APPARATUS FOR DI AGNOSI NG DETERI ORATI ON OF MOVI NG HANDRAI L | N
PASSENGER CONVEYOR BACKGROUND OF THE | NVENTION 1. Field of the

I nvention [0001] The present invention relates to an apparatus
for diagnosing deterioration of a noving handrail of a passenger
conveyor, which is used for diagnhosing deterioration of a novin
handr ai | PFBARYERS| FOR SEASIORATION QS MOYBNG g N

I n an escalator and which is provided with a canera for phot ographing
the surface or inside of the pa¥krgchRandpaiveyol. Description of the
Background Art

BACKGROUND OF THE INVENTION
i. ¥Field of the Invention

(0001]

The present invention relates to an apparatus for
diagnosing deterioration of a moving handrail of a passenger
conveyor, whichisused fordiagnosingdeterioration of amoving
handrail provided in a passenger conveyor sSuch as a moving
handrail in an escalator and which is provided with a camera
for photographing the surface or inside of the moving handrail.
2. Description of the Background Art

[0002]

JP-A-6-300713 or JP-A-2010-82689 has heretofore
disclosed an apparatus which is provided with a camera for
photographing the surface or inside of a subject to be diagnosed
so that deterioration of the subject can be diagnosed based
on images taken by the camera though the subject is not a moving
handrail of a passenger conveyor.

[0003]

The background-art technigue disclosed in JP-A-6-300713



[ 0002] JP- A- 6-300713 or JP-A-2010-82689 has heretofore

di scl osed an apparatus which is provided with a canera for
phot ogr aphi ng the surface or inside of a subject to be diagnosed so
that deterioration of the subject can be di agnosed based on i nages
taken by the canmera though the subject is not a noving handrail of a
passenger 1&masfHct T\ eIN e dsaéRgPeGHdoar &Y 8 eeRnvileh dirselwisk ian
JP-A-6-300713 is a defective condition inspection system which

i ncl udes: ¢ b 5ANEAHIRr §Q4nBLAGRINMR & Pea SUBEACE,0F AL SWPHEC A Red
di agnosed with a contact-type Sensor and detecting a stereoscopic

defect in the surface of the subject; and a CCD canera and so on for
det ect i ng"hhl ienFePhartdeyeetsVIsthandulfieret ifogosfereoscopic defect

in the surface of the subject; and a CCD camera and so on for
detecting an internal defect of the subject.

[0004]

In addition, the background-art technique disclosed in
JP-A-2010-82689 is a plate brick replacement determination
apparatuswhichisprovidedwith twoCCDcameraswhichphotograph
a sliding surface of a subject to be diagnosed, so that
irregularities in the surface of the subject can be determined
based on three-dimensional coordinate values.

SUMMARY CF THE INVENTTION
[0006]

It has been found out from recent studies that there is
a close correlation between the degree of a change of a color
tone in the surface of a moving handrail of a passenger conveyor
and the progress of deterioration on the back side in a position
where the color tone changes or in the inside of the moving
handrail whenthecolor toneof thesurfaceof themovinghandrail
changes as compared with that when the moving handrail was new.

According to the aforementioned background-art techniques



I n addi tion, the background-art technique disclosed in

JP- A-2010- 82689 is a plate brick replacenent determ nation apparatus
which is provided with two CCD caneras whi ch photograph a sliding
surface of a subject to be diagnosed, so that irregularities in the

surface of the subject can be determ ned based on three-dinensi onal
coor di nat ¢l yal eesd SUMARY- OF THEL P NvENTITENA 8006182683, indepdstheen
found out fromrecent studies that there is a close correl ati on

bet ween the-degl £6; 0fe @ ShangesOf ra-£QJ0k 4 ¢ ttoh@ewgffc%éﬁ c@n
nmoving handrarl of a passenger conveyor and the progress o

deterioration on the back side in a position where the color tone

changes o€ idf ke ahSzdEn6f demen mvieng2Radgr BRFraRercah e HEar ESAe
of the surface of the noving handrail changes as conpared with that

when the w®yithe fRangdry boﬂ@ﬁ_d@@é\tiéﬁCa_(Hdi'lﬁTQibgnbBﬁsfﬁ@fﬂélﬁéﬂthﬁtdon
backgr ound- art technlques di scl osed in JP-A-6-300713 and
JP- A- 2010- i.ndeed the{%rre | ariti es of_the surface

Subj et (OF BOPGH HCeY Kake T (e TEpCRIGE Eofsmage the

t her eof can be measured, but there is no consideration about
diagnosiSSﬁﬁfaEﬁewaMhéismbjécﬁhe subj ect based on the change of the
color tone in the surface of the subject.

[0007]

The present inventionhas been developed in consideration
of the aforementioned actual circumstances in the background
art. An object of the invention is to provide an apparatus
for diagnosingdeteriorationof amovinghandrail in a passenger
cenveyor, by which deterioration of the moving handrail based
on a change of a color tone in the surface of the moving handrail
can be diagnosed.

[0008]

Inorder toattaintheaforementionedobject, anapparatus
fordiagnosingdeterioration of amoving handrail in a passenger
conveyor according to the invention includes: a first camera
which takes an image of a surface of the moving handrail in
a state in which the moving handrail is moving due to running

of the passenger conveyor; an image import portion to which

the image taken by the first camera is imported; a control unit



[ 0007] The present invention has been devel oped in

consi deration of the aforenentioned actual circunstances in the
background art. An object of the invention is to provide an apparatus
for diagnosing deterioration of a noving handrail in a passenger
conveyor, by which deterioration of the noving handrail based on a
change ofwRlelIRgr iQmes isiated PUCEgss 1oty phet hoviakphamdios Fmpan tisel

di agnosed. [0008] In order to attain the aforenentioned
obj ect, ap, apRALALYS fiffo.tl BYRES LA G BHIALRPEr8oPBVEDE of the
handrail 1n a passénger conveyor according to the invention includes:

a first canera which takes an immage of a surface of the noving
handr ai | TV E G t@rEse WhRSK % Ae ifmpgtakaken by sthpfildgtdgaresa;
runni ng of the passenger conveyor; an inmage inport portion to which

the i mage; tiakeimiiod henifd Wl chaMBEaulssi AP E S8 @k ehnhitle aMabeh
perfornms signal processing on the taken inmage inported to the inmage
inport portion and di agnoses deterioration of the . noving handrai

based on the 1PRfe YHKEH BPEHET | Cedtetda 2 Z3FAGOEEPOM CurlEIGhPEn

i ncludes a second canera connected to the image inport portion and
t aki ng a tladimer apdi ltandipgel of atdiez nawivg dameral | podnitbl whise is
control portion which is connected to the control unit and drives the

radiation_unit; rein: the control, uni xtracts a_deviation .
ot ween ELBITH TS G FATLEPRales b T haTholThg HeaRARdPT J6 dnia
fromthe image taken by the first camera and a predeterm ned col or

tone of avlserdiace tbe aomewhowiingekandrakslg dawd apdohopaswaen tshoefbe
operation for identifying a position of the noving handrail in the

i mage ta y. fi t .ed i.ati o S
a predet (l;t‘r%r}%gn)eodft ?ﬁreelghgffag\%h”?%%t%%iﬁ%%@%l&eg%g\é%%gagfgﬁcgﬁ%f
deterioration, and as soon as the identified position of the noving
handr ai | ¥ethéskgnpogitticof iwkér eameea radl atpordeipimineglcaded, tohe

control unit outputs a driving signal to the drive control portion
for the radi;ali PR HOIds 801 &S R 13ld Qfﬁ’n&%gmt,'%}p%ﬁ%ﬂﬁsa&?ﬂ%@?ic

t hrough the noving handrail, and perforns control of processing for
operation for identifying a position of the moving handrail
in the image taken by the first camera when the extracted
deviation exceeds a predetermined threshold which is a value
regarded as occurrence of deterioration, and as soon as the
identified position of the moving handrail reaches a position
where the radiation unit is placed, the control unit outputs
adriving signal to the drive control pertion for the radiation
unit so as to allow radiation to be transmitted through the
moving handrail, and performs control of processing for

displaying the radiographic image taken by the second camera.

