- 1 - TITLE OF THE | NVENTI ON CONTROLLER FOR ELEVATOR FI ELD OF THE

| NVENTI ON 5The present invention relates to an elevator in which an
el evator car rises and lowers in a hoistway, and nore particularly to
a controller for an elevator that preferably identifies a |ocation at
whi ch | anding precision is abnormal whenlthe el evator car arrives at
10an intended floor. BACKGROUND OF THE I NVENTION In an el evator, the
position of TH+hé&EePéyattdr BAYENASONeen detected in the hoistway. To
prevent an 15increase in cost and a reliability drop and to inprove

| andi ng preci si BANTROHLERI TRy BEEYSSIOR on det ecti on sensors provi ded
on the elevator car side and a plurality of to-be-detected objects
provided on the elevator hall side are used, for exanple, to detect a
20door zone that indicates an area through which a passenger can get
on and get BfFLPh&Fe|TdFat BYVERF IRHen the position of the el evator car
mat ches the raising/lowering position, at which the door can be
opened® and cl os€8¢ P&FESTY witheatless Hehatedi Peraned 251 soachheved

by having a m croconputer perform counting
which an elevator car rises and lowers in a hoistway,

and more particularly to a controller for an elevator
that preferably identifies a location at which landing
precision is abnormal when the elevator car arrives at

10 an intended floor.

BACKGROUND OF THE INVENTION
In an élevator, the position of the elevator car
has been detected in the hoistway. To prevent an
15 increase in cost and a reliability drop and to improve
landing precision, a plurality of position detection
sensors provided on the elevator car side and a
plurality of to-be-detected objects provided on the
elevator hall side are used, for example, to detect a
20 door zone that indicates an area through which a
passenger can get on and get off the elevator car when
the position of the elevator car matches the
raising/lowering position, at which the door can be
opened and closed. Landing with a less level difference

25 is achieved by having a microcomputer perform counting



- 2 - according to the nunber of output pulses of a pul se generator

t hat generates pul ses according to the raising or |lowering of the

- elevator car to infer the elevator car position and by cal cul ating
~the anmpbunt of 5control to nake the floor surface of the el evator car
flush with the floor surface of the elevater hall. That is, if a
detection timng generated by the position detection sensors disposed
on the el evatepréandsitde Hivl Rhebes- Iset det et edrobjsect o disposkdeon

t he 10hoi stway side causes |large |landing error due to sone kind of
abnor mal i t yd¢hatraite rcdlseld dheeausése st arulexasph ecotrbe nop-the- et ect ed
objects were inproperly attached or were displaced due to an

ear t hquake ®r18ehagl icke,lavrr ehevatfortheserl erayt bal kadowrp whefegething
on or off the 15el evator car. Accordi ngly, when the elevator is
oper at ed i rehewakAtesarice opet aphoanst d&1e ¢atendedifor tihspectioh sd
that the elevator car stops at each floor, the nai ntenance person
usual |y per¢@rhasovi $@alngdkpelkei 6 o020t cudentef yLabher relletocati oas.
This has prolonged a tine taken for mai ntenance. As di sclosed in
patent |itefhtshevwiph )the Bleechmulrdgycd soknoiva ehatvadetrermhes a
switch

That is, if a detection timing generated by the
position detection sensors disposed on the elevator car
side and the to-be-detected objects disposed on the

10 hoistway side causes large landing error due to some
kind of abnormality that is caused because, for example,
the to-be-detected objects were improperly attached or
were displaced due to an earthquake or the like, the
elevator user may fall down when getting on or off the

15 elevator car.

Accordingly, when the elevator is operated in a
maintenance operation state intended for inspection so
that the elevator car stops at each floor, the
maintenance person usually performs visual inspection

20 to identify abnormal locations. This has prolonged a
time taken for maintenance.

As disclosed in patent literature (PTL) 1, a
technology is known that determines a switch

abnormality when a plurality of elevator car detection

25 switches (limit switches) provided in the vicinity of



abnormality when a plurality of elevator car detection 25sw tches
(l'itmt swtches) provided in the vicinity of - 3 - an end floor
operate outside a normal operation range. PRI OR TWCHNI CAL DOCUVENT
PATENT DOCUMENT 5PATENT DOCUMENT 1: Japanese Patent Lai d-open
Publ i cati on No. 2008-7322 SUWMMARY COF THE3Il NVENTI ON The conventi onal
technol ogy disclosed in PTL 1 is 10an abnormality decision nethod
that can be2iseddodllpasherrehatel eudtsordecar dermetli opeswitt chiesrange.
di sposed at positions for which a normal operation range can be set.
The conventional technol ogy cannot determ ne abnormalities of the
detection swtches disposed at 15many pl aces in the hoi stway.

