
20 dose of strong X-rays from so small an aperture as less than
0.1mm. However, since the output cof X-rays is limited because
of cooling, safety, and cost, the required size of an aperture
for outgoing X-rays is 0.7 mm or so. So, 1t is necessary to

carry out shooting through an X-ray exit aperture having a

25 certain size, and thereby automatically detection of



20 only to an X-ray imaging systembut also a visible |ight
projection imging system In the V|§bble | i ght projection inmaging
system when radially projecting visible light froma |light source
having a finite size resulting in an obj ect formng only a penunbra,
it also is possible to detect any wire of a 25 rope used for el evator
or any w irdb¥iduabpeediseiddoriscraneiedoby fde tfenunbreasmaller in
(Configuration Exanple of |Inspection Apparatus) In the

descri ptoohs Die tdi smetdodi@nt tha €00d | giiraid ot-ody tdei 4 ngpeetdan
apparatus for the handrail of passenger 5 conveyor will be presented

as an exanpl gsak sak1 bRSNGGId O EPPaEaLESCE b B LA NUPHS, BRABEL nfor
transport nechanism This inspection apparatus can be conflgured for

exanpl e, es I 1 0

conprlsed églq£§£Fg§gﬁn§gln§g %P%- ?&giﬂgﬁ%%%ﬁﬁgpg gralﬁ %n%
passenger conveyor, With X-rays an im ocessin n|t of

D oS0 5 B R bt 31 oey ERG L Kb by A HBPRG hit T3 AdEBedov
"individualized wire" of a steel cord built in the handrall Upon t he
"ind|V|dh%JG%QﬁrﬁﬁQQfaﬁxﬁﬁ|Qﬁ$aoﬂh@ﬁ@ $heeK-&8v8 PESt NAG ipragiated
predetermined 15 length (first predetermined |ength) or longer in a
di rect i dry b inigectmpye be by tllve Keahdi bhithd béerimgergr odessdagt uom

judges the quality of the handrail as no good state with serious

damage. tH)x4ruy et epdradte sabeeehenti caedacankigur aki part|of
upon the processing part detecting "individualized wire" portion 20

of the stigel xcondsand the "iawh v | 2801688 iRAN RN d@sd1 Ndorg
within a certain range shorter than the above- nentloned pr edet er m ned

ootk A AL PGt e o PRI SR e
;?g{jé?;re}nhﬁéxal%;x}lebrlgﬁger tha ”Ehg”&rﬁ{g% ederth%r g‘u sa.de Jgagnrl]e‘éefrl Iesftthe
wire since is smaller than the size of the X-ray exit aperture,
the wire cannot form an umbra and its image is formed by only
a penumbra. Therefore, when detecting an object comprised of
15 only a penumbra, the object since is unlike an ordinarily steel
cord having an umbra, it is possible to detect the wire from
the penumbra in even an X-ray imaging system having an X-ray
exit aperture larger than eachwire. Thismethod for detection
of any wire as thin wire from the steel cord is applied not
20 only to an X-ray imaging system but also a visible light
projection imaging system. In the visible light projection
imaging system, when radially projecting visible light from
alight sourcehavinga finitesizeresultinginanobject forming

only a penumbra, it alsc is possible to detect any wire of a

25 rope used for elevator or any wire of a rope used for crane



20 in the direction of the length of the handrail, the inmge
processing unit judges the quality of,{he handrail as a caution state
with Iight damage. (3) In relation to Section (2), upon the
processing part 5 detecting "individualized wire" portion of the
steel cord and the "individualized wire" portion of the steel cord
shorter lbharh¢ hecmboves nenti oned certain range (second predeterm ned
| ength), the image processing unit judges the quality of the handrai

as a googcst i @uidt homorp@atp1d0bh Bn &mé &t Efangsoari hes) for passenger
conveyor in this enbodinent, the quality of each handrail is judged

by the same | udgnept d@%w@gt%n' 8 the; 4 IRES, LIRGRS S NG HRE Ly, fSE 6L} bed
(1) to (3) Upon the quality judgment of t he han rall bei ng j udge

no good a{ﬁe""'lfx g%&ﬁt{e %%%%%mt S r}ﬁr%aaﬁﬁ yfjpﬁ B%RF%Qger

replace or repla epair u
of t hehandr ai | bei n gedas a cautionstatewithlig amage,
handﬁmlc?%y?¥%5e@%gg Qaapﬁeﬁﬁngeéyéﬁe%ﬂuﬁ%%ﬂp%QEﬁfaﬂnOFHFHEPQlon

i nspection cycle. The above-nentioned configuration is just
an exanmiRPaFRLYH For canceet hppeedriearety /Ui FredspPrhouccHapasti ng
fromthe technical idea of the invention. (Description of Wrking
Exanpl eshhHeriesfdesrt, i ate sppigpaitors whhl béecaifequted wdrdd egaexdnpl es of
the invention with reference to drawings. In each drawi ng 25 and each
wor ki ng exeapisesd thelsanme or simlar constituent
(1) The inspection apparatus is comprised of: an X~ray imaging
10 unit of shooting a handrail of a passenger conveyor with X-rays;
and an image processing unit of processing an image obtained
by the X-ray imaging unit to detect “individualized wire” of
a steel cord built in the handrail. Upon the “individualized
wilire” portion of the steel cord lasting for a predetermined
15 length (first predetermined length) or longer in a direction
of the length of the handrail, the image processing unit judges
the quality of the handrail as no good state with serious damage.
(2) In relation to the above-mentioned configuration (1)}, upon
the processing part detecting “individualized wire” portion
20 of the steel cord and the “individualized wire” portion lasting
within a certain range shorter than the above-mentioned
predetermined length (first predetermined length) but equal
to or longer than another predetermined length ({second

predetermined length), which is shorter than the

25 above-mentioned predetermined length (first predetermined )



21 elenments will be marked with the sanme reference nunerals and the
duplicate description thereof will be,pmtted. In the
description of Wirking Exanple 1, as ‘an exanple of an inspection
apparatus for continuous nenber used for a 5 transport mechani sm
described is an inspection apparatus for handrail of a passenger
conveyorigaphbl diekcanbonatii cald yiahiggnaost nighd heastiagel pf the image
deterioration of a handrail. (Exanple of Configuration for |Imaging

and Set uprofd&sidd drliltustiagé e rNgesampy & Otha maigur akipBaat ibhe
10 i nspection apparatus for handrail of the passenger conveyor in

this working. exappl £; L Skahgqdhere the inspection apparatus is set
on the handrail during 1nspection. The inspection apparatus is

conpriseg f_an X-ray i ing upit 1 d an | e processing unit, 2.

The. | magt> br SRed ST AT R (3 Tan 587 cdfbri SBELE (Y | PFOrSaXANpl B2 15

personal conputer. An encoder, 3 |s added as required. The X-ra

i magi°ng %%Fggﬁl?% é%WﬁﬁW%ﬂﬂf%ﬁZ%ﬂﬂWXI?ayp?ﬁ%%O%,i%tQEi%??¢1é¥HFy6Pdand

a canera 7. In the X-ray imging unit, the X-ray tube 5 and the

sci nti | | &her ndsvigrahgerr onloppasittel @0 ofi dée stteglhgrddaphostes

shoot a part of the handrail 4 and output the inage to the inage

pr ocessi tiganirilie abbhat-mentXonayscareaapptarerke r(@dicalndy ptedatthaiXeday

tube 5 to penetrate the handrail 4, and irradiated onto the

scintil|B&fgt®), M image processing unit judges the quality of the
handrail as a good state with normal.

10 In a maintenance method for passenger conveyor in this
embodiment, the quality of each handrail is judged by the same
judgment method as in the image processing unit described (1)
to (3). Upon the quality judgment of the handrail being judged
as no good state with serious damage, the handrail is repaired,

15 replaced, or replaced after repair. Upon the quality judgment
of the handrail being judged as acautionstatewith light damage,
the handrail is inspected again in a cycle shorter than an
ordinary inspection cycle.

The above-mentioned configuration is just an example and

20 it can be appropriately modified without departing from the
technical idea of the invention.

(Description of Working Examples)
Hereafter, description will be given to working examples

of the invention with reference to drawings. In each drawing

25 and each working example, the same or similar constituent



scintillator 6 is a fluorescent screen capable of generating 25
fluorescence upon irradiation with X-yay and the fluorescence 22
has bri ghtness corresponding to a Ieve irradiation of the X-rays.
The handrail 4 has steel cords therein, and a silhouette inage is
formed on the scintillator 6 in accordance wWith X-ray transmttance
of nmenbeelenéntherhhdraamarkEdewiitragehensdme re feoiemtdd hamerad si snd
taken into the canera 7. The X-ray imaging unit 1 is shielded from

external théolipl 56até casceipiLoenthyréakewinl osd Yordi &skd 0gr aphi c
image forned by |light emission on the scintillator 6. The canmera 7 is

connected to tfig ﬂrf@gi%sp,rﬁ@%si%hnafumﬁck@nan@xsmé TBIES aheekaiﬁﬁmeas
el ectronic data 10 into the i mge proceSS|ng uni t

I 8 t

grg\S/Znt rays a%?%ﬁ%é*%%y fc{ ube l?-‘r om%dgn%a%g%%g%tség gérgrea
7. The | ead bsarb | ect t h
wevelongt FEARRO B PR Gt GRAGREFE 15 AP RaY b BHavalenah

band of visible light to penetrate, wherein the visible right can
meke |i ghRnN@RR ki @g 8n PSS Sfgiedt i9qratafo B earplpks nPf sayheBeragasivt he
canmera 7 The | ead glass 8 prevents X-rays from penetrate the canera
7 and aldoagnonlygl|ilghtsdeye vell deoarlioght iem ekiamdydtdel .
scintillator 6 20 to reach up to the canmera. FIG 4B illustrates an
exanpl e (mxavbTd &Hecon f ByutMBDOMIF oI ImdSis@tad Sethapdrail . The
X-ray imaging unit 1 is set such that a part of the handrail 4 is

pl aced therei rvs:cd;Jpqa 1DBue F@¥e s TROEREMBALIo A ADELRB: §8L2 O RE the
handrail, it has,

10 inspection apparatus for handrail of the passenger conveyor
in this working example in state where the inspection apparatus
is set on the handrail during inspection. The inspection
apparatus 1s comprised of an X-ray imaging unit 1 and an image
processingunit 2. The image processingunit 2 canbe comprised

15 of, for example, a personal computer. An encoder 3 is added
as reqguired.

The X-ray imaging unit 1 is comprised of an X-ray tube
5, a scintillator 6, and a camera 7. In the X-ray imaging unit,
the X-ray tube 5 and the scintillator 6 is arranged on opposite

20 sides of a handrail 4 to shoot a part of the handrail 4 and
output the image to the image processing unit. That is, X-rays
are applied radially from the X-ray tube 5 to penetrate the
handrail 4, and irradiated onte the scintillator 6. The
scintillator 6 is a fluorescent screen capable of generating

25 fluorescenceuponirradiationwithX-rays, andthe fluorescence



25 for exanple, a nechani sm capable of being separated into two 23
parts of a first part la conprising tfie canera 7, lead glass 8 and
scintillator 6, and a second part |b conprising the X-ray tube 5. So
the handrail 4 is sandwi ched by the two parts la and | b at an upper
side and a |l ower side, and two parts la and 5 | b are coupl ed toget her
w th a flast énerghtinedsheodeseppptiog, t¢ ke lpasdenferr cahvagyiam o the
exanpl ed by an escal ator installed between an upper floor and a | ower

f1 oor ang-hays Ng Tsepsn @ Wi 6B sRASSENGEF &s 88k reand anfdes Xi I1RYuéPREI NY
unit is set at a slope portion on the handrail. However, the set

posi tionf,dQd pst-ALhatd QReOf el 20 48y idREl AcditidndsS A%, kL%%Sd

to this arrangenent. During shooting wth X-rays, the X-ray i nmagi

unit 1 . ile4 ar ved r ive to eagh other. That,is,
Uhe: handrge i (ONME de S MPUEE L8 AINEA D Corle OLfIghe  JREERL:
the X-ray jmaging unit 1 jspovedwhile the handrail 15 4 is in a,stop
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Shooting with X-rays is continuously carried out as noving inmage
shoot i nginkhd whenhhel deddt 10 s eitng L haghs . i 90 art cangefhotdenglpart
such as a magnetic nediumin the inmage processing unit 2 as a video
file, foralexdmpbelytherR0 REGHior netager LohreABy flarghet emasshenused.
FIG 5 illustrates an exanple of a handrail X-ray image fornmed with

the i nspeed | o eppleraddls 4.0r The chasdtanl ief cpassengar t60aNeY Ohayd
this working exanple. A horizontal direction in the drawing is
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Thehandrail is shot Iin sucha rel ative

10 into the image processing unit 2.

A lead glass 8 is placed between the scintillator 6 and
the camera 7 to prevent X-rays applied by the X-ray tube 5 from
damaging the camera 7. Theleadglass 8 absorbselectromagnetic
waves having an X-ray wavelength and allows electromagnetic

15 waves having a wavelength band of visible light to penetrate,
wherein the wvisible right can make light emission on the
scintil;ator 6 and permits shooting of the camera 7. The lead
glass 8 prevents X-rays from penetrate the camera 7 and allows
only light derived from light emission by the scintillator 6

20 to reach up to the camera.

FIG. 4B illustrates an example in which the X-ray imaging
unit is set on a handrail. The X-ray imaging unit 1 is set
such that a part of the handrail 4 is placed therein. Upon
the ¥X-ray imaging unit 1 being set on the handrail, it has,

25 for example, a mechanism capable of being separated into two



24 narrow range as 5 nmto 20 nmin the direction of the length
thereof. The reason for this is as described below. The X-ray

i nspection apparatus is required to be nmade conpact so as to enable
to be carried, so it is not provided with a cooling 5 nechani sm using
oil. Therefore, the output of the X-ray tube is smaller than that of
ot her equappemf sudhras equitpientohpr iy cie usanerdld ,efikedt glaky
utilize the X-ray output, the X-ray tube is designed so as to apply
X-rays v tahidnsaishool &Bgrrangadaf s&cohdt s 20 IWt6hp 80siflg e X-ray
direction of the length of the 10 handrail and 50 mmor so in a
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However , thls Ilnltatlon on shooting range is nerely |npose
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apparatus ar | passenger conveyor of venti 3t can
al so _be terlallz d 15 usjng an X-ra i ng nmechani sm hayi n
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the Il ength of the handrail is narrow, no problem arises because

shoot i ngth® REFSENELE o GODMSIYIoE ﬂﬁee&@mﬁ%eﬁﬁﬁgﬁﬁge@ﬁﬁﬂat§rnbvéﬁalhe@he
direction of length. 20As illustrated in FIG 5, respective steel

cor ds hawetwemw X ayprtarafdwotrt andea bowehel Fodmeges have ngosherdsasn
bl ack |ine segnents (dark areas) . Areas (background) between the
mul ti pl ewlsi€elpayetsgerrs argedasiddenbyxside afi®g LognIriised so0ke@nhy a
rubber and they has relatively high X-ray transmttance, 25 so their

i mages  ak o i gt 6. %rnrr%ﬁe(ﬁanakagmt A KAS)er, lthd Ries paélgéeﬁp&f
t he rubber portlons at the both edge-side areas (upper and | ower

fhdgkeff%% ness an fﬁ%ﬁ%ﬁ%l %ngffﬂﬁgﬂé%hkrgégﬁs pg%%é%kﬁklvgﬂ¥%age
are for nerdraaﬁgedn?ern ar %%'inghghogggng with X-rays, the X-ray imaging
unit 1 and the handrail 4 are moved relative to each other.
That is, the handrail 4 is moved while the X-ray imaging unit
lis fixed, ortheX-rayimagingunit 1l ismovedwhile the handrail
15 4 is in a stop state. Thus a desired spot in the handrail can
be shot with X-rays. Shooting with X-rays is continuocusly
carriedout asmoving image shooting, andwhen holding the moving
images in an image holding part such as a magnetic medium in
the image processing unit 2 as a video file, for example, the

20 MPEG format or the AVI format can be used.

FIG. 5 illustrates an example of a handrail X-ray image
formed with the inspection apparatus for the handrail of
passenger conveyor in this working example. A horizontal

direction in the drawing is equivalent to the direction of the

25 lengthof thehandrail. Thehandrailisshotinsucharelatively



5in this exanple has 18 | engths of the steel cords, which will be
designated as 0Ol-cord, 02-cord, ..., J8-cord fromtop to bottom of
the draw ng for the sake of conveni ence. A bri ght ness
distribution on the left side of Fig. 5 represents the brightness
distribution on aline in a direction 10 crossing the handrail at a
ri ght angéerte tiegt ength maf toh@0hamdimithatdittectpomtofi ndiecdbedthy
arrow 9 (such a direction crossing the handrail at the right angle to

the | engthepéothe handeakbnifotiestiLal dHIAGHQNbeDokhe THaw-pgyand
will be hereafter referred to as a transverse dlrectlon or a

direct i Oﬂnééeeﬂ&‘i’%}%réi%é hies qlerq%gtfe@ntefbénﬁac}ifey 5 tébeas to

handr ai | ) ach steel cord is equivalent to a va

bri ght ne t edge:sid hick_rubhe i ogns _have
relativeééag%éeﬁ&ggé g?ﬁgéggmhggh ?s gléoklgmer B con%bastCPS the
unbra of the steel cord than that of a c traI rtlon 20 of the
handrai |MeAPhEP &S he &+ hotT59r§§8¥ei SOUtREGI R UHF KX AWhEUER i s
within the range of 5 nfmto 20 mmin the direction of the |ength of
the handkaismalkes $hgssshpreot elthade equépnenfusushiamgaudbmend €atire
handrai|l extended to several tens of neters 25 as noving

i mgesbhymediogt heX-r o padenganel yart itlhe chiane Karb y 2@ ratt ,at lvoKstant
speed. It is desirable that during shooting, the X-ray inmaging unit

or the heansk aid dsBeghddbeo nved @ppBy conshyantyispeads JiQMRVely reMes
when it is noved at non-steady-state speed, the encoder 3 can be used

to conpepsad gup e o FRIBS: szl)_hfnelf‘k?@dc?fr@bﬂﬁoﬁ I3 d 1N ltelﬂ%t?% b#Ythe

imaging unit 1 and neasures the relative novenent between the i nagi ng

uni ol ashibe: handiailn 4. A, 24l PULS, 8,3 99AL AL PUENERE ;g

t he rrage pI‘OCESSI mage processin Ires an
imge fromth Vi i obt d at. the X-ra
9 o%nt he enggglofﬁg% hané%afi However, %1snﬁgm1%atlon on

shooting range ismerely imposedby compact design requirements.
Therefore, the X-ray inspection apparatus for the handrail of
passenger conveyor of the invention can also be materialized

15 using an X-ray imaging mechanism having a wider range.
Contrarily, even though the range in the direction of the length
of the handrail is narrow, no problem arises because shooting
1s carried out while the X-ray imaging unit is moved in the
direction of length.

20 As illustrated in FIG. 5, respective steel cords have
low X-ray transmittance, so their images are formed as black
line segments (dark areas). Areas (background) between the
multiple steel cords arranged side by side are comprised of
only rubber and they has relatively high X-ray transmittance,

25 so their images are brightly formed (as bright areas). In this



10 unit 1 based on the distance information fromthe encoder 3 each
tinme the distance reaches a certain vglue. This makes it possible to
sinmul atively obtain the noving i nages of the handrail 4 noving at a
constant speed. (Exanples of Good State with Norrmal and No Good State
with damage) 15 FIG 6 is a conceptual rendering assum ng an X-ray

i mge of eaahgphdr difle rublegead tsitcatsea witthle hothreldgeFise dei a4 $ dnpokrt he
| ength of the handrails is represented in a vertical direction of the
drawi ng sheelofor shesale tok dirawahiyzatriens) The wieasnefr-aihessheel
cords are represented as dark areas (in 20 black). In this conceptual
renderings s be1aestie) Micked Sepldgrathens: U éefaamsw RBLLiON

of the steel cord. The seanlportlon iIs a sl |g ht arge gap” between
line ele S [ h ears_just..)ike_the
ar eas be m£%%m£%t£ Se H%EE gﬁ stg% 5%%?% éﬁﬁg Fy%% hdépé e
steel_ cord 25 of eac ndr since has t he above-nentioned

di scont i hai't Sf%a&?qt% a@ﬁ%ﬁﬂ%%ﬁé §§§n?sﬁalr@%ﬁfemwﬁgquhwall

normal state, it is difficult to judge the deterioration of the steel
cord fronefeasigeated af STl t42 ZRrdreander ik¥g.comdGErpR topato

conceptual rendering of an X-ray inmage of 5 a handrail involving
"indivi doatteedo tle¢ drawing findonke steké chHrddnvenbencaiti al stage
of the deterioration. As illustrated in Fig.7, there since is the

above- ment i onex Ish 5§ S8l d ¥sEHELH O dieos eane i DeﬂﬂYsﬁi@ebeQ&?; gven
t hough there is a slightly large gap in the inmage, the handrai

shoul d 19e;99és<9§t£ %@%@ri@d@ﬁeg@td%rslt@l%h%q ohf &iN,S d%%rgéc @ng@Bnge@ion

handrai|l nust be judged t0 be deteriorated upon tion o
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Ilustra es an ized wWre™p n an en nanner and
FIG. 7C represents t i ndi vi qu Ilzed ortion 15 as 3, ,
Cehomnt | SR ik O HBEPAT AMRBEPEFOnDBI2EOTY cLpGitng (W FEECTE
i ne segment 11 is an i mage of ind|V|duaI|zed wire" of the steel
cord. (I%ﬁ@ﬁ%ﬁn$V§FéﬁPndrall at wra right eosieatestan lsnh efothehe
i magi ng systemof 20 the inspection apparatus for handrail of the
passengeramadrweyors ian wehitsi wolr kdingeaxianplien the drawing and will be

hereafter referred to as a transverse direction or a direction
15 orthogonal to the direction of the length of the handrail).

Each steel cord is equivalent to a valley in the brightness

distribution. The edge~side thick rubber portions have

relatively lower brightness which is also lower in contrast

to the umbra of the steel cord than that of a central portion
20 of the handrail.

A single image shot by shot in the imaging unit although
is within the range of 5 mm to 20 mm in the direction of the
length of the handrail, it is possible to take a continuous
image of the entire handrail extended to several tens of meters

25 asmoving images bymoving the X-ray imagingunit or the handrail



FIG 8 illustrates a positional relation between the X-ray exit 12 of
the X-ray tube 5, the steel cord 15 (@{e of themultiple steel cords)
built in the handrail, and the scintillator 6. 25 The X-rays are
applied froman upper part to a |lower part of 28 the drawing and a
direction orthogonal to the plane of the drawing is equivalent to the
directi oatof thestengtspetdt hdthamddaisirald et ibast delriogr dhodtshge
cord 15 having a normal outside dianeter (ordinary steel cord 15) is
representied dyray ciniadend wiita eoldlk [Haeir@rnkethowlichba mefedeatea
numeral 15 in a cross section of the steel cord. A steel cord 16

having apoRutshede gdhaggter thivnerr thandhatneh the negmalostat eats
represented by a circle of a solid line marked wwth a reference

numer al non-steady-state speed, the encoder 3 can be used to compensate

5 the images. The encoder 3 is fixed on the X-ray imaging unit
1 and measures the relative movement between the imaging unit
1 and the handrail 4, and outputs a signal of the movement to
the image processingunit. The imageprocessingunit 2 acguires
an image from the moving images obtained at the X~ray imaging
10 unit 1 based on the distance information from the encoder 3
each time the distance reaches a certain value. This makes
it possible to simulatively obtain the moving images of the
handrail 4 moving at a constant speed.
(Examples of Good StatewithNormal andNo Good Statewithdamage)
15 FIG. 6 is a conceptual rendering assuming an X-ray image
of a handrail in a good state with normal. The direction of
the length o¢f the handrails is represented in a vertical
direction of the drawing sheet for the sake of visualization.
The areas of the steel cords are represented as dark areas (in
20 Dblack). In this conceptual rendering, the section 10 is a
section where there is a seam portion of the steel cord. The
seam portion is & slightly large gap between line elements of
the steel cord, andbrightly appears just 1ike the areas between
steelcords. Eachsteelcordslightlymeanders. Thesteel cord

25 of each handrail since has the above-mentioned discontinuity



16 in a cross section of the steel cord. An arrow 13 with a 10 broken
line represents a range of an X-ray application. Two |ine segnments 17
are drawn fromboth ends of the X-ray exit 12 toward an arbitrary
point within an X-ray irradiation range on the surface of the
scintillator 6 . Abroken line 4a represents a center level within a
range whesetlze grapuplugf tohéhst eebmcand sz mbeiel v eixi st siogubsdt anbkal |y
side by side. Acircle 14 represented by a broken line is | ocated
such thaitiis diefierulits teoljndgdebheWiébe fi PosSt b OftHh @ theoken-Hi ne
4a and the two |ine segnents 17 are tangent to the circle 14. In the

descri pt {pdm Ofehhersr 8y aﬂ§@@1@@m@1@p%@w§arﬁ@érm§ handrail 20 of
passenger conveyor of the invention, 1t wll be defined that the

normal “steel gpid 38 |argelod Ll resufqlngfroft nanxthe brgken Line

circle 14 and at an el enme

5 a handrail involving “individualized wire” (coming
undone-steel cord) in an initial stage of the deterioration.
As illustrated in Fig.7, there since is the above-mentioned
discontinuity due to the seam in any steel cord, even though
there is a slightly large gap in the image, the handrail should
10 not be judged to be deteriorated from such a gap. The handrail
must be Jjudged to be deteriorated upon detection of
“individualizedwire” having occurred inthis gap portion. FIG.
7B illustrates an individualized wire portion in an enlarged
manner and FIG. 7C represents the individualized wire portion
15 as a simple schematic diagram to explain a position of
corresponding wire. The line segment 11 is an image of
“individualized wire” of the steel cord.
{Imaging System)
FIG. 8 illustrates an example of the imaging system of
20 the inspection apparatus for handrail of the passenger conveyor
in this working example.
FIG. 8illustratesapositional relationbetweenthe X-ray
exit 12 of the X-ray tube 5, the steel cord 15 (oneof themultiple
steel cords) built in the handrail, and the scintillator 6.