[0002]



di spl ayi ng the radi ographic inmage taken by the second canera. [0009]
According to the invention configured thus, an inage of the surface
of the noving handrail which is being noved due to the running of the
passenger conveyor is taken by the first canmera in order to di agnose
deterioration of the nmoving handrail. The taken inmage is inported to
the image i nporRcpR¥einn, tander LRYRRELPR LM 1GWied St h@l | Heges ©
inport portion to the control unit. The control unit extracts a

devi ati onthetyeefatbeo£0i108 P PThdhe sur fiagerofid R iy G ed due
handrai|l obtained fromthe image taken by the first canera and the
predeternlnggﬁfolor tone_of the surface of the new g handr _ai

The contrbf i £UPpBAPGr ik G PRITSENESEPErAYFHAT Fot TR £t Y yilty fipet
position of the noving handrail in the inage taken by the first

caner a whesméhe i axircaat edld deyhas ¢ aptexceeds ianprede: aeringtandrail.
threshold. In this arithnetic operation, for exanple, a joint portion
of the andrail farnmed to.b ndl ess.is set as a reference

posi 1 on. YancE Al SRS r GAPPRESHef Br ERE e AT I 1's PR ed 88
as to identify the position of deterioration in the noving handrai

[ 0010] furthéntthesmﬁ@teMﬁummanimE@aamgﬁrEpomtasnmmﬁmdenhttbéd
position of the noving handrail which is noving reaches a position
where the, ia I i t

dri v ng St o p ol duBl BRGrakES, £ 8BS L be B e
as to aIIOM/radlatlon to be transmtted through the noving handrail.
In this neemerof rdd suirdm cies oénthe eno ¥ komhdredradi atfitaingd ttroo the
novi ng handrail in the position where the noving handrail is regarded
as deterigrated g0, thatya radiqgraphi.c iHpge Hf Q@ie%%h@ﬂeﬁaeg'i@k'
can be taken by the second canera. The radlograpﬁlc i mge taken

t he second . .
tone of the surface of the new moving handrail. The control

unit performs arithmetic operation for identifyingtheposition
of the moving handrail in the image taken by the first camera
when the extracteddeviationexceeds apredetermined threshold.
In this arithmetic coperation, for example, a joint portion of
the moving handrail formed to be endless is set as a reference
position, andadistance fromthe reference position isobtained
so as to identify the position of detericration in the moving
handrail.

[0010]

In the aforementioned state, as soon as the identified
position of the moving handrail which is moving reaches a

position where the radiaticn unit is placed, the control unit



canera is transmitted to the control unit through the inmage inport
portion. Processing for displaying the radiographic inmage is
controlled by the control unit. Thus, the radi ographic imge in the
position where the noving handrail is deteriorated can be grasped so
that the deterioration of the nmoving handrail can be di agnosed

accur at el §UtFREE 3 SrifHad fERPiILORC CHIE dirdgifosendécerPorai Pt of tike
novi ng handrail based on the change of the color tone in the surface

of the noyiagabasdiaiit sd 89kt al11ow radl 8t 28ditld ¥ ragsAL gt 88 the @
invention, the control unit includes a 3D imge synthesizing unit

whi ch synt hesi zes 3D,impge of the noving handrail fromipages taken
by the filF&¢ Ht?éﬁ@rggh%ﬁr%%or tIéHtP‘bstr[ﬁéWerFagJéa?ihﬁB%?n&ér?%ﬁ ef 465y
In addition, according to the invention, the control unit

the radiation unit to the moving handrail in the position where

the moving handrail is regarded as deteriorated, so that a
radiographic image of the moving handrail can be taken by the
second camera. The radiographic image taken by the second
camera 1s transmitted to the control unit through the image
import portion. Processing for displaying the radiographic
image is controlledby thecontrolunit. Thus, the radiographic
image in the position where the moving handrail is deteriorated
can be grasped so that the deterioration of the moving handrail
can be diagnosed accurately. That is, the invention can

diagnosedeteriorationof themovinghandrail basedonthechange
of the color tone in the surface of the moving handrail.

[0011}

In addition, according to the invention, the control unit
includes a 3D image synthesizing unit which synthesizes a 3D
image of the moving handrail from images taken by the first
camera and imported to the image import portion.

[0012]

In addition, according to the invention, the control unit



i ncl udes a deepest concave portion extracting unit which extracts a
deepest concave portion in the surface of the noving handrail based
on the 3D i nage synthesized by the 3D i mage synt hesizing unit, and
the control unit perforns control of processing for outputting a
driving signal to the drive control portion for the radiation unit so
as to al | bictudpat foASeBebE FPRASHEL PEHLEAROAYhrARELIABY FAGthEARAERI |
when a cutting anmount of the deepest concave portion extracted by the
deepest coReayetBY BbBRe8XIEAtd VY pbRitt ohSi MeheSIRE £ £Ee UFPhA moving
predeterm ned threshold which is a val ue regarded as occurrence of
deterioration. [0013] In_addition, according to the invention
t he contrBﬁnﬁﬁ@%leR%?aét@nataéesgs%meaﬁcavgtbﬁﬁﬁF@% £yl bhet dReimage
deviation which is a deviation between a color tone of the deepest
concave peyhtessapdnghenpt pdeherrmaasheoter drone ffr Adens Wdraae10h

t he new noving handrail when the cutting amount of the deepest
concave portion extracted b he deepest concav ortion extractin
Gnit 1S SREPFERS LR et prEaGT R M NEt tHY SoRord, Larde e L6 RergiroL
unit perforns control of processing for outputting a driving signal
to the drpyvettontfat tper trbddaftdont heitash aid e HbilbwSpadbat DorldOWe
radi ation to be transmtted through the noving handrail when the
deepest ¢ . i,qn_col.or . tone_devi,ati on .exceeds_a_ pr.edet erm ned
Chr eshol dermi g Feeq TG bysrhget B B e 688t = Gl s &t
[ 0014] In addition, according to the invention, the control
uni t i ncl afléseaddphe’s Conoawexp pot L oo e xéxtciet g thel deeape sh coxtcraet s
a hi ghest convex portion in the surface of the noving handrail when

t he deep i r i-atd i ot. lLarger. t
R R
processing for outputting a driving signal to the drive control
portion forresrolddii¢oniaingtvabudsred2edi¢dvas adtatroanee dé
transmtted through the noving handrail when a swelling amount of the
hi ghest couovex; pestion extracted by the highest convex portion
extracting unit is not smaller than a predeterm ned threshold which
is a value regaﬂﬂﬁﬁst occurrence of deterioration.