PRIOR TWCHNICAL DOCUMENT

PATENT DOCUMENT

5 PATENT DOCUMENT 1: Japanese Patent Laid-open

-Publication No. 2008-7322

SUMMARY OF THE INVENTION

The conventional technology disclosed in PTL 1 is

10 an abnormality decision method that can be used only
when the elevator car detection switches are disposed
at positions for which a normal operation range can be
set. The conventional technology cannot determine
abnormalities of the detection switches disposed at

15 many places in the hoistway.

If an attempt is made to determine abnormalities of
many elevator car detection switches by extending this
method, thé system structure becomes complex and labor
taken in maintenance is increased.

20 An object of the present invention is to provide a
controller for an elevator that enables a place with
abnormal landing precision to be found at a glance
during, for example, elevator inspection, without
having to add special devices.

25 Accordingly, an object of the present invention is



If an attenpt is nade to determ ne abnornalities of many el evator car
detection swtches by extending this nethod, the system structure
becones conpl ex and | abor taken in maintenance is increased. 20An

obj ect of the present invention is to provide a controller for an

el evator that enables a place with abnermal | anding precision to be
found at a glance during, for exanple, elevator inspection, wthout
having to ade speviidle devieksvalbacedmdinmg yitandeljeedtiwf 4pearatus
present inventionis - 4 - to provide an elevator abnormality
detecti on appatates tshairtcam sheptert liors peiohé ohakieme duakieny dur i ng
restoration and further can shorten the unavailable tinme of the

el evat or i nceheoensnorofared disasher suweh sisobaaneahtehquakeailableln a
controller for an elevator, in one aspect of the present invention,

t hat has a posét Pdntdet ectdontsensor tate achentt ofan elisedosr cancands
t 0- be-detected objects that are placed in a hoistway in

corr espondencecd@tbgufadre exanpl e, stopping floors and are detected by
the position detection sensor, the position of the el evator car being
det ected by an dut putogitgnal lef fhe posidliconmdetectinonnsensarecthef
position detection sensor is attached to the elevator car so that the
15posi ti on tetepreorrgensorepasses positt ilons apposiitte dro ddieection

t o- be-det ected objects, the position detection sensor having at |east
four sensorsemos arttamgerd st deaby edieds;t dthect 0- beddatcedicetd @b et ksl
are disposed at a plurality of places in the hoistway, each of the

t o- be- objects that are placed in a hoistway in correspondence

10 to, for example, stopping floors and are detected by
the position detection sensor, the position of the
elevator car being detected by an output signal of the
position detection sensor, the position detection
sensor 1s attached to the elevator car so that the

15 position detection sensor passes positions opposite to
the to-be-detected objects, the position detection
sensor having at least four sensor units arranged side
by side; the to-be-detected objects are disposed at a
plurality of places in the hoistway, each of the to-be-

20 detected object having a plurality of to-be-detected
units that are detected at the same time by at least
two sensor units of the four sensor units arranged side
by side underneath the elevator car; an abnormality is
detected in response to a difference between output

25 timings of the at least two sensor units in the



20det ect ed object having a plurality of to-be-detected units that are
detected at the same tine by at |east two sensor units of the four
sensor units arranged side by side underneath the el evator car; an
abnormal ity is detected in response to a difference between output
25timngs of the at |least two sensor umits-in the - 5 - position
detection sensor. In an enbodi nent of the present invention, if the
door of thepekevator dstopenonhernaom@bnormality is detected in
response to the difference between the 5output timngs of the sensor
units, an annouficerEnteninod tmehhngotthathd heres ésta istvem thiedneenff kaer s
is preferably nmade. When the door of the elevator is to be closed, a
buzzer preféoabl pfsdaurelselénaaopr éfsergidre ehbadianertbrofriidei pyesent
invention, 10l anding error of the elevator is detected in response to
a first difdélecentedanongré¢bponsepito tilm ngst ot rehepasitwoandehect i on
sensor and the operation of the elevator is stopped in response to a
second> di f fenepoe anomnighdheoduthet stamdagsuni tshe aposirtn omndemeati on
indicating that there is a step between floors is
preferably made. When the door of the elevator is to be
closed, a buzzer preferably sounds.