25 The X-rays are applied from an upper part to a lower part of



"individualized wire" is smaller in outside dianeter than the broken
line circle 14. Hereafter, the outsidg diameter of the 25 broken line
circle 14 may be referred to as borderline outside 29 dianeter 14 in
sonme cases. FIG 9 illustrates a brightness distribution of an image
formed by a normal steel cord in the imging systemin FIG 8. An

or di nar ytis¢ debwéopdintha lvcatedoabrithegposiltiobheblahe & theodeawinge
4a absorbs or reflects part of X-rays fromthe X-ray exit 12 and

t her eby feramuiraliamged phe ecredti BAJEY ite a FidHOWE tAecORahleail
scintillator 6. Two line segnents 18 of solid line and two |ine

segment s; 19 @e y1QkEN dde ahesdiaW-&sg tenNaeitim) o heesatootiPeigteel
cord 15 fromtw ends of the X-ray
diameter {ordinary steel cord 15) is represented by a circle
5 of a solid line marked with a reference numeral 15 in a cross
section of the steel coxrd. A steel cord 16 having an outside
diameter thinner than that of the normal state is represented
by a circle of a solid line marked with a reference numeral
16 in a cross section of the steel cord. An arrow 13 with a
10  broken line represents a range of an X-ray application. Two
line segments 17 are drawn from both ends of the X-ray exit
12 toward an arbitrary point within an X-ray irradiation range
onthesurfaceof thescintillator 6. Abrokenlinedarepresents
a center level within a range where a group of the steel cord
15 models exists substantially side by side. A circle 14
represented by a broken line is located such that its center
is coincident with a position of the broken line 4a and the
two line segments 17 are tangent to the circle 14. 1In the
description of the X-ray inspection apparatus for the handrail
20 of passenger conveyor of the inventiocn, it will be defined that
the normal steel cord is larger in outside diameter than the
broken line circle 14 and that an element wire resulting from
“individualized wire” is smaller in outside diameter than the

broken line circle 14. Hereafter, the outside diameter of the

25 broken line circle 14 may be referred to as borderline outside



10 exit 12 to the scintillator 6. Each of two areas 20 (hatched
areas) fornmed on the scintillator 6 by the |ine segment 18 and the

line segnent 19 drawn fromdifferent ends of the X-ray exit 12, is a

projected area where the steel cord 15 partly bl ocks the applied
X-rays. Nanely, when the X-ray exit 12 is viewed 15 fromthe

scintilldiareteat ldnynpesnei oasen. t he projected areas 20, part of the

X-ray exit 12 is hidden behind the steel cord 15. A |light shadow

desi gnat ed as peRUGb B1istforaRe BEighenas£as 20 iWharien Be 2% Laygexit

12 is partly hidden behind the steel cord as nentioned above. That
i's, the areasq20y & heaf AL Iheis-d N8 $heelintefidgl3 LeERE ihhers,

penunbra . Areas 21 (dot-shaded areas) |ocated outsidé the two |Iine

_ g i i i.dden behjnd
The steet cdih DrRERy RERy B85) L3N B ad S B ot B, 88 B

IS an area .
5 Dbroken line 4a absorbs or reflects part of X-rays from the X-ray

exit 12 and thereby forms an image (projected image) as a
silhouette on the scintillator 6. Two line segments 18 of solid
line and two line segments 19 of broken line are drawn as
tangential lines to the steel coxrd 15 fxrom two ends of the X-ray
10 exit 12 to the scintillator 6. Each of two areas 20 (hatched
areas) formed on the scintillator 6 by the line segment 18 and
the line segment 19 drawn from different ends of the X-ray exit
12, is a projected area where the steel cord 15 partly blocks
the applied X-rays. Namely, when the X-ray exit 12 is viewed
15 from the scintillator 6 at any position in the projected areas
20, part of the X-ray exit 12 is hidden behind the steel coxd
15. A light shadow designated as penumbra is formed at the
areas 20 where the X-ray exit 12 is partly hidden behind the
steel cord as mentioned above. That is, the areas 20 are areas
20 wherethesteel cordls forms thepenumbra. Areas?Zl (dot-shaded
areas) located ocoutside the two line segments 19 are areas where
the ¥-ray exit 12 is not hidden behind the steel cord 15 at
all. Area 22 positioned between the two areas 20 is an area
where the X-rayexit 12 ishiddenby the steel cord 15 completely.

25 A dark shadow designated as umbra is formed at the area 22 where

20



where the X-ray exit 12 is hidden by the steel cord 15 conpletely. 25
A dark shadow designated as unbra is formed at the area 22 where 30
the X-ray exit 12 is hidden conpletely behind the steel cord 15 as
menti oned above. That is, the area 22 is an area where the steel cord
15 fornms the unbra. As the result of the unbra and penunbra being
fornmed, the Xoray iddidt A2 6sdeliddenscdmghese by iggitines T hen stkelacead 21
and | ow brightness in the area 22. The brightness of each area 20 is

gradual | ys |l onereed iwnidd @dorg .f romaeone sithe bReaoPtard aM bhcbhenarea
21 to another side in contact with the area 22 because the part of

the X-raynexiech? Biddes Mﬁigﬂ%?ehﬁmgks.e' KOrfeliebs: gradygld Ymbra

increased in 10 its area with going fromone side In contact wt

area 21 ide. i t . mith the.area 22. . The, X-ray
s S AP M D LANAL! M DI INEIE2G pelinarl BidR i o
filter processing to original i es, _The brightness, distribution of
the Sci RTI9BEBTSS Gbtaenalcart ol o5l ARy BALBLANAEST 1 (el BR6EeLsr ng

is added, is represented by a curve 23 in FIG 9. In the brightness
di stri buthebrightaess of RAchRirear 2pries enpdubhilght oessednd th going
hori zontal axis represents places on the scintillator 6. X-rays
appl i ed framdre s{-deaynexontd2tandthavhageera i2ledatan2@hitheside in
scintillator 6 since is gradually weakened with going near to a

peri pherebnipoct iwitwftHdheved @ Sddaukd the Barfobg agseukatgy &Ret
brightness distribution 23 is sonewhat |ow at a portion on tKe
scintil g qf; RGP HRIRRNENRIst et Neo PET1 PNES 3 aRNI19N i nereased in
10 its area with going from cne side in contact with the area 21
to another side in contact with the area 22.

The X-ray images contain much random noise, so it is
necessarytoaddsmoothing filterprocessingtooriginal images.
Thebrightnessdistributionof thescintillator 6 obtainedafter

15 the smoothing filter processing is added, is represented by
a curve 23 in FIG. 9. In the brightness distribution 23, a
vertical axis represents brightness and a horizontal axis
represents places on the scintillator 6.

X-rays applied from the X-ray exit 12 and having arrived at

20 the scintillator 6 since is gradually weakened with going near
toaperipheral portionof theX~rayexit 12, tobemore accurate,
the brightness distribution 23 is somewhat low at a portion
on the scintillator 6 corresponding to the peripheral portion.

FIG. 10 illustrates abrightness distribution of an image

25 formed by a thin steel cord with “individualized wire” in the



FIG 10 illustrates a brightness distribution of an i nage 25 forned
by a thin steel cord with "individualjzed wire" in the 31 imaging
systemin FIG 8. The steel cord 16 thinner than nornmal |ocated at
the position of the broken line 4a absorbs or reflects part of X-rays
fromthe X-ray exit 12 and thereby fornms a projected inage as a

si | houet tmaging vy sg¢eintn FIL&t. of . 6 THEwet¢¢ heogsdghehhsnbei& mamdnowoali ne
segnents 19 of broken |ine are drawn as tangential lines to the steel
cord 16 fsceménatertdspobithenXaye exblkeh itre {habseirbisidt akdlebtsThe
respective areas 21 (dot-shaded areas) | ocated outside the two line

RIS B BT g St By o e genpetene

where t hﬁng%é 2% a silhouette on the scintillator 6. Two line segments
5 18 andtwo line segments 19 of broken line are drawn as tangential
lines to the steel cord 16 from two ends of the X—ray exit 12

to the scintillator 6. The respective areas 21 (dot-shaded
areas) locatedoutside the two line segments 19 are areas wherein

the X-ray exit 12 is not hidden behind the steel cord 15 at

10 all. In the case of FIG. 10, there is no area where the X-ray
exit 12 is hidden by the steel cord 15 completely on the
scintillator 6 resulting in no umbra on the scintillator 6.
Area 24 positioned between the two line segments 18 is an area
where part of the X-ray exit 12 is hidden behind the steel cord

15 1lé6atapartiallylargest areawhenviewing fromthe scintillator
6. That is, the areas 24 are areas where the steel cord 15
forms the penumbra. However the area 24 is higher inbrightness
than the umbra area 22 in FIG. 9 because the X-ray exit 12 is

not hidden completely by the steel cord 15 at the area 24 as

20 mentionedabove. Eachof twoareas?2b (hatchedarea) positioned
between the line segment 18 and the line segment 19 drawn from

an identical point at each one end of the X-ray exit 12, is

an area where part of the X-ray exit 12 is hidden partliy behind

the steel cord 16 when viewing from the scintillator 6. Areas

25 21 (dot-shaded areas) located outside the two line segments



exit 12 is hidden by the steel cord 15 conpletely on the scintillator
6 resulting in no unbra on the scinti])ator 6. Area 24 positioned
between the two |ine segnents 18 is an area where part of the X-ray
exit 12 is hidden behind the steel cord 15 16 at a partially |argest
area when viewing fromthe scintillator 6. That is, the areas 24 are
areas whep etdherstageiwheoedtié forap $he genusbnat HHodarebehliedatba 24
I's higher in brightness than the unbra area 22 in FIG 9 because the

X-ray exgted? tsraotshiddeniconpl enel ¥chytiheasbeeb gendribeat ntihg
area 24 as 20 nentioned above. Each of two areas 25 (hatched area)

posi tiongd; bet¥een 4herd neeaeosent & and.t be gﬁ&%@mlszé%_ drawn

froman identical point at each one end of the X-ray exit , IS an

o 23, W5 BREL 8T DB AR S A LAISD BALLLY DRI 0%
5 thescintillator 6. Thebrightness of eacharea 25 is gradually
lowered with going from one side in contact with the area 21
to another side in contact with the area 24 because the part
of the X-ray exit 12 hidden behind the steel cord 15 is gradually
increased in its area with going from one side in contact with
10 the area 21 to another side in contact with the area 24. The
X-ray images contain much random noise, so it is necessary to
add smoothing filter processing to original images. The
brightness distribution of the scintillator 6 obtained after
the smoothing filter processing is added, is represented by
15 a curve 26 in FIG. 10. In the brightness distribution 26, a
vertical axis represents brightness and a horizontal axis
represents places on the scintillator 6. X-rays applied from
the X-rayexit 12 and having arrived at the scintillator 6 since
is gradually weakened with going near to a peripheral portion
20 of the X-ray exit 12, to be more accurate, the brightness
distribution 26 is somewhat low at a portion on the scintillator

6 corresponding to the peripheral portion.
FIG. 11 illustrates abrightnessdistribution of an image

formed by a steel cord having the borderline outside diameter

25 14 in the imaging system in FIG. 8. The steel cord having the



25 21 (dot-shaded areas) |ocated outside the two |ine segnents 32 19
are areas where the X-ray exit 12 is pot hidden behind the steel cord
15 at all, so the scintillator 6 generates high brightness at the
areas 21. The area 24 and the areas 25 are projected areas where the
steel cord 16 fornms a penunbra on 5 the scintillator 6. The

bri ght nelssrdé¢rbach artea. &5 dismgraduat | hodavet ed whe hpgri higerf odimtbae
side in contact wwth the area 21 to another side in contact with the
area 24 peeckrais e inked pabisoebstde réfnaytexpdrd 3chi-deens bebinnthd Rersyeel
cord 15 is gradually increased in its area with going fromone side
in contagkiwiih 10t SR Aokt AMHUNYATOE iy CRB ACk 1 Yhbhet bE
area 24. The X-ray inmages contain nmuch random noi'se, so It 1Is

necessary. t d i filter processing to original imges. The
brightne%% |§t€?§ﬂ?§%ﬁé€$rt e scintillator 6 obtained after the

snoot hing filter processing . is_added,. is represented by 15 _a curve 26
TICRIE S0, 1E HEL T ARG AR R bhE T oht o SSERAS S8l CnbEoken

represents brightness and a horizontal axis represents places on the
scintillhi®e & )dramps applardaeiich tiHacr tgy tég steglangarAabargng
arrived at the scintillator 6 since is gradually weakened w th going
near to hpdampherldingontiscne20iafetbe M faprexivb d2ds tarX idenBreay
accurate, the brightness distribution 26 is somewhat |ow at a portion

on the sexnt ill2l €b @hebs €ORE EFPONGE Y t Dhiherpar bpheid - peiddDarebb G
11 illustrates a brightness distribution of an inmage fornmed by a

steel cof&-hayd Rt 1@PPhEr 1 16 Qe de1 8 APESE SN Héd RHNR-ray
i mgi ng systemin FIG 8. The steél cord having the 33 borderline

OutShie SATSLRY oL aERNSth Byt PASIILOD G gcbielen |iog £,
forms a prol et #dc! "PP2 3% ' IV N 16 A M@ erother
at a point on the scintillator 6. For this reason, when viewing
from the scintillator, an area where the X~ray exit 12 is hidden
completely behind the steel coxrd having the borderline outside
15 diameter 14 exists only at one point on the scintillator 6,
so a substantial umbra in the sense that it has a certain range
does not exist. Areas 21 {dot-shaded areas) located outside
the two line segments 19 are areas where the X-ray exit 12 is
not hidden behind the steel cord 15 at all, so the scintillator
20 6 generates high brightness at the areas 21. An area 25
(hatched area) positioned inside the two line segment 19 is
an area where part of the ¥-ray exit 12 is hidden partly behind
the steel cord having the borderline outside diameter 14 when

viewing from the scintillator 6. The area 25 is projected area

25 where the steel cord having the borderline outside diameter



5Two |ine segnents 18 and two |ine segnents 19 of broken line are
drawn as tangential lines to the stee], cord having the borderline
outside dianeter 14 fromtw ends of the X-ray exit 12 to the
scintillator 6. The areas 21 (dot-shaded areas) |ocated outside the
i ne segnments 19 are areas where the X-ray 10 exit 12 is not hidden
behi nd thée Streed agoemurddratonathe dairtthie Jceaser 6f. FBGh- 1lash Hes twkehi ne
segnents 18 intersect each other at a point on the scintillator 6.

For thi sz egs®nni @i b eWHichddOR41RRe S Rtild akeq, ial:aeeanwhese
the X-ray exit 12 is hidden conpletely behind the steel cord having

the bordeyhdne Misideg gls f'mif@}s%a%%,eéiéﬁ I s 4101278 1RRIAL 0B t he

scintillator 6,” so a substant unbra 1n the sense that it has a

certain range does not_ exist. eas. 21 (dot-shaded, areas) .l ocate

it 51 de TRET b T st T peke SR P SERER SRR 8R 1 i s
not hi dden behind the steel cordlSat al|l, so the_scintillator 20 6
generfat 3L ¥R gAT bR HRERBsEC Al PRBUE, BEEGDENCR YpdueoBthnRashed. ARRa)
positioned inside the two line segnent 19 is an area where part of

t he X-ra¥ &Y tIMEDSSs Chindaen Pach|saddn i@ issite spekt icongckavemy the
borderline outside dianeter 14 when viewing fromthe scintillator 6.
The areaad@b bmoptbjiegt €d laresa @2Soades nd heostoedlgineld twagawy t hthe
borderline outside dianmeter 34 14 forns a penunbra on the

scintil I8¢ Dfhéne s ki Pasibs drakentRs dden i N ftoh by bplbAess yatee in
this area inside the two line segnents 19. In this case, a brightness

Bbak wi LB Tuh B HoeE B T B QR ages yar (B Br R ERSrY The

Bbak wit rightness to m ninmum bri ghtness va

X-r i 0 i.n h nd ise, .sQ.l.t is necessary to,add
SrodPhi i SIT el i b b it o B Qi ai oSS THE Br PORtRBSE - @
distribution of_the, scintillator gFthained after the snoothjng

filter protessdhg@¥isalgRyespRtpeprdgBhfedsShyPRD & RAUFHECDRL N2kl &
11. In the brightness distribution 27, a vertical axis represents
bri ght neSSPEERERL hHrlieLest an e solapiddencs pt adesrays epplied from
scintillator 6. X-rays applied fromthe X-ray exit 12 and havi ng
arrived tate Kheaganiti Patrot h6vinpeernisregt adudld yecueakehatona higoee ng
near to a peripheral portion 15 of the X-ray exit 12, to be nore

accur at ejs ifieduiailght nesgediat withitddmPhchs 5@@%@@& hewaat pérposhi on
on the scintillator 6 corresponding to the peripheral portion. In

ternqg of,#raye ng.~fheegitsionl Y o0ng pisY éﬁcd%?ﬁglt{ﬁbbﬁ£9§ﬁ9§é§sis
at the sanme level of darkness as an unbra on the
distribution 27 is somewhat low at a portionon the scintillator
6 corresponding to the peripheral portion.
In terms of drawing, there is only one point at which the
brightness is at the same level of darkness as an umbra on the
20 scintillator 6. Inactuality, however, Bth Dash takes a higher
value thanBminbycarryingoutdiscretizationwithpixelishaving
a finite spatial size and smoothing between adjacent pixels
to remove the above-mentioned random noise. The half value

width of the brightness distribution 27, that is, the width

25 between points 27a, 27b at which the brightness distribution



20 scintillator 6. Inactuality, however, Bth_Dashtakes ahi gher val ue

t han Bm nby carryi ng out discretizatgﬂpmjthpixels having a finite
spatial size and snoot hing between adjacent pixels to renove the
above-nenti oned random noi se. The half value width of the brightness
distribution 27, that is, the width 25 between points 27a, 27b at

whi ch t h27 briogktsessinlistmedintohridbtndds betsees Fa i ah@BrurdDakk,

bri ght ness between Bbak and Bth_Dash, is taken as the threshold val ue

W h Dashi oft4lken tdH chressrebhbhe sheek wendbadl hhDash eandhacdsedras
the brightness threshold value to discrimnate an ordinary steel cord

and an efgueRtah MJAe fHem sach et usé.!\é!astﬁgggiémgs Ef}eeéﬁogafg

as the brightness threshold value as nentione ove, 1 n place o

in order hasi .a.di.fference,in brightness _hetween a-.stee ord
e oA B TR AT LR A L S L R IICER AR SR, B BhERL A T

12, the m ninum val ue of .the bri ghtness value of an 10 i mage obt ai ned
by a St e8I T8 0F PReRATY A h BibsPasha: SHASh (e Hroldeoups Bae

dianeter) Na, which is slightly smaller than the borderline outside
di anet erPrightegen tHy afielchresuslar ngntécBed. a G, 12 placeafaibs a
brightness distribution of an image 15 forned by a steel cord having
t he out sinlerdieanst emphthicatsddEéfdiranet ém Y4ayhtnavs bktiveearmbteel
t han the borderline outside diameter 14 described with reference to
FIG 11 aofldbargem dh@inary outside diameterandawire, asillustrated
in FIG. 12, the minimum value of the brightness value of an
10 image obtained by a steel cord having the th outside diameter
(threshold outside diameter) 14a, which is slightly smaller
than the borderline outside diameter, is taken as the threshold
value Bth.
FIG. 12illustrates a brightness distribution of an image
15 formed by a steel cord having the outside diameter (th outside
diameter 14a}, which is smaller than the borderline outside
diameter 14 described with reference to FIG. 11 and larger than
a wire (“individualized wire”) to be detected in the imaging
system in FIG. 8. The steel cord having the outside diameter
20 l4a located at the position of the broken line 4a absorbs or
reflects part of X-rays from the X-ray exit 12 and thereby forms
a procjected image as a silhouette on the sc-inﬁillator 6. Two
line segments 18 and two line segments 19 of broken line are

drawn as tangential lines to the steel cord having the th outside

25 diameter l4a fromtwoendsof theX-rayexitl2tothescintillator



awre ("individualized wire") to be detected in the imgi ng system
in FIG 8. The steel cord having the gutside dianeter 20 14a | ocated
at the position of the broken line 4a absorbs or reflects part of
X-rays fromthe X-ray exit 12 and thereby forns a projected i nage as
a silhouette on the scintillator 6. Two |line segnents 18 and two |ine
segnent s619 Bfe brekentlivrezgas dlalvotasshadwkatreak) | lomstadotheideeel
cord having the th outside 25 dianeter 14a fromtwo ends of the X-ray
exit 12 thettweo skind iddaadedrts 30 abe IhCasespPecdivetnd odsadlexit 12
(dot -shaded areas) |ocated outside the two |ine segnents 19 are areas

wher ei n {88 oX-HidHBXbdh 1dd tﬁe@%teall &sifdﬂhaebh@%fe% é&@gid@eagmaewrng

the th outside dianeter 14a at all. The areas 25 and area 24 | ocat ed

i nsi de tf@itzé(\;@ éh ' ngﬁ%bgggg% g% @eaefégafél V%%a%:e%r tns(?LI e @%extggy

exit port Idd cord "havi ng th out’si
dianeter.l1l4a resultin n a penunbra on the s tillator 6.
BT S R SR e A RIS AL
18 intersect the scintillator 6, the m ninum bri ghtness is 10

gener at et &fdriddesbehked the sheelrord Raying bha thoutside daguetygr

brightness distribution 27cc is simlar to the brightness

di stributfaneznliting 3 aldentcwey en, thdhecinniilatbright Aesshe/akaesi s
hi gher than that of FIG 11. The half value wi dth of the brightness
di stribu2i gnsdtdeonddiadtwsSentthe b hbs ket weesh hepewdtisirdy aegrhéhtat
whi ch the brightness distribution 27a crosses the internedi ate

bri ght nesg 9@%@@§@c§bﬁﬁea§81§E51§§30996U3€Heaﬁlﬁﬂﬁuﬁhb§§eﬁkﬂe¥§lEg
W h of the thickness of the steel cords. Bth can be used

bri %t n géné%@%@%gﬁ vakye 3,0 disan T 0a88; 891 QL HRr yzﬁtt%as sggg, and
m each ot her .

awre f

a brightness distribution 27a is similar to the brightness

distribution 27 in FIG. 11. Howewver, the minimum brightness
value is higher than that of FIG 11. The half value width of
the brightness distribution 27a, that is, the width between

15 points27a, 27bat which thebrightnessdistribution 27a crosses

the intermediate brightness between Bbak and Bth can be used
as the threshold value Wth of the thickness of the steel cords.
Bthcanbeusedasthebrightness thresholdvalue todiscriminate
an ordinary steel cord and a wire from each other.

20 In the imaging system in FIG. 8 to FIG. 12, the position
4a of placement of the steel cords is located in a position
relativelynear the X~ray tube 5 for convenience of explanation.
However, upon location of steel cords relatively near the
scintillator 6 like a position 4b of placement of the steel

25 cords in FIG. 13, it is possible to ensure a larger range of



20 In the imaging systemin FIG 8 to FIG 12, the position 4a of

pl acenent of the steel cords is locatgd in a position relatively near
the X-ray tube 5 for conveni ence of explanation. However, upon

| ocation of steel cords relatively near the scintillator 6 like a
position 4b of placenent of the steel 25 cords in FIG 13, it is
possi bl ethe Xerrsur nagt ar garrrrangecof, e8#ntiheaXeasy off maghki rkuryt Beesbr e,
even in a case of ordinary steel cords having a dianeter |arger than
t he bordestisehauvisyde diameter ldrger exen theaboaserofina bltnigkeel
cord having "individualized wire" by com ng undone-steel cord, the
range 5 @fakbecpreas 30, c9én 24, a28aks spahi ahhy QQEE'_‘LE%%EQ aavms
scintillator 6 resuftlng in conpact of the range. As a result,

radi ati ony ﬁafefdgélgg Jag¥é QSmgﬁg: g%@ngkégfﬁuakhl%h%h§9nge

possi bl e to reduce cein essS W

central X-ray.,| |a|on s.brigh the 10 erlpher
cart sis Barknl atandlel ndhoeha ? a%swﬁgﬂ%%ﬁggﬁogPPPSE LR .
of the steel cords is chan ed from 4a to 4b, the borderline outside
di anet erSa4NE b} 1YFQES ﬁ?ﬁ‘éf’?h@gdﬁl oPEPAAF Pisthelrassied afd areRRAT,
steel cord fromeach other is also changed. 15A steel cord having a
desi r ed out staldiali poet=mngs &f coniXrgademe st eelrrooed and thus it
"individualized wire" can be detected by taking the foll ow ng

pr ocedur £s of 1 s pesisfiping tanredtisedeh di @ikt €ferdde tihe bstiegtneesdwienhbe
determ ned as ordinary and that of a thin steel cord to be detected

as an el @eah alnaMcksic r2Q %Q?E'éf'ﬂl&aay QQH:Q@EL!a't&‘%nO% 06yl ARl ehe 14
or a th outside dianeter 1l4a based thereon; and adjusting the size of

Lo TPl SR SEPBLEkoCe ENGLION, Rl iens oy g

gescrl beg, above, JESEILELLA hoe oo aluen AN 25 2L SLene 0 F O
to 4b, the borderline outside diameter 14 for discriminating
an ordinary steel cord and a thin steel cord from each other
is also changed.

15 A steel cord having a desired outside diameterx as a coming
undone-steel cord and “individualized wire” can be detected
by taking the following procedure of: specifying an outside
diameter of the steel cord to be determined as ordinary and
that of a thin steel cord to be detected as an elemental wire;

20 specifying a borderline outside diameter 14 or a th outside
diameter 14a based thereon; and adjusting the size of the X-ray
exit 12, andapositional relationship between the scintillator
6 and the position of placement of the steel cord.

As described above, description has been given with

25 reference to FIG. 8 to FIG. 13 of: specifying the size of the



X-ray exit 12 and the positional relationship between the
scintillator 6 and the position of placement of the steel cord;
specifying a borderline outside dianeter 14 or a th outside dianeter
1l4a as a borderline of judgnment as to "individualized 5 wire"; and
based on the above-nentioned specification, form ng a projection of
dar k shafionadeskghatled aasl wisr goadieni @ bbyetit havsmigpe beebweden ethed
is a normal steel cord thicker than the borderline, or formng a proj
ection ofcontyl aapendbna thel pbsvelynhiplibechehghimerss el abrd;

obj ect having been detected is an 10 elenental wire thinner than the
bor der i g8ec V¥ {ng el 88&REe- 1 thdlfar Sidd Hldaetkd 19e96r Lpthopupagqbeen

given to cases where a thin steel cord 16 as an elenental wire iIs

or t hogon&iarg%mé%aggea %rsamhe%f‘g%dgﬁ\e%% ahen, l\&naﬁveagghk%g °

the plane o mnngs an im nunbra“is™o

because 15 of th t X—ra exit nd th OSItIO

ol ath oiERFS. betife i THOCBETRAT T S e L Moot £4 oHob L pracBent
of the steel cords. In the present i nvention, even when the cross
secti on dPARETIEE CERIE | Shaslowcfpeivartefay smpsasiine anooboeatan
i mge of the unbra and the penunbra so clear that they 20 can be

easi |y dizcingibregredidtagheshdls ot hermahl sisseh ahmhehérckefr thenobhect
takes a val ue approxinate to the borderline outside dianmeter 14. The

verti cal badle hDIh& oot &lorsiizgs ©f o PEACOUSPUF cslrfasen@ibtheeXat dyely
source are preferable to be set such that an area 25 of the out put

surface ﬁﬁgﬂlairrgefrltd?%e%scwee- ﬁ%bg)@et B eg T dfe%c\@erdelenahts
outside dianmeter and further larger than a cross sectional area of

the st eel &Qérgtdéfﬁ%flse gtfﬁflﬁ{éf & %tt%ed%oc;jt'é:aeﬁl%r t OW&?E"‘ﬁeggrence

above- ne I one ra e ste cord an enunbra ©

(I'mage pro drai,l l.nspection Apparatus)

LT uES FIEE B Pl dabiod 100 L0 B G b BRgEr b SE SoFNERE.
present invention and it can be enbodi ed as, for exanple, the inage
processi i steelTrerd ffye spip @NieFanMice i§ %@hﬂqm &P ghe
frame acquisition part 28, a steel 10 cord detection part (hereafter,
r ef errecpl'c"m@@%@h@edeewmgsparRJ)SQQJheal steet poral delo hbkdphgneart
(hereafter, referred to as SC nodel holding part) 30, a steel cord

t race/ segfrent desiitigs deheioidgmopastl  heseaafiers iseftraietd beasusSe

trace/ segnent feature detection part) 31, a frane-by-frane

15 of the size of the X-ray exit 12 and the positional relationship

between the scintillator 6 and the position of placement of

the steel cords. In the present invention, even when the cross

section of the steel cord is not circular, it is possible to

form an image of the umbra and the penumbra sc clear that they

20 can be easily discriminated from each other unless a diameter

of the object takes a value approximate to theborderline cutside
diameter 14.

The vertical and horizontal sizes of an output surface

of the X-ray source are preferable to be set such that an area

25 of the output surface is larger than a cross-sectional area



15 quality judgnment part 32, a final judgment part 33, a display part
34, a command input part 35, and a cqg;rol part 36. The SC

trace/ segnment feature detection part 31 includes a wire detection
part 311. Hereafter, the direction of the length of handrail w Il be
referred to as "direction of length" and 20 the direction orthogonal
thereto af | thberviret ern ed 4 @ews 'der diegenalr dindecuraherf bargenvehaence
of expl anati on. The frame acquisition part 28 extracts one

frame franttbesreythgohaBgesedf ot hehbapdeall cehot imi iBst Berganeiae’.
Then it extracts a range containing steel cords therefrom and renoves

25 randog 9] &€ dii BreFRIe: OGN H16S %b%@%—ﬁ%h%&%ﬁeQ%mMBl% aHe aé@el

conpensation. The SC detection part 29 detects each steel cor
h

portion 58£§ﬁ%£§?€%ﬁ§hﬁfﬁiﬁfeﬁgpqﬁﬁééy exi sting each of the stee

cords from Nness stribution of this image and cal cul ates 5

coordi nates of each steel cord rtion. The coordinates in the
or £ hOgonbI T der TRt g T o Ent A2 bhoi St L b APPAERI), ¢ he

coordinates in the vertical direction in FIG 5,
FIG. 14illustratesaworkingexampleof animageprocessing

unit of the present invention and it can be embodied as, for

example, the image processing unit 2. The image processing

unit 2 is comprised of a frame acquisition part 28, a steel

10 cord detection part {(hereafter, referred to as SC detection

part) 29, a steel cord medel holding part (hereafter, referred

te as SC model holding part) 30, a steel cord trace/segment

feature detection part (hereafter, referred to as 8SC

trace/segment feature detection part) 31, a frame-by-frame

15 quality judgment part 32, a final judgment part 33, a display

part 34, a command input part 35, and a controcl part 36. The

SC trace/segment feature detection part 31 includes a wire

detection part 311. Hereafter, the direction of the length

of handrail will be referred to as “direction of length” and

20 the direction orthogonal thereto will be referred to as
“orthogonal direction” for convenience of explanation.