In addition, according to the invention, the control unit
extracts a deepest concave portion color tone deviation which
isadeviationbetweenacolor toneof the deepest concave portion
and the predetermined color tone of the surface of the newmoving
handrail when the cutting amount of the deepest concave portion
extracted by the deepest concave portion extracting unit is
smaller than the predetermined threshold, and the control unit
performs control of processing for outputting a driving signal
to the drive control portion for the radiation unit so as to

allow radiation to be transmitted through the moving handrail



[ 0015] Further, according to the invention, the control unit
extracts a highest convex portion color tone deviation which is a
devi ati on between a col or tone of the highest convex portion and the
predeterm ned col or tone of the surface of the new noving handr ai
when the swelling anmount of the highest convex portion extracted by
t he hi ghe¥®erdiifefepBLEIoRCRRE YA Hg: UhiceLics SHRf |V idarn fgceeds
predeterm ned threshold, and the control unit perforns control of

processi ngpteneeUtRULERNG r& SHd 1\ i S 98alvd10:d Aey 4Fddv@a s ORI @lrence
portion for the radiation unit so as to allow radiation to be

transmtted through the noving handrail when the highest convex
portion cof ofetehECHRYI i on exceeds a predeternined threshol d which
is a value regarded as occurrence of deterioration. [0016] An
apparatus for di@ynwsi ng deterioration of a noving handrail in a
passenger conveyor according to configuration of the invention

i ncludes: a first rera_which takes an.inmage of,a surface of 1he,
movi ng handr ai |10 BHOR QR | HESACTE EP S bTGRR EROR he Horisges § 2ke by
the first camera is inported; a control unit which perforns signa

pr ocessi ngnoddea ke sitnagevaeiport edneax tirbe tiimggen i thploi ¢th pattreens a
radi ati on unit which includes a second canera connected to the i mge

| mport. p% th'i & dcgggég%& J‘:’}%{ 9 r@fgg:ﬁiif eo@tﬁ@%o@é%l%g?ﬂdrail
handrai |l ;~ and a drive control” portion I'ch" 1S "Connecte e
control unit and drives the radiation unit. Further, according to
conf i gur athem tgfe deepemrenvinoayet hertonnrodlonitorextdeacias iaprdéwi aviton
bet ween a col or tone of the surface of the noving
larger than the predetermined threshold, and the control unit
performs control of processing for outputting a driving signal
to the drive contreol portion for the radiation unit so as to
allow radiation to be transmitted through the moving handrail
when a swelling amount of the highest convex portion extracted
by the highest convex portion extracting unit is not smaller
than a predetermined threshold which is a value regarded as
occurrence of deterioration.
(0015]
Further, according to the invention, the control unit
extracts a highest convex portion color tone deviation which
isadeviationbetween acolor tone of the highest convex portion

and the predetermined color tone of the surface of the newmoving

handrail when the swelling amount of the highest convex portion



handrai|l obtained fromthe inmage taken by the first canmera and a
predeterm ned color tone of a surface of a new noving handrail, and
perfornms arithnmetic operation for identifying a position of the
novi ng handrail in the inage taken by the first camera when the
extracted devi ati on exceeds a predeterm ned threshold which is a |
val ue reg¥EeACERY ¥ UFRRNERIBPSHetRRY DX AP PHRICANE BE2SBHAT adt el s
identified position of the noving handrail reaches a position where

the radi ashom &lPithanSt RE 3G ttdieniGRR £AkeHALL oWVt Beacsi M NEnit
signal to the drive control portion for the radiation unit so as to

allow radiation to be transmtted through the noving handrail, and
per f or ms ROhtPHTS &P%F&&%Ei%%ﬁ%%ﬁgéﬁ%@%%%ai%‘éﬂdﬁ SiPRagde
taken by the second canmera. Wth this configuration, the invention
can di agngs e tetdiivey alon@toaf pbhe igeviEeg basdfad abasedoit the aghange
of the color tone in the surface of the noving handrail. Thus,

accordi ng t he j.nvention, deterioratio f th vi_ng .handrail can
e i agnabetP i e MEGHaT CRERTIER S Hart Soh EOREBRCRE GG " P2BHEERe
novi ng handrail can be inspected and replaced at a proper tinme so

that a hiwdy tled indbihe sappanatuspd ot i dh agnbst rngproetdeniardtonorxokeds
novi ng handrail in a passenger conveyor can be achi eved. BRI EF

DESCRI PTI e Fi g. i.S i how_ng
Che cont I GRF 0T BREBE BN Chgpar R s 4 agrdsEngariis & KhPlREaRY
novi ng handrail in a passenger conveyor according to an enbodi nent of
the i nvemf otetamidoration. Fig. 2 is a flow chart showing the
procedure of processing to be executed by a personal conputer

provi ded in theuﬁpgﬁratus according to the enbodi nent.

An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according to configuration
of the invention includes: a first camera which takes an image
of a surface of the moving handrail; an image import portion
to which the image taken by the first camera is imported; a
control unit which performs signal processing on the taken image
imported to the image import portion; a radiation unit which
includes a second camera connected to the image import portion
and taking a radiographic image of the moving handrail; and
a drive control portion which is connected to the control unit
and drives the radiation unit. Further, according to
configuration of the invention, the control unit extracts a

deviation between a color tone of the surface of the moving



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] An apparatus for

di agnosi ng deterioration of a noving handrail in a passenger conveyor
according to an enbodi nent of the invention will be descri bed bel ow
with reference to the draw ngs. [0019] In the enbodi nent, as

shown in Fig. 1, the apparatus has a plurality of first caneras 2 and
3 for takhagdrangadiciingte fsonf e 15fage rBkPNdhabdr ALrst Ganeraseade
in which the noving handrail 1 is noving due to the running of the

passenger conuexelmiARd SBGS: LBREIE PALARCD ¢ @ it AOvLRE nliRges)

taken by the first canmeras and 3 are inported, and a control unit

such as a personal conmputer 10 for perform_.ng signal processing on

t he t akerPiGrerfst a5y Rtdd e tilve OPREGE 1PRpEPT 1ot by Ny & pesiltérnil
for displaying inmages in accordance with display processing control
per f or nedo bt HhacRemsORahdeaimui e HO it eonaeehedytond e T sanaka

conmputer 10. [0020]

when the extracted deviation exceeds a predetermined threshold
which is a value regarded as occurrence of deterioration, and
as soonas the identifiedpositicnof themovinghandrail reaches
a position where the radiation unit is placed, the control unit
outputs a driving signal to the drive control portion for the
radiationunitsoastoallowradiationtobetransmittedthrough
the moving handrail, and performs control of processing for
displaying the radiographic image taken by the second camera.
With this configuration, the invention can diagnose
deterioration of the moving handrail based on the change of
the color tone in the surface of the moving handrail. Thus,
according tothe invention, deteriorationof themovinghandrail
can be diagnosed with higher accuracy than in the background
art and the moving handrail can be inspected and replaced at
a proper time so that a highly reliable apparatus for diagnosing
deterioration of a moving handrail in a passenger conveyor can
be achieved.