In a preferable embodiment of the present invention,

10 landing error of the elevator is detected in response
to a first difference among the output timings of the
position detection sensor and the operation of the
elevator is stopped in response to a second difference
among the output timings of the position detection

15 sensor, the second difference being larger than the
first difference.

According to a preferable embodiment of the present
invention, an abnormality in elevator car position
detection that would cause abnormal landing error can

20 be detected with desired precision, landing error being
a difference between the floor surface of the elevator
hall on a floor and the floor surface of the elevator
car.

According to a preferable embodiment of the present

25 invention, non-specialists such as, for example, the



15sensor, the second difference being |larger than the first
difference. According to a preferable enbodi nent of the present

i nvention, an abnormality in elevator car position detection that
woul d cause abnornmal |anding error can 20be detected with desired
precision, landing error being a differegce between the floor surface
of the elevator hall on a floor and the floor surface of the el evator

car. owner A€cahdi noiilodBn@reker ablsl eypbedt reat a0h drhes present
25i nvention, non-specialists such as, for exanple, the - 6 - owner
of the buildimgisgneeasid yMhoth€eeabremmd. | anding error of the

el evat or. Therefore, in case of a disaster such as an

earthquake, tineht¢akebrkqr imspesti of eamibe: short ened 5andid he
unavail able tinme of the elevator can be significantly reduced. O her
obj ects anddeahguekef, thengresesh iFBventigection can be shortened
5 and the unavailable time of the elevator can be
significantly reduced.

Other objects and feature of the present invention

will be clarified in embodiments described below.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the entire structure of an
elevator apparatus that includes a controller for an
elevator according to an embodiment of the present
invention.

15 FIG. 2 shows perspective views of a position
detection sensor attached to an elevator car and of to-
be-detected objects disposed on elevator hall sills,
the position detection sensor and to-be-detected object
being part of the controller for an elevator according

20 to an embodiment of the present invention.

FIG. 3 illustrates exemplary combination patterns
of to-be-detected units of a to-be-detected object
according to an embodiment of the present invention on
different floors and also illustrates the combination

25 patterns of outputs from the position detection sensor



will be clarified in enbodi ments described bel ow. 10BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 illustrates the entire structure of an
el evator apparatus that includes a controller for an el evator
according to an enbodi ment of the present invention. 15FIG 2 shows
perspective views of a position detection sensor attached to an
el evator car and of tobe-detected objects disposed on elevator hall
sills, the podetrnentdettect i ehesensar cnd. t o- be- det ect ed obj ect bei ng
part of the controller for an elevator according 20to an embodi nment
of the present Figenti aut FiGes3thkl ustmatiesrexefphaky feagpi nati on
patterns of to-be-detected units of a to-be-detected object according
to an enbodcoehtodfl etrheaqresenhgi nventr ommiond dinkher et HfHoossca8d L
also illustrates the conbination 25patterns of outputs fromthe
position deteethodosenrsol iilistrander newad hcbhaeelkewat afo Calie
FIG 4 outlines the structure of a safety controller according to an
embodidrent pbstheopr eserdct hyanseaoand il lustrates its connection to
t he
FIG. 5 illustrates an elevator operation trace,
which is used to explain operation according to an
embodiment of the present invention.
FIG. 6 illustrates changes of combination patterns
10 of position detection sensor outputs, which are used to
explain operation according to an embodiment of the
present invention.
FIG. 7 is a flowchart of processing executed by the
safety controller in the controller for an elevator
15 according to an embodiment of the present invention.

FIG. 8 is a flowchart illustrating details in a

particular processing step in FIG. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Embodiments of the present invention will be
described below with reference to FIGs. 1 to 8.

FIG. 1 illustrates the entire structure of an
elevator apparatus that includes a contfoller for an
elevator according to an embodiment of the present