The frame acquisition part 28 extracts one frame from the

moving images of the handrail shot with the camera 7. Then

it extracts a range containing steel cords therefrom and removes

25 random noise in image brightness and carries out contrast



is represented as the position of each steel cord in that franme. The
SC nodel hol ding part 30 updates and | ds an SC nodel 10 group of

t he predeterm ned nunber of steel cord nodels. Regarding the SC nodel
group, the updated and the held are the coordi nates of each steel
cordnodel in the orthogonal direction, brightness of the steel

cor dnodetompadsénfonmat i on onbri ght ness of the background area

adj acent to the steel cord portion (the 15 update and held of the SC

nmodel group wrhé die dédeseriilbedphat e19 et otef erencerdéol KHoed g8rkidhe
steel cord nodels in the SC nodel group are naned as cords 01

02,..., d8:28spon&l Ry 3 idSSHaddacelsegrent JRal Yf e hdeladi eprpart

31 conpares representative coordi nates of thé detected steel cords to

R TR L R R LRy

5 coordinates of each steel coxrd portion. The coordinates in
the orthogonal direction to a barycenter of each steel cord,
namely, the coordinates in the vertical direction in FIG. 5,

is represented as the position of each steel cord in that frame.

The SC model holding part 30 updates and holds an SC model

10 group of the predetermined number of steel cord models.
Regarding the SC model group, the updated and the held are the
coordinatesof eachsteel cordmodel intheorthogonaldirection,
brightnessof thesteel cordmodel, andinformationonbrightness

of the background area adjacent to the steel cord portion (the

15 update and held of the SC model group will be described later
with reference to FIG. 29.) The steel cord models in the SC
model group are named as cords 01, 02,..., 18 as in FIG. 5.

The SC trace/segment feature detection part 31 compares
representative coordinates of the detected steel cords tc be

20 the output of the SC detection part 29 with the coordinates
of the SC models held by the SC model holding part 30C.
Subsequently, the SC trace/segment feature detection part 31
brings coordinates of the respective detected steel cord and

the SC models into correspondence with each other such that

25 the total difference (sum of differences) in coordinates both



Subsequently, the SC trace/ segnent feature detection part 31 brings
coordi nates of the respective detectgd steel cord and the SC nodel s
into correspondence with each other such that 25 the total difference
(sum of differences) in coordinates both 41 of the detected steel
cord and the SC nodels, which are corresponded in the predeterm ned
nunber, decohes datsatietedstéslt herdesuld ©fe t BLs rpdedsssiwiy,ch hare
correspondence between each of the steel cords detected in the
current ¢oanespncddédierbther dradabermbdfie€anintgdr t hecsieel méntdszedt hat
is, cords 01, 02, ..., 18 in FIG 5, is determned. Based on this

cor r espogidlence riaseneet Ri s apsencss 0lg | agle ebrsbepbneehde sOBLasH
bet ween steel cords, entangled steel cords, or "individualized wre"

from Ste@éck(fQ:L%ltig@i %Pgeiuééf@é JdatR dcf sder fetadh - SO e fesuht oL 10

detection iIs menory as a 'frame-by-frane segnent feature
| og".. The representative caordi nat of ,each steel cord ..s ed as
updale | TPHT RHEPER Grea RO BRI S SPTPhe (oA trittteF SRAF ditnd Jrar t - 80.
Each steel cord coordinate of the updated SC nodels is held as a "Sc
trace | obff ntRath t racets (IR TEMAYr. B8STHeOPr hReShGOFFafROGUaNTEy
judgment part 32 refers to the "SCtrace log in each trace" and

confi r npxeeeptessmimarcabsdiick of saesdgmerd, featars bathwen stethe

| ack of steel cord, contact between steel cords, entangled steel

cords "iashas dusiiazredd ad refecdf eacts, sbeeliadiditionndzes wheeCurremt
20 frame, and determ nes over how many franes any of these features

| ast wheqrddes® feahurps Present srddRons" hadixidyal dzadavreayuikasti ng
over the predeterm ned nunber of franmes, the handrail is recorded as

 agaont S eae - Oha PERA VT ATToRY 28 W e e | et G SveroTRy"

j udgnent Wi re" not ‘1 asting over

predet erfganéatgrerzmlnc?cf’r. OfThfer %g%%eosléntg%ive coordinates of each steel

cord is used as update information of the SC models at the SC
model holdingpart 30. Eachsteel cordcooxrdinateof theupdated
SC models is held as a “SC trace log in each trace” in a memory.
15 The frame-by-frame quality judgment part 32 refers to
the “SC trace log in each trace” and confirms the presence or
absence of a segment feature, that is, the lack of steel cord,
contact between steel cords, entangled steel cords
“individualized wire” of each steel cord found in the current
20 frame, and determines over howmany frames any of these features
last when these features presents. Upon “individualizedwire”
lasting over the predetermined number of frames, the handrail
is recorded as “no good state with serious damage” in
frame-by-frame guality judgment logs. Upon “individualized

25 wire” not lasting over the predetermined number of frames or



nore, the handrail is recorded as "good state with normal”. Upon "no
good state with serious damage", the fyames containing the segnment
feature causing "no good state with serious damage" are tracked back
up to a starting point of the segnent feature, 5 so the record in
each log fromthe frane at the starting point of the segnent feature
up to theofeanehathdamérsihel ofrgamgian ashe goeghenttieatithennsmae(i. sed
to "no good state with serious damage". Thus, the "frane-by-franme

qual ity Jpegmert gbogs't akew Lipilateed cas d@ doned habovanandohekdni Agt he
menory. In this 10 case, when there are various segnent features, the

qual ity {mdenRilertane e, sa@IdE8d ngUind Bomdl 44 15 ages rﬂ?ﬁQQa?QSe”

result of logical nultiplication of the presence or absence o

vari ous t d.then.t ality judgnent can _be held
ne a1 ot PO bHER I SR BIRT I HANL 1 HE g ReRRuE,
"frame-by-frame quality ju nt |l ogs", so the gquality judgnent of
he- GverSP ICHMREEATE SHA e oG Piad o Fe S Bt it il onapine
judgnent result. The command input part 35 is inplemented by a
publ i cl Y2 0hehememiensufeaevireeus ueh e drregbehrivharddine wdusuedoine
start and stop of processing by the inmage processing unit 2 can be

cont r ol | e tdwgmefrrto Mettrugeghst hev coed rtal “par o886 . sthdre tWiehdsspliays
part 34, a publicly known graphical user interface such as a display

of PC cafarhegersed THIS,t bige difspiy b6 fakde $dalihe jadghkhy JagneRE
result outputted by the final 43 judgnent part 33 can be displayed

toget heryyhdfle@d HRGS: { 5008 L8, QM@ eld in thE rdfdy MRirAt epapce

service nen using the handrail i1 nspection apparatus of the Invention,

the 1'0nag§a§épcx9}§<§ﬁ "Bhere are various segment features, the quality

judgment can be carried out inmulti~stages by using the result
of logical multiplication of the presence or absence of various
segment features, and then the quality judgment can be held
as a log.

15 Afinal judgment part 33referstothetotal “frame-by-frame
guality judgment logs”, so the quality judgment of the overall
handrail sample is carried out to output as a final judgment
result.

The command input part 35 is implemented by a publicly

20 known inpuit device such as a keyboard and a mouse. The start
and stop of processing by the image processing unit 2 can be
controlled therefrom through the contrel part 36.

For the display part 34, a publicly known graphical user
interface such as a display of PC can be used. On the display

25 part 34, the quality judgment result outputted by the final



5 unit 2 of the invention can be configured so as to finish its own
processing by inputting to the commang, i nput part 35 the same result
as the result outputted by the final judgnent part 33. Up to this

poi nt, description has been given to the configuration of the inmage
processing unit 2. 10(Frame Acquisition Part) The frane

acqui si tjodgpant @2Brtséjueantilat |di trdkesed tages heut woth anguieed fMpwing
i mges and processes them This processingmaybe carried out online or
maybe catkréedaetaoffline . That is, in the case of online, each tine
the frame acquisition 15 part receives a frame fromthe camera 7, the

processing na'i’obgl%?gu‘?ﬁgiir?éé&érﬁ%”éﬁgvﬁ?&%zm@ﬁ id%itng;fig eeﬂghgraill A

offline, after tenporarily storing the entire area ndr al

to be ing ed.as a video file intaq a netic,storage device, .the
br ocess MRS L heT IR L by T d T s T Fare e R qHanFraP )20
fromthe nagnetic ﬁtora e device. It may he better to adopt .the,

of 1 ine PrHEesSEPS AREST hhgR CHAPDHEPLIOELEEdSRidhdR TS h§San
excessive load on the i mage processing unit 2. ~ Upon the X-ray
i magi Ng W tPHUCGRS HLIMARY NP tipg ig Bbenersarddynmitatardpdédthad
onl i ne processing being carried out 25 based on distance information
from t hesame oteru 13, athend raselt4dduapgutsdthyonhpaf in2V7 jeatgtiess: patkt
processing of acquiring a frane in accordance with the output of the

encoder $3eachpt e tHigs i@ | ddsesipoved hysappicedejiardd ned the
di stance, for exanple, of 5 Mmto 20 mm and then processing the

acqui re%éﬁ@@r@i&t% At def a0 d, - 4008 PEd i Dey P ocessing, for
exanpl e, the franme
10 (Frame Acquisition Part)

The frame acgquisition part 28 sequentially takes frames
out of acquired moving images and processes them. This
processingmaybecarriedout onlineormaybecarriedout offline.
That is, in the case of online, each time the frame acquisition

15 part receives a frame from the camera 7, the processing may
be sequentially carried out, or in the case of offline, after
tempprarily storing the entire area of the handrail 4 to be
inspected as a video file into a magnetic storage device, the
processingmaybe carriedout by reading out a frame sequentially

20 from the magnetic storage device. It may be better to adopt
the offline processing since images can be processed without
imposing an excessive load on the image processing unit 2.

Upon the X-ray imaging unit 1 or a handrail 4 moving at

non-steady-state speed and online processing being carried out

25 based on distance information from the encoder 3, the frame



acquisition part 27 acquires a frane in accordance with the out put of
the encoder 3 each tine the handrail 4 is noved by a predeternined

di stance, for exanple, between 5 mMmto 20 mm and then nmakes a
sanpling video file sanpled fromthe acquired 10 franmes and
tenporarily stores the thinned-out video file in a magnetic storage
devi ce. Fhauyisieboh ipae tnideawirt ke ssacth paccesfkiiggrat roqupronigdesranei ng
I mges of a handrail nobving at a constant speed. The frane

acqui si tinnapestdRA8ce an treatie BESPuURDYENEghE NBPESIANS 2e¢U temantdhe
process franes one by one. When 15 the offline processing is carried

out, it henYPALLESIAN Mob8dMPY f8chibecthaNBaas M Sidd O%Qaé&ar%ﬁlw, th
a function of storing acquired hoving images as a video file ahd

T PRl I8 AR R S B R R SR O A 6hno

5 the other hand, upon offline processing, for 'example, the frame
acquisition part 27 acquires a frame in accordance with the
output of the encoder 3 each time the handrail 4 is moved by

a predetermined distance, for example, between 5 mm to 20 mm,

and then makes a sampling video file sampled from the acguired

10 frames and temporarily stores the thinned-out video file in
a magnetic storage device. The videc file made with such a
configuration provides moving images of a handrail moving at

a constant speed. The frame acquisition part 28 can read these
moving images and acquire and process frames one by one. When

15 the offline processing is carried out, it is unnecessary to
provide the frame acquisition part 28 with a function of storing
acguired moving images as a video file and moving images may

be separately generated by moving image generating software.
Description will be given to the relation between a

20 traveling speed of the handrail 4, a width of a range of the
handrail X-ray image in the direction of the length of the
handrail illustrated in FIG. 5, and the moving image frame rate

of the camera 7. When a frame rate of the camera 7 is N frames

per second, a time interval each between frames cutputted from

25 the camera 7 is 1/N seconds. When the traveling speed of the



20 traveling speed of the handrail 4, a wdth of a range of the
handrail X-ray inmage in the directionof the Iength of the handrai
illustrated in FIG 5, and the noving image franme rate of the canera
7. Wen a frame rate of the canera 7 is N frames per second, a tine
interval each between franes outputted from25 the canmera 7 is 1/N
seconds. haénaihed tisakehi himpeeds gfet keco@8, hhhdrtzndrzeils ils moved
mllimeters per second, the handrail is noved by L/INmllinmeters
whi | e t hieycanir aillaagtietes whrid ef rcane.calteref Drecopt os dedet Fabmehe
shutter of the camera 7 is kept in opening, upon the length of the

range i nthbgcgbrectp by Died the terItRuet ethg s handraine vh b’ehagké@{:ger

than L/N mITinmeters, all the i mage information of the handrail IS

cont ai neflnh%éﬁﬁn@ A& %ﬁﬁtﬁxe gocfiil £ a7n?e ] ThFordl%%rEHlDﬁ of

provi ded t ne rate o camer a rames per second
and the el i f the ndrail .10 4 | te
Secort. the et theSopeatan g ko Shy kehe Fotadyl rebTTeekgsP 50
16.7 nlllineters, Ther ef ore, when the | engt h of the range of the
handraiIa¥@r%®@i¥ﬁ@ﬁ?i%9@9ﬁ%ﬂ g Gt téﬁg@@nﬂﬁéﬁ-lﬁ #S| FPREREPST AN
the image information of the handrail 4 is contained in the

above- mebit¢ onleovyient ichi¢d evidentblei nterl ace-type camera i s used

for the canera 7,
For example, provided that the frame rate of the camera

7 is 30 frames per second and the traveling speed of the handrail
10 4 is 500 millimeters per second, the movement measured while

one frame is acguired is 500/30 = 16.7millimeters. Therefore,

when the length of the range of the handrail ¥X-ray image is

equal toor longerthanl7millimeters, all the image information

of the handrail 4 is contained in the above-mentioned video
15 file.

When an interlace-type camera is used for the camera 7,
each of 30 frames obtained every second contains two images
to be an even field and an odd field different by approximately
16.7 milliseconds in acquisition time. When the two images

20 are processed to be separated from each other, images can be
obtained substantiallywitha frame rate of 60 frames per second.
In this case, the movement measured while one frame is acquired
is 500/60 = 8.3333 millimeters. Therefore, provided that the
size of the handrail X-ray image in the direction of the length

25 of the handrail, illustrated in FIG. 5, is equal to or larger



each of 30 franes obtai ned every second contains two i nages to be an
even field and an odd field different, by approxi mately 16.7
mlliseconds in acquisition tine. Wen the two i nages 20 are
processed to be separated from each other, inages can be obtai ned
substantially with a frame rate of 60 franes per second. In this
case, thehanBerdenilhiasueed, Wil ehoneatyeairef ¢ snaicgun pédchesh500£601
8.3333 mlIlineters. Therefore, provided that the size of the handrai
X-ray inmpgesi fohbeigedect i ofle Ohbdhe-hengidnad widéheshpadrail,
illustrated in FIG 5, is equal to or larger 46 than 8.4
mllinetess, patbctheni prgeyinformation of the handrail 4 is contained
I n the above-nentioned video file. (SC Detection Part) Description

will be given 65%&%%55%%&“%f%¥is%“gE%E% gg'the SC detection part 29.

5 FIG. 15 illustrates a first example of processing by the SC
detection part and illustrates a flow of the processing. By
using an X-ray image from the frame acquisition part 28,
generated is a brightness distribution being projected in the
direction of the length of the handrail as illustrated in, for

10 example, FIG. 5 (S1). By using the projection, it is possible
to cancel out random noise in brightness associated with X-ray
photography and measure the trend of brightness responding to
each place in the handrail in accordance with differences in
the thickness of rubber. A contrast compensation curve is

15 generated from the projected profile obtained at Step S1 {S2).
Subsequently, an HR orthogonal directicn line is established
at a left end in the direction of length in order to analyze
the brightnessdistribution of the X-ray image in the orthogonal
direction one line by one line from the left end to the right

20 end or every predetermined lines from the left end to the right
end (S3).

Thereafter, carriedout is a loophandling inthe direction
of the length of the handrail (abbreviated as HR in FIG. 15)
(54}, and thereby analyzing is carried out for the X-ray images

25 from the frame acquisition part 28 within a field of view of



SFIG 15 illustrates a first exanple of processing by the SC
detection part and illustrates a flow-of the processing. By using an
X-ray image fromthe franme acquisition part 28, generated is a

bri ght ness distribution being projected in the direction of the

| ength of the handrail as illustrated in, for 10 exanple, FIG 5
(S1). Bythsikgraheiprogect Muxe ispecd fpossiebleipticangelllobe gamdom
noi se in brightness associated with X-ray phot ography and neasure the
trend of The iaghiuiess besptgk oy dieteashpbaces snibyhetbants amnbothing
accordance with differences in the thickness of rubber. A contrast

conpensa h@RoG¥kYE tichmierBenalH d bhemt Be wr pject sk BE et kk Bution
obtained at Step 51 (5 Subsequently, an HR orthogonal direction
{
n

).
line i i f i di i £ h | d
Lo ana S Bhe Tl e BT e £ B R g RH ol R O

ess ion o
orthogonal djrection one line by one line fromthe left end to the
1 Gh e o0 kel oFosrery ratiePaF APAGR PR nds s o (- PEred B 1o ThE
right end (S3). Thereafter, carried out is a |oop handling in the
di rect i oFETBPOERBY | BPFHRM Ok HhrhFRHi IcopsbBrdeirst & agxreq%Si hariag
15) ($4), and thereby analyzing is carried out fortheX-rayi mages 25
from t hea podmmtdeduisat icom paraquid8aldierntti noa poetdonfofvaeataxfl c47dt he
X-ray images. Mre specific description will be given. The acquired
bri ght neslse dirsddd dnttrionfi Stewbpact edl tive Haaithigigl and degptnashter.
conpensation to generate a brightness distribution on the established
line (S@n@@i@s&?@%ﬁiaoﬁqmminﬁ]aE@tép sleeel COrd O AR step
established line is detected(S6). e tenporary segnment of” the steel
cord.refe§s.to, pix [ a_pqatential ;,that_ca i n a
porﬂpon 0 %;s?gglSégFgégTﬁgtpﬁggeggﬁhgegf %% %69§f§ﬁ&bé@%§sé?§§ed
in detail later. In.,a first tinme-l.oop. handling at Step $4, a, )
processiQinﬁl%ﬁe nqdosy SﬁguHBgegépﬁréﬁogugl Nép d?oﬁ%fi%gséﬁond
ti me-1oop handling and subsequent tine-loop handling, a coupling is
carri ed QXA veeh BCEERBBr 8r FeS@gresty Feaneatstalel thorgtaet eefEd in
a previous |loop handling and a tenporary segnent of the steel cord
det ect eddétreatted cur reptrevoopshandpi megnd BN g 26! Reyempiomg rivomeyment
coupling therebetween, it will be described later. A next line to be
anal yzeb f estabbkilsbetd detedightinstie ohirtdhet llicwp aandiial apa) ysis
has been carried out in the current |oop handling (S8). Wen the

anal¥si SRdgatSids ML BolifeihhOhte AL Bfcdhe M AN 1l BRIBesar DEXY
proceedi ng i s noved

later. A next line to be analyzed is established on a right
side of the line on which analysis has been carried out in the
current loop handling (S8). When the analysis is terminated
to the right end of the X-ray image, a next proceeding is moved
20 from the loop handling of Step S4 (S9).

When a length of those coupled temporary segments of the
steel cord, which is detected in the loop handlings carried
out repeatedly at Step S4, reaches apredetermined length, those

temporary segments are determined as a steel cord. And then,

25 1in barycenter coordinates of an cbject obtained by coupling



20 fromthe loop handling of Step S4 (S9). When a length of those
coupl ed tenporary segnents of the stegl cord, which is detected in
the I oop handlings carried out repeatedly at Step S4, reaches a
predeterm ned | ength, those tenporary segnents are determ ned as a
steel cord. And then, 25 in barycenter coordi nates of an object

obt ai nedthyse aiguipaipr 18 comesd st efpdrarsyesdgaentls Oie tdee stieeltecond,
the coordinate in the orthogonal direction is taken as the

repr esentlaéi ethoaitianat €1 oéct henr elsevieaiterst ael ox drieprebentetkevant
frame (S10). At Step S10, the nunber of the determ ned steel cords 5

and the €0ordiRat&Sof tAdeOrdNAgONA i 16 QR @het Re1d6hBEMEREHe
steel cords in the frane are outputted fromthe SC detection part

Lo the Stsipel holdipaspa! el AMDSCOL AEE/SAAMM JPAMS cgras_

det ection par an e processing at 't 1on part

term nated. 10Next,..concrete description w.ll be giv of the .

br 00 doai Fis T Spg 4B e s AR AT OB REA ierTaed St s drbPEnoped
contrast conpensati on b£ the SC detection part 29. FIG 16A .

i |1 ustrate’eh MiGhtitedSedfSEPRLAER P BPUEPR f1qTe the SRed8EERBYORAI

part 29 to the SC model holding part 30 and SC trace/segment
feature detection part 31 and the processing at the SC detection
part 29 is terminated.

10 Next, concrete descriptionwill be given of the processing
of Step 35. FIGS. 16A to 16D illustrate an example of contrast
compensation by the SC detection part 29. FIG. 16A illustrates
a brightness distribution on some line in the orthogonal
direction of a handrail X-ray image acquired by the frame

15 acguisition part 28. An axis in the vertical direction in the
drawing represents the coordinate in the handrail orthogonal
direction and an axis on the left of the drawing represents
brightness. The brightness distribution forms wvalleys in
places corresponding to steel cords and peaks in places

20 corresponding to areas respective between steel cords. 1In
addition, there since are random noises caused from brightness
associated with X-ray imaging, relatively small valleys and
peaks due to those noises exist in the brightness distribution.
It is low in brightness in proximity to the upper end and lower

25 endonthedrawing {(FIG16A) andthismakes reducticnofcontrasts



direction of a handrail X-ray image acquired by the frame 15
acquisition part 28. An axis in the vgytical direction in the draw ng
represents the coordinate in the handrail orthogonal direction and an
axis on the left of the drawing represents brightness. The brightness
distribution forns valleys in places corresponding to steel cords and
peaks i nrpspeesi?d dorirespondiald dys areds pespecti v&hieet veéghsheek
cords. In addition, there since are random noi ses caused from

bri ght nessseassioet aded Wt hs¥praytieangitey, sdatimely sh@l | cyaklkays
and peaks due to those noises exist in the brightness distribution.

It is |Or‘f‘bﬁﬁel%éﬂf'él?Q'@:l@gt%r%f]%@-ﬂ%l%léthel%%l‘i%%ra apd  Lower : 25

end on the draw ng and this makes "reduction of contrasts

49 from steel cords.

5 FIG. 16B illustrates a smoothed bright distribution
obtained by smoothing the brightness distribution in FIG. 16A.
This smoothing can be implemented by, for example, a publicly
known smoothing filter described in Non-patent Document 1.
Random noises can be favorably removed by using a smoothing

10 filter of sufficiently large size to the extent that the valleys
or peaks resulting from steel cords are not erased as mentioned
above.

Upon settings of imaging parameters such as lens of the
camera 7, the number of pixels of a steel cord to be detected

15 in an image 1is substantially determined; therefore, it is
possible to determine an appropriate size of a smoothing filter
beforehand. The areas in proximity to the upper end and lower
end sides of the drawing, which corresponds to vicinities of
edges inthe handrail, are lowinbrightness and contrast between

20 wvalleys and peaks, so the vicinities of edges are needed to
carry out contrast compensation.

FIG. 16Cillustrates aprojectedbrightnessdistribution
in the direction of length obtained at Step S1. The broken
line 37 is an envelope of the maximum value of the projected

25 brightness distribution in the direction of length. A first



respective between vall eys and peaks. The brightness distribution is
subj ected to snoothing and contrast cgupensation (S5) tomake visible
the vall eys andpeaks resulting fromsteel cords. 5FIG 16B
illustrates a snoot hed bright distribution obtained by snoothing the
brightness distribution in FIG 16A. This snoothing can be

i mpl erendeffbyentoroexanligntmads aiythridwt iomodishcadgchilbted and
descri bed in Non-patent Docunment 1. Random noi ses can be favorably

removed HyriusSinig vaos it fgsd0ndid ehe ofiriitf Hi €FePbh¥eliay gBLaiREdL O
the extent that the valleys or peaks resulting fromsteel cords are

not erasgd @s1BH & ORSd:i RRPWSRlues. THHERRR r3@LLI BO8OL el MROEABtact
paraneters such as lens of the canera 7, the nunber of pixels of a

steel copfl 0 pe.detect fdn 19aiRoanciimge bgcsphshant ! akby delgpmined,
therefore, it IS8 posSiblé to deferm ne an appropriaté size © 8
smoot hing filter, beforehand. The areas in proximty to the upper end
and IPowehe GFENET a0k VB R AR O or r BHENAEERONGRCPAPKFRS
of edges_in the handrail, are low_ in brightness and contrast between

20 val | eysnaAd isebadsen 88 filfe andi e ¥ peampflceddessre et rdedghbneasry

out contrast conpensation. FIG 16C illustrates a projected
bri ght nedssdr shutbon i (GTG.n16Re i medtipnied beigiNsTol (@i)nedsalt Shep
Si. The broken line 37 is an envel ope of the maxi num val ue of the
Pir ?!stECt gj(:)in 25pbi gabhees sd ik stidinitdroniich éhet i e donpensfadiongt hicA
1l6D). Here, x represents a coordinate in the orthogonal
10 direction and CONST represents a constant. Whenthebrightness
value or brightness distribution value of an image is between
0 and 255 inclusive, a value of 200 or so is appropriate for
the constant. The broken line 37 that provides a value of f(x)
is used for division. Therefore, it is effective to carry out
15 clipping to prevent the value from becoming too small, for
example, a numeric value of 10 or below for the prevention of
instability. The clipping cited here is processing in which,
when a numeric value of 10 or below occurs, it is replaced with
a numeric value 11 or the like greater than the lower limit.
20 FIG. 16D is a brightness distribution obtained by subjecting
thebrightnessdistributionin FIG. 16Btocontrast compensation.
There are 18 steep valleys and they correspond to the 18 steel
cords. When steep valleys can be formed as mentioned above,

a place where zero crossing occurs upon this brightness

25 distribution being subjected to the first difference, can be



difference of the brightness distribution is calculated and a
vicinity of zero crossing of the first difference is obtained as

mul tiple maxi mum val ues. Thereafter, a curve in contact wth these
maxi num val ues can be obtai ned by, for exanple, 5 Lagrange's

pol ynom nal approxi mation. Thus obtained broken line 37 is taken as f
(x) and,tdben exanpl esmpdea syrovtdredior | ght iessstest rédmd i on (FIG  16B)
is multiplied by CONST/f(x) resulting in a brightness distribution

W th contractNestpesairicdr d&sxido6)n wHanebe xyie €sailsSdatection
coordinate in the orthogonal 10 direction and CONST represents a

const ant o r WaRBRoLHeyRId aRiessE VAL 4€ AN &mcghé@ﬁ%%a@'aﬁdﬁ@&beﬁm% ue

of an image is betmeen 0 and 255 inclusive, a value of 200 or so is

approprl t r I 3 hat Vi

var e or %} il %?%%%?* e ok Sh8 ShEPLERE (YIS sk U8 By
carryout reve Iue fyom hecom ng too snal |

f or anYlEglEEUEE G5 058P Tt ToP L erE B OV P eRiBRt
|nstab|I|ty The cllpplng cited here is processing in mhlch when a
numer i ¢ ¥althe steed 6PTBPBWIsR Afr detpetiony Eﬁ!—”ﬁcz% h aFAGretid
value 11 or the like greater than the lower Ilimt. 20 FIG. 16D is a
bri ght nesslwl st at et oni obtzé sedilsy rditijtécn tigat hederivginttnesst rast
distribution in FIG 16B to contrast conpensation. There are 18 steep
val | eys astbéheyt ot faspdidkethdthen 8 ctesd; ep8dIc . WiEnisleepryateys
can be forned as nentioned above, a place where zero crossing occurs
upon t hi éf@ﬁ:'sghﬁr%e%ﬁ:éjiﬁttwebé%igﬂi‘trp@éé‘Ql%‘ﬂ?h%ﬁ‘t?cgntﬁﬂméoxfltf§ét

di fference, can be 51 taken as a nporary segnent of the steel

Siiilft.om;a?e%%lo?%?%g%ﬁ rr@%?ﬂiaci% h'%#%@?ﬁg o 3 ek W The
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of the steel cord by the SC detection part 29 (S6) . FIG 17A

i |1 ustraleeetinn ght fes$hd stiivut bR erapcander et dsitirgst value
conpensation just like that in FIG 16D, and FIG 17B illustrates a
first difdtoresceaihrigbtbhesghvaéss bedowi utiemm nhakh ecgimdstand a
conpensati on bei ng obtai ned by subjecting the brightness distribution
of FI G driititnhesd ivsludi thereabevin itsheraitdihogonahediviedets o thet he
first difference, a subtraction value between a brightness val ue

bel qw a ranmrikadl €opoh ot Wl@l‘l@&'eg;@a@?st% %ef@blysrw%%%%ediﬁa%@n
as the value of the 15 remarkabl e poin i S neceSsary to properly

dj ust g@gﬁ

So{ﬁf aﬁdg%ﬁ%OM/t € renarﬁgkwgéég#%%mgg% ore aﬁggﬁﬁs P %ﬁgﬁ%ﬁgg% Yon,
when th tside di t f d.to,b t

Subst ant 5! [ AL, G BHATeL oq? Abahis CARCDE Wt O as
a fixed value. Also for a p05|t|ve t hreshol d val ue 38 and a negative

t hr eshold'& aPtks39e SHGTsteddj 95t 8d SetlesCOaA B f PRedicdRE RSl dis

substantially predetermined, the adjusted distance can be held

20 as a fixed value. Also for a positive threshold value 38 and

a negative threshold value 39, proper adjusted values can be
fixed and held.