BRIEF DESCRIPTICN OF THE DRAWINGS

10



In addition, the apparatus according to the enbodi nent has a
radiation unit 8 and a drive control portion 12. The radiation unit 8
has a second canera 7 connected to the image inport portion 9 and
taking a radiographic inmge of the moving handrail 1. The drive
control portion 12 is connected to the personal conputer 10 and
drives the radi B8¢bnlunit 8. [0021] The radiation unit 8 has a
radi ati on generator 4, a fluorescent screen (scintillator) 5 and a

reflecting ”1rrpi%Gl:EP@xh@ﬂ&@BbQEnQQﬂﬁJééﬁfl ukst dhsRAsEd o g%a%aQ%%k
surface side of the noving handrail "1 and emis radiation, i

X-rays. The fluorescent screen 5 is disposed on a front surface side
of the nolPhEiRIRAFANT Attt 35T EAaPEQ NPT H'Y ReNFaT atliToR PRESERIPE
emtted by the radiation generator 4 and transmtted through the

novi ng hadéivéfod. adberdehy eedi &Y Sbs@Imént ebt eehs anvagt 06 APhhE
i mge of the fluorescent screen 5. The radiographic |mage reflect ed
by the reflecti g nlrror ? is taken b the second canera

radi ati on unit %s a SR d e EhaEB\?@ro b Ehe Bromesud St PFBﬁeéélngy

the shield portion 8a, the radiation, that is, the X-rays, is

prevent edcd benskeakt ag Hyoa tgee seut=gi demp{.lf)aﬁaz]rovided imhehepapparalktus
conputer 10 fundanentally serves as follows. That is, the persona
conmput er 10 e&%raots q§V|q% n between a color tone in the surface
of the noWHY Fahdrs? | T4° oBlAT AL om each of the i mages taken by
the first canmeras 2 and 3 and a predeterm ned color tone in a surface
of a new novi ng handETIAILED WAST RIS TON rat tlel daWENTIEON exceeds a

pr edet er mi ned

[0018]

An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according to an embodiment
of the invention will be described below with reference to the
drawings.

[0019]

In the embodiment, as shown in Fig. 1, the apparatus has
a plurality of first cameras 2 and 3 for taking images of the
surface of a moving handrail 1 in a state in which the moving
handrail lismovingduetotherunningof the passenger conveyor,
an image import portion 9 to which the images taken by the first
cameras 2 and 3 are imported, and a control unit suchas apersonal

computer 10 for performing signal processing on the taken images

imported to the image import portion 9. A monitor 11 for

11



threshold which is a value regarded as occurrence of deterioration,

t he personal conputer 10 perforns arithnetic operation for
identifying the position of the noving handrail 1 in each of the

i mges taken by the first cameras 2 and 3. As soon as the identified
position of the noving handrail 1 reaches a position where the

radi ati ondupPtasing ipkegesdin eRecpersoRall toaghpin ety pOOEEBRUNY cpntrol
driving signal to the drive control portion 12 for the radiation unit
8 so as t e@beMe&hﬁ r@ﬂeabEQQoBleéoﬁﬁéﬂéﬂ‘i©e§st869H99téBetHD¥th
handrail 1, and perf orns control of processing for displaying the

radi ogr aphi c |nage taken by the second canera 7. The per sonal
conput er BBr AR d%%mﬁugﬁﬁlhﬁge synt hesi zing unit for synthesizing a
3D inmmge of the noving handrail 1 fromthe inages taken by the first
canmeras 2 and 3[@mglpj nported to the inage inport portion 9. [0023]

In addition, the personal conputer 10 includes a deepest concave
portion extractln it for extracting a deepest concave portign in

t he surface of g QPPafagﬁ§eﬂc6 éh%g3TP| gmbodiment
synt hesi zed by the 3D |nage synt hesi zing unit. \Wen a cuttlng anount
of the deepessi coRnCaveomoliioOns extd actdsi by ddrec elepestt LONCEVE The
portion extracting unit is not smaller than a predetermned threshold
which is a val ue re ard d as occurrence of terlora% 8n t{ﬁ%
personal ¢ é&ﬁﬁ%ﬁn rfg?ﬁsaéﬁﬁ?wb Qﬂmﬁﬁ%)eggpﬂﬁc or SutPif (FRgca
driving signal to the drive control portion 12 for the radiation unit
8 so as timpdiovwdrid orali aitd aektimgbe tadinsymapheids timagegbf tite: nowviing
handrai|l 1. [0024] In addition, the personal conputer 10
extracts t. congav t vi at

o120t R orBeRty COIREIOLILAN £0l Skl SV SLLAMNLELL I, B
extracted by the deepest concave portion extracting unit and the

pr edet er iPgreEbRD} oronEee ©f 1§ hand ud ¥ Bices ofhe heagent hovi wyl hahdr ai |
when the cutting amount of the deepest concave portion is snaller

t han [0021]

The radiation unit 8 has a radiation generator 4, a
fluorescent screen (scintillator) 5 and a reflecting mirror
6. The radiation generator 4 is disposed on a back surface
side of the moving handrail 1 and emits radiation, that is,
X-rays. The fluorescent screenb5 is disposedon a front surface
side of the moving handrail 1 and irradiated with the radiation
which is emitted by the radiation generator 4 and transmitted
through themoving handraill. Thereflectingmirror 6reflects
a radiographic image of the flucrescent screen 5. The
radiographic image reflected by the reflectingmirror 6 is taken

by the second camera 7. The radiatiocn unit 8 as a whole is

12



the predeterm ned threshold. Wien the deepest concave portion col or
tone devi ati on exceeds a predeterm ned threshold which is a val ue
regarded as occurrence of deterioration, the personal conputer 10
perfornms control of processing for outputting a driving signal to the
drive control portion 12 for the radiation unit 8 so as to allow the
radi at i once¥ehbedtvankm t3heid kdhmough arh&anovBrigt gl eg 14 poftoignes)8a,
In addition, the personal conputer 10 includes a highest convex
portion exhEacid N4 I tMiChsextracts-A i ghestoGoRVEeY PONE 1 KiRg
the surface of the noving handrail 1 whén the deepest concave portion
color tone deviation_is not |larger than the predeterm ned threshol d.
When a swePl FhRg aWeBhESof the hi ghest convex portion extracted by the
hi ghest convex portion extracting unit is not smaller than a
predeterm ned thgeshpld which is a value regarded as occurrence of
deterioration, the personal conputer 10 perforns control of