25 invention. The drawing illustrates the entire structure

of an electronic safety assurance elevator having an



5 " position detection sensor. FIG 5 illustrates an el evator
operation trace, which is used to explain operation according to an
enbodi nent of the present invention. FIG 6 illustrates changes of
conbi nati on patterns 10of position detection sensor outputs, which
are used to explain operation accordi ng §o-an enbodi ment of the
present invention. FIG 7 is a flowhart of processing executed
by the saf etyecontndld erofitwd he-bapkoldifetf prsantehevaisaread of a
15according to an enbodi nent of the present invention. FIG 8
is a flowchastvehtustradt i gf dley ablys tiem & tpardt cubdr whroc essd ngn St ep
in FIG 7. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20Enbodi nents of
t he presenteiementison will be described below with reference to FIGs.
1to8 FIG 1 illustrates the entire structure of an el evator
apparatus that Anckldestaconroll ebvker \an i@vaben aecer didigstwaan
enbodi nent of the present 25invention. The drawing illustrates the
entire structiemiea motor 2 drives a main rope 10 connected to a
counter weight 11. The motor 2 is driven by an inverter
5 connected to an AC power supply 7 through a breaking
circuit 6. When, for example, the operation of an
elevator car door switch 70 or one of car-free elevator
10 hall door switches 71 to 73 is detected during the
movement of the elevator car, the breaking circuit 6
operates for safety and shuts off electric power to the
motor 2. Thus, the driving force of the motor 2 is lost
and a hoisting machine brake 3 operates. The hoisting
15 machine brake 3 is of a normally operating type, the
brake of which is released when it is turned on.
A governor rope 12 is pulled by the elevator car 1
due to its movement, rotating a governor 13. The
governor 13, which includes a gripping device 14 and a
20 rotary encoder 21, grips the governor rope 12 when the
gripping device 14 operates. If the elevator car 1 is
moving at that time, an emergency stop device 15
urgently stops the elevator car by holding a rail 16.

The rotary encoder 21 rotates along with the governor

25 13 and generates pulse signals. Amounts by which pulse



of an electronic safety assurance el evator having an - 8 -
el ectronic software-based safety systeminstead of a conventiona
safety system structured with nmechanical elenents. An elevator car 1
noves up and down in a hoi stway 5when a notor 2 drives a nain rope 10
connected to a counter weight 11. The msotor 2 is driven by an
inverter 5 connected to an AC power supply 7 through a breaking
circuit 6. demalfohaexanilangéfieanpernatdwnildtan ebevatterrncate dobe
switch 70 or one of car-free el evator 10hall door switches 71 to 73
i s detecteddwuttignt b& mivenendvatotrheael evatondcahe tthendreakrage of
circuit 6 operates for safety and shuts off electric power to the
nmotor 2. Thise &heudtisvidly dodegeof isheadinforaeds tboslte tanthiane the
hoi sting machi ne brake 3 operates. The hoisting 15nmachine brake 3 is
of a nornmaldpycopendt ithg tolpeyatbe brakea ;oft whi ¢btesmieleensesk iheoni t
is turned on. A governor rope 12 is pulled by the elevator car 1 due
to it novedredt speetabimatee goveraebrldarlie goveused Edhr Wochrol .
i ncludes a gripping device 14 and a 20rotary encoder 21, grips the
governor rope 1R wpbetttilve detection sensor 80 is attached to the
elevator car 1. When the elevator car 1 arrives at the
target floor, the position detection sensor 80 faces a
to-be-detected object 81, 82, or 83 attached on the
10 target floor on the hoistway side and changes its
output and sends a signal corresponding to a stop
position (door openable zone) to a safety controller 40
in an elevator controller 50.
Even 1f the elevator car 1 cannot be completely
15 stopped by the braking forces of the hoisting machine
brake 3 and emergency stop device 15, a bumper 17,
which is placed at the lower end of the hoistway,
receives the elevator car 1 and absorbs shock.
A final limit switch 22 is disposed near the lower
20 end of the hoistway, and a final limit switch 23 1is
disposed near the upper end. These final limit switches
are normally tuned off. If the elevator car 1 enters an
area below the final limit switch 22, it is turned on

and detects that the elevator car 1 has exceeded the

25 normal operation range. Similarly, if the elevator car



gri pping device 14 operates. If the elevator car 1 is nmoving at that
time, an energency stop device 15 urgently stops the el evator car by
holding a rail 16. The rotary encoder 21 rotates along with the
governor 2513 and generates pul se signals. Amounts by which pulse - 9
- signals have changed are accumul ated- tyqy determ ne the position of
the elevator car 1, and the tine-average of the anmpbunts of changes is
cal cul at ed toedekersmare 4 heaspeedeoftHhef ehevatomicarswlitdhe23, it is
determ ned position 5and speed of the elevator car 1 are used for
control . turAeposirt izand deteetien tsensorh80e il svatticached-tD hhe

el evator car 1. Wen the elevator car 1 arrives at the target floor,
the positioaxdeteeld ahsemnsonald0obages iaot orbrgdet ect ed obj ect 81,