For example, portions corresponding to valleys 40 in the

brightness distribution in FIG. 17A can be obtained by

25 determining coordinates with the respective minimum values of



For exanple, portions corresponding to valleys 40 in the brightness
distribution in FIG 17A can be obtaiged by 25 determ ning
coordinates with the respective mninumvalues of 52 the brightness
distribution in FIG 17A That is, each of the m ninumvalues to be
each valley 40 exists in a certain coordinate section in the

or t hogoniahe dinigdttingrss dheteihuthencier faicn tobr diTwtte isectadn dfsthe
equi valent to a section where the first 5 difference val ue increases
froma poimimé?vasuasnegst exehtvaraslhol e30s0§ ihldEedyBif Ebb8linate
difference value in brightness distribution with contrast
conpensagd oM onPiho thadP0bPthddodsl adpestti¥g, t iheshald 3& ok F GiA7B.
Therefore, by obtaining coordi nates equivalent to the m ninmum val ue
FI G 17 i 3l.N:Go i tio e pei 42
and 41 1B TRel e R PR LRl T S DR P LR T R EL L
determ ned._The steepness.of the valley 40 is,calculated froma,

i 5t dncaTt HETHENSH ¢ RBUORal PH-EAGEForf T8k ibeROAS hm b val UESABIHRd
m ni mrum val ue 44 of the first difference, so that, 15 when the

cal cul at'@rFReEHSE ¢ Hdural "Bo( B rsheElFérrenss v bredar brhvheess xed

value, the valley 40 is discrimnated as a steep valley. The place

di scri midiat tedilast bos tweidh valnlteyy sds compenoeatdoabove e aa gpdsitt Bdnasf
detection of a tenporary segnent of the steel cord in the brightness
di stri b ipwsitnvd Ghrk&hol20 3Bl 68. F18A 1®. 18Berelfustr,abg dbheaining
processi ng of coupling tenporary segnents of the steel cord by the SC

det ecti afp PR in2ed FuiH & 18ALhBRi nk8m 33d uLl8P1ar ¢7anpant t9E an
imge to be processed by the SC detection part 29. Hatched areas 45

and 1§ © g.eptesent. dndepandenthy exist] g, steel ot ds: o ahatehed 29

area 47 represents two steel cords 1n contact w each o

and a hat.ched ea 48 represents a sh st cord. In.these .

dr awi nggt,hegr85%11‘2508?1bldg‘l{&?ecljioﬁesogx?ihde&e]% t‘ﬁ%&’ie?’?ilgﬁpf di% etfi on
explicitly represents lines for brightness distribution analysis

est abl i g@@%{:ﬂlr@%s T8s shgerpesTdt the valley 40 is calculated from

a distance in the orthogonal direction between a maximum value
43 and a minimum value 44 of the first difference, so that,
15 when the calculated distance is equal to or smaller than a
predetermined fixed value, the valley 40 is discriminated as
a steep valley. The place discriminated as a steep valley as
mentionedabove isapositionof detectionof a temporary segment
of the steel cord in the brightness distribution in FIG. 17A.
20 FIGS. 18A to 18D illustrate the processing of coupling
temporary segments of the steel cord by the SC detection part
29 (87). FIGS. 18a, 18B, 18C, and 18D are a part of an image
to be processed by the SC detection part 29. Hatched areas
45and 46 represent independentlyexistingsteel cords, ahatched

25 area 47 represents two steel cords in contact with each other,



5 is, each brightness distribution is analyzed along these |lines and
the tenporary segnent of the steel cayd is defined in the valley
portion. In FIG 183, a white rectangle 50 | ocated on the

hat ched area 45 represents one of tenporary segnents of the steel
cord. 10 Although the other rectangles |ocated on the hatched area 45
al so repaedenhatteinpdr arya sEymeptrs sehtshe steed] steed, cohdy dmethete
marked with a reference nuneral for prevention of conplication of the
drawi ng. d¥¥wiggs pcyadgd es9 | oF afwetkdm e hakehedcar eas the asdt48aal so
represent tenporary segnents of 15 the steel cord. In the hatched

ar ea 471dfré&@f@nvaék?iibit@?t fygmd dnt <t hep d ght pgss di-shhiRution
because of contact between steel Cords and a tenporary segnent of the
steel co : | sh e r me f
he. st eet S or b aahon A R S0fF e ued O O Yk AT Bt

cord 20 | ndependently. existj.ng i.,n na contact with others. . K G
18C €xpl 151 GAPA PFLELTAFES i TiBradTohe GhaNZ ahBpopPonass Ainse

Step S4. More specific description will be given. The prpcessing is
pr ogr ess®Rd firfymteRearery sgamesttad theyst corfats jdefinesnin abe
49a, ..., line 49d for brightness 25 distributionanalysis. In FIG

18C, a stazklegopdrtB®).-tenporary 59 segnent having established
already is represented by a white rectangle of solid line; and a SC

tenporary segnenFIGQt 1BBYinghbeenestabhysbedy ebchubdben nheeshabhighed
that the SC-tenporary will be established after conpletion of the

Processififea 143 Pef LREEREHIRE BY RnRAANBLEgRE N BE AePnLidi&e AL BHEP

S7, a tenporary segnment of the steel cord eStablished on the previous

X ”%a”dz?f‘tﬂ e cﬁ%@%c‘&f gr‘gﬂ%ﬁfi?ﬁ%ggﬁ{%ﬂe taéﬁ@tf'{]ait%h% I%%SEihgs

current Trne are coup t oget such coup

carried out for te rary segnents of the el O cord shortest in
e e e et R et B aTe PEPEl qi o e BFBnce
in the coordinate in the orthogonal direction_between the tenporary

segment sRQ¥ e kel 1Ebr B ESIGHEOEE cBUPPEAY cEOF b@1SVenddced By

presetting an upper limt for the distance within which tenporary

segnent scafipl iwasierlofl Sheodtkwhmg be Whad edctegetherlocated iBothd
lines 51, 52, and 53 in FIG 18Dexplicitlyillustrate the result of
- tenpor aryatsegaR e 0f ddhanst el atos dramad etk atenploRfar§7 sefhiedits of

i ndicates that there are independent |ong steel cords 51 and 52 and
shorts steel £Ad 83-HN the vl evachelr 8782 47, a steep valley is not
formedinthebrightnessdistributionbecauseof contactbetween

steel cords and a temporary segment of the steel cord cannot

be established there. That a temporary segment of the steel

cord cannot be established means that there is no steel cord

20 independently existing in no contact with others.

FIG. 18Cexplicitly illustrates the operation of the loop

processing of Step S4. Morespecificdescriptionwill be given.

The processing is progressed from the left end to the right

end, that is, from iine £49a, ..., line 49d for brightness

25 distributionanalysis. InFIG. 18C, asteelcord(SC)-temporary



20Preset is a threshold value of length for determ nation of a steel
cord. At Step S10, a result of tenporasy segnment-coupling with a

| ength equal to or longer than the threshold value of length, is
detected as a steel cord. Contrarily, a result of tenporary
segnent-coupling with a length 25 |l ess than the threshol d val ue of

| engt h, segmauct utked.ig catdE iddtest mloatidgnief repsteebtedrig aTheiskze
in the direction of Iength of each handrail X-ray inage acquired by

the franmecatguisétdopopantliZie;i andet sCH tw@thdmmadvagrenefndthBaving
i nspection of handrail when the X-ray imaging unit 1 is designed,

t her ef orggen R 8LARAUS TR b OB 1 hBe3PId shaliue Af t he8gLRALSR2E3N

be set in advance of the inspection. In the above description,

expl anat}on, g dope,aboutat hecexanple wbere sposphl ngoand cantrast

conpensation are carried out ea one ne 1s analyzea |

[ ' | f that, L as a processing flow
prOC%SSIE%ajlrgg n%gdagysgeﬁ):e%%ang Set% boroken line. ZPt Step Sg, a

in a“sec
temporary segment of the steel cord established on the previous
line and a temporary segment of the steel cord established on
the current line are coupled together. At this time, such
coupling is carried out for temporary segments of the steel
10 cord shortest in distance therebetween. The distance cited
here refers to a difference in the coordinate in the orthogonal
direction between the temporary segments of the steel cord.
Erroneous coupling canbe prevented by presetting an upper limit
for the distance within which temporary segments of the steel

15 cord can be coupled together.

Seolidlines 51, 52, and 53 in FIG. 18Dexplicitlyillustrate
the result of temporary segments of the steel cord coupled at
Step S7. This indicates that there are independent long steel
cords 51 and 52 and short steel cord 53 in the relevant frame.

20 Preset is a threshold value of length for determination
of a steel cord. At Step 810, a result of temporary
segment-coupling with a length equal to or longer than the
threshold wvalue of length, 1is detected as a steel cord.
Contrarily, aresult of temporary segment-couplingwitha iength

25 less than the threshold value of length, is excluded from



exanpl e of the processing by the SC detection part 29 and the
processing flowillustrated in FIG 18 the invention nmay adopt the
processi ng of snoothing and contrast conpensation being carried out
as two-di mensi onal image processing (S11) and then 15 bri ghtness
distribution analysis being carried out line byline. In FIG 19, the
pr ocessi agtefmbhepsodlofird s$24als colrel . safiee asi tdaitn déscdilredtwonhof
reference to FIG 15. At Step S11, a two-di nensional snoothing filter

is appliggngbht be bagdr dlahdfariay ¥-vage aems resqbyrddiendrane frame
acquisition part 28 to cancel 20 out brightness random noi se

assoc! at £ b b o4 36 1 1BO! N o FRI1 AEROLNING L0 B JHBDL REBALEdoRY

the publicly known two-di nensional snmoothing filter descri

- _ i b ' h
cont 1 ast Ok branaatrbrL e S R AR B s et b iepeer o

t he .
5 the above-mentioned threshold value of length also can be set

in advance of the inspection.

In the above description, explanation has done about the
example where smoothing and contrast compensation are carried
out each time one line is analyzed in the HR processing loop

10 at Step S4. Instead of that, as a processing flow in a second
example of the processing by the SC detection part 29 and the
processing flow illustrated in FIG. 19, the invention may adopt
the processing of smoothing and contrast compensation being
carried out as two-dimensional image processing {S11) and then

15 Dbrightnessdistributionanalysisbeingcarriedout linebyline.
In FIG. 19, the processing of Steps S1 and $2 is the same as
that described with reference to FIG. 15. At Step 811, a
two-dimensional smoothing filter is applied in the handrail
¥X~-ray image acquired by the frame acquisition part 28 to cancel

20 out brightness random noise associated with X-ray imaging.
This smoothing can be implemented by the publicly known
two-dimensional smoothing filter described in Non-patent
Document 1. 1In contrast compensation, by using the contrast
compensation curve f(x) obtained at Step 52, the pixels in the

25 X-ray image aremultipliedby CONST/£f({x). When the pixel value



25 X-ray image are multiplied by CONST/f (x) . Wen the pixel value
56 exceeds the upper limt of 255 or Jdke at this tinme, carried out
is clipping processing, such as replacing the pixel value with the
upper limt value. At Step SII in the processing described up to this
point, an X-ray image that underwent 5 snoothing and contrast
conpensatkoecis Yenmemateed limit of The ¢rokEssialy tdfisStéps, S3aanied4
is the sane as that described with reference to FIG 15 and

bri ght nesst disstiiibpt hgnpasatysisg) sl aisedeplici hgnmitd @ ilkkelit vebdet 0
the right end of the X-ray inage one |line by one line or every

predet erpi pedr 49 bl%)ﬁér The: brightigesspdi st&h byii oy obhal ﬂfgc@%@njis
equal to the brightness distribution obtained at Step S5 in FIG 15

equalt. ' gh i steibut fon obi sl cp S5
pracess] S GF 4 apebabo 6 ato EPARe A0 Y (RS ocndl RO Eens

rocessing flow described with reference.to 15FIG 15. (SC Mdel
Hol ditng PHPTRING and [outEotia GORBRIET 1t FArEe e T%n i on ot hod

for SC nodels and detected steel cords. Description will be given to
the col | ati on ThE RIPFFITEY Yus ts@rwsen aPKke S4CifoiBPsSaRa 20 Ehat
detected SCs respectively with reference to FIGS. 20A to 20C. The
col | at i oteser Hoed ivd tbarefestkrong t o MlGugh® eodperightore gy dtessilngt bént he
SC nodel holding part 30 and the SC trace/ segnent feature detection
part 3l.analysis is calkaisidnplifFréhecrexpledtakndntoithavdilghite eagsaofed
that the 25 nunber of the steel cords built in the handrail is
original{ye ¥fray image one line by one line or every predetermined
10 line. The brightness distribution obtained here is equal to
the brightness distribution obtained at Step S5 in FIG. 15,
that 1is, the brightness distribution in FIG. 16D. The
subsequent processing of Steps 86 to S10 is the same as the
processing in the processing flow described with reference to
15 FIG. 15.
(SC Model Holding Part)

FIGS. 20A to 20C illustrate a collation method for SC
models and detected steel cords. Description will be given
to the collation method carried out between the SC models and

20 the detected SCs respectively with reference to FIGS. 20A to
20C. The collation method is carried out through cooperation
processing of the SC model holding part 30 and the SC
trace/segment feature detection part 31.

To simplify the explanation, it will be assumed that the

25 number of the steel cords built in the handrail is originally



five. Thus the Sc nodel is also conprised of five steel cords and

t hey can be sequentially named 01-cord, 02-cord ,03-cord, 04-cord,
and 05-cord fromend to end. It wll be assuned that five steel cords
are detected 5 at the SC detection part 29. In this case, the steel
cords detected sequentially fromone-side, are unconditionally

br ought fiate.cdinespbedd@oedslt bsthbsSCampdesddhoSC il et egrloaprda
order of cord nunber (FIG 20A) . That is, the detected steel cords

54, 55, aRd thky asd B8 sHudraspady vahgabs dughtd) m2oe-cbrd , 03-cord,
correspondence with 0l1-cord, 02-cord, 03-cord, 04-cord, and 05-cord

in the S640pd8ks. af§ §HcEL3UEEoRlehdi So PERgESSI Ng, the names of
Ol-cord to 05-cord are respectively determned for the detected steel

cords. Each ofrdhe (405 fandad nithe sSocmadals alsahasePastiieny

i nformation (coordinat coordinatés o cor

the SC nodel s ar dated with the coaqrdinates of barycente

Fopr GSerE nbiE e RT R O g1 el Hrot a8t G 6t B8R corhl. RAGPhCHESH
brought into correspondence with SC nodels. Wite circle in the
center ofckaehcderettiedtivddly chfremi ANEIrELAZEA &5@| PEFPNGLEhaNaalEs
the position of 20 the respective barycenter. FIG 20B illustrates a
case whebreotdlet durdoecoofedptrdetrde sticdl titoSdsmpdes hme8C rikissl gsoup
equi valent to a case where two steel cords are in lack or in contact

W th eacin otridielr ©f cotrhensubandrbey cgnnotrhbe det estatktasciasteel
i ndependent steel cords. 25 In this case, when applying a restraint

fﬁgdhte 't 2‘2?”2@(1% 54 ,2;%5%{) ?gs, 58, oknlihgs Stravdebpabeuldi pobrBegrbanged.
10 correspondence with 0l-cord, 02-cord, 03-cord, 04-cord, and
05-cord in the SC models. As the result of this processing,
the names of 0l-cord to 05-cord are respectively determined
for the detected steel cords. Each of the 01-05 cords in the
SC models also has position information (coordinate}, and the
15 coordinates of 01-05 cords in the SC models are updated with
the coordinates of barycenter representing the positions of
thedetectedsteel cordshavingbeenbrought into correspondence
with SC models. White circle in the center of each detected
steel cord in FIG. 20A explicitly indicates the position of

20 the respective barycenter.
FIG. 20B illustrates a case where the number of detected
steel cords is three. This is equivalent to a case where two
steel cords are in lack or in contact with each other or others,

and they cannot be detected as two independent steel cords.

25 In this case, when applying a restraint coendition that the order



59 can be brought into correspondence with 01-cord, 02-cord, and
03-cord in the SC nodels. |If the det ed steel cord 59 is brought

I nto correspondence with 04-cord, either the detected 5 steel cord 60
or 61 is left out of correspondence. According to the simlar
restraint condition, the detected steel cord 60 can be brought into
cor r esponflerice SWi mddOR-dand,d 88+cloe dhaantd)4tberdetact dd sS€atndekd
and the detected steel cord 61 can be brought into correspondence

W th 03-sor¢hn ¢ eebighanintB05c£6& shofich &t anaah ttablrd) FRG028C
sunmari zes these conditions in a formof table. A colum at the |eft

end of theqdistanse {allHe isedheakes .t her cafd PANRS dd <t 1SC.pmdshs.

The first row at the upper end in the distance table indicates the

?ﬁgﬁl 151§BEgﬁgﬂ%H%%é%%ifkéﬁ%&é&ﬁé@@itﬁb%UEOQQ?éf%%&f%ﬁéﬁ@%géggd
5 steel cord 60 or 61 is left out of correspondence. According
to the similar restraint condition, the detected steel cord
60 can be brought into correspondence with 02-cord, 03-cord,
and 04-cord in the SC models and the detected steel cord 61
can be brought into correspondence with 03-cord, 04-cord, and
10 0b-cord.

A distance table in FIG. 20C summarizes these conditions
in a form of table. A column at the left end of the distance
table indicates the cord names in the SC models. The first
row at the upper end in the distance table indicates the steel

15 cords detected in the current frame and they are entered from
left to right in the ascending order of the magnitude of the
detected coordinate. Inthisexample, the detected steel cords
59, 60, and 6l are sequentially entered from the left side to
the right side. At this point of time, it is unknown which

20 steel cord has been in lack and a name cannot be determined
for the detected steel cord. Inthe distance table, anabsolute
value of difference between a coordinate in each SC model and
a coordinate of its relevant detected steel cord is entered

inte each field where the row and the column intersect with

25 each other. Asterisks marked in some fields of the distance



left to right in the ascending order of the nagnitude of the detected
coordinate. In this exanple, the detegied steel cords 59, 60, and 61
are sequentially entered fromthe left side to the right side. At
this point of time, it is unknown which 20 steel cord has been in

| ack and a nane cannot be determ ned for the detected steel cord. In
t he di staakéetatressant abyolaried halagsbdhnadiifoher efican bet weeiela and a
coordinate in each SC nodel and a coordinate of its rel evant detected
steel coddtéstent ertedli ntoreaaindd:el dhehesstdiendron @il t ReseebtiAm
intersect with 25 each other. Asterisks marked in sone fields of the

di stancecoR§itabhe rept gsgat fiPRssi bhercanbynat igns ghianySC padel
and a detected steel cord under the above-nentioned restraint

condi t | 0&42Tgﬁ30t£'£§, ARG, &'%3 oS Ho slofrt éuoel 2 val_deiges %%if‘ﬁé%gg?é%’

d33, d43; ah 53 represen ol ute val ues er ences ween
respective, Sc_model s and their | evant, det ected stee| cords, The
ol b dhSTREeT FeRPesd T St MedR s AOe S BoL RURUREe 14 EHs oFp
entering any mnimum coordinate difference which is a m ninum val ue

of coor dFPEEe- ditrereher! pEhea FHeS e Chtdd diggtcrndret det edpedudesel

cord. The 0l1-cord and the 05-cord in
fields for entering any minimum coordinate difference which

isaminimum value of coordinate difference between the SCmodel

and the detected steel cord. The 0l-cord and the 05-cord in

10 SC models since respectively have only the values of dil and

d53, these values are entered into the corresponding fields

as minimum values. In the other fields for minimum value, the

respective minimum values in the corresponding rows of the

distance table are entered thereinto. In the row of 02-cord,

15 for example, either d21 or d22, which is smaller than the other,

is entered. When they, for example, d21 and d22 are equal,
both of thelr numeric values are entered thereinto.

In this example, the number of the SC models in the SC

model group is five while the number of the detected steel cords

20 is three. Therefore, undetected are any two steel cords. The

two steel cords undetected are determined as follows. First

of all, any two minimum values are seguentially selected in

the descending order of magnitude from fields of the column

at the right end of the distance table. Here selected as the

25 undetected steel cords are steel cords corresponding to the



10 SC nodel s since respectively have only the values of dll and d53,
these values are entered into the corggesponding fields as mni mum
values. In the other fields for m ninum val ue, the respective m ni num
values in the corresponding rows of the distance table are entered
thereinto. In the row of 02-cord, 15 for exanple, either d21 or d22,
whi ch i srewaldreresian tthee abblrertwiosménienedva Mben irheye flescexdimbe,
d21 and d22 are equal, both of their nuneric values are entered

t herei nt®rder of mddhitidge eXxame cHchedusen2oktor-heade gBdekswi Bt he
Sc nodel group is five while the nunber of the detected steel cords

20 is thigecolhen&f 9k eectBdet RNt @Qaﬁaneén%yhé[ We 31868l a9 gﬂleow’o

steel cords undetected are determned as follows. First of any

two m ni . i.al sel ect.ed .in, the descendi ng,order
of rragni%%%nea%%ﬁn%ﬂ%e dﬁ%%%?c% ‘ﬁermunacfeii%ceterq g%eeené: O51‘ddst'heAS &
di stance tab] e. re selected as th 5 undetected steel cords are
st eel® co’F?EUJch FE@S&E&C&&%%%%CO%&%W%@% Hyt 2 rerapEReRHGRCe

m ni mum val ues in the descendi ng order of magnitude. Wen the row of
02- cor d ‘&heh tHee rblw Frd3ine dire aCe mosledc we@urf endeskanppedethemdnedor d
and the 03-cord are determ ned that they have undetected steel cords.
As a 5 rasubfl;-cbhd.detBot edest¢erbdcoredeld9 derdr 6hghts ibtaught into
correspondence with the 0l-cord in the SC nodel group and it is

det er m neshassPdncoick witth defeeouedostieeh €0 d®Ghde D@t ahbt Os
correspondence with the 04-cord in the SC nodel group and is

det er m ngge &sy Ods Y04 IRg det eﬁlﬁ@chesct&eéecf:%ggleﬁlc&?d bé'Pél%ihéréQghBt 0

correspondence W th the 05-cord in the SC np group an _
det §lym nlerqt@ er%eCs%‘r?qrde cehwigﬁ éllpe o e—%%lrtd Z?Ifl tthheset}gc\)/cgéf%rft&u%nggd
processing, thé names of the detected stéeel Ccords~are det erm ned.
Meanwhi | g, én SC nodel s of _the SC nodel group, the coordinate of the
01-cord 4% FREUIHREY I tiP THF Coordi nate of the steel cord 59; the
coordi nate of the 04-cord is updated with the coordinate of the steel
cord 60; and AhEhesemtd PS5 tiisRb @ WEMt 1 oreE BEPERAGLEJoftichpare el
cord 61. The 02 and 03-cords of SC nodels are updated with the
coordi natesheedpéetied yteklViadedis atrer dateym20etio Mearawidi 12,1 ibeS@een
the coordinates of the updated 01 and 04-cords of the SC nodels. The
processimgdglesaf gtk WT meddll et the eabikdedadut of the 01-cord
15 is updated with the coordinate of the steel cord 59; the
coordinate of the 04-cord is updated with the coordinate of
the steel cord 60; and the 05-cord is updatedwith the coordinate
of the steel cord 61. The 02 and 03-cords of SC models are
updated with the coordinates respectively divided internally
20 to 1l:2 and 2:1 between the coordinates cof the updated 01 and
Q4-cords of the SC models.
The processing described up to this point is carried out
in accordance with the flow of processing in FIG. 21. FIG,

21 illustrates a flow of the processing by the SC model holding

25 part 30 and the SC trace/segment feature detection part 31.



in accordance with the flow of processing in FIG 21. FIG 21
illustrates a flow of the processing fJjy the SC nodel holding 25 part
30 and the SC trace/ segnent feature detection part 31. 61 Wen the
nunber of detected steel cords is equal to the nunber of the steel
cords built in the handrail in design, it is determned that all the
st eel coflen e nbabe rdef estted:tetheheehecprdtdssenyadft Sttdye S2ibes
carried out and this series of 5 processing is termnated. At Step
S21 , thefdehectededt eelcdeobds 1ar € nbridisgandriar rias posstence Wit bs
their relevant SC nodels in the SC nodel group sequentially in the

ascendi Nge Q& AR NOA tTRANE WdehOfs €0l dicHalefa Pl B, driRet-@d .St 8BEn
cords, and in the ascendi ng order of nmagnitude of the nunerals of the

cord 10 HANEs, O C?%Qﬁ%ﬁ]%tg SB Gtixelyy §%<§%u1§%{n‘?ﬂ lafQ g@&&Qgeﬁ

the SC nodel’s 1n or |nates e respectlve

and the bright ness.of an or| e, bri.ghtness at
Thei £ coF ey R4S BH A S8 P %éffa%h?r?&gteec ST By the
frame acquisition part 28. ThIS is 15 equivalent to the brightness
val ue of ¥R TS plgh G ssiread @&%%}g«h ir rgleNent BFigRemdss
of places at a predeterm ned di stance from each Sc nodel, on both
si des ofin H&&SEGndelel USthlﬂeqsebat&glpuhu1ﬁn§@h&@@@éngHeréethef
predeterm ned distance is equivalent to a mddle point between

coor di nat@esn 20udd @l jeacenti nS€arndél she AletStepedXledhesedegoaddnahes
and brightness to be the steel cord information in the Sc nodels are

updat ed. + 0 deeiey Jerd, owhgaghheuaunbercid dhe deteetrednst 86kq

cords is insufficient, the fIOM/proceeds to the processing of 25 P1

(S2Q) 1 adbdie BF WS Pirddpe ddi&,AiSt 28¢8 L ABLEGAEREL LRGN on in

the SC models includes the coordinates of the respective SC
models and the brightness of an original image, that is, the
brightness at their coordinate position in a handrail X-ray
image acquired by the frame acquisition part 28. This is
15 equivalent to the brightness value of the corresponding steel
cordportion. Further, brightness of places at apredetermined
distance from each SC model, on both sides of the SC model,
is held as background brightness. Here the predetermined
distance is equivalent to a middle point between coordinates
20 of adjacent SC models. At Step 521, these coordinates and
brightness to be the steel cord information in the SC models

are updated.
O the other hand, when the number of the detected steel
cords is insufficient, the flow proceeds to the processing of

25 P1 {(520). Intheprocessingof Pl, thedistance table described



62 with reference to FIG 20C is generated regardi ng the current
SChodel and the detected steel cords S22) . As described above, in
accordance wth the m ni num coordi nate difference, undetected steel
cords are identified, and cord names are given 5 to the detected
steel cords (S23). The coordinates in the SC nodel are updated based
on the cobtlimsieasrafe ttheF 86t eti®d ssgerbrabedsrdE2A)ind@Atthehecsrrene,
the brightness is not updated. Up to this point, description

has beensginvenitamd ties Heaset 6f sskeelcaatdssany. t re; dpsiat igd aboBE,
nodel s by the cooperation 10 processing of the SC nodel hol ding part

30 and the StcddAedseIneith f ealdir g dat®al | eRoRakhade- abgféiéﬁeeof
steel cords is carried out by the SC trace portion of the

%£?°§éﬁ§9£@%%%%@%§&§e§e i%?é qhelfln e din oA 2%0%?9?%%%5* LPLops
cor ds t han the nuy desi IS bee%%usg?t he

e nEd e BHTRRL L LET 2088, Gl | Bl Pauptved

SC detection part 29 to prevent a false steel cord from bei rlg
det ect ed"aRf EHErEPIZteRd a§@éwrlat%§é>qmém@t§5| of §8E JRiAsErebstene
steel cords are detected. 20(Segnent Feature Detection Method) Next,

descri pt¢ondsi [$24k. giAterthdfs & imet,hddhef dor igdttectsisnd sa neoégmpatatieeat ur e
related to deterioration of the steel cord carried out at the SC
trace/ segmentUf eat uhesdsd el | despaibt3bn Hhs et gevkant¢ $heatrhed
out by the segnent feature detecting 25 portion of the
SCrace/ segnrl Egablyrmdlehecid ot PR br3de mbR 158y the cooperation
10 processing of the SC model holding part 30 and the SC
trace/segment feature detection part 31. The trace of steel
cords is carried out by the SC trace portion of the SC
trace/segment featuredetectionpart 31. Theabovedescription
has not done a case where detected is a larger number of the
15 steel cords than the number of the steel cords in design. It
isbecause the smoothingprocessingandthe likearesufficiently
carried out at the 3C detection part 29 to prevent a faise steel
cord from being detected and there is not such a case where
a larger number of the steel cords are detected.
20 (Segment Feature Detection Method)
Next, description will be given of a method for detecting
a segment feature related to deterioration of the steel cord
carried out at the SC trace/segment feature detection part 31.