Port on 13 for THEBPAAPAN. P 4o 5! LG TACAIE AP aW THE THA7 4EIGR o

be transmtted through the noving handrail 1. [0026] Further, the

per sonal Tleaputser the mxts@cd S canpugleesl 0 extracts a deviation between
a color tone in the surface of the moving handrail 1 obtained
from each of the images taken by the first cameras 2 and 3 and
a predetermined color tone in a surface of a new moving handrail
1. When the extracted deviation exceeds a predetermined
threshold which is a value regarded as occurrence of
deterioration, the personal computer 10 performs arithmetic
operation for identifying the position of the moving handrail
1 in each of the images taken by the first cameras 2 and 3.
As soon as the identified position of the moving handrail 1
reaches a position where the radiation unit 8 is placed, the
personal ccomputer 10 outputs a driving signal to the drive
control portion 12 for the radiation unit 8 so as to allow the
radiation to be transmitted through the moving handrail 1, and
performs control of processing for displaying the radiographic

image taken by the second camera 7. The personal computer 10

includes a 3D image synthesizing unit for synthesizing a 3D
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convex portion color tone deviation which is a deviation between a
col or tone of the highest convex portion extracted by the highest
convex portion extracting unit and the predeterm ned col or tone of
the surface of the new noving handrail when the swelling anmount of

t he highest convex portion is snmaller than the aforenmentioned

pr edet er miRade t ¢if eS| TV Ve haner 3 hhbstrawivex igmadsotad@irobn dhe

devi ati on exceeds a predeterm ned threshold which is a val ue regarded

as occurrenser fardetay oAl i PR heppeteanal teeNPHL 8L bper s on
control of processing for outputting a driving signal to the drive
control portion 12 for the radiation unit 8 so as to allow the
radiati on’to be transnitted t hrough the noving handrail 1. [0027]
The control of processing by which the enbodi nent configured thus is
characterized Wdd2bp descri bed bel ow. [0028] That is, inmages
of the surface of the noving handrail 1 in a state in which the

Conveyor are 1 akbACEY THE T PR ITEHAYS 1 BrABRSE AFARGSe
deterioration of the noving handrail 1. The taken inmages are inported
to the i nagecanppottpontexradtand dnt t fer etanstiitigeddéepast kenicarge
I nport portion
portion in the surface of the moving handrail 1 based on the
3D image synthesized by the 3D image synthesizing unit. When
a cutting amount of the deepest concave portion extracted by
the deepest concave portion extracting unit is not smaller than
apredeterminedthreshoidwhichisavalueregardedasoccurrence
of deterioration, the personal computer 10 performs control
of processing for outputting a driving signal to the drive
contrel portion 12 for the radiation unit 8 so as to allow the
radiation to be transmitted through the moving handrail 1.
[0024]
In addition, the personal computer 10 extracts a deepest
concaveportioncolortonedeviationwhichisadeviationbetween
a color tone of the deepest concave portion extracted by the
deepest concave portion extracting unit and the predetermined

color tone of the surface of the new moving handrail when the

cutting amcunt of the deepest concave portion is smaller than
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9 to the personal conputer 10 . The personal conputer 10 extracts a
devi ati on between a color tone in the surface of the noving handrai

1 chiefly obtained fromthe images taken by the first canmeras 2 and 3
and a predeternmined color tone in the surface of a new noving
handrail. Wen the extracted deviation exceeds a predeterm ned

t hr eshol d-RPERded camiarde: Merfhofkd: adihsectie ecPest CRIGRTOPALIARN

t he personal conputer 10 perforns arithnmetic operation for

i denti fyigg dhednsiddvantalont BRcBBMENG fraduli@d dnilndd tHie dHBGESFHt aken
by the first cameras 2 and 3 at that tinme. In this arithnmetic
operation, for exanple, a_ joint portion of the noving handrail 1
formed tolHe éidi%es g‘?‘@%@%%&%ﬁ%%ﬁé@%%r&ﬁ}Oéhdt%e gesfaneéd
fromthe reference position is obtained so as to identify the

posi tion @impleter i 00 gid OfbAns M R Rardedisling. foR029kputting &N
t he aforenmentioned state, as soon as the identified position of the

"adi 801 o 2% S8 p b B STl T SORAr | CERpUEEY | S0CB puFe aat ion

driving signal to the drive control portion 12 for the radiation unit
8 so as tun#t |Bowct Ae tadildidwomhieorbdittanantd thed tirameudh tiche thmwvugy
handrail 1. Thus, in the identified position of the noving handrail 1

regar ded curr of terioration, the radiation, that is,
t he X—raf%%ﬂ%@%%ﬁ%téﬁﬁﬁ%%ﬁ%t e radiation unit 8 toward the noving

handrail 1, so that a radi ographic inmage of the noving handrail 1 is
taken by the selddhtblcanera 7. The radi ographic i nage taken by the
second canmera 7 is transmitted to the personal conputer 10 through

the imge inppﬁﬁ1QBBEE@Bngﬂijg%?§%5ﬁq é9%$9{§PHQViHQlEQ§seahigh$ﬁgt

radi ographic image 1s confro by the personal conputer 10 s

the radi ographic inmage is displayed on the nonitor 11. [0030]
convex portion extracting unit which extracts a highest convex

portion in the surface of the moving handrail 1 when the deepest
concave portion color tone deviation is not larger than the
predetermined threshold. When a swellingamount of the highest
convex portion extracted by the highest convex portion
extracting unit is not smaller than a predetermined threshold
which is a value regarded as occurrence of deterioration, the
personal computer 10 pefforms control of processing for
outputting a driving signal to the drive control portion 12
for the radiation unit 8 so as to allow the radiation to be
transmitted through the moving handrail 1.
[(0026]

Further, the persconal computer 10 extracts a highest

15



The control of processing by which the enbodi nent is characterized
has been descri bed above. The details of control including various

ki nds of processings to be perforned by the personal conputer 10 w ||
be described below with reference to Fig. 2. [0031] Based on
the taken images transmtted fromthe first canmeras 2 and 3 through
t he |nagec@®$@¥POQGMHWﬁPkPrFﬁ@eﬁ@ﬂﬁﬁﬁﬂoﬁﬁﬁ¢ﬁﬁéﬁEﬁ@th@EQ@@F@§W§ﬁ@
synthesi zes novie frames of the first caneras 2 and 3 using the 3D

i mage synjhesigi ngohdids S&@%ﬂg%%ﬁtdaﬁﬁ}eé@ 3R drimegs ref-tide Yo hag
handrail 1 (Step S1) . [0032] Next, the personal conputer 10

uses the deepest concave portion extractlng unit to perform
proce33|n@lg%ﬁs%DQQQﬁﬁ¥lﬂ?%i%&@eSé%FaEBHBQVEHbBr%WQN¥WQ1Pﬁﬁéetermlned
af orenenti oned 3D i mage by conpari son between one section of the 3D

i mage andcanet hesnd Stfeph&23ur fHO83f the new moving handrail when the
swelling amount of the highest convex portion is smaller than
the aforementioned predetermined threshold. When the highest
convex portion color tone deviation exceeds a predetermined
threshold which is a wvalue regarded as occurrence of
deterioration, the personal computer 10 performs control of
processing for outputting a driving signal to the drive control
portion 12 for the radiation unit 8 so as to allow the radiation
to be transmitted through the moving handrail 1.

[0027]

The contrcl of processing by which the embodiment
configured thus is characterized will be described below.