82, or 83 attached on the 10target floor on the hoi stway side and
changes its output andwenss aostgnall cory®Espondivg thdra Stopfety
position (door openable zone) to a safety controller 40 in an

el evat®r coatsakbercbGk ygyvenni thehe ieligviat ero€athke ¢intwde includes
conpl etely 15stopped by the braking forces of the hoisting machine
brake 3 andaegergemcyhstopnteyicerls o abiumpesatér whidic+s1pkaced  at
the | ower end of the hoistway, receives the elevator car 1 and

absor bs shotke Aofieraliddg ntdn8wbliclk 2230 scehsposed thearidhert ewes and

20end of the hoistway, and a final limt switch 23 is disposed near
the upper eoderihese tidabléiratbrswaichessateraengpldy tnmetnphit. |f
the elevator car 1 enters an area belowthe final limt switch 22, it

is turned obhnandnmdetiect st tdat at He seliewad 06n cal odrhas texaeesiedahhe

10 operation panel 60 with an elevator car position
display unit and from one of elevator hall buttons 61,
62, and 63 and to other information. The safety
controller 40 receives outputs of the rotary encoder 21
and final limit switches 22 and 23 to detect an event

15 indicating an exceeded speed or exceeded position of
the elevator car at a prescribed position and applies a
brake to the elevator car 1 by using an emergency stop
device 15 operated through the hoisting machine brake 3,
breaking circuit 6, and gripping device 14.

20 FIG. 2 shows perspective views of the position
detection sensor attached to the elevator car and of
to-be-detected objects disposed on elevator hall sills,
the position detection sensor and to-be-detected object
being part of the controller for an elevator according

25 to an embodiment of the present invention.



25normal operation range. Simlarly, if the elevator car - 10 - 1
enters an area above the final Iimt switch 23, it is turned on and
detects that the elevator car 1 has exceeded the normal operation
range. The el evator controller 50 of electronic safety 5assurance
type in the vicinity of the hoistway inciudes a governing controller
30 and a safety controller 40. The governing controller 30 controls

the inverter 5 and.opermt eshéhe al petectivd @ceqr HMY ¢ Pak heiknpule
information froma destination floor button on an 10operati on panel

60 wi th an ehevaboeyi tCiadn pOSt EL®A ot SHH @Yo HNBY am@&ﬂn&aomﬁ_ﬂﬁe
el evator hall buttons 61, 62, and 63 and to other infornmation. The

saf ety contedkker A0 de€ei vesTost puks tafort hee £ 8t 8L ¥nereedssr 240 angd
final limt switches 22 and 23 to detect an event 15indicating an

exceeded speeduer w@xceedeth pesutd eerfot henetevaer arg@ ehat
prescri bed position and applies a brake to the elevator car 1 by

using |n engegenrey tHOP: sleybcaet apal adiede EhE08AN thes hoistERgbed
machi ne brake 3, breaking circuit 6, and gripping device 14. 20FIG 2

shows persppelbwe viraws fofut hee pes-t o tdetETAi 06 semsar Atd@ehege§0
the el evator car and of to-be-detected objects di sposed on el evator

hal | sills,sibe pgsididy. detiest ioAwSERSYh NS 40- beadgtiectied abj ext
being part of the controller for an elevator according
photoelectric sensors are used; the four photoelectric
sensors with one axis are arranged side by side beneath

10 the elevator car. Reference characters 80a to 80d
indicate light beams from the photoelectric sensor
units; the light beams are blocked due to the ent#ance
of the to-be-detected units of the to-be-detected
object described below.

15 FIGs. 2(B) to 2(D) are perspective views that
respectively illustrate the to-be-detected objects 81
to 83 disposed on elevator hall sills on individual
floors. The reference characters 8le to 83e indicate
the elevator hall sills, to which the to-be-detected

20 objects 81 to 83 formed with, for example, plastic are
respectively attached.

The structure of the position detection sensor 80
beneath the elevator car in FIG. 2(A) is a specific
example in which the four sensors 80A to 80D are

25 arranged. Outputs from the sensor units 80A to 80D are



25t 0 an enbodi nent of the present invention. - 11 - FIG 2(A) shows
a perspective view and plan view of the position detection sensor 80
-attached to the elevator car 1. The position detection sensor 80 is
structured with four sensor units 80A to 80D that 5detect the

t o- be-detected objects 81 to 83 describeg, bel ow. The four sensor
units 80A to 80D are arranged side by side. The draw ng shows an

exanpl e in whpek photioed ecd Feeysensaisoal &rusedint hed Wlevator
phot oel ectric sensors with one axis are arranged side by side beneath

10t he el evatentean.lRefsy encenehasaetgr $H50ar 4 01 80dsigndirgatigid 4 ght
beans fromthe photoelectric sensor units; the |light beans are

bl ocked duemt erbhemiitanse ohithe d0-be-get e%gqclmi tsoOfath6n. The
t o- be- det ect ed obj ect descri bed bel ow. 15FIGs. 2(8) to 2(D) are

perspecti vesyirews it ¥espest bveliedddust fatesthe tRsder gdetectiedr
objects 81 to 83 disposed on elevator hall sills on individual

fl oorss Theopehararce &hay aghees cBle ids 83enkpdytate d h@ogiéé(@t or
hall sills, to which the to-be-detected 200bjects 81 to 83 forned

with, for eygsepkeid.astic are respectively attached.