This detection is carried out by the segment feature detecting

25 portion of the SC trace/segment feature detection part 31. The



segnent features are appearance features associated in deterioration
found in the relevant frame and i ncl m ssing (lack) of a steel
cord, contact between steel cords, and the presence of a steel cord
with "individualized wire". Wien 5 contact has occurred not only in
adj oining steel cords but also not adjoining steel cords together or
in threesegmente St@Blradr dset ogppherantheyf cansted utass oz ifagatdur énof
entangl ed steel cords. FIG 22 illustrates how the segnent feature
"l ack ofdsteelodftLonFoursd dat eieé ety drite f8enkr ace/isRINRRE mi gt Hge
detection part 31. In FIG 22, rectangle 62 containing sixteen bl ack

hori zont @l 58k 1 PES isT 2 1CRBCEDT HBhtLERASLL PPe Of s B d@RARId, XnhaYhe
i mge. Sixteen black horizontal stripes represent sixteen

i ndepen i sting I r.ds .and .t re_detected by 15 .the SC
detectiS§P%%¥?8§9$£E§cﬁ%%§§i%gggaﬁﬁéﬂlo%§%¥g§95ﬁ9ﬁ5 ?u?%&ﬁ%dedwé§na
broken |ine 63 represents detected steel . cord. Eighteen horizontal
1 ne SegiehtaC BATeprELEAEA pREi P bRA TR AN B8t 3F ESTGF Aitfes 560
nmodel s in the SC nodel group held atthe SCnodel hol di ngpart 30

andt heyairet (Adtokring Et&sld cords, togeshgrigr cbr d-Hresmatomorgheteel

si xteen detected steel cords 63 have al ready been given nanes through
t he aboveendstticgregtheonoperat ¢omspiocess iandeatutrbeo SEmradell chioktead
part 30 and the SC trace/ segnent feature detection part 31. In this
exanpl e, céh@s09-cord and the 10-cord are undetected. Regarding 25
coordi nates of the undetected steel cords should being 64

originally, theyscap iheJsioun Jd 1006 BRI BRL L oRed “§9€QQ:?E §tee15md

they are equivalent to a portion encircled wth the broken |ine 65.

Lo S O GO R0 L O AL BR300 B2
Cal cul st edom gl MU DT O s el e BT H0E0 8 R USLEL e
horizontal stripes is aconceptual rendering of a handrail X-ray
image. Sixteen black horizontal stripes represent sixteen
independently existing steel cords and they are detected by
15 the SC detection part 29. Each horizontally long rectangle
surrounded by a broken line 63 represents a detected steel cord.
Eighteen horizontal line segments 64 represent positions of
the coordinates of the SC models in the SC model group held
at the SCmodel holdingpart 30andtheyare0l-cord, 02-cord, ...,
20 and 18-cord from top. The sixteen detected steel cords 63 have
already been given names through the above-mentioned
cooperation processing of the SC model holding part 30 and the
SC trace/segment feature detection part 31. In this example,

the 09-cord and the 10-cord are undetected. Regarding

25 coordinates of the undetected steel cords should being



| ack of steel cord. The predeterm ned threshold value is obtained
froman average value of the brightness of a SC nodel 10 and the
background bri ghtness of an area adjacent to the SC nodel. In the
case of this exanple, the brightness of 09-cord and 10-cord in the SC
nodel group is taken as the representative brightness of the SC

nodel s; thegbnaghy nébsyatantieknodd feopdihet alpoor-tharat et Seendehe,
coordi nates of the 09-cord and the 10-cord 15 is taken as the

r epr esensaditie paekos@uinga behghionessowfi dhensCriandeal $itanthd Beoken
predeterm ned threshold are obtained by an average val ue of the
represeni gafivessteel cord brightness and the representative
background bri ght ness, wherein the threshold value is used for

et e 0, BT P R R e g TR0

baCk%r Ouj[lg atr)lrél Q:’Em ne%scsi%rscled with the broken line 65 in the X-ray image.
Upon the calculated minimum brightness being larger than a
predetermined threshold value, determined is carried out as

lack of steel cord. The predetermined threshold value is
obtained from an average value of the brightness of a SC model

10 and the background brightness of an area adjacent to the SC
model. In the case of this example, the brightness of 09-cord

and 10-cord in the SCmodel group is taken as the representative
brightness of the SC models; the brightness at the middle point
coordinatebetweenthe coordinatesof the 09~cordand the 10-cord

15 1is taken as the representative background brightness of the

SC models; and the predetermined threshold are obtained by an
average value of the representative steel cord kbrightness and

the representative background brightness, wherein the
threshold value is used for determining whether or not a steel

20 cordis in lack. As mentioned above, the brightness of 0l-cord

to 18-cord in the SC models and the background brightnesses

of the areas therebetween are values updated in a frame in which

all the steel cords are detected. When any steel cord lacks

in a position where the steel cord should be independently

25 detected and the brightness of the position is higher than the



of the areas therebetween are values updated in a frame in which al
the steel cords are detected. Wen any steel cord lacks in a position
where the steel cord should be independently 25 detected and the

bri ght ness of the position is higher than the 65 threshold value, it
can be determined that any steel cord is in lack. Lack of a steel
cord i n theethahe valwet eict edirbpet Hetprocesdi tige desty idiedk lugotrd fihi s
point. FIG 23 illustrates how the segnent feature "contact 5 between

steel coifdsladls. dekekt ed atstddwe SCrtr e allsegrant §eadatecttied @st tas
part 31. In FIG 23, the rectangle 66 containing seventeen bl ack

hori zontglostsbpes bSsarfwageRpupd tgpdepsng- of a handrail X-ray
| mage. at is in an area of a broken line 69 is a steel cord having

a 1hick appeappgce,Beqayseoh (cQntAcl i PELYREH: StEEL£Or d8onThe

ot her si xteen hori zont al

5 Dbetween steel cords” is detectedat the SC trace/segment feature
detection part 31. In FIG. 23, the rectangle 66 containing
seventeen black horizontal stripes is a conceptual rendering
of a handrail X-ray image. What is in an area of a broken line
69 is a steel cord having a thick appearance because of contact

10 between steel cords. The other sixteen black horizontal
stripes represent sixteen independently existing steel cords
and they are detected by the SC detection part 29. Each
horizontally long rectangle surrounded by a broken line 67
represents a detected steel cord. Regarding such a steel cord

15 having a thick appearance as represented by the broken line
69, asteep valley does not occur in its brightness distribution
as described above in relation to the SC detection part 29 and
it cannot be detected. Eighteen horizontal line segments 68
represent the positions of the coordinates of the steel cords

20 in the SC model held at the SC model holding part 30 and they
are O0l-cord, 02- cord, ..., and 18-cord from top. The sixteen
detected steel cords 67 have already been given names through
the above-mentioned ccoperation processing of the SC medel
holding part 30 and the SC trace/segment feature detection part

25 31. Inthisexample, the09-cordandthe 10-cordareundetected.



stripes represent sixteen independently existing steel cords and they
are detected by the SC detection part,29. Each horizontally |ong
rectangl e surrounded by a broken line 67 represents a detected steel
cord. Regarding such a steel cord 15 having a thick appearance as
represented by the broken line 69, a steep valley does not occur in
Its bri gh¢pesding sborbonetrsas tesundbedcabdee ciell aetdd sloouidbehegSC
detection part 29 and it cannot be detected. Eighteen horizontal |ine

segnent so 68g1 €1 EgLihel/RenINskhbON S rofh thkeasoas-didral eshaaf st hedst egl
cords 20 in the SC nodel held at the SC nodel hol ding part 30 and

they are;Qd-0¢l. a2 gﬁrv@’lent todB 48s& Uk Fomd QR-thReeSL¥LEERA

detected steel ‘cords have al ready been given nanes through the
above- Eih%ngg cooperation processing of the SC nodel hol ding part
30 and t C tracel/ segnent feature detection part

5 Here calculation is carried out for minimum brightness in

the area encircled with broken line 69 in the X-ray image. Upon

the calculated minimum brightness being smaller than a

predetermined threshold value, determined is carried out as

contact of steel cords to each other. The predetermined

10 threshold value is obtained from an average value of the

brightness of a SC model and the background brightness of an

area adjacent to the SC model as mentioned above. 1In the case

of this example, the 09-cord and the 10-cord in the SC model

group since are undetected, it is determined that these

15 undetected steel cords are in contact with each other. When

any steel cord lacks in a position where the steel cord should

be independently detected and the brightness of the position

is lower than thé threshold, it can be determined that any steel

cords are in contact with each other. Contact of the steel

20 cords in the frame is detected by the processing described up
to this point.

FIG. 24 illustrates how the segment feature “entangled

steel cords” 1s detected at the SC trace/segment feature

detection part 31. In FIG. 24, the rectangle 70 containing

25 sixteen black horizontal stripes is a conceptual rendering of



25 31. In this exanple, the 0 9-cord and the 10-cord are undetected.
66 Regarding coordinates of the undetgcted steel cords shoul d being
originally, they can be known front he above-nenti oned SCnodel s, and
they are equivalent to an area encircled with the broken |ine 69.
5Here calculation is carried out for mnimmbrightness in the area
enci rcl ea wandirdr okerrdy nena@@.nt KeXtr ayi mgen jpon cthe babgehal de
m ni mum bri ght ness being smaller than a predeterm ned threshold

val ue, desekn Bedel TR Hdelh@ultHiscicopbagtanie peahiseastlsnt angaeh
ot her. The predeterm ned 10 threshold value is obtained from an

average ygbdie ebrhe brightHessr Oklété&m%c@%f%?@&%%eyﬂﬁes

bri ghtness of an area adjacent to the SC nodel as nentioned above. In

Lhe case.gl, Ll 0TS, Hhep0Racel dyan s d0regnceinud oo mpcel

group sin are un tecte und
steel_cords ar n ntact wth each, ot her n any steel cord.| acks
ina pos‘?“‘f‘?ocﬁ5 Feéfstﬁ’ tg’teeép ‘é%?‘acgh%%l%albté\géwdeﬁé‘ﬁaeﬁ?iﬁz@é?%&%d
and the brightness of the position is |ower than the threshold, it
can be dbPRY mF AEERRHEE %ﬁyr%@%@ﬁdc%wd% Areken tbneadl WEPAeBABRS a
other. Contact of the steel 20 cords in the franme is detected by the
pr ocessidgtelesed shedlupid t Regapding.suEi&z s244ll tosd havesghohi bk
segnent feature "entangled steel cords" is detected at the SC

trace/ segimsd r4166¢ Uker siet €€éh 08 Par thS brdienFl the 24, &hadegctanpke 70

contai ning 25 sixteen black horizontal stripes is a conceptual
renderi ngo®f not occur initsbrightness distribution as described above
10 and it cannot be detected. Eighteen horizontal line segments
72representthepositionsofthecbordinatesofthesteelcords
in the SC model held at the SC model holding part 30 and they
are 0l-cord, 02-cord, ..., and 18-cord from top. The fifteen
detected steel cords 71 have already been given names through
15 the above-mentioned cooperation processing of the SC model
holding part 30 and the SC trace/segment feature detection part
31. In this example, the 08-cord, 09-cord, and 10-cord are
undetected. Regarding coordinates of the undetected steel
cords should being original, they can be known from the
20 above-mentioned SC models, and they are equivalent to an area

encircled with the broken line 73.

Here calculation is carried out for minimum brightness
in the area encircled the broken line 73 in the X-ray image.

Upon the calculated minimum brightness being smaller than a

25 predetermined threshold value, determined is carried out as



67 a handrail X-ray image. Wat is in an area of a broken line 73 is
a steel cord having a thick appearancg because of entangled steel
cords. The other fifteen black horizontal stripes represent fifteen

i ndependently existing steel cords and they 5 are detected by the SC
detection part 29. Each horizontally long rectangle surrounded by a
br oken | cartddtr efr edaretls @odds etvedastheaitivord. Regapdedgtsunhnad
steel cord having a thick appearance as represented by the broken
line 73, tArsskepdvaklley deesobmiiraatufrém bhs dverghtenessiul séfi bhei on
as descri bed above 10 and it cannot be detected. Eighteen horizontal

line segpBNyBrA2sE epf eseit mbRe1Pe8H 10 H D kd MR P Ydighates ob £t bg
steel cords in the SC nodel held at the SC nbdel holdi'ng part 30 and

they are,fls gal(%{j%ceg‘gf %%rﬁhe ’S@fﬂgdég;ﬁ%rrr%ﬂctji%metcpgboygg fir{ tt%hnigs?he

detected ste cor ave alrea een given nanes throug

above- nmenti oned cooperation ocessi ng.of the SC el hol.di ng part
S0 akd THE ST A it PRSERES: adP Sty i T sthe L fpec’Th
exanmpl e, the 08-cord, 09-cord, and 10-cord are undetected. Regarding
coor di nat@® 35 reAe iR Slegest e R RCGhuld beidedegriigiesarhathey
can be known fromthe 20 above-nenti oned SC nodels, and they are

equi val ebltes® sgredreardneireciredontahttvigbeakbtiiams 73n terecase,
calculation is carried out for mninmmbrightness in the area

enci rcl eghtde dr adcare Isitee173ordst Bee X ayor tege . widporaldhe ocakbeubatied
m ni mum bri ght ness being smaller than a 25 predeterm ned threshold

val ue, detesnmedtee1cabblighitr 3harB8heCOR AL iRE M8l eoudsate
each other. Thé predeterm ned threshold value is obtained from an

gygg@ge yabye of - fhe hri g@hnsgé{.gépﬁee§g§g%§ge§@g@, the -Baaégégxgmed

tness of an area adjacen as nenfioné ové. In
rd, and 10-steel cord

the case 5 of this ex le,.the 08-cord, 09- c

inthe %‘%d%rft%r?%ﬁ% rsr%‘n%%l a?%rcg?]ci&seccé%‘a'}rﬁ& s deternined that
these steel cords are_in contact with each other. In this case, three
or more steell®ofFRS &REVSTISHHAST IR h Bachr8eRe Carfie tHusinghytBe ee

cords other than the adjoining steel cords are
presence ox absence of lack of steel cord, contact between steel

cords, or entangled steel cords, it is needed to refer to the

15 brightness of the area encircled by the broken line 65, the

area encircled by the broken line 69, and the area encircled

by the broken line 73. Therefore, the minimum brightness at

these areas are used as the brightness to be referred. Instead

of them, the used may be minimum brightness in the eguivalent

20 areas in a smoothed image acquired at the SC detection part

29. With this configuration, the X-ray photography is not
influenced by wvariation in brightness.

(Wire Detection Method in Segment Feature Detection Method)

Next, descriptionwill be given to the wire detection part

25 311 for detecting a wire occurred as the result of



10 also in contact with each other; therefore, it is determ ned that
entangl ed steel cords has occurred. 4 In the above-description,
in order to determ ne the presence or absence of |ack of steel cord,
contact between steel cords, or entangled steel cords, it is needed
to refer to the 15 brightness of the area encircled by the broken

| i ne 65, “i{héiaidaatbicedelied fedatheda okenhle 31et 68ce Anedghdiet dreaure
encircled by the broken line 73. Therefore, the m ni num bri ght ness at
these arg@asecateotSeshra3t herky dehbtrepsiba belleberdnst dnsieadyote
them the used may be m ni num brightness in the equival ent 20 areas

ina 5m@éf‘@@tigﬁﬁ%tﬁ%@%éﬁge@%cEQﬁg%qn:gfé%%h's%@l “enégvi%yﬂﬁghs

configuration, the X-ray photography is not influenhc y variation
in brig %s (Wre Detection Method in Segnment Feature Detection
Met hod) X description will be given to the mﬁre detection part 25
311 for detec |nng wire occurred as the result

"i ndi%vi dual i z Jr%ét%“ecc?ﬁﬁﬂarﬂeé@?%émé’&n%ﬂ?ﬁflé%ﬁ&rlé TR eLPRER

part 31, and description will be also about a wire detection nethod
for deteRBd g LS 1ot asnasee<ayP ¢ id vhagh! | yedi wideal izw @ires hasa
conceptual rendering ofahandrail X-rayimage and illustrates an exanpl e
i n whi chot¢cndred duml seree of relie halseetcoaorads. i n sone of the stee
cords. In FIG 25, black rectangles 74 to 77 represent typical

exanpl es of immgessof2d,helsiceelkee0rd§188VIDG A TOHRRIreehS €0p10al
di ameter. The hatched |inear areas 78 and 7 9 represent exanp Fes of
"indivi dyal hzeds W 8malbelnb RO ANdQNe:1SEEeHsCREM nd & R®rmal outside
10 diameter. Thehatchedlinearareas 78 and 79 represent examples

of “individualized wire” (coming undone-steel cord) to be
detected. The outside diameter of each wire is approximately
1/10tol/50rsocoftheoutsidediameter of eachnormal (ordinary)

steel cord. As described in relation to the imaging system

15 with reference to FIG. 8 to FIG. 12, the size of the X-ray exit

12 since is finite and is not zero, only a penumbra is formed

by a wire having diameter smaller than the borderline outside
diameter 14 or the th outside diameter 14a. Therefore, wire

78 and wire 79 to be detected are not only smaller in width

20 thanthenormal steel cords 74 to 77 but also higher inbrightness
than them. A direction of the length of any wire being
individualized is not limited to the direction of the length

of the handrail and can be every direction. The vicinity of

each steel cordhavinganormal outside diameter forms a penumbra

25 and its brightness 1is close to that of the wire being



detected. The outside dianeter of each wire is approximately 1/10 to
1/5 or so of the outside dianmeter of gach normal (ordinary) steel
cord. As described inrelation to the 1maging system15 with
reference to FIG 8 to FIG 12, the size of the X-ray exit 12 since
is finite and is not zero, only a penunbra is forned by a wire having
di anet erigdaridual haedt héldoraer| the postiside i amtteerl ddrddethetet
outside dianmeter 14a. Therefore, wire 78 and wire 79 to be detected

are not plyhespaldetedinon ghlt209 tikaaghhea ner o sheeta Klarsordiba 77
but al so higher in brightness than them A direction of the |ength of

any W re; Reing addievindwaliczRd bsigatnkss d8k { DolheodidgChbeBcf ochhe
| ength of the handrail and can be“every direction. The vicinity of

Cach, S5 LG U000 TR 0ub U6 AR 0 R PRSP A7

5 Dbrightnessof asteel cord (ncrmal steel cord) havinganordinary
outside diameter in a position detected by the SC detection
part 29 is equal to the brightness of an umbra. That is, the
brightness is Bmin defined by the brightness distribution 23
in FIG. 9.

10 Here, description will be given to the brightnesses of
images formed by an ordinary (normal) steel cord and a wire,
As mentioned above, the ordinary steel cord forms a dark umbra,
but the wire having a diameter smaller than the borderline
outside diameter 14 forms an image of only a penumbra. The

15 absolute brightnesses of umbras and penumbras differ depending
on sensitivity of the scintillator 6. They are varied on an
image shot with the camera 7 by the sensitivity and gain
adjustment of the camera. Therefore, after the X-ray tube 5,
the scintillator 6, the steel cord placement position 4a, and

20 the size of the X-ray exit 12 are determined in the imaging
system described with reference to FIG. 8 to FIG. 12, the gain
of the camera 7 is determined. Thereafter, an ordinary steel
cord is shot with the camera 7, and the brightness value of
an umbra formed by the steel cord in a digital image is se to

25 Bmin. When the brightness of one pixel is guantized to 0 to



70 individualized. However, the position of a steel cord detected by
the SC detection part 29 is equivalent; to the valley portion in the
above-nentioned brightness distribution for detection and is a
portion equivalent to an unbra. Therefore, the 5 brightness of a
steel cord (normal steel cord) having an ordinary outside dianeter in
a positidhSdetecteddbyirael SCidetditiBbnBpant t298Dsoeqballowe t he is
bri ghtness of an unbra. That is, the brightness is Bm n defined by
the bri gitsnessobk sthdibuthcobradhitmelslsGBbak 40Hem a5 reteatidtptiisonowi &h be
given to the brightnesses of imges formed by an ordinary (nornal)

steel ColifbANdra pMdibAS, IRt L aNAG A0 o f BBe AR-dLNAr Vs BEERY r6QR Y
forms a dark unbra, but the wire having a dianeter smaller than the

borderline @%%s&%sﬂggﬁgggfrt&ﬂ%é@rgP +dge of only a penunbra. The

15 absol Ut @ ig ses of unbras and penunbras differ dependi ng on
sensitivity of_the scintillator 6. The re varied on an _i mage shot
wi thothe camerSiFHiTHe LeREOPRIPE, " Sha g5 o0A7 ol MenE2or EReoq
canera. Therefore, after the X-ray tube 5, the scintillator 6, the
steel cot@r Araderent 1PdeftGloRaPIgRE having the borderline outside

diameter 14 or the th outside diameter (threshold outside

diameter) l4a, so Bth is set for the minimum brightness in the

penumbra formed by the borderline ocutside diameter 14 or the

10 th outside diameter l4a in a digital image as the shot X-ray
image.

Here, description will be given to an outside diameter

of the steel cord having the borderline outside diameter 14

providing a boundary between an outside diameter of each normal

15 {ordinary) steel cord and an outside diameter of each wire.

Regarding the steel cords and wires, when description is given

to outside diameters of them on the images, it is convenient

to describe such outside diameters in accoxrdance with the number

of pixels in the digital image. With the configuration

20 described with reference to FIG. 11 or FIG. 12, a brightness

distribution 27 or 27a is plotted from the X-ray tube 5, the

scintillator 6, the steel cord placement position 4a, the size

of the X-ray exit 12, and a steel cord having the borderline

outside diameter 14 or the th outside diameter l4a. Use of

25 thethoutsidediameter l4aispreferabletouseof theborderline



20 the size of the X-ray exit 12 are determned in the imgi ng system
described with reference to FIG 8 to,,FIG 12, the gain of the camera
7 is determ ned. Thereafter, an ordinary steel cord is shot wth the
canmera 7, and the brightness value of an unbra forned by the steel
cord in adigital image is se to 25 Bmin. Wen the brightness of one
pi xel i soquahté zbichnerdr fld . 7Heressdtert tilse meRirablkdestaiadjiost wBhin
to 80 or below. It is desirable that the brightness Bbak of an area
that is betgiarerudbr ahercasgpeduabi ag thatth sutsadpofidmytof 1zhewatra
21 as background shoul d be adjusted to 160 or above. 5Subsequently,

shoot i ngré‘fé?eﬁﬁg %%?grga f2l,s fﬁrﬁﬂé%&fiﬁujﬁssﬁ iéé:c&t%%:ult%%ez%,ag

obj ect having t erline outside ter e th outside

di anet er &f@ﬁ%ﬁ%g_ Pf'éxﬁéf'@i%%gfé%%rt)io}ﬂgrgéq%}% Qbii& 5! th%hwslsae

m ni mum bri ghtness in the penu formne erlrne“outs
di aneter_14 or_ .the é th outside,dianeter 14a in a digital i e as
the Shot VA paemegane PaekeEpiia BrYERFess Gl b o GPvar Hoouh
outside dianeter of the steel cord having the borderline outside
di anet erP1£FRGFEtdNERAt B SuaPY Hha Reshian buess Hea Hohidtiae 6Bbakch
normal 15 (ordinary) steel cord and an outside dianeter of each
W re. Retaraliers the thatke|ixorastamd an nehravmer desombgiilon Thegi ®en
to outside dianmeters of themon the images, it is convenient to
descri bebstiddr bitis wdeltdi lnetier et dratsed daneet Me tdi e ansEdeet ®éen
pixels in the digital inmage Wth the configuration
places 27a and 27b at which the brightness distribution 27«
10 crosses the intermediate wvalue Bmdl (for example, Bmdl =
(Bth+Bbak)/2) between Bth and Bbak in the brightness
distribution 27a. The predetermined width determined based
on the borderline widthWth is originally within a range between
1/10 mm and several millimeters. It canbe dividedby the pixel
15 size per pixel when an image is picked up with the camera 7
to obtain a number of pixels. Hereafter, the borderline width
Wth will refer to the number of pixels determined based on the
th outside diameter 1l4a.
Based on the foregoing, FIG. 1 illustrates a flow of
20 processing for detecting a wire represented by the wire 78 and
the wire 79. In FIG. 1, the smoothing is carried out for an
entire X-ray image obtained by the frame acquisition part 28
(830) tc  remove random brightness wvariation noise

characteristic of X-ray images. The smoothing can be

25 implemented by, for example, a 3x3-pixel smoothing filter.