[0028]

That is, images of the surface of the moving handrail
1l in a state in which the moving handrail 1 is moving due to
the running of the passenger conveyor are taken by the first
cameras 2 and 3 in order to diagnose deterioration of the moving
handrail 1. The teken images are imported to the image import

portion © and further transmitted from the image import portion
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Next, the personal computer 10 cal culates a cutting anount of the
extracted deepest concave portion, which indicates the depth of the
extracted deepest concave portion fromthe average coordi nates of al
the sections, and determ nes whether or not the cutting anmount is at
| east a predeterm ned threshold which is a val ue regarded_as

occurrenc%tSﬁﬂH%@%¥$%P%%FSWPPgﬁéﬂIBS)ThF®@§ﬂonalComPWM%ﬁlpﬁétraCtS
determ nation concludes that the cutting anmount is not snmaller than

the threshalghidtheoPeiexonain coppubertddke abt ahessthheadest ana: aloviiRe
deepest concave portion, for exanple, fromthe joint portion of the

nmovi ng handrail .1 so as _to identif he position of the deepest_.
Concave JBTETEH! T & EBLE8). ORGAINA He S E Sl Gompaten 76 mek ¢ 15t
deterioration flag in the identified position of the deepest concave
portion (&iepr&dl) and63shd Wherddee qrasinddrobrt bendeterimyy atirGace
flag reaches the position where the radiation unit 8 is placed in

accordance.with the.nmovenent of t novi ng handrail .1,.the personal
ot ar g YAty B HRRTR A £ R TN DRSO ady PFoR 2R 00,
so as to emt the radiation, that is , the X-rays fromthe radiation

gener at ora grefiet hemi addathires hadidtwi8l dronaed atlhe neya mipdasdcaul- réncehe
radi ation transmtted through the noving handrail 1 noves via the

fluoresce r t fl hn ' ' ; 1ed
as o T adi DhPaoR e asa s, TrEREsshay SRtk 10,8 ke S SR L TR S
image is transmtted to the personal conputer 10 through the inage

i mport po?R$ - Don Fogcédshhgivongdikplr@ding arhe Ir bl owprvdpld bansgé li s
controlled by the personal conputer 10 so that the radi ographic inmge

is displaygd oRetiheJENikbREnldy (FePi BdR)cameras 2 and 3 at that time.
In this arithmetic operation, for example, a joint portion of
the moving handrail 1 formed to be endless is set as a reference
position, andadistance fromthe referenceposition isobtained
so as to identify the position of deterioration in the moving
handrail 1.

[0029]

In the aforementioned state, as soon as the identified
position of the moving handrail 1 which is moving reaches a
position where the radiation unit 8 is placed, the personal
computer 10 outputs adriving signal tothedrive control portion
12 for the radiation unit 8 so as to allow the radiation to

be transmitted through the moving handrail 1. Thus, in the

identified position of the moving handrail 1 regarded as
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[ 0036] When the determnation in Step S3 concludes that the
cutting amount of the deepest concave portion extracted by the
deepest concave portion extracting unit of the personal conputer 10
is smaller than the predeterm ned threshold, the personal conputer 10
extracts a deepest concave portion color tone deviation which is a
devi at i oncperweenca ofslafretione tofor hehesegést ioonddvee por thekamwdsvhe
predeterm ned col or tone of the surface of the new noving handrail 1

(Step 54)is 9344 from thé\‘%HaaEQ%nﬁﬁ{ﬁ@@aéox@ﬁ@%%%rmé%]‘i‘&%%ﬁu'@ﬂ&%%
whet her or not the extracted deepest concave portion col or tone

deviation is at nost a predetermned threshold which is a val ue
regarded hs dRcuhderrer3Aieiaribt atiage (<t dfrssmevigpdgndrail 1 Ween
the determnation in Step S5 concludes that the deepest concave

portion cehréntopeckleviatsRd exkeesss ! h@He'“r%%ﬁ@gd&apﬂﬁQﬁ@%ﬁﬂg@ tiakenhe
af orenentioned Steps S10, S11 and S12 is perforned so that the

r adi ogr aphi ¢ i mage di spl ayed on the ni
g p y the sgcond.c gray?gs transmi%%e to t%e personal computer

10 through the image import portion 9. Processing for
displaying the radiographic image is controlled by the personal
computer 10 so that the radiographic image is displayed on the
monitor 11.

[0030]

The control of processing by which the embodiment is
characterized has beendescribed above. Thedetailsof control
including varicus kinds of processings to be performed by the
personal computer 10 will be described below with reference
to Fig. 2.

[0031]

Based on the taken images transmitted from the first
cameras 2 and 3 through the image import pertion 9, the personal
computer 10 integrates and synthesizesmovie frames of the first
cameras 2 and 3 using the 3D image synthesizing unit so as to
synthesize a 3D image of the moving handrail 1 (Step S1).

[0032]
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[ 0039] On the other hand, when the determ nation in Step S5
concl udes that the deepest concave portion color tone deviation is
not larger than the threshold, the personal conputer 10 uses the

hi ghest convex portion extracting unit to perfornprocessing for
extracting a highest convex portion in the aforenentioned 3D i mage by
conpari son bet We@nt orfd1& @etricen adf CORBUBHY | Hage sgntihandt ¢ee s { SErass) .
[ 0040] Next, the personal conputer 10 cal culates a swelling

amount of nt he; extdact Lo M Yhasite (E%nié@?éfeﬁ?ﬁltﬂ)ﬁ@ceg\@iﬁc? #dicat ez« ithe
hei ght of the extracted highest convex portion fromihe average
coordi nates of all the sections, and determ nes whet her or not the
swel i ng andefPess GeNTFREetPAr bt et eriTh &t Aol sthith imege Py
val ue regarded as occurrence of deterioration (Step 57) . [0041]
comparison between one section of the 3D image and another (Step

S52).

(0033]

Next, thepersonal computerl0calculatesacuttingamount
of the extracted deepest concave portion, which indicates the
depth of the extracted deepest concave portion from the average
coordinates of all the sections, and determines whether or not
the cutting amount is at least a predetermined threshold which
is a value regarded as occurrence of deterioration (Step S3).

[0034]

When the determination concludes that the cutting amount
is not smailler than the threshold, the personal computer 10
obtains thedistanceof the deepest concaveportion, forexample,
fromthe joint portion of the moving handrail 1 so as to identify
the position of the deepest concave portion {Step 510). Next,
the personal computer 10 sets a deterioration flag in the
identified position of the deepest concave portion (Step S11).

[0035]

When the position of the detericration flag reaches the
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When the determination in Step S7 concludes that the swelling anmount
is not smaller than the threshold, the personal conputer 10
identifies the position of the highest convex portion (Step S10)
Processing in the aforenmentioned Steps SII and S12 is perfornmed so
that the radiographic inmage is _displayed on the nonitor 11. [0042]

On the otheflhind, "iweh e A AatYoH ih 15t & ased diclasder danige
the swelling anbunt of the highest convex portion is smaller than the

t hr eshol dyithehpeiSanntCompiteiodithexbhaessla, highpsts608Y @brRteron
color tone deviation which is a deviati on between a col or tone of the

hi ghest convex portion, and the predeterm ned col or tone of the

su?f ace of Y tHEEREGF MoV’ Hahd 18 Q- isg)dr LV G5 tidx PO e 12
personal conputer 10 determ nes whether or not the extracted highest
convex posd aerccahivr theraddeviiahi, ahdtsig) thest-ra vy £ckeh ehairaed ation
threshold which is a value regarded as occurrence of deterioration

(Step SQ)Qenerator‘4 of the radiation unit 8 toward the moving handrail

1. The radiation transmitted through the moving handrail 1
moves via the fluorescent screen 5 and the reflecting mirror
6 and is photographed as a radiographic image by the second
camera 7. Theradiographicimageistransmittedtothepersonal
computer 10 through the image import portion 9. Processing
for displaying the radiographic image is controlled by the
personal computer 10 so that the radiographic image is displayed
on the monitor 11 (Step S$12).