The to-be-detected objects 81 to 83 on the hoistway
side, which are detected by the position detection
sensor 80, are respectively formed with two or four to-

10 be-detected units (shielding plates, for example) 8la
to 81d, 82a and 82d, and 83a to 83d. The positions of
the four to-be-detected units correspond to the
positions of the four sensor units of the position
detection sensor 80 beneath the elevator car. If the

15 to-be-detected units are present, light beams from
light emitting parts of the sensor units to light
receiving parts are blocked. The vertical lengths of
the to-be-detected objects 81 to 83 match the door
openable zone in which the door can be opened at each

20 elevator hall.

FIG. 3 illustrates exemplary combination patterns
of the to-be-detected units of the to-be-detected
object according to an embodiment of the present
invention on different floors and also illustrates the

25 combination patterns of outputs from the position



The structure of the position detection sensor 80 beneath the

el evator car in FIG 2(A) is a specific exanple in which the fou
sensors 80A to 800 are 25arranged. Qutputs fromthe sensor units 80A
to 800 are - 12 - input to the safety controller 40 in the el evator
controller 50. The safety controller 40 jficl udes m croconputers,
which carry out |ogical operation. The safety controller 40 detects

the stop pogktienicdoderbopenahlie raeneln ofheashekhla@er tdypughride
| ogi cal operation. The to-be-detected objects 81 to 83 on the

hoi stway sideawwhigth 1anesWesested bwngihes posi £hen sdetaedd Qh 88NSQr the
80, are respectively fornmed with two or four to- 10be-detected units

(shiel di ng pbabesdeft@ictaxanph et s8b& tth Sldy -BRagand 8241 W-888 ka
83d. The positions of the four to-be-detected units correspond to the

posi tions ofotBe,f Qufi SENS@ENHNEYS t0fe tdeo POSHHEAN HEtiaed | pNr-sENSOr
80 beneath the elevator car. |If the 15to-be-detected units are

present, |ighttheansdromhd gms@mﬂdté‘r{tgipfrﬁﬁeohp%erseem%wakt anlo
light receiving parts are bl ocked. The vertical |engths of the

t o- be- det ect gflcebiget 18t 0 8346Rt ¢hd hes deapropenallf: zoheri BeWhisgh
t he door can be opened at each
units are included in the position detection sensor 80
in FIG. 2.
For the to-be-detected object 81, illustrated in
10 FIG. 2(B), attached to the elevator hall sill 8le at
the elevator hall on the first floor, when the elevator
car 1 1s present at the normal stop position on the
first floor, the sensor units 80C and 80D are
respectively shielded from light by the to-be-detected
15 units 81lc and 81d, so the output from the position
detection sensor 80 becomes "0, 0, 1, 1" as shown at
the right end in FIG. 3.
In this embodiment, the to-be-detected object 81
‘attached to the elevator hall sill 8le at the elevator
20 hall on the first floor doubles as a function of
identifying the lower-end floor. That is, when the
elevator car 1 is lowered to the lower end of the door
zone at the elevatér hall on the first floor, the
sensor units 80A to 80D are respectively shielded from

25 light by the to-be-detected units 8la to 81d,



20el evator hall. FIG 3 illustrates exenplary conbination patterns of
the to-be-detected units of the to-be-detected object according to an
enbodi nent of the present invention on different floors and al so
illustrates the 25conbi nati on patterns of outputs fromthe position