20 described with reference to FIG 11 or FIG 12, a brightness
distribution 27 or 27a is plotted frojgthe X-ray tube 5, the
scintillator 6, the steel cord placenent position 4a, the size of the
X-ray exit 12, and a steel cord having the borderline outside

di ameter 14 or the th outside dianeter 14a. Use of 25 the th outside
di anet er IZe bwopkbipgdld empbenseted Hyhsulbotr tent ime an72venags delue

di aneter 14. Hereafter, therefore, description will be given in the
case of osigighthackhlbgqubskdes dicaEirangl4a aigixkgleber eneerd o FnG-hd2.
In the brightness distribution 27a, a curve in the transitional
section {&pmihe mnioam by ghdiess,m anal ve B it t h%nHaC!ﬂgégHHQl

bri ght ness val ue Bbak, can be drawn by connecting both ends of the
section i line ( i.S .a IS .heli r. an ra
or penutbr oy Lo b | p TR R a7 RN RE R e R TR
di fference between gl acgs 27a and. 27b_at w{;i ch the brig?tn SS

di st Pi butTOR-2789 1972 r 9588sPE htMPheBPETf aP¥ SUFlie2BREPLLFOY ERHDI e,
Bndl = (Bt h+Bbak)/2) between Bth and Bbak in the brightness

di stri butToptpyRg fFihéegratdearrihed i Men-Brter iPredmsased (Bhoihel
borderline wwdth Wh is originally wiwthin a range between 1/10 mm and
sever al Tm&genBrecsssing, cambbéshiedi bedCByARRS Poxekt$5(20@6) pepp.

pi xel when an image is picked up with the canera 7 to obtain a nunber
of pixelBocHeL@pft &g daieybeudesl pAccasdifhig Whopidd Ftefes3toohhehe
nunber of pixels determ ned based on the th outside dianeter 14a.
Based on;hhee hakegei dithe Fldat thkldditatRs end hawqelfp 2L W 0GRESh DY
for detecting a wire represented by the wire 78 and the wire 79. In
FI G, -1, t. s i ri fQr tier -r i TROE.

obt alloned2§ E%et?‘f{gé)fraﬂrrgcéal(s:q |sﬁqnﬁglrgoéﬁatﬁt&2§%?§§g) Sgr é(ﬁgé)és%gﬁdgﬁ{el

br i gt ness YL LAt G0 N9L58 SV AeLhatiG.00 Xesay . HRE%S: NEeness

value (pixel value) of the pixel of interest is compared with
Bthwhich is the lower limit of the brightness value of a penumbra
formed by a steel cord having the th outside diameter 14a (3534).
15 When the brightness value (pixel value) is higher than Bth,
a line segment detection processing described later is carried
out (S835). Thisisbecausethebrightnessof thepenumbra formed
by a wire to be detected is higher than Bth as described above.
Incidentally, when the berderline outside diameter 14 is used,
20 Bth Dash can be used as the value of Bth. It is determined
whether or not the range of the image has been completely
processed by the line segment detection processing of Step S35.
When the processing is completed (YES), the flow comes out of
the processing loop of Step S32 (536). When the processing

25 has not been completed yet, the pixel pointer is updated (S37)



25 inplenented by, for exanple, a 3x3-pixel snoothing filter. 73 The
snoothing is inplenmented by substitutjng an average val ue of eight
near by pixels adjoining to a pixel of interest in the vertical
direction, horizontal direction, and diagonal directions for the

bri ghtness of the pixel of interest. The 5 snoothing can al so be

i npl enentedibytkachinepabbinehy KRabentsomophbngssihtepfastdpsEBbbid in
Non- patent Docunent 1 (Digital |mage Processing, published by CG ARTS
Soci ety (20886)y,cqipldidt biR) thdpeatdysint r@anRfc06ESShdd a@en ofin
Step 332 on the image havi ng underwent the snoothing, the inmage

processi filfe UN e 180 g8t ot R ML o AR NP o %ﬁ:repp@B@t )iegefrlbed

accessi ng pi xel values at the upper | eft of the imge (53
bri ght nef§ter, used is a processing kernel with a predetermlned size,

5 for example, 7x7 pixels. Attention should be paid to prevent
the processing kernel from getting out of the processing range
during the processing of Step 835. When the size of the relevant
image is 640 pixels wide and 480 pixels long and the processing
range is the entire image, for example, in the processing by

10 the 7x7-pixel kernel, the pixel pointer is updated from the
fourth pixel to the 637th pixel in the horizontal direction
(836, S37). In addition, in the vertical direction, the pixel
pointer is updated from the fourth pixel {(row) to the 477th
pixel (row) (S36, S37}). Subsequentlythe line segment analysis

15 processingof Step 833 is carried out on the result of processing
by the processing loop of Step S32 to detect a wire.

The line segment detection processing of Step $35 carries
out aprocessingofdetectingany line segment inall directions,
upon the brightness of the line segment being equal to or higher

20 than the penumbra brightness-lower limit threshold value Bth,
and being equal to or lower than the intermediate brightness
value Bmdl as a basis for borderline width Wth. All directions
cited here may be eighf nearby directions, that is, the
horizontal direction, the diagonally upper left direction at

25 45°, thediagonallyupper rightdirectionat 45°, andthevertical



val ue (pixel value) of the pixel of interest is conpared with Bth
which is the lower limt of the brighyess value of a penunbra forned
by a steel cord having the th outside dianeter 14a (S34) . 15 Wen

t he brightness val ue (pixel value) is higher than Bth, a |ine segnent
detection processing described later is carried out (S35) . This is
because ¢hecpright essdf itmegepentnbrBhéprmed Hey dad neiaté one Heévided
detected is higher than Bth as descri bed above. Incidentally, when

t he bor detthrenautswde ditaet einltthd sadsest e20hBtteDashdeaacheotsed
as the value of Bth. It is determ ned whether or not the range of the

i mage hasobeepamord) ef phy s atass ek tedig 14ine Segnant Jget aat i gRg
processing of Step 535. Wien the processing is conpleted (YESf , the

L ou corgd Dl olrddies MIDGARS! B021000- Qe £R FP 2l Hi0a + BRI B8

processi ng as not been conpletedy poi nter

updat5ed ;gls;%gis meeting a predetermined condition. The results of

applying the line detection filters are aggregated into a line
segment aggregation image 80 {described later). It is assumed
that all the pixels in the line segment aggregation image 80
have been cleared to zero prioxr to the line segment detection
10 processing of Step S35. In this example, used although is a
Ix7-pixel filter, dinstead of it, 3x3-pixel, 5x5-pixel,
9x9-pixel, or the like can be selected in correspondence with
the borderline width Wth. For example, the line segment
detectionfilteral detectsapenumbraextendedinthehorizontal
15 direction as indicated by reference code bl, and the base-point
pixel ml of the line segment detection filter al is aligned
with the pixel of interest. That is, the brightness of the
base-point pixel ml becomes the brightness value of the pixel
of interest. The brightness values of pixels equivalent to
20 refll and refl2, namely, for example, the brightness values
of the third pixels above and below from the pixel of interest,
arereferredtothe line segment detection. Whenthebrightness
of these upper and lower sides- referred pixels refll and ref
12 are higher than the brightness of the base-point pixel ml,

25 it is determined that a penumbra bl extended in the horizontal



74 until the line segnent detection processing of Step S35 is finally
conpl eted over the processing range of; the image. In the |ine segnment
detection processing of Step S35 described later, used is a
processi ng kernel with a predeterm ned size, 5 for exanple, 7x7

pi xel s. Attention should be paid to prevent the processing kernel

f rom getéingcouon eikishe jr bbessigig irange tderpingt hé iprteogesdi.ngTbhén
Step 335. Wien the size of the relevant imge is 640 pixels w de and
480 pi xetlse lmrglevwdntiedpocedsvague arfyehiesl ihe serfriar® bgggegatobn
exanple, in the processing by 10 the 7x7-pi xel kernel, the pixel

poi nter {gaypdadets fsomide fourd:bixel A5 the 83&th 1piksekol Ast hg

hori zontal direction (S36, S37) . In addition, in the vertical

directio is i I - t J I ( r.owW)
fo the PP arRarony (e e et shIRT LA PEBkat bl
anal ysi s 15 pgocessi of, Step S33 is carried out the result of
procéssing by> LALLBF blessiha T S0P o ey a2 §TabtEct LA WP Fent
The |line segnment detection processing of Step S35 carries out a
processi MYt BFL HeR SR hy S 1EAgTSSgERE the Rilde P f datticgest -upBhRebhe
bri ghtness of the |ine segnment being equal to or higher 20 than the
penunbr atie ibghitohesssisogertHe pikelhvedhskdessl ie 1Btier than bdiengirqlal
to or lower than the internediate brightness value Bndl as a basis
for bordesliaecordtbp¥hbiindlto thf2Thhane 02X @dalkdneg oy benergbing
nearby directions, that is, the horizontal direction, the diagonally

upper | efd Migiact 1@ni 3tqLde ARindde HiagopahliMpURRSS éﬁaﬁidéhﬁ &%C%h@g

at 45, and the vertical 75 direction in each inage. , they may be
direction I vided . wiih nar.r r..pitch. In the case of_eight.nearby
ai 160t St ettt € B Sl e ncth REAREREP S 5t elh: T
and

of interest. Then the predetermined pixel value of the line
segment aggregation image 80 is set to, for example, 255 or
other like so as to enable to identify to the line segment in
the upper left direction at 45°,

15 Similarly, the base-point pixel m3 of the line segment
detection filtera3 is alignedwith the pixel of interest. When
the brightness of the pixel of interest is lower than the pixel
values corresponding toref3l andref32 onadiagonal line rising
to left, it is determined that a penumbra b3 extended in the

20 upper right direction at 45° exists in the position of the pixel
of interest. Then the predetermined pixel value of the line
segment aggregation image 80 is set to, for example, 255 or
other like so as to enable to identify to the line segment in
the upper right direction at 45°,

25 Similarly, the base-point pixel m2 of the line segment



a4 illustrated in FIG 2 are sequentially applied to pick up 5 pixels
meeting a predeterm ned condition. Thg results of applying the line
detection filters are aggregated into a |ine segnent aggregation

i mage 80 (described later). It is assunmed that all the pixels in the
|l i ne segnment aggregation i mage 80 have been cleared to zero prior to
t he |i nedsegakhondétléctt ohis@ lpraycebei by thf Stepl 885 ntardasdii.s When
exanpl e, used although is a 7x7-pixel filter, instead of it,

3x3- pi xethe HeS-Qittalss 09Xk vekelosf tie dricke Can dwerseheaatet pxel
correspondence with the borderline wwdth Wh. For exanple, the |line

segnent ¢glgeti A AdddRiaialg detect 51 anpepsrps a 1ext endad dnft ARt hat
hori zontal 15 direction as 1ndicated by reference code bl, and the

e B! STk L4 T, Srorenl deieal Lo Ll BB 5 e
5 positionofthepixel of interest. Thenthepredeterminedpixel
value of the line segment aggregation image 80 is set to, for
example, 255 or other like so as to enable to identify to the
line segment in the vertical. In the above description of FIGS

2A to 2d, the reason why the brightness value of each base-point

10 pixel should be lower than those of the referred pixels, such
as refll, ref 12, ..ref 42, is that the penumbra is darker than

the background. This condition although can be established

on the umbra of an ordinary steel cord, the processing of
selecting only pixels having brightness higher than the

15 brightness Bth (S34) has already been carried out, erroneous
detection of an umbra can be prevented. Incidentally, a pixel
having brightness higher than the brightness Bth although may
exist on the penumbra of a normal steel cord, they since do

not meet the condition for the line segment filters al to a4

20 that areas on both sides of the pixel of interest should be
higher in brightness’than the pixel of interest, erroneous
detection of the line segment can be prevented. As the result

of the above processing, candidates of the penumbra of a wire

are aggregated as binary images in the line segment aggregation

25 image 80.



base- poi nt pixel m becomes the brightness value of the pixel of
interest. The brightness values of pixels equivalent to 20 refll and
refl12, nanely, for exanple, the brightness values of the third pixels
above and bel ow fromthe pixel of interest, are referred to the line
segnent detection. Wen the brightness of these upper and | ower

si des- referredl®? xePhste e 11 net rete EXxampd as gherudrhan itrfeesegment

bri ghtness of the base-point pixel mM, 25 it is determned that a
penunbr aadfrexsehoedimayd he FIGLI 2Rt resnth Rectkonpexict ainl R-kh¢
position of the pixel of interest . Then the predeterm ned pi xel

val ue of uw el i nersegnBats @@@&@@@&ap@ehaaggnéocﬂeﬁse%eftaﬁ@refa%sents
exanpl e, or other |ike so as to enable to identify the line

segnent éﬁ‘ %Jé‘?nﬁ%rb%%[sﬁfé aid &L L3 1 1ga | yprtheDda
plxel nQ of I ne ment etec f%% P ?%r%EZ |s&aﬁ¥gn§§rgg%ﬁEFh
pi xel i nt.erest t he bright ness of b interes
Fover® ¢ hSHE CHE S EREISR) HEL- o1 T Leh sy PP ooy E1 oo pERBaSaHILE
diagonal line rising to right, it is determ ned that a penunbra b2
ext ended®Y ntRRePACEHPERY | BPIP dPF e3EPBNSHE - 45 exists in the position
of the pixel of interest. Then the predeterm ned pixel value of the
| i ne segnent Qe egari sronamye R dgtsien toagedi0 éxaaplisaridsinege.
other like so as to enable to identify to the line segnent in the
upper | eftheltaBatd onreagardtb.nglBSifalsar Iaprd hevhiagenpei Bhapilxal toBbef
the |ine segnent
removed in a previous stage and a wire so minute that it is
10 ignorable, theycanbe eliminated by removing an isolated point
or carrying out labeling during the line segment analysis
processing of Step S33, subsequently excluding a line segment
having the number of pixels being less than the predetermine
number of pixels.

15 In addition, in the line segment analysis processing of
Step S33, when there isapixel or a label related to the detected
line segment obtained as the result of the above processing,
it is judged that any wire resulting from “individualized
wire” (coming undone-steel cord) has occurred in the relevant

20 image (the relevant frame in X-ray moving images). The line
segment detection filters illustrated in FIG. 2 are examples
of line segment detection filters and the publicly known edge
detection filter described in Non-patent Document 2 can also

be used for these line segment detection filters.

25 Lackof steel cord, contact between steel cords, entangled



detection filter a3 is aligned with the pixel of interest. Wen the
brightness of the pixel of interest i |ower than the pixel values
corresponding to ref31 and ref32 on a diagonal line rising to left,

it is determ ned that a penunbra b3 extended in the 20 upper right
direction at 45 exists in the position of the pixel of interest. Then
t he predeteehi neddpi xer Vahdévbfiushezédneisemeht thggsegali onrdnage
80 is set to, for exanple, 255 or other |like so as to enable to

i dentif ydévethedlimehsegatatant flmnaipgethei ghdceldaod ides cati b&ll up
25Simlarly, the base-point pixel nm2 of the |ine segnent 77

det ecti Oﬂofﬂﬂitéaﬁo@ﬂt' S @éé@@%e%k@mé"&&&é@uﬁ ilsNELF L8 o\ﬁlftenthee
bri ghtness of the pixel of interest is |ower than the pixel values

corresp i 4 Lm ne a b4
oxt endeﬁﬁf'ég?%%gvir?%?%sﬁeg.C?%%t%e gt ?Pg%f“% (he %%%s% B R LERES
pi xel I nterest t he de ern1 i xel of. the |line
gt SOETOGRToART W0 PLoBh COBASS AT AT b SCSe GPLEher™
like so as to enable to identify to the line segnent in the vertical.
In the aboV@igkdedipiediiise Flwﬁreéezanttﬂ@mbﬁlwc‘théstory
bri ght ness val ue of each base-point 10 pixel should be | ower than

t hose ofon kefexferedoly pfaatsre bashsasanadthe,pasf higtoryeifs dpdatedt hat
t he penunbra is darker than the background. This condition although
can be eBhbbldegfrechtofebbaranbist@fy as asdlqaayedteeh reand-biyherame
processi ng of selecting only pixels having brightness higher than the

15 bri ght@esgmBhi {S34)rdasgaldrRady o@%@ﬁht%rdrw%elgc t@é&@ﬂ@@&jﬁent
detection of "an unbra can be prevented. Incidentally, a plxe haV|ng

br i gyt ness, i hietsddian tche B g“tiﬁss ik alphaudn iy oxy Sheonchle

penunbr a O norma ey since not rree

for the | t to.ad 20 th th sides of
the pixefoBd ERAE %fheoﬁﬁ N GRET TR B AOGREr LR SRR ROB X

of |nterest erroneous detection of the line segnent can be
pr event ed1d Re10ntn eash frame ¢ hefheifoveIpF BESH Y, OB dA aapedinrtene
penunbra of a wire are aggregated as binary images in the line
segment afditey&Ci vadebbnhgalsBignatged as “SEI GsacgA a® 130 firkingét ande
exanpl es of such a |line segnent aggregation inage. FIG 3A represents
an exanplteiefalaw oat@yt teddeonfiie SCBriaged segneant fed t uendet é0gion
t hereof and represents an exanple of appearance of wires 81 to 85.
FI G1530 bE2Pf €SENt S

(Frame-By-Frame Quality Judgment Part)

FIG. 26 illustrates an example of a quality judgment
condition at the frame-by-frame quality judgment part 32. The
frame-by-frame quality Judgment part 32 refers to the

20 “frame-by-frame SC segment feature logs”, and thereby judges
the quality of the steel cord built in a handrail as the object
of inspection in each frame. The frame-by-frame guality
judgment part 32 updates and holds the frame-by-frame history

onwhichquality judgment was carried out. This frame-by-frame

25 history is designated as “frame-by-frame quality judgment log”



5 the |ine segnment aggregation i mage 80 obtai ned by aggregation by

t he processing | oop of Step S32. go The line segnent aggregation
image 80 is a binary inmage. Therefore, regarding a false cord having
not enabled to be renobved in a previous stage and a wire so mnute
that it is 10 ignorable, they can be elimnated by renoving an

i sol at edapdiirit 1 9oucgnityiengo pihel fhbehe gy -diramg qubé itynpidegnenpart
anal ysi s processing of Step S33, subsequently excluding a |ine
segrment Bavi ng the nunber of pixels being | ess than the predeterm ne
nunber of pixels. 15In addition, in the |ine segnent anal ysis

processing of ﬁ@mé&%tw%@g&m&e hseélchQ'é(‘@éePrc@_rd a%elca&%&@aegufco

the detected line segnent obtalned as the result of the above

rocessi tin o] i dua zed
L’m o o R AR A et R e B DA S4B
(the rel eyant frane ving i,mages). The line se nent
det e%tl of SPOREBF& 534474 P 6t éBéﬁh’léPé 1ge Welré?aﬁ%?wwnﬁm@ $egfent
detection filters and the publicly known edge detection filter

descri be@F®) NotttFaténthpodLiredtion odh tikesbepathsed e stihedechide
segnent detection filters. 25Lack of steel cord, contact between
steel cords gxambbngladretEsimelna gradsiradr ritimbeizv icfuslthz éd mit e s of
the steel cord is detected in the relevant frame by the processing

descri beg tHrdshdid sapaienforEachdt ri@ut 1 aped procesSim@hieSdcaset €6n
out, the presence or absence of a segnent feature, such as |ack of

steel 5 £ondngANt aghe RBLMRAR, ;1R8I RS F#Sre2NtANY fgr%rféekhfggﬂéldor
|nd|V|duaI|zed mnre in the rel evant frane I'S he as a history on

a fegtures P%{ eQaS‘cﬁe F""{@ef r?:% ﬂ‘#&% ‘é%‘}’:%t %te-c_[lhl L
segnent ea ure ory I1'S aesl nat rarre S€eg
feature |l o a outputted.by the SC trace/se Hétlo feaéure
dot ect | g T 3 sSfa ﬁnalﬁ”éda%lﬂ?%t%?%% th Pfeoso a8 o] LORRSRE
nodel s descri bed above can al so be updated and held in each frame.
Thi s updet EHABARY 187 thRe" EbaRAT T 52 Uil Sy vdlements laesi Gt ed
as "Sc trace log in franme" and it is also outputted fromthe SC
t r ace/ sezmeEntt rhget. ur Endéteectsorr 1 Bpapti8tatBr amenBygtodmE aQeabitly
Judgnent Part)
serious damage), the frames containing the segment feature
15 causing “deteriorated (or no good state with serious damage)”
are tracked back up to a starting point of the segment feature,
so the record in each log from the frame at the starting point
of the segment feature up to the frame at the time of judging
the segment feature is revised to deteriorated (no good state
20 with serious damage). Thus, the “frame-by-frame quality
judgment logs” are updated as mentioned above and held in the
memory. Inthe casesof judgingnot deteriorated {or good state
with normal} (namely “individualized wire” does not last), the

judgment of good state with normal is recorded in the

25 “frame-by-frame quality judgment logs” for the frame.



FIG 26 illustrates an exanple of a quality judgnment condition at the
frame-by-frame quality judgnment part 32. The frame-by-frame quality
judgnent part 32 refers to the 20 "frame-by-franme SC segnent feature
| ogs", and thereby judges the quality of the steel cord built in a
handrail as the object of inspection in each franme. The

f rame- by- f r anellyimljiudgrjandgrent bparar 3zdipdat es ahbhsiotadsed He, for
frame-by-frame history on which quality judgnent was carried out.

Thi s fraarabylér aTe .25 hi $ prggmsntesbgratedras 2'd,r arantyo f GagRity
quality judgnent log" 80 and it is outputted by the frane-by-frane

qual ity jydgBesi PREY B2 -two levelldle "Gaaly JahdomBRE iR 082 hdast gel
cord is carried out by using the following | ength as neasure, nanely,

h | 't aat ndiLvi ¢ e X
indone SRS SRRt & ERHRRL LER B, e e S ke BT 1O
cord._ For exa e, a, predeterm ne natural .nynber. of .Sth i s set a

Chr eShol (USETGRE f 07T+ TRt ot AT zed S B2 1Y he 50 FBEEREn BE |gﬁ§th.

When "individualized wire" _lasts for the threshold ,
frame-by-frame quality judgment part 32. The judgment is

outputted as a “frame-by-frame quality judgment logs.” Inthis
case, the quality is evaluated in two levels, normal and
deteriorated {or no good state with serious damage). Instead,
10 such deterioration can alsoc be evaluated stepwise depending
on the number of frame for which the occurrence of
“individualized wire” lasts.
Up to this point, description has been given to evaluation
bynormal anddeteriorated (orno goodstatewith serious damage)
15 and stepwise evaluation. When a judgment of deteriorated is
made, the necessity for replacement of the handrail may be
notified through the display part 34 to prompt maintenance
personnel to replace the handrail. In FIG. 26, the
predetermined length of Sth is expressed by frames but it can
20 also be expressed by millimeters.
(Final Judgment Part)
Description will be given to the processing by the final
judgment part 33. The final judgment part 33 refers to the
above-mentioned “frame-by-frame quality judgment logs” and

25 Jjudges the quality of a single handrail as the cbject of



10 val ue or longer, the steel cord is judged as deteriorated (or no
good state with serious damage). Thisggesult of judgnent is recorded
in the "frame-by-frame quality judgnment |og" for each frame. In the
case of deteriorated (or no good state with serious danage), the
frames containing the segment feature 15 causing "deteriorated (or no
good st atesmechigeri o xlarugeplear evhigrackbdrbacks upot o wmtentt i ng
point of the segnent feature, so the record in each |log fromthe
frame atdebersbastedd rpahet™bfardehgefmmmt ofleatitrejufghent Hedsame at
the time of judging the segnent feature is revised to deteriorated

(no goodas1 atenL @ iWigil ARALHEHS 1088RAR ubiges, tbNee df haneuybyaFrags.
quality judgment | ogs" are updated as nentioned above and held in the

menory. gfef é)ft ﬁ%ﬁ @%ﬂ%ﬁt%hx%@%e% Qﬁreg%‘}d Eﬁgtnsn
normal ) (nane IVI ua |ze wre oes not las the’ men
good stat th nor s recqrded in the 25 "fr by-fra ual t,ty
dgr?ent f&gt'e}tloorr edtlpa S f%fme_%y_ rfmesqﬁl%ﬁ%rgucigé‘ﬁ%egeaﬁn ed
out as illustrated in, for, exanple, FIG 26. A judgnent table in FIG
26, a ra a%fskftfé]r%}?r}%racll]aé?ﬁnf |b§d3t1€g?ﬂot1>éi’/%l%ete'rrﬂd?l?ﬁaqe' ands a
"deteriorated (or no good state with serious danmage) ". The right

col umm i sdhebees By rehtther pnbpdameandof Hehqualnialy Jiusigredgedaat
the frame-by-frame quality judgnent part 32. The judgnent is

out put t €83 asha f'flrame-rymé s suee guglbd yakedgrent 1 0ghe wSrdthgtihi sty
case, the quality is evaluated in two levels, normal and deteriorated

(or no gpedgmért ¢t 56£bPHE1AHTBES)ond BSt %mé-%ys%me nalit
deterioration can al so be eval uated stepvvl se dependi'ng on the nunber

f f h I
ap tlg)afﬁ %mé‘f'ﬂt ‘iBg‘.’s %s%&]k'éﬁ%% eg al Qg vb dyglized; I&hahé%%l

oi nt escription een given fo eva y nor fal

and det ra 00d st th serious d

o epwi STBST HETP e g SFIRrER PO baee%m?af%%gﬂ% RRageesing
necessit for repl acepent of the handrail may be notified through the
di spl ay PartiS4t e hriotAneRt nt@Fante: personnel to replace the
handrail. In FIG 26, the predetermned length of Sth is expressed by
frames bUELew @%@W@%@@@exﬁﬂmwmwmq meterls. (Final
Judgnent Part) Description will be given to the processing by the
final FIG. 33 illustrates a flow of the processing by the image

15 processing unit of the inspection apparatus for the handrails
of passenger conveyors of the invention.

Description will be given to the flow of the processing
by the image processing unit of the inspection apparatus for
the handrails of passenger conveyors with reference to FIG.