[0036]

When the determination in Step S3 concludes that the
cutting amount of the deepest concave portion extracted by the
deepest concaveportionextractingunit of the personal computer
10 is smaller than the predetermined threshold, the perscnal
computer 10 extracts a deepest concave portion coclor tone
deviationwhichisadeviationbetweenacolor toneof the deepest
concave portion and the predetermined colox tone of the surface

of the new moving handrail 1 (Step S4).
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[ 0044]

When the determnation in Step S9 concludes that the

hi ghest convex portion color tone deviation exceeds the threshold,
processing in the aforenentioned Steps S10, SI| and S12 is perforned
so that the radiographic image is displayed on the nonitor 11. [0045]
On the other hand, when the determ nation in Step S9 concl udes that

t he hi ghest conM&3pbrtion color tone deviation is not larger than
the threshold, the noving handrail 1 is diagnosed as not

deteri orat ed, %t{,h%h@;ﬁ@f[‘%%ﬁ% Qlon@Rle QG%é'éHkniiﬁuésh@h@QMEQg;r not

handr ai |

1 is termnated. According to the enbodi nent

in which deterioration in the noving handrail 1_is diagnosed in the
af or enent b EFX LEGFTHEGUAGEPBAT $INFRAVPELS T £61pEr FrMmadfotiadiian dhe
di agnosi s of deterioration of the noving handrail 1 based on the
cutting awuidstofs tdiedandmg dandigidsrblanditie, disagngsiseotegarded
deterioration of the noving handrail 1 based on the swelling

as occurrence of deterioration (Step S5).

[0038]

When the determination in Step S5 concludes that the
deepest concave portion color tone deviation exceeds the
threshold, processing in the aforementioned Steps S10, S11 and
512 is performed so that the radiographic image is displayed
on the monitor 11.

[0039]

On the other hand, when the determination in Step S5
concludes that the deepest concave portion color tone deviation
is not larger than the threshold, the personal computer 10 uses
thehighest convexportionextractingunit toperformprocessing
for extracting a highest convex portion in the aforementioned
3D image by comparison between one section of the 3D image and
another (Step 56).

[0040]

Next, the perscnal computer 10 calculates a swelling

amount of the extracted highest convex portion, which indicates
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amount of the nmoving handrail 1 but also the diagnosis of
deterioration of the noving handrail 1 based on the change of the
color tone in the surface of thenoving handrail 1 . According to the
enbodi ment, it is therefore possible to performthe diagnosis of
deterioration of the nmoving handrail 1 with high accuracy and perform
i nspect i obhanterept azene ©oft tdrt e ighdmndraivexl pmrta gy dpem ttihge.
Thus, it is possible to provide a highly reliable apparatus for

di agnosi ngvgfggé Qoo s & aRYing: Bapdighl, h PPAOBRNGEE whether
conveyor. [0047] In addition, the area to performthe

di agnosis of deterioration using X-rays can be narrowed in accordance
with the ehaRge-? stRé LéBRAMAWHel Pt heashef pEedof e yREngdFhggshold
handrail 1. It is therefore possible to inprove the safety of a

wor ker haggl 09 & Beyatidyeg@delt a4 SRS PIRESbE| @t F@MICR N8 tep
runni ng cost. Further, the place where the diagnosis of deterioration

shoul d be_perforned based on X-ray inmages is identified. It is

t her ef or €3 pbssi bl e to nmake deternmination with hi gher accuracy than in
the procedure in which X-ray imges of the whole noving handrail are
taken and a posjdgoon of deterioration is identified fromthe huge

vol unme of X-ray inages for the sake of the diagnosis of

Getororaty on Pl i R o 1 0BT L Vol AP ONERL e
conpri si ng:
swelling amount is not smaller than the threshold, the personal
computerl0identifiesthepositionof thehighest convexportion
(Step S10). Processing in the aforementioned Steps S11 and
512 is performed so that the radiocgraphic image is displayed
on the monitor 11.

[0042]

On the other hand, when the determination in Step S7
concludes that the swelling amount of the highest convex portion
issmaller than the threshold, the personal computer 10 extracts
a highest convex portion color tone deviation which is a
deviation between a color tone of the highest convex portion
and the predetermined color tone of the surface of the newmoving
handrail {Step 88).

[0043]

Next, the personal computer 10 determines whether or not
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a first canmera which takes an inmage of a surface of the noving

handrail in a state in which the noving handrail is noving due to
runni ng of the passenger conveyor; an i mage i nport portion to
whi ch the inage taken by the first canera is inported; a

control unit which perforns signal processing on the taken image
i mpor ted Eloe tovet Farlgrd instras HM9QﬁW§# RRdtdragheses Hererdwtiatiom éf
the novi ng handrail based on the inmage taken by the first canera,;

a radi atigp wRét W edyd NEHOIRSH & rBRCHNdh LafTRl @ cl%raeqztaq@et b8 ded
i mage inport portion and taking a radiographic image of the noving

handrail ; and a drive control portion which is connected to
the contrdf YRFETEPRICHr PYeSetRBELPEAF APT 0hSHAPt S%Wher ei n: t he
control unit extracts a deviation between a col or tone of the surface
of the noving hpogltaj | obtained fromthe i nage taken by the first
canera and a predeterm ned color tone of a surface of a new noving

handrail, and Rgriorie arithuetic pperation foryi denti YL0G&: the
highest convex portion color tone deviation exceeds the
threshold, processing in the aforementioned Steps S10, S11 and
S12 is performed so that the radiographic image is displayed
on the monitor 11.

[0045]

Cn the other hand, when the determination in Step S5
concludes that the highest convex portion color tone deviation
is not larger than the threshold, the moving handrail 1 is
diagnosed as not deteriorated, and the diagnosis of
deterioration in the moving handrail 1 is terminated.

[0046]

According to the embodiment in which deterioration in
the moving handrail 1 is diagnosed in the aforementioned
configuration, it is possible to performnot only the diagnosis
of deterioration of the moving handrail 1 based on the cutting

amount of the moving handrail 1 and the diagnosis cof

deterioration of the moving handrail 1 based on the swelling
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in the inmage taken by the first canmera when the extracted deviation
exceeds a predeterm ned threshold which is a value regarded as
occurrence of deterioration, and as soon as the identified position
of the noving handrail reaches a position where the radiation unit is

pl aced, the contral unit outputs driving signal to the drive
Pontrol pOreroh ¢orthReteRin: PaRdaAit SoPaE FooaI FoR FLaPaPRoR P5 be
transmtted through the noving handrail, and perforns control of
processi ngetoridrapiayi ) dhembadnaghaphi il mga scaken bye tdrearspe @rd
canmera. 2. An apparatus for diagnosing deterioration of a noving
handrai | ]

he. cont r bFe GREDE AU €18 “SBUARAGE. CYRESHEIeg AT i G cording

synt hesi zes a 3D i mage of the noving handrail frominages taken by
the firsttcaneeacapddimpott ettt Dst heerefgeei pposibper tooperfB8rmAnhe
apparatus for diagnosing deterioration of a noving handrail in a

passenger i . _aj i n; . . Gont.r
it 1ol SRR EYEE BRI o b P e N hgndapd Lubi gy hioR
extracts a deepest concave portion in the surface of the noving
handrai | degserkon artte p8Dipragensyachesh zatl yrthcedbnitmafe-he moving
synthesizing unit, and the control unit perforns control of