- 13 - detection sensor underneath the gljevator car. The draw ng
illustrates exanples of the arrangenents of the to-be-detected units

of the to-hedeetecyedqohjirectBSa8d tha83nehichevdenti byrt e door zones
on the first to 5 fifth floors and also identify the upper-end fl oor

and | ower - ensb f 86N i ngndele thewassyngpt ifabdhat Kot r §EA§OK ,UiHs are
included in the position detection sensor 80 in FIG 2. For the

t 0- be- det ecd et @bj €ebonB8lhé | pustitated de d8ELGn AB)soat bachedtdiee 4 hel,
elevator hall sill 8le at the elevator hall on the first floor, when

the elevatar, cay 1"i sspreseit at the margrl &i@PiposiTlE.om on trheche
first floor, the sensor units 80C and 80D are respectively shiel ded

fromls ght fyehbert eabeoietert €fle 15upict s Hke amd 81ldyvag® it hea HUL puk
fromthe position detection sensor 80 becones "0, 0, 1, 1" as shown

at the righpgndathibbGthd lowertBnthifs Hodi neRkngkh& rom a

t 0o- be-detected object 81 attached to the elevator hall sill 8le at

t he el evat gsa20bahl "on tohe 1) rst, fhean daul@stastathendliom©br car
1 has been present on the first floor, to this pattern
"1, 1, 1, 1" is added to identification conditions.

10 For the to-be-detected object 82, illustrated in
FIG. 2(C), attached to the elevator hall sill 82e at
the elevator hall on the third floor, when the elevator
car 1 is present in the door zone on the third floor,
the sensor units 80A and 80D are respectively shielded

15 from light by the to-be-detected units 82a and 82d.
Accordingly, the output pattern from the position
detection sensor 80 becomes "1, 0, 0, 1" as shown at
the right end in FIG. 3.

For the to-be-detected object 83, illustrated in

20 FIG. 2(D), attached to the elevator hall sill 83e at
the elevator hall on the fifth floor, when the elevator
car 1 is present at the normal stop position on the
fifth floor, the sensor units 80A and 80B are

respectively shielded from light by the to-be-detected

25 units 83a and 83b. Accordingly, the output pattern from



identifying the lower-end floor. That is, when the elevator car 1 is
| owered to the | ower end of the door zone at the elevator hall on the
first floor, the sensor units 80A to 80D are respectively shiel ded
from 25light by the to-be-detected units 8la to 81d, - 14 -
identifying the fact that the elevator- gar -1 i s approaching the

| oner-end floor. Accordingly, the output fromthe position detection
sensor 80 hecomessitioh detdétasnsbBewscat dmebecghkesend i FIG 8
In the Sidentification of the fact that the elevator car 1 is
approachi nga ¢ henbownetenthd | ooghtacehange FToma.pattern "0, 0, 1,

1", indicating that the elevator car 1 has been present on the first

floor, to this patteis 'ehbddirdend, k8eaddedhd-odédentiel catjeodnt 83
conditions. 10For the to-be-detected object 82, illustrated in FIG

2(0), attacheththetihe eltanatorethakbrsindl82einl 8Be elrevdiore hatbhtom
the third floor, when the elevator car 1 is present in the door zone

on the thirghfloeh, thie Senser £ubbts @A el 89Daareniaspactovel y
shi el ded 15fromlight by the to-be-detected units 82a and 82d.

Accordi ngl yidéhei@ytipu thes teppelremd e positiDnatet et wbrrsettsor 80
beconmes "1, 0, 0, 1" as shown at the right end in FIG 3. For the
t 0- be- det ecd edvabpectca83,1 il ushiaked dd the upper end of the door
zone at the elevator hall on the fifth floor, the
sensor units 80A to 80D are respectively shielded from
10 light by the to-be-detected units 83a to 83d,
identifying the fact that the elevator car 1 is
approaching the upper-end floor. In‘the identification
of the fact that the elevator car 1 is approaching the
upper-end floor, a change from a pattern "1, 1, 0, O",
15 indicating that the elevator car 1 has been present on
the fifth floor, to this pattern "1, 1, 1, 1" is added
to conditions to distinguish the upper-end floor from
the lower-end floor described above.
In FIG. 3, when the elevator car is present in the
20 door zone on the second floor, it is apparent that the
sensor units 80B and 80D are shielded from light by the
to-be-detected units, which are not assigned reference
characters, in the b and d columns and the output

pattern of the position detection sensor 80 becomes "0,

25 1, 0, 1". Similarly, when the elevator car 1is present



20FIG 2(D), attached to the elevator hall sill 83e at the el evator
hall on the fifth floor, when the elevator car 1 is present at the
normal stop position on the fifth floor, the sensor units 80A and 80B
are respectively shielded fromlight by the to-be-detected 25units
83a and 83b. Accordingly, the output patggern from - 15 - the
position detection sensor 80 becones "1, 1, 0, 0" as shown at the

right end itnFtee 3oor zodd &hi shenyediiEnt f16be,t athe-gdeiges ednt
obj ect 83 attached to the elevator hall sill 83e at the el evator