20 33. Before an image of the handrail is newly processed, the
memory and the parameters used in the processingare initialized
(S50). The memory initialization includes, for example, the
initiation of the “frame-by-frame SC segment feature logs”,
“frame-by-frame SC trace logs”, and “frame-by-frame quality

25 judgment logs”.



judgment part 33. The final judgnent part 33 refers to the
above-nentioned "frane-by-frane qualidy judgment |ogs" and 25 judges
the quality of a single handrail as the object of 82 inspection. For
exanpl e, when there is no judgnent of deteriorated in the
"frame-by-frame quality judgnment |ogs" at all, the single handrai

can be judged Irotbhe fravonpdefectiing. lofenftHmesSaie lidvp predeseinyned
nunber or nore of judgnments 5 of deteriorated in the "frane-by-frane
qual ity jsdgmenied ege"uhbal tdHagreckardnai bf o rey indged teghered
deteriorated. As a sinpler exanple of the enbodi nent of the final

j udgment £ pAr haddratine §@d1 oM ngvERaaYsEenMBYs PechpkePegNanginen t e
worst quality judgnent result recorded in any one of "frane-by-frane

e o | BP0t e L995nd ALRKEN: 3%,d B RULUA! 00, Alahiecs! Ak e

handr ai | hi's poin escri ption*has "been gi ven
processi by the final _jud nt part. 33. (Fl,ow of Processing b
"mage profRLGHEUATD) OF ThES 1q9ERangsBt PPESErates s PRGWS 1PHe s
processi ng b% t he i mage 15 Processing unit of the inspection _
appar at Ust8R P >fheS Handr diest 53 S8TRAGER OB g N L aTher PRGEALNGN.
Description will be given to the flow of the processing by the inmge
processi®g SfEn S22 ghd Fhepbramne m eppss bt Usn froroddss imandifabkspo$ 53
passenger conveyors with reference to FIG
arecarriedout at the frame acquisitionpart 28. Subsequently,
the SC detection processing of Step S54 is carried ocut at the
10 SC detection part 29. Then the SC trace and segment feature
detection processing of Step S55 is carried out through the
cooperation processing of the SC model holding part 30 and the
SC trace/segment feature detection part 31. At the same time,
the SC model update processing of Step 856 is carried out
15 regarding the SC model held at the SC model holding part 30.
Regarding frames, subsequently, the frame-by-frame quality
judgment processing of Step 8§57 is carried out and each
“frame-by-frame quality Jjudgment log” is updated. This
processing iscarriedout at the frame-by-frame quality judgment
20 part 32.
After the above processing is completed for all the
reqguired frames, the handrail quality final judgment processing
of Step S58 1s carried out at the final judgment part 33. At

this time, the result of the final judgment may be held in a

25 magnetic medium or may be sent to a quality management server



20 33. Before an inage of the handrail is newy processed, the nenory
and the paranmeters used in the procesging are initialized (S50). The
menory initialization includes, for exanple, the initiation of the
"frame-by-frame SC segnent feature |ogs", "frame-by-frame SC trace

| ogs”, and "franme-by-franme quality 25 judgnent |ogs". 83 In
t he franerprlozdsdiengjhiroophod Bite851, Theopupemeessigpdmercand edeout
until the processing of noving i mages required for handrail quality
eval uat i bandisatdnghel etdy Whehmp hem@ri bedsisy nghof adve theodessddrsgf 0 be
processed is conpleted, the 5 fl ow conmes out of this | oop and

proceeds (£QahBPee RPRBSShNG: AL 13t BBt SB86HA)y 1nTPEaE& FRocePLehian
determ nation processing of Step S52 and the frame acquisition

pr ocessi t arried out at the frane acquisition part
08 BeF P PR e

28. Subsequent ection processing of Step S54 is carried

out at the 10 det ection part 29. Then the, ace.and segnent
feat Ure detectidlf pro&EsSiny o §F§8I§§§cﬁsw&§ﬁr%58 B&Fetﬂ?B%ﬁﬁlPﬂe

cooperation processing of _the SC nodel holding part 30 and the SC
trace/ sRRReSFeRd uF KOt BtG i on ey tthel vise dedesident PAEL Bhé sen
nodel update processing of Step S56 is carried out 15 regarding the
SC nodel béetar zited petSConvakl the dirrgepart BviRedaediesg f famesad,
subsequently, the frane-by-frane quality judgnent processing of Step
S57 is catri®d Do dand each éd rmare-iby cohdmeciahi Wy thudpeeptekegiei s
updated. This processing is carried out at the franme-by-frame quality

j udgnento2@pBahtedd a M LREnt PEaRROYS tRQGERH Wind Sy LanP] £L1&dyfep~al |
the required frames, the handrail quality final judgnent processing

o PP, R L8 A AT bl LR CLUBE I BT 23t LS,
medi um Ocl;r maé@@e?ng en é[toeeal %%arlcist’y drgatne%%%r&e%g; %%Iévg& trace/segment
feature detection part 31. This is because “individualized
wire” 1s prone to occur in frames involving a feature “contact
between steel cords”, “lack of steel cord”, or “entangled steel
15 cords”. When frames to be processed in moving images are
limited as mentioned above, it is possible to reduce the amount
of processing on the entire moving images and contribute to
the acceleration of processing.
(Example of Method in Which Brightness Threshold Value Bth is
20 Unfixed)
Description has been given to how to determine brightness
threshold value Bth for identifying whether an image has a
penumbra as a condition of a wire or an umbra as a conditiocn

of a normal steel cord. The brightness values of the umbra

25 and the penumbra vary depending on the output of an X-ray source,



84 or the like through a network. The automatic judgnment of the
handrail quality is inplenmented by thg above processing. (Exanple in
VWhich Wre is Detected Only in Place of Occurrence of Lack or the

Li ke) 5The processing in accordance with the wire detection
processing flow (FIG 1) at the wire detection part 311 can be
carried suthfes dbsagherdlamms tof awmvieng iamegesvellesgehadreilbtedntal so
be carried out in conjunction with the presence or absence of a
segment {veatage. ot hheyt Raky' ialdio/i st 68" £hd0 thiat d15,a " aestact
bet ween steel cords”, "lack of steel cord" or "entangled steel cords”

det ect edsBynt De1 SCobr 268/ €189 BM n FLBL WG LBt €5t 119k RAte 3L, Thi Shks

because "individualized wire""is prone to occur in frames involving a

feature aggg%gé%igﬁkﬁgr %ﬁﬁ%&%éﬁﬁ{ "e,Ebggégﬁgn%ﬁgeHﬂ%?ﬁgiﬁ%gﬁﬁas

"entangl e ranes Tt processed I'n
i mages arge Iinii d as nent.ioned,abqve, it . is ssible to_reduce the
amount of PP ORLII"Ad U T RECEATE PECIRK PRET FREGES P RoRE IR LETES
t he acceleration of processing. .  (Exanple of Method in Wich
Bri ght ne33uUTRe esHE? FYP& 0é B9 %@%%‘%dﬁnge%ﬁ\mh@w OaSaBaEa
given to how to determ ne brightness threshold value Bth for
i dent i f ygagn whed Héreraplioligechasch peteamiag ass d ldomdireiten oh BIGire
or an unbra as a condition of a normal steel cord. The brightness
val ues of tdh@&Terbla. 25 ansvdhe wiemuaheat vaeyndepentlirigber tbeeoihgut
of an X-ray source,
steel cords significantlydiffers fromplace toplace, the fixed
10 brightness threshold value Bth may be insufficient.
So, when Bth is determined by the above plotting, KthB
= Bth/Bbak, which is a ratio of Bth to the background brightness
Bbak, is obtained. KthB is a rational number larger than 0
and smaller than 1. When the positions of independently
15 existing steel cords are determined at the SC trace/segment
feature detection part 31, the brightness of the image between
the steel cords is measured. This measurement value can be
considered as background brightness Bbak. At this time, by
obtaining an average value from positions equivalent to
20 backgrounds in several frames, the average value can be taken
as the background brightness Bbak. This makes it possible to
cancel out an influence of random noise. Thus the deemed
background brightness Bbak can be used to automatically adjust

the brightness threshold value Bth in accordance with change

25 in circumstances, such as rubber thickness, as represented by



85 such as dosage related to current and wavel ength related to
voltage. They vary al so depending on ¢he type of a used scintillator
and the gain adjustnent of the canera. In the description of the
above exanpl e, consequently, the brightness 5 threshold value is
determ ned by setting the output of the X-ray source, the type of the
~scintillBtors BhdBtheakal ue of canera gain and then plotting such a
drawing as illustrated in FIG 8 to FIG 13. However, when the

t hi ckness of ruibheBteoVeHang ratieeld sords: sbonefd eartding dnkbewriieom
place to place, the fixed 10 brightness threshold value Bth may be

insuffickemli.= Bmin/BtRY, wMhER Bt B I8t detar phBednbya tie MOV s Bmin
plotting, KthB =Bt h/ Bbak, which is a ratlo of Bth to the background

brightn a i is I no
and sl TP et 2L ERER PRl et %&%etn%é%?ﬁéu LFhsbiag
steel cords are eterm ned at .the SC trace/se ment f det ection
part 531 iR AR RRadE opnEhd | BT Ot eR L REN S Hor EpPaRarPeCLY
nmeasured. This neasurenent val ue can be consi dered as background

bri ght ne¥%1 BbbRkI FCthi PRI Dy SHTAIRSY 24n thPePagbriar (e FReRt
positions equival ent to 20 backgrounds in several frames, the average
val ue cafedeurakdat eat itdre phatkgt ourite briiginttmesss Blfakn THge mikescht
possi ble to cancel out an influence of random noi se. Thus the deened
backgr ouside & | gt dassrBhak icamdasuizel anel atkomekiseakhygnadidstet he
brightness threshold value Bth in accordance with change 25 in

Ci rCUWt@é&@@ﬁdeM@@ﬁhé“@@@fa 1 iGReSs BRiHCPIASaRied hkd 8608EN =
Kt hBxBbak. When Bth is determ ned by the above pIottlng,

mea \M" l%%lﬁtotwtlo%n‘b@/§t%ee%t:ggdd§ ‘%(ﬁ%d %éﬁ:h%% Ef%%e%tg %PESS

Bmn to can al so be determ ne IS aratio nuber ar ger
5 than nd snall n_1. OS|t|ons of ind dent

oxi 11 ng? ST SETBIPIErE o0 AdEdrRRAE Ao b S 9y Seghaht heblere
detection part 31, the brightness of an i mge of each steel cord
porti on TREFRERTR ed hthdTEe REASHEBRES l]OaTFIEI% RS idoiyl @dr E8eastend
unbra brightness Bmn. As nentioned above, 10 the position of a steel

cord deteet@daat beheoseideredtd drihpanrb2e hrighuneas dnin.o Atvahiey
portion in a brightness distribution. Therefore, the inmage brightness
in the pokid @y obttheisyest averdgeanabee chng gesdd iasst Bguivbl ént
brightness Bmn. At this time, by obtaining an average val ue from
posiyki Onsy &t ¥&keNt cord in several frames, the average value can be
taken as the umbra brightness Bmin. This makes it possible
to cancel out an influence of random noise. Thus the deemed
umbra brightness Bmin can be used to automatically adjust the
brightness threshold value Bth in accordance with change in

20 circumstances, such as rubber thickness, as represented by Bth

Bmin/KthM.

)

Here, description will be given to the above measurement
of Bbak and Bmin with reference to FIG. 27. FIG. 27 illustrates
a brightness measurement method being used when the brightness

25 threshold value Bth is unfixed and is a conceptual rendering



15 to the steel cord in several franes, the average val ue can be
taken as the unbra brightness Bmin. This nakes it possible to cancel
out an influence of random noi se. Thus the deened unbra brightness
Bmin can be used to automatically adjust the brightness threshold
value Bth in accordance with change in 20 circunstances, such as
rubber t&Fckmess,aasinegsy ésemtiéghbyhsre ar @i KidivalHerttegl cords.
description will be given to the above neasurenent of Bbak and Bm n

with refenehke the bther2raliidgs 2¢hikldisdwiatees1aubtirghtBastras and
measur enent net hod bei ng used when the brightness 25 threshold val ue

Bth is upthxeerandd enac eoReeptsadbyienderi ng thB/cOft&h o¥-dMh LPBge in
whi ch there are six normal Steel cords. Unlike the other draw ngs,

this df aghpg skllls Ll 2 (ﬁ £33 #7135 005 P émloaée B3t J 8B Bared

obvi ous nter each steel cord i mge, ras

por i phorsY SF RO TEnBTLSL A Hot ReHadsi o 86 W% BORERY! nt SGBSEARLESI 1y

t he upper half_ of the dramnn is an_area mhere the rubber covering
st eel cof¥R2 % PRCHRYARY %H@SE%ElP%lHd%ha yrerdt hasf Lhideedraléndt he
area 86 and the other areas are largely different in brightness, a
uni f or M ys 1 faineedwheirght he ssiblirresiooled ivgl ateBlhcorys bies thick and
i nappropriate in some cases. So, it is necessary to take the
fol | ow nghereasas &s HhakliySshot &4 eelwhededs whdnt tiee ram£igd tin@stha
brightness val ue of each unbra 87 to 92 is nmeasured and taken as
Bm n, angbrdBENess are largely different in brightness, a uniformly

10 fixed brightness threshold value Bth may be inappropriate in

some cases.

So, it is necessary to take the following measure: that
is, in steel cords and their vicinities, a brightness wvalue
of eachumbra87to 92 ismeasuredandtakenasBmin, andbrightness

15 of areas not being an umbra or a penumbra is selected and taken
as the background brightness Bbak. As mentioned above, the
position of each steel cord detected by the SC detection part
29isequivalent toavalleyportioninabrightnessdistribution
and thus the position of each steel cord is within the range

20 of each umbra 87 to 92. Therefore, the umbra brightness can
be obtained by measuring the brightness in the position of each
steel cord. Meanwhile, the brightness of the middle point
position between detected steel cords is applied to the

backgroundbrightness. Whensteel cordsareclosetoeachother,

25 the penumbras of the adjoining steel cords may overlap with



15 of areas not being an unbra or a penunbra is selected and taken as
t he background brightness Bbak. As negyioned above, the position of
each steel cord detected by the SC detection part 29 is equivalent to
a valley portion in a brightness distribution and thus the position
of each steel cord is within the range 20 of each unbra 87 to 92.

Ther ef oreachhetiehr aahdi atokeruran bel gt e sed chyneéaser | phteheed
brightness in the position of each steel cord. Meanwhile, the

bri ght nessmet ihde. mMT e fidt whesaidd piheigeeacleieaiedrsteecklegeds
is applied to the background brightness. Wen steel cords are close

to each gphesen 25tide pepuniNas fedi®adl JRINGSLEeH CRLHS oFRYx,

overlap with 88 each other and background brightness cannot be
o o e AU o S n DAL LB 08, LR LA 1R,
s n%cesgr?éyagpolf taogr%Q?oEE ;ug}g} ag}legfbabt%gkrgguonué] %rqrcfh%?lteggss%alue.
The above-mentioned method makes it possible to obtain
appropriate threshold brightness Bth and background brightness
Bbakevenwhenthebrightness fluctuatesdue to rubberthickness.
Proposed is a preferable example of, in an entire image,
10 positioning each detected steel cord as a center position,
providing an area used for Bth and Bbak on the periphery of
the detected steel cord, and applying Bth and Bbak obtained
relative to the position of the steel cord into the area.
That is, abrightness range for acriterion of the penumbra
15 caused from “individualized wire” can be variably set by using
brightnessof thebackgroundintheprojected image orbrightness
of theumbra thereinas aparameter, with consideration of change
in the brightness of the background or change in the brightness
of the umbra.
20 Incidentally, the area 86 is located between the penumbra
95 and the penumbra 96. Regarding background brightness
between the steel cords related to the umbra 89 and the umbra
90, the background brightness of the area 86 and that of other
areas may be averaged in some cases. It since is a very narrow

25 area for the entire steel cord, however, no problem arises.



5 and apply a previously obtained background bri ghtness val ue. The
above-nentioned nethod nmekes it possipje to obtain appropriate
threshol d brightness Bth and background bri ght ness Bbak even when the
bri ght ness fluctuates due to rubber thickness. Proposed is a
preferable exanple of, in an entire inmage, 10 positioning each

det ect ed (Boeklingokdamsla tenWeichofracenyf posedi Ggrdni aremi used) f or
Bt h and Bbak on the periphery of the detected steel cord, and

appl ying Bt h and Bbakroptabnedsr ehat bevkowbheipgskkinplef (Wbheksheel
cord into the area. That is, a brightness range for a criterion of

the penupbegple rpusedidioms” hudiyiddal bzethdant Gy Reevakkabkygset
by using brightness of the background in the proj ected I nmage

bri ght i ) it C .
of "changalecPh Pised it Td HR i B BHATE B ol Bethel gtaehon
bri ght ness gf”th

€. unpra Zgln identglly, %he rea 86 s |ocgated
bet ween tHe %ehun%?gPQ%faﬁ e?ﬁecﬁﬁﬂunbrﬁn éﬁgﬁﬁgaﬁﬁﬁﬁ GRERGr ouAB?
brightness between the steel cords related to the unbra 89 and the
umbra 90, 1RREVbAKYE BERIVBFPghTAYs §CEMT HE e lsar s tiat lof 1bt Ber
areas nmay be averaged in sone cases. It since is a very narrow 25
area forhahdrentirdletasedr coltd, Lhomeveptainbe ptobf edyar aseseel8Bord
(Working Exanple in Wiich Trace of Steel Cord is Qmnitted) The
descri pt {ipasoéngde aloveynoy kigitexaipt € indirkidug 1Ebxaapkerd) ,i shdane
of qualities of judgment for the detected objects based on the
assunpt i PRdg ey ond 9t Acdi PRIVERIL &4 Reke”, the judgment ismore easily
10 carried out by adopting the image processing in Working Example
2 illustrated in FIG. 28. FIG. 28 illustrates the image
processing unit of an inspection apparatus for the handrails
of passenger conveyors 1in Working Example 2. The image
processing unit 2 in this working example is comprised of a
15 frame acquisition part 28, a wire detection part 311, a
frame-by-frame quality judgment part 32, a final judgment part
33, a display part 34, a command input part 35, and a control
part 36.
In this working example, all the frames of moving images
20 related to X-ray photography are acquired at the frame
acquisition part 28. The wire detection flow described with
reference to FIG. 1 is carried out on them at the wire detection
part 311. So, the presence or absence of “individualized wire”

is judged on a frame-by-frame basis and a “frame-by-frame SC

25 segment feature log” is outputted. In this log, recorded is



5 cords", "lack of steel cord", "entangled steel cords", and
“individualized wire" may occur in stgel cords built in a handrail.
However, it is acceptable to judge a steel cord (passenger conveyor)
about only "individualized wire", when judging only "individualized
wire", the judgnent is nore easily 10 carried out by adopting the

i mage probesspngsencyor kingabganpee 2fi | MNisdigtiddalnzédG w28e”FI Gr 28
illustrates the i mage processing unit of an inspection apparatus for
t he handfahhs-bf-passengerhe 6puRyebs - RaMérdiaig thx aopbrReRt pEhe Bopge
processing unit 2 in this working exanple is conprised of a 15 frame

acqui si t FQRaPaftddlen® MhF€ TBI @GO PYHAr 3L, &chhdme: ByplitapBrt
quality judéne%t %ar? 3%% a finaﬁ'fﬁddﬁgafrpart 3§, a dispFay ggft

34, a cowg%q]geghefga%ss% @hg%ﬁeoéapc?{ecfsae?ga 4&0}@%@%&9&5&@9

exanpl e, “al "'t ranmes of noving | mages

phot Qgraphy are.acquired at _the franme uisition part 28. The wre
dete igﬁ %?8ﬂfﬂ%§ rbe ﬁ??%r?%?%r%%cgﬁgo G 1lis carried out on

themat the wire detection part 311. So, the presence or absence of
"indi vi diBIFZE8CH P21 SriceRIgéRtseih frame-by-frame basis and a
“frame-by-frane SC 25 segment feature log" is outputted. In this |og,
recorded is %YgetHedptestnos mrralfenvel bF. lidhdeveakmbleed wotdingn
frame-by-franme. The franme-by-frane quality judgnment part 32, final
j udgnmentapast 33 ek st ayogpardb 134 orc @mTaache-iyHHE rpakt b3sisaaddcoentr ol
part 36 are the sane as those in Wrking Exanple 5 1 described with
referencgctodd Ghdfding part 30 can be so configured as to hold an
10 SC model log table on a frame-by-frame basis.
The SC model group is used to collate detected each steel
cord {SC) with it, as described above, for steel cord trace.
The SC model group is updated with a group of pieces of SC data
(SCmodel log table) detected in the immediately previous frame.
15 This is intended to use the immediately previous data on steel
cord trace to enhance accuracy. FIGS. 29A to 29C illustrate
examples of any SC detection iog table and any SC model log
table. Itwill be assumed that the designed number of the steel
cordsisnine for thepreventionof complicationsof explanation.
20 For example, FIG. 29A illustrates a SC model log table
for the 120th frame. Frame number 120 indicates that the log
corresponds to the 120th frame and the numbers 01 to 09 in a
column of model cord indicate the numbers (names) assigned to

model cords as SC models., FIG. 29B illustrates a SC detection

25 log table for the 121st frame. Frame number 121 indicates that



(Bidirectional Trace Method) The SC detection part 29 in FIG
14 is capable of holding an SC detectdon log table on a
frame-by-frame basis and the SC nodel hol ding part 30 can be so
configured as to hold an 10 SC nodel |og table on a frame-by-frane
basi s. The SC nodel group is used to collate detected each

st eel cotlde (I8Q asirtdesipondsstdetles ildddhafoeme dod Shealeteoted cacds
The SC nodel group is updated with a group of pieces of SC data (SC
nodel | ogstabtegtaetecédel dorddhenammdiaigidy ipr eeousckndtmg dbddhi s
is intended to use the imedi ately previous data on steel cord trace

to enhanse AsEHIB6Ye BEGCSet280cf0c286dihhust rat g exanphescof uaRYo8C

detection |l og table and any SC nndel log table. It wll be assuned
that theydesigngd-Huabes | f h
preventl%n o?gcgnp |catf%ﬁ%ﬂ% exp aﬁ%%ﬁ%%ﬁ'f%r@bgggxgégp SEE?EfGQQA

illustrate the 120th franme. Franme nunber
120" T, 050 < FATBERE 10 RoTTESPORIS 5T ARECIITIFd FaECaRAL PRES
nunbers 01 tg 09 in a colum of nodel cord indicate the nunbers
(nanes) R8&ildifat 206 RBESIURRFER 268 isnafbdel Ranegd @f seBectedserates a
SC detection 25 log table for the 121st franme. Franme nunber 121

i ndi cat ebnttHats expmhe .| dgtesitedspondsll othdestexll lrondsménadedsipe.
detected cords as detected steel cords are arranged in the ascendi ng
or der ofAsddiidsideteld déthctelite saorditeal 86 . "A0A | aheheodol wrdef (SC
detected cord indicates that a steel cord has been detected 5 and the

nunber s rfod®19) aF@ RSO BE & BRIAL RIGSE: @B Nl Uit réméwaﬁﬁe
not nunbers aSS|gned to names of detected cords. In this exanple,

det g teddéﬁgc@é%ste@elsksghsc%d@é gsg«aﬁgg@gm Pabh L'cws o%kggn%%glo{so

reference to Fl 20A cor ers

09 are updat ed coor di nat es rel evant 10 e eel cords in
the asce %J?%%t (ﬁ)dse ot 66 ng?Jése}é‘?m ?ecjtl?ag&set g%ﬁgéo G8§Meopen
exanple, in the 121th-franme, when nine steel cords are detected and
their cObHRF AREES TS REDFARERCEREAIhENGEE SOOTEATIRGE SR BeFRFdefe
121st frane as illustrated by FI G 29B, subsequently, those

coor di nat®ie shet dhet elet ben deglsalt edorcohd 1l tupane Grs updastngtede

SC nodel log table for the 121st franme of FIG 29C. FIGS. 30A to 30C
il lustrare EIDOIIEE, edrmdmieitlan $Gose coordinates of the detected

15 steel cord are used for updating the SC model log table for
the 121st frame of FIG. 29C.

FIGS. 30A to 30C illustrate another example of an SC
detectionlogtable andan SCmodel logtable. Itwillbeassumed
that the design number of the steel cords is nine for the

20 preventionof complications of explanation. For example, FIG.
30A illustrates the SC model log table for the 120th frame.
Frame number 120 indicates that the log corresponds to the 120th
frame and the numbers 01 to 09 in a column of model cord indicate
the numbers (names) assigned to model cords as SCmodels. FIG.

25 30B illustrates a SC detection log table for the 121th frame.



detection log table and an SC nodel log table. It will be assuned
that the design nunber of the steel cgrds is nine for the 20
prevention of conplications of explanation. For exanple, FIG 30A
illustrates the SC nodel log table for the 120th frame. Frame nunber
120 indicates that the | og corresponds to the 120th frane and the
nunber s Diame nggbier B2t dhdanasksndud therldd aof casponde tourtseig1lth
(names) assigned to nodel cords as SC nodels. FIG 25 30B illustrates
a SC det gcamonnbdthd abt ecfed cohesbXlddt éciaar ste@2 doraeareiabeandad
indicates that the | og corresponds to the 121th frane and the

det ect ed; § ¥dSa 88 K@l 8§ edics! 8k nedhlpn A &abalgad i 4y EB8ragageel ng
order of the magnitude of detected coordinate. "D' in the colum of
det ect ed“ﬁmq] i pdi 881&%nté]fhe%e el c&08d myil Q%&é%e‘éﬂa‘éeé %Ctte%‘i Wﬁde
this case y seven st cor s are detecte or. exanpl e en it
is determned tha cord(ﬁG ord 07 are ndetectedt6
o 0S8 eTISH Lol S9r 00 300 £RLL 00 &1 gdetet ot 0 Lh e are
05-cord, the 08-cord, and the 09-cord are updated with the detected
coor di naf@kested he EtTe8FaEBLEs IR f tt he qerté‘ri%“lfr&i tRagarenrhd & prd
undet ected 06-cord and 07-cord, their assunmed coordinates are
obt ai nedcdyd P/ @@@ruryd&tﬂ@rqxbbathﬁ@mwmmgdimrelbmxei;t@de@érencd
and the coordinate of the 08-cord, and coordinates of the 06-cord and
t he 07- cos @'Iar.e0pdahed widdrd e 08bavedasienes-cood dianadtiess 035chdsdt he
result of the above operation, the SC nodels are al so updated even
when thejge it dngatect-ed gbeekteQrdoordinates of the steel cords
10 intheframel2l. Regardingthe undetected 06-cordand07-cord,
their assumed coordinates are obtained by linearly
interpolating the coordinate detected 05-cocrd and the
coordinate of the 08-cord, and coordinates of the 06~cord and
the 07-cord are updated with the above assumed coordinates.
15 As the result of the above operation, the SC models are also
updated even when there is an undetected steel cord.

In this case, if there are toomany undetected steel cords
or any frame with an undetected steel cord last long, the SC
model may be inaccurately updated. To be more specific, when

20 a steel cord undetectable area occurs by cause of entangied
steel cords or the like and the undetectable area lasts in the
traceprocessof a forwarddirection, the lengthwithinacertain
range (predetermined number of frames) from the undetectable

area may be determined as an undetected area. However, in

25 actuality, the trace of a backward direction may reveal that



In this case, if there are too many undetected steel cords or any
frame with an undetected steel cord Igst long, the Sc nodel nmay be

i naccurately updated. To be nore specific, when 20 a steel cord
undet ect abl e area occurs by cause of entangled steel cords or the

| i ke and the undetectable area lasts in the trace process of a
forwar d disteetliorrd dabetbagt b aweehiml anger thien tlendecied sddeeentadd
nunber of frames) fromthe undetectable area nay be determ ned as an
undet ect edlear ealo Haweyv entei th 25 paoblahi tyat thaethadearafe e diaekvwaed
direction may reveal that 93 a steel cord detectable area is |onger

than t hei despmss singlet edad areas gPogblalNdd & dri¥ U okhem ,Bakiag

deened undetected area i s excessively set, it is proposed to

confi gur 4@&% h d :
carried %ﬁ%ﬂbf WR&&{EQ%E tee corgﬂug?gEﬁggc%%%%%hgﬁgi8§Eeﬁﬁfh§lfhe
for tion) of franes and n th RO der th
backuhr o BFFBEITIOH S8 TRASEH dir thP Jaeq Vet Har Ay Sdopeetion)
bldlrectlonal trace is arbitrary. FIG 31 |IIustrates how

bi di r ect PBridIamesaeRd|1d B GRACHNR eBdaRd in Lhetharleend figeeti@Phod
and a trace apparatus conprised of an SC detection part 29, an SC
model hotditdte pader3of fraires SEheties/ segmiopt fratitres tdenedt toacpart
32. The SC detection part 29 includes an SC detection | og

tabl e 99ideschibearwith reference to FIG 29 and FIG 30 and 15 hol ds
the coordinate of each steel cord detected on a frame-by-frame basis.

The SC nodel hotgli ngzparii BEstpetesleshan SGiavdettiofal abtgater wasd
direction 100 and an SC nodel |og table backward direction 101

desary Dethtl e A ELELARC Ll 29800 FGn 305080 ThESComtuls

sequent | a update escri erence

and the Io |on rdinate is oget.her h .t he cord
gi ven na‘ﬁ% ftS n%‘tcﬂeqo S5 JtoeYngrlg %%a g&r%‘?ﬁl%\jo%‘ f@gng part
The SC trace/segnent feature detection part 32 includes 25 an
i nper f ectV cotit e?1 192 BRRCANSPHPRN T ekt ichtmt ST ¢ - Pagpart 32.

The SC detection part 29 includes an SC detection log

table 99 described with reference to FIG. 29 and FIG. 30 and

15 holds the coordinate of each steel cord detected on a
frame-by-frame basis.

The SC model holding part 30 includes an SC model log
table forward direction 100 and an SC model log table backward
direction 101 described with reference to FIG. 29 and FIG. 30.

20 The SCmodel is sequentiallyupdatedasdescribedwith reference
to FIGS. 20A to 20C and the log of position coordinate is held
together with the cords given names in the SC model log table
forward direction 100.