Processi g @fa PUUPUL LNGrBodti MY 1$h@NAL ! Ps LS, S 18 (0BEEQk g
portion for the radiation unit so as to allowradiation to b
transmtted through the noving handrail when a qutting amount of the
deepest cdtEel hoitl o s tatid et Uy e ddespesti ndorieaes ipsetiion of
extracting unit is not smaller than a predetermnined threshold which
is a val ug HegaigethRsr HLCUL K eNCea Slalied £1EORALTOR,

[0047]

In addition, the area to perform the diagnosis of
deterioration using X-rays can be narrowed in accordance with
the change of the color tone in the surface of themoving handrail
1. It is therefore possible to improve the safety of a worker
handling the X-rays and it is also possible to reduce the running
cost. Further, the place where the diagnosis of deterioration
should be performed based on X-ray images is identified. It
isthereforepossible tomakedeterminationwithhigheraccuracy
than in the procedure in which X-ray images of the whole moving
handrail are takenandapositionof deteriorationisidentified

from the huge volume of X~ray images for the sake of the diagnosis

of deterioration.
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4. An apparatus for diagnosing deterioration of a noving handrail in
a passenger conveyor according to Claim3, wherein: t he
control unit extracts a deepest concave portion color tone deviation
which is a deviation between a color tone of the deepest concave
portion and the predeterm ned color tone of the surface of the new
novi ng hafdrhi LswhealPfd €8fting ampunt of the deepest concave
portion extracted by the deepest concave portion extracting unit is
smal | er than then prgsiet £F i nest (Rl thg antt 4416 00 dr0lo R oving
perfornms control of processing for outputting a driving signal to the
drive control portion for the radiation unit so as,to allow radiation
to be tra %%??gé thrdugRStRBI RV AGY AAntr ar PdheR e deepest
concave portion color tone deviati on exceeds a predeterm ned

t hreshol d whi cha ifsl stV @lae rae gat. dadt aBe © COUNRRRERE off a del £f4 0 ali ahe
5. An apparatus for diagnosing deterioration of a noving handrail in
a passenger_conyeyar accor di to.d ai.m 4, wherein: .. .the .
control URTTAGRIEEETE Mt giraett bmyD Bors BRVaRENATISAG e P
extracts a highest convex portion in the surface of the noving
handr ai | aentd heudespesse £ cone ayes pengeonceoteyot one devi ati on i s not
| arger than the predeterm ned threshold, and the control unit

performs contro f 0 i.ng . Qut P riyi i I he
i ve control  po ArERe SREpRe P agr iPHoR i Srl a0, POl at Bk
to be transmtted through the noving handrail when a swelling anount

of the highest cunvex porinperexdracted by the highest convex portion
extracting unit is not smaller than a predeterm ned threshold which

is a value rega ¢egas, 0¢GUL! @?E%hoﬁeg%ﬁhéOéféﬂlff:pl%ﬂksaiwrﬂ ¥he

for diagnosing deterioration of a noving handrail in a passenger
conveyor according to Claim5, wherein: the control unit
extract s B FYRESOSCORDRRTPBriq SRecHIdFC towe deRPAELBA AiH] ERapgoges
devi ati on between a color tone of the highest convex portion and the

predet er radash Lot OF i 40 ehet sy SHE fraaRiQfi T B sReMoADMA O G radiakkn
when the swel ling anmount of the highest convex portion extracted by

t he hi ghest convex portion extracting unit is snmaller than the
predeterﬁﬁhéﬂ“?hf fol FMSERY t he control unit perforns control of
processing for outputting a driving signal to the drive control
portion for the radiation umitdwsochS ntod valdsoawvseadndtdanetodcbanected

transmtted

to the image import portion and taking a radiographic image
of the moving handrail; and

a drive control portion which is connected to the control
unit and drives the radiation unit; wherein:

the control unit extracts a deviation between a color
tone of the surface of the moving handrail obtained from the
image taken by the first camera and a predetermined coler tone

of a surface of a new moving handrail, and performs arithmetic

operaticon for identifying a position of the moving handrail
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t hrough the noving handrail when the highest convex portion col or
tone devi ati on exceeds a predeterm ned threshold which is a val ue
regarded as occurrence of deterioration.

in the image taken by the first camera when the extracted
deviation exceeds a predetermined threshold which is a value
regarded as occurrence of deterioration, and as soon as the
identified position of the moving handrail reaches a position
where the radiation unit is placed, the control unit outputs
a driving signal to the drive control portion for the radiation
unit so as to allow radiation to be transmitted through the
moving handrail, and performs control of processing for
displaying the radiographic image taken by the second camera.
2. An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according toClaim1l, wherein:
the control unit includes a 3D image synthesizing unit
which synthesizes a 3D image of the moving handrail from images
taken by the first camera and imported to the image import
portion.
3.  An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according to Claim 2, wherein:
the control unit includes a deepest concave portion
extracting unit which extracts a deepest concave portion in
the surface of the moving handrail based on the 3D image
synthesized by the 3D image synthesizing unit, and the control

unit performs control of processing for cutputting a driving
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signal to the drive control portion for the radiation unit so
as to allow radiation to be transmitted through the moving
handrail when a cutting amount of the deepest concave portion
extracted by the deepest concave portion extracting unit is
not smaller than a predetermined threshold which is a value
regarded as occurrence of deterioration.
4. An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according to Claim 3, wherein:
the control unit extracts a deepest concave portion color
tone deviation which is a deviation between a color tone of
the deepest concave portion and the predetermined color tone
of the surface of the newmoving handrail when the cutting amount
of the deepest concave portion extracted by the deepest concave
portion extracting unit is smaller than the predetermined
threshold, and the control unit performs control of processing
for outputting a driving signal to the drive control portion
for the radiationunit soastoallowradiationtobe transmitted
through the moving handrail when the deepest concave portion
color tone deviation exceeds a predetermined threshold which
is a value regarded as occurrence of deterioration.
5. An apparatus for diagnosing deterioration of a moving

handrail in a passenger conveyor according to Claim 4, wherein:
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the control unit includes a highest ceonvex portion
extracting unit which extracts a highest convex portion in the
surface of the moving handrail when the deepest concave portion
color tone deviation is not larger than the predetermined
threshold, and the control unit performs control of processing
for outputting a driving signal to the drive control portion
for theradiationunit soastoallowradiationtobe transmitted
through themoving handrail whena swelling amount of the highest
convex portion extracted by the highest convex porticn
extracting unit is not smaller than a predetermined threshold
which is a value regarded as occurrence of deterioration.
6. An apparatus for diagnosing deterioration of a moving
handrail in a passenger conveyor according to Claim 5, wherein:

the control unit extracts a highest convex porticen color
tone deviation which is a deviation between a color tone of
the highest convex portion and the predetermined color tone
of the surface of the new moving handrail when the swelling
amount of the highest convex portion extracted by the highest
convexportionextractingunitissmaller thanthepredetermined
threshold, and the control unit performs control of processing
for outputting a driving signal to the drive control porticon

for the radiationunit soas toallowradiation tobe transmitted
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through the moving handrail when the highest convex portion
color tone deviation exceeds a predetermined threshold which

is a value regarded as occurrence of deterioration.
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