Shal | on thenétfthef Isearsgloubhessagoa fanectgoo akei dentd fydagrtba
upper-end floor. That is, when the elevator car 1 is raised to the

upper end ofighe dgorrzone abetbetelevat ainhakl QRitdhhe 4d thofl oor,
the sensor units 80A to 80D are respectively shielded from 10l i ght by

the to-be-dgtechaddunidme 83acéocB83dadtdant) f yhnghthe fact & hab1thes
el evator car 1 is approaching the upper-end floor. In the

identificatina ehet heitfact phatethe ogl eMad 0posatidni Sl ©26HI BEnkbe
upper-end floor, a change froma pattern "1, 1, 0, 0", 15 indicating
that the el@vabetoaars 1'1haso peen present on the fifth floor, to this
pattern "1, 1, 1, 1" is added to conditions to distinguish the

upper -end fl oorakr amstie danespetd, f koer wdesseibedeabeve.odedt G 3,
when the el evator car is present in the ,
corresponding to the position detection sensor 80 is
structured so that a particular combination pattern can
10 be output on each floor, which is a particular position.
Therefore, when the safety controller 40 recognizes a
particular combination pattern, it can recognize the
floor.
If the shape of the to-be-detected object is
15 devised, it can also have a function of a limit switch
that detects, for example, an overrun at an end floor,
as described above.
As is clear from FIGs. 2 and 3, the to-be-detected
units of the to-be-detected objects 81 to 83 in an
20 embodiment of the present invention are disposed so
that when they are normal, two to-be-detected units are
always detected at the same time by two (a plurality
of) sensor units. This 1is used in the principle of

abnormality detection by the safety controller, which

25 will be described below.



20door zone on the second floor, it is apparent that the sensor units
803 and 80D are shielded fromlight by the to-be-detected units,

whi ch are not assigned reference characters, in the b and d col ums
and the output pattern of the position detection sensor 80 becones

"0, 251, 0, 1". Simlarly, when the elevagtaor car is present - 16 -

in the door zone on the fourth floor, it is apparent that the sensor
units 80A and 8@CGar & shitel tedsf rom |sSghicbyréheft anke-gdetecy ed

units, which are not assigned reference characters, in the a and c

col utms 5andohhe ocdutquuta pad ket agoft d hen poshbionedet ect ithe SeAseEN80
beconmes "1, 0, 1, 0". As described above, the to-be-detected
obj ect corr espendiing tand hel pasittdaare deiest toAnsersdn &b i She
structured so that a particular conbination pattern can 10be out put

on each fl oposiwhicth dest@cpadhi senafoPOSiTHONsa Feyetene roviesn- the is
safety controller 40 recognizes a particular conbination pattern, it

can regogni zertihe deabrwith the shapeofmphecte,beadet ect egh obhect is
15 devised, it can also have a function of a limt switch that
detects, foreexarplse tiohn Ovepuds dtran €nd Hbeorioas descst bed abaver
80. The two microcomputers constitute a mutual
abnormality diagnosis system that detects software
errors and hardware errors through mutual comparison.
10 The safety controller 40 outputs, to the governing
controller 30, a signal corresponding to the door
openable zone, sensor failure detection signal, and a
result signal indicating that a particular position has
been reached. 1In addition, when the safety controller
15 40 by itself needs to stop the operation of the
elevator, it supplies an output used to execute
commands to turn off the power supply and operate the
brake and also sends '‘an output signal that notifies the
governing controller 30 that processing to turn off the
20 power supply and other processing has been executed.
FIG. 5 illustrates an elevator operation trace,
which is used to explain operation according to an
embodiment of the present invention. For example, the
operation trace indicétes a case in which one elevator

25 departed from the second floor in an arbitrary time



As is clear fromFIGs. 2 and 3, the to-be-detected units of the

t 0- be-detected objects 81 to 83 in an 20enbodi rent of the present

i nvention are disposed so that when they are normal, two
to-be-detected units are always detected at the sane tinme by two (a
plurality of) sensor units. This is useddn the principle of
abnormality detection by the safety controller, which 25w |l be

described bebpw, tembbrarily EtGppedould ities therstriudaw e ohdt he
safety controller according to an enbodi ment of the present invention

and illustratpsriks ceineedi oRet gcihieposidében deyeckion sensor. The
safety controller 40 is 5structured with two m croconputers, each of

whi ch receivgsrbhe couttridSe f & oMabhe Raf 1 Ona Hekeeld e SeNg