The SC trace/segment feature detection part 32 includes

25 an imperfect counter 102 and an imperfect counter log table



94 103. When the coordinates of detected steel cords are received
fromthe Sc detection part 29 and thegnunber of the detected steel
cord is less than the nunber in design, the inperfect counter 102 is
i ncrenented. Wien the nunber of detected steel 5 cords agrees with
the nunber in design, the counter is reset. As the result of
thi s opet88i orffhén the qgumgiisiataof embe e sady. Coadssa Ffavekeimgdan
undet ected steel cord last fromthe inperfect counter 102. The

i mper f ecfronunhersdt aletieatt ieonl @2 mntecor dadatite holmise v alfleh e Adiceated by
the inmperfect counter 10 102 on a franme-by-frame basis. Wth this

configuratken, cHydres erss Ho i the ifmeydeath crunter, kag tabkerdfs
after the processing of all the franes is conpleted, it is possible

to know &Qﬂﬁté‘f'ﬁO%Cignﬂﬁééﬁrﬁ@r&é)&e“m%a&ﬁ@ n‘M@%ra%}f d?:%}é%e%%cé ?‘éegiee'
cords in the trace of the forward directron. I ITTustrates a
fl ow of processing by .the image processing unif, of the inspectio
apparat u of(g? atgrﬁeeq?fcéx’d‘rtg’i Fbeogu 55 éﬁsggHVe BE TG sls\/\ﬁfeﬁlegg
PP L ( . ) Ok
exanpl e when bidirectional trace is carried out. Next, description
will be given 4% HiReTeFBWE AL tthd S20PpFBEERR: g By PPesipbgdoe learn
processing unit of the inspection apparatus for the handrails of
passengelroe oy drrame st i nveflariegcent en@eGoBed Befol ecdurthdestofrohe
handrail are newy processed, the nenory and the paraneters used in
t he procelssi hgparfedcni ¢oaht@edl S50 ThelThapeeifery ichuhicalr 2ati eable

i ncludes, 25 for exanple, the "franme-by-frame SC segnent feature

| og”, 103 records and holds values indicated by the imperfect counter

10 102 on a frame-by-frame basis. With this configuration, by
referring to the imperfect counter log table 103 after the
processing of all the frames is completed, it is possible to
know that any SC models has been updated with any undetected
steel cords in the trace of the forward direction.

15 FIG. 32 illustrates a flow of processing by the image
processing unit of the inspection apparatus for the handrails
of passenger conveyors 1in this working example when
bidirectional trace is carried out.

Next, description will be given to the flow of the

20 processing by the image processing unit of the inspection
apparatus for the handrails of passenger conveyors with
reference to FIG. 32. Before images of the handrail are newly
processed, the memory and the parameters used in the processing

are initialized (S50). The memory initialization includes,

25 for example, the “frame-by-frame SC segment feature log”,



95 "franme-by-frane SC trace |log", "franme-by-frane quality judgnent

| og", theSCdetectionlogtable99, SC nogdel log table forward direction
100, SC nodel |og table backward direction 101, inperfect counter

102, and inperfect counter |og table 5103. In the frame
processing | oop of Step S51, |oop processing is carried out until the
processi hranenbyt hganeng®s rerade ed dodh, hadadwaie-byudirame egahliatiyon
is conpleted. When the processing of all the frames to be processed

i s conpl ¢hédnenhbid o ,f tlow stosese eut owfloghi sbl@0P, adTimprecerssthblthe
backward | oop processing of Step S60 (S52). The frane conpl etion

det er m nab LA B QCLRSSE 1¢h AfocSt 8 Radeanthd hanf 1o MR AGAWS HE FeBt ion
processing of Step S53 are carried out at"the frane acquisition part

28. Sub tq i '
carri gdsggg’eg%ﬂl%(%%f%% %%ﬁ%nﬂ(g%r Pdrr%%%lﬁg%et teéégplfcr%%cggér l(%éleﬂs“%i ng

of Step fﬁg is carried out through the cooperation processing of the
C nodel ding part 30 and the SC trace/ segnent feature detection
part 31. At the sane tinme, the SC npdel update processing of Step S56
is carried out?fidye 252PRPEHBUENT Here %f Stiee g@:lndd@p REPEFASIPErt

30. During the processing of Steps S54, S59, and S56, the SC

det ect i ohs |arytids eugounSEl otk lp Hoog stsdbloec £ oratainly dimegrests oagqtdded

i nperfect counter 102, and inperfect counter |log table 103 are

updat ed fsr meatideadd adpovkityhevhlaaeiby- firanecspyaeat. f eaihure 2he
extraction or quality judgnent is not carried out here because 96

they arepgacsseth@Wr hn1the backwar dotyageocessed i MdRpitd@SCehkace

in the forward direction is conpleted, the Sc trace/ segnent feature
detgGti o r rese i fect 4 ts
L8 BRI RICHE NG BT ERR conuaey (S padiaen sLab
obtained fromthe SC detectio &grt5%$ are tEﬁ nunpber and co?rglnates
of the SRERTSTLHUE odt ai FETP byS 0ot elFiHg to tAE SELABEectPBRLPHYOD
table 99 in the backward order of frames, but not steel cords newy
det ect edBYEFRE B bl PLORG SFLEGH PHST R §H2 RdreEBAderans pranisition

processing of Step S53 are carried out at the frame acquisition
part 28. Subsequently, the SC detection processing of Step
15 S54 is carried out at the SC detection part 29. Then the SC
trace processing of Step S59 is carried out through the
cooperation processing of the SC model holding part 30 and the
SC trace/segment feature detection part 31. At the same time,
the SC model update processing of Step S56 is carried out for
20 the SC model held at the 5C model holding part 30. During the
processing of Steps $54, $59, and S56, the SC detection log
table 99, SC model log table forward direction 100, imperfect
counter 102, and imperfect counter log table 103 are updated
as mentioned above. The frame-by-frame segment feature

25 extraction cr quality judgment is not carried out here because



1015 to FIG 19 (562). When the nunber of the steel cords is

| ess than the nunber in design, the iggerfect counter 102 is
increnmented. Contrarily, when the nunber of the steel cords agrees
with the nunber in design, the inperfect counter is reset (S62). 15
The SC nodel is updated by the operation described with reference to
FI GS. 20#hey 20€ eavwrie SC nbuethé oepeleided baokesar d direction 101 is
updated (S63). At this tine, referred are the inperfect counter 102
in the currentafiweaameharst arseeadrdtbe fidwevarel évaattioans compheted,

i nperfect counter log table 103. 20 Then the value on the inperfect

counter g2 anditheeyakyReheCoded ren ddi@ dtiRer fRGl: counteset 99chabl e
103 are conpared wth each other. Wen the value recorded in the

i f b 03] I
| mper { oc™ Lot oy 08" Tt TN R aLTET B RB Ry 1he Feet DoaFTERd

“trace in_the 25 _fporward dj ti carried. out first i igher. in

reli g’bi 19157 99ftﬁ‘5%m?ﬁa?é§)¢ft hgﬂbaE r B ¢ e%}fJ?%Jrfle.gl ﬁr%Hi éh%aEfé,
consequently, the values in the SC nodel hol ding part 30 are repl aced
with eaddflstelel o Gad tcddr ar adile MeEdedeanfncetred e mRialt te§ thapee
forward direction 100 (563). 5As the result of this processing, the
SC nodelc@ads htgidmcedywirehieriténgore tldidbldstegitiorbéogetabyal 82s
fromthe bidirectional trace. Using the result of the SC trace, a
feature Ioi ticobactwided wedestef| frands, , bt ackt oftsétetocds diiewly
"entangl ed steel cords" or "individualized wire" is detected 10 on a

frane- byddtadedas) rang ke sdirrRreyrfieee w$Ens egrBREnE8aL YN BT 09"
and the "frane-by-frane SC trace 1 o0g" are updated (S64).

Subsgqueny |y, dEEﬂJe ffganﬁ]@/)-_frarre qual ity judgnent processing of Step

S65 is carried out on e franme, and the "frane-by-frame quality

j udgnment | og" .i.s._u ﬁat ed. Thi 5 ocessing is .carrjed t at the
frane- by- f ramgdh(f&af‘) ??ﬂnﬁj(?d:n%lﬁtt ag{-‘e%g.cor% 15 ARSEY }Pﬁ%% ogmber
processing is conpleted for all the required frames, the handrail

qual i ty ¥ n&legitigmetSr dEOSLIRG Tof COUBEES58 108 cafri tachERcRESEhe
final judgnent part 33. At this time, 20 the result of the final

j udgmentCantyrayel ol #hen bhemymstdc ofedhemtee lnagrde aprmes wigdhquladity
managenment server or the like through a network. The automatic

j udgmentnwibdrhel rhadeliagd, ouad iinpasfadplenemticed by Adwet (S62).

above- nenti oned processing.

15 The SC model is updated by the operation described with
reference to FIGS. 20A to 20C and the SC model log table backward
direction 101 is updated (S63). At this time, referred are
the imperfect counter 102 in the current frame and a record
of the relevant frame in the imperfect counter log table 103.

20 Thenthevalueonthe imperfect counter 102 andthe value recorded
in the imperfect counter log table 103 are compared with each
other. When the value recorded in the imperfect counter log
table 103 is smaller than the value on the imperfect counter

102, it can be determined that the result of the trace in the

25 forward direction carried out first is higher in reliability



(Wre Detection Apparatus Based on Visible Light) 25Next, description
wll be given a wire detection apparajus 98 as anot her worKking
exanpl e of an inspection apparatus for continuous nenbers for
transport nechani sms. The wire detection apparatus acquires an inmage
of a wire of a cover-free belt or rope by visible light but not by an
X-ray, apderéhettasf She backwardmigGecd4an.| usnrdtiescaari ragsagusysigm
for detecting a wre by visible light. The inaging systemis

conpri seddhefval woyvem 104 B0rmbletkhopd bug spatket [3ghtre acpameed Witht h
a lens portion being inserted into the cover 104, a |light source 107

havi ng 18z @ fdtdie coirdecodracheesd Adke sk am L ABOSC IARRES bRt HPiLE 2
not illustrated in FIG 34. The screen 106 is relatively thin

li ke Japg@§§§rﬁg@%%%€§% 1 &0d oo an object being placed in

proximty to t i ne 105, a shadow (projected shadow) is

f d h 1 . b h i.th ... Bef h
| nep@ct i on praREEEERSe ot G brEEE 00 hAY G BoFEr CrOME AT P

di aneter, tangential lines_110_to the object 109 are drawn from both
ends of Y¥heli IdceLeH¥2PARd B2 HBRI tRV TS oIS obreR: Fhe
adj usted such that the tangential |lines intersect with each 20 ot her

at one poidirestioraktraen. 10651 therkisvlémf tiyrbattirece fofeahure
obj ect 108 having an outside dianeter |arger than the reference
out si de df aftepekat@9 betivaappeataate cordsite straeln ©f6 dt=edn tobd4,
formed by conpletely blocking the Iight source 107. Contrarily, for

an obj eCtenSAlcdl @8 W1 echadlvbduad n B dda 1088 FinePe 1@rqatbetéd
havi ng an outside diameter snmaller than 99
10 on a frame-by-frame basis and the “frame-by-frame SC segment
feature log” and the “frame-by-frame SC trace log” are updated
(S64). Subsequently, the frame-by-frame quality judgment
processing of Step S65 is carried out on the frame, and the
“frame-by-frame quality judgment log” is updated. This
15 processingiscarriedout at the frame-by-frame quality judgment
part 32.
Aftertheaboveprocessingiscompletedforall therequired
frames, the handrail quality final judgment processing of Step
S58 is carried out at the final judgment part 33. At this time,
20 the result of the final judgment may be held in a magnetic medium
or may be sent to a quality management server or the like through
a network. The automatic judgment of the handrail quality is
implemented by the above-mentioned processing.

(Wire Detection Apparatus Based on Visible Light)

25 Next, descriptionwillbegivenawiredetectionapparatus



the reference outside dianeter 109, an appearance is a penunbra
formed by blocking a part of the |ighjg source 107. The wire can be
detected by receiving its image with the image processing unit 2
through the camera 7 and by carrying out the wire detection 5
processi ng described with reference to FIG 1. Up to this

poi nt, descenpthen Waskiaen egianedet ®iworki hysesahpbresapparabus for
configuration of inmage processing apparatuses of the invention.
Accor di ngoboitheuswmenige ex afplrest rat deo gualndahaofi smshanditad &frean
be judged as no good state with serious damage when the occurrence of

"1 ndi vi dgat égedomiadareft i sE§81 r&87th hasts Job 1Y edel ebthedree
| ength or longer in the direction of the ength of the handrai

Therefor@elttof%gtéeb e&fémf@‘h%fhtt e e 2ceORNE f t%%ohg éé‘c!s as
requi red and prevent erroneous 15 judgnent and Unneces sary rarl
replq;enegt When the "individualized wire" of a steel cord is at
such™a level that it is not determned as seriously damaged, the

quality of the_handrajl is $udged as a caution state with _|i
damage with thESY iSfdi o1 dRiar ¢ Yot 2R 182919 e telekp T é@FeCFéHE@ @ere
taken into account. In the other cases, the handrail is judged as a

good st ap® Wisdlroddeht. ThBhef orag invheystiss dggatomyrosed damdeaveri s
judged as deteriorated, it can be known that the tine to replace the
handrai | 104 ﬁa:p:pbdlacﬂtiing. olheidwdliighyt ,0b camera 7 with a lens portion

being inserted into the cover 104, a light source 107 having
10 a finite size, a screen 106 and an image processing unit 2
not illustrated in FIG. 34.

The screen 106 is relatively thin like Japanese shoji
paper, and upon an object beingplaced in proximity to the broken
line 105, a shadow (projected shadow) is formed on the screen

15 so as to be shot with the camera. Before the inspection
processing, foranobject 10%havingareferenceoutsidediameter,
tangential lines 110 to the object 109 are drawn from both ends
of the light source 107, and a position 105 of the object is
adjusted such that the tangential lines intersect with each

20 other at one point on the screen 106. With this configuration,
for an object 108 having an outside diameter larger than the
reference outside diameter 109, an appearance on the screen
106 is an umbra formed by completely blocking the light source
107. Contrarily, for an object, such as a wire individualized

25 from a rope or a belt, having an outside diameter smaller than



each handrail can be evaluated in three or nore |levels (for 23
exanple, the levels of no good state gy th serious damage, a 100
caution state with |ight damage, and a good state with normal, and
the like) . Up to this point, the invention has been

descri bed based on worki ng exanpl es. However, the above configuration
5 descr i ted riederehati ont $ pieddhmateki HiP erampred mrjasst s anpexanpl e
and the invention can be appropriately nodified wthout departing
from t het¢ eadaitwalolictaa ridher eafrt dheticont i gt addonse descri brd wire
relation to each working exanple may be conbined unless there is a

cont r adi g4 o8 cﬂ@céé’lﬁicﬁﬂgtﬂ’&%’lwﬂ'@%té RERGEl) Ofh tﬁbtl%d@p£8b§551ng
speC|f|cat|on may al so be designated as "checkup" and

L nspectipng g%qrgoﬁ%ﬁ%gbaméescﬂ Lhgslion ﬂ{ﬁg@&@@ﬁ%fé@a oLofLHdes

"checkup." mal nt enan 'S spec rcation

i rvi.cin n " nt.enance" cited
may gl so be designated as ($erVLCi NG, and the "imlntel

Up to this point, description has been given to working
examples of the configuration of image processing apparatuses
of the invention.

Accordingtotheworkingexamples, thequalityofahandrail
10 can be judged as no good state with serious damage when the
occurrence of “individualized wire” of a steel cord lasts for
a predetermined length or longer in the direction of the length
of the handrail. Therefore, it can be determined of the
replacement of the handrail as required and prevent erroneous

15 judgment and unnecessary handrail replacement.

When the “individualized wire” of a steel cord is at such
a level that it is not determined as seriously damaged, the
gquality of the handrail is judged as a caution state with light
damage with the “individualized wire” of the steel cord to be

20 taken into account. In the other cases, the handrail is judged
as a good state with normal. Therefore, when the quality of
a handrail is judged as detericrated, it can be known that the
time to replace the handrail is approaching. The quality of
each handrail can be evaluated in three or more levels (for

25 example, the levels of no good state with serious damage, a



15 in this specification and appended cl ai ns includes "servicing."
Mai nt enance (servicing) refers to thagyany one of inspection
(checkup) , repair, and replacenent is carried out and it includes
cases where two or nore of them are conbined and carried out. 101
VWHAT IS CLAIMED IS: 1. An inspection apparatus for continuous nenber

i ncl udi ngaatsveatador vinbedlgint alatmegrspard argobdnssate curghr nekrmgl, an
imaging unit that applies X-rays or visible light to 5 forma

proj ect esntdnege dikéhe steel cord; and an i nage processing unit
that receives the proj ected inage fromthe inmaging unit, carries out

i mage processimg of entpPbite PhEI Bei&t 14/ea sl PELNHNE B HddBased
segnent thinner than a normal steel cord and higher in brightness

ot oot | rabi BTV Rl FEBNPRTS caflREATDY” G g “tadone PR T AAPEFar

detecting indi Ized"w re caused by’ com nhg 'un errn
cordsas &n ob%ec .of %ﬂ; ect%on bﬁged on the Iigf se ne%t extraciion
dat a> 2. 9qHer thgpeltT ‘%p% QI THERBF U A § *REPE at T S LA GREPRT G
the imaging unit is configured to forman unbra for a steel cord
havi ng 2hor redie ol $¢Riel o afeferP@ndPPePREA2pehtinttediHisther1thantt he
unbra of the nornmal steel cord for the individualized wire, and
wher ei n d¢parphge procetize ngecimiicak oied itheetofo set
The configurations described in relation to each working
example may be combined unless there 1is a contradiction
10 therebetween. The “inspection” cited in this specification
may also be designated as “checkup” and the “inspection” cited
in this specification and appended claims includes “checkup.”
Similarly, the “maintenance” cited in this specification may
also be designated as “servicing” and the “maintenance” cited
15 dinthis specification andappendedclaims includes “servicing.”
Maintenance (servicing) refers to that any one of inspection

{checkup), repair, andreplacement iscarriedout andit includes

cases where two or more of them are combined and carried out.
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i3

20

25

101

WHAT IS CLATIMED IS:
1. An inspection apparatus for continuous member including
a steel cord, which is used in a transport mechanism, configured
by helically laying up plural individualized wires, comprising:
an imaging unit that applies X-rays or visible light to form a
projected image of the steel cord as an object of inspection; and
an image processing unit that receives the projected image from
the imaging unit, carries out image processing upon the projected
image and detects the individualized wire protruding from the steel
cord coming undone with extractinga line segment thinner than a normal
steel cord and higher in brightness than the normal steel cord from

the projected image.

2. The inspection apparatus according to Claim 1,

wherein the imaging unit is configured to form an umbra for
a steel cord ha;ing a normal outside diameter and form a penumbra
thinnerthantheymbracﬁfthenormalsteelcordfortheindividualized
wire, and

wherein the iﬁage processing unit is configured to set a range
of brightness used as a criterion for the penumbra arising from the
individualized wire and to extract a line segment equivalent to the

individualized wire based on the criterion.

3. The inspection apparatus according to Claim 1,

wherein, upon the length of an extracted line segment
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7. The inspection apparatus according to Claim®6, wherein the steel
cord nodel is set such that the steelggord nodel is updated with a
detected steel cord shot in an 25 inmage frame i nmedi ately before.

103 8. The inspection apparatus according to C aim 6, wherein
the inmage processing unit is configured to set such that the steel
cord i s PPARBJLDF AP cetdDidhte it U Warkdiss dheedipos amg@ceAsang
backward direction, and the trace in the backward direction is

carri ed oottt uss nprstigrirasbited datermioekdindsviaduabikéed ofindie cifr abhe in
the forward direction. 9. The inspection apparatus according to Caim
2, 10 wheteiéh &bedrange of brightness used as the criterion for the
penunbra arising fromthe individualized wire is set to be variable
wi th brightness of a background in the projected i nage or brightness
of the unbra taken as a paraneter. 1510. The inspecti on appar atus
according to ai Mwherein the imaging.unit ingl.udes an
X-ray5 t ube ha\% 'ngmzli]# )%—nrsgfcgf‘:gtﬂ Iag)lpg%é:ratﬁlr? ﬁgr%f)icglrjf &) ttéjngﬁ\?épt iﬁéal
sizes than an qutside dianeter, of a steel cord beconin i i
ndi vi dual | 26 TR &5 CHREEAEGES BETRCFI 57 I & G4t IEsTPES MabPng
a visible l'ight 20 ray exit larger in horizontal and vertical sizes
t han t hel@ddss He fPirapessener (G vayss], edddifetBataPRdRessing unit

i ndividualized wire to be detected, wherein the X-ray tube or the
visible 13 g JSowmgeimaheng device.

10 5. The inspection apparatus according to Claim 1,
whereinthe continuousmember isabare steel cordbecoming
a wire rope for elevators and the imaging unit is a visible

light imaging device.

15 6. The inspection apparatus according to Claim 1,
wherein the image processing unit is configured to use
a steel cord model for tracing the steel cord in each of frames
of the projected images and thereby to detect at least one of
lack of steel cord, contact between steel cords, entangled steel

20 cords.

7. The inspection apparatus according to Claim 6,
wherein the steel cord model is set such that the steel
cord model is updated with a detected steel cord shot in an

25 1image frame immediately before.



conti nuous nenber including the steel cord to be subjected to 25

i nspection, and a conversion plate thgt reflects a projected 104
image, are arranged in a geonetrical relation in which the follow ng
i nternedi ate outside dianeter-steel cord is not reflected as a
projected image of an unbra onto the conversion plate, and 5wherein
the internmedi ate outside dianeter-steel cord is a steel cord having
an i nternedi ate outside dianeter between the outside dianeter of the
i ndi vi dual i zed8 wi Téeanchsidee tdwtrs iaghe adiadnet erccefirdihg nor Kk ist éel

cord. 1011. The inspection apparatus according to any one of Clains 1

to 10, whereim die iniRee ppbeeesshgubit ti Hasor ishaeld e det
nodel in which the nunber of steel cords in design and a barycenter

coor di nagg-Rf RACHh stR&le 1005 dycan: PecHRdM £d-and held.y apd, £4,LR8

i mge processing unit is configured to update eac arycenter
coor%inq&fré | .sum of.

| d I h t.h h f
fo gIIngeln Caor}%ac Sl Sllﬁre[cttlac} ,t taﬁ\_dt %tn%pé:g{;zlc\%lae{;ggt ed

- s
di ff erences between barycenter coor ates o ere
steel cord and rycenter coordinates of the respective steel cord
nmodel s i%aﬁ?‘ﬁ?ﬁg %&&.e%ofz%s TR TRt iuéﬁrnap%fa‘?%t Gerddarairhgctsd
Claim1l1, wherein a frane counter that counts the nunber of

| asti ng #% afresefal WheEht ket Mddein ofhelef eevard sibetcltiprls i s | ess
t han the nunber of steel cords in design, and

9. The inspection apparatus according to Claim 2,
10 wherein the range of brightness used as the criterion for
the penumbra arising from the individualized wire is set to
be variable with brightness of a background in the projected

image or brightness of the umbra taken as a parameter.

15 10. The inspection apparatus according to Claim 1,
wherein the imaging unit includes an X-ray tube having
an X-ray exit larger in horizontal and vertical sizes than an
outside diameter of a steel cord becoming individualized wire
to be detected, or a visible light source having a visible light
20 rayexitlarger inhorizontal andvertical sizes than theoutside
diameter of the steel cord becoming the individualized wire
to be detected,
wherein the X-ray tube or the visible light source, the
continuous member including the steel cord to be subjected to

25 inspection, and a conversion plate that reflects a projected



25wherein the i mage processing unit includes a nenory that 105
menori zes to hold the follow ngs as hgg data in each franme: nanely,
barycenter coordi nates of frame-by-franme detected steel cords,
frame- by-franme updated barycenter coordinates in the steel cord
model , the nunber of the detected steel cords, 5 the value on the
frame coul@ee. a3c Theangspethi angapparuiaslatedeting in €haim the
wher ei nt hei magepr ocessi nguni ti sprovi dedw t hasecond steel cord
nodel infatldoving tlotthmedieveouststeel diendtrdalteel0 o is not
the i mage processing unit is configured to, after tracing is a

forward deresttea ahil gropsateddriRe BF e dubret 86to ¢dcBRIELsUBAN
the entire shot noving i mages, sequentially trace in a backward

directi.opyybil e;ypdating the barycenter 15 coordinates in the second
steel cord nnde?s in the descendi ng order of franme nunber on a
frame- by-frane basis ch,that the total sumof_differences between
bar ;?’ent er coofd A neg%gfl?‘ﬁ%rrpee%b% ?io\?écs&é’{ge(gf%%e‘ts?léé?t%%f&%édl 4%in
| og data and bar cen%er,coordinates of . t he respective second steel
cord modRIEE$Sl S5 ARTHLREIAN aet ST & 1 Thitfe I3PBEESEi RELURFD i s
further configured to, on condition that the value in |og data of the
frame count OUtEBs deaneipon ofrbdie ibdingduadized wiute pndtthe potabdd
direction

diameter of the normal steel cord.

10 11. Theinspectionapparatusaccordingtoanyoneof Claims
1 to 10,
wherein the image processing unit has a steel cord model
in which the number of steel cords in design and a barycenter
coordinate of each steel cord can be updated and held, and
15 the image processing unit is configured to update each
barycenter coordinate in the steel cord model such that the
total sum of differences between barycenter coordinates of the
respective detected steel cord and barycenter coordinates of
the respective steel cord models is minimized.
20
12. The inspection apparatus according to Claim 11,
wherein a frame counter that counts the number of lasting
frames in which the number of detected steel cords is less than
the number of steel cords in design, and

25 wherein the image processing unit includes a memory that



is smaller than the value of the frane counter obtained upon 25 trace
being carried out in the backward dirggtion, barycenter 106
coordinates in the respective second steel cord nodels are

repl acedw t hbarycent er coor di nat esi nt her especti veprevi ous steel cord
nmodel s. 514. An inspectionnmethod for continuous nenber including a
steel coRrgmBsédchPnta rehdsper tfaeltibiiiasmacdmsy idsitag inheatbl Foamag
steps of: applying X-rays or visible light to forma projected
i mge ofnénelygt ebkrycedteand obicamayiesg it £ ramgebpr Drassi dgtettedpon
the proj ected image including a |line segnent thinner than a nornma

steel cogtdeandtdtidgherrbfebbyghtars ugdwied berpeefabr dRAIdGRIs in
extracting the line segnent, and detecting individualized wire caused

by conmi ngnyngang) iddAdRoakee! t}@@rﬁn@}%xaefophgcae@cﬂ%?rg%felloeoPaéed
15 on the [ine segment extraction data e inspection

nethqp fEEeCQQiuQUQHStEE”PF%ﬁef5§ # apsport mechani sms according to

m 14, whereri n, ornlng the projected i mge, 20
fornlng an unbra for a steel cord havi ng a normal outside dianeter
and form ng a penunbra thinner than the unbra of the normal steel

cord for the individualized wire, and
13. The 1nspectlon apparatus according to Claim 12,

whereinthe imageprocessingunit isprovidedwitha second
steel cord model in addition to the previous steel cord model,
10 and,
the image processing unit is configured to, after tracing
is a forward direction while updating the previous steel cord
model upon the entire shot moving images, sequentially trace
in a backward direction while updating the barycenter
15 coordinates in the second steel cord models in the descending
order of frame number on a frame-by-frame basis such that the
total sum of differences between barycenter coordinates of the
respective detected steel cord held in log data and barycenter
coordinates of the respective second steel cord models is
20 minimized, and
wherein the image processing unit is further configured
to, on condition that the value in log data of the frame counter
obtained upon trace being carried out in the forward direction
is smaller than the value of the frame counter obtained upon

25 trace being carried out in the backward direction, barycenter
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coordinates in the respective second steel cord models are
replaced with barycenter coordinates in the respective previous

steel cord models.

14. An inspection method for continuous member
including a steel cord, which is used in a transport mechanism,
configured by helically laying up plural individual wires,
comprising the following steps of:

applying X-rays or visible light to form a projected image
of the steel cord as an object of inspection;

carrying out image processing uponlthe projected image; and

detecting the individualized wire protruding from the steel
cord coming undone with extracting a line segment thinner than
a normal steel cord and higher in brightness than the normal

steel cord from the projected image.

15. The inspection method for continuous members for
transport mechanisms according to Claim 14,

wherein, at the stepof forming the projected image, forming
an umpra for a steel cord having a normal outside diameter and
forming a penumbra thinner than the umbra of the normal steel
cord for the individualized wire, and

wherein, at the image processing step, set a range of

brightness used as a criterion for the penumbra arising from

25
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to the individualized wire based on the criterion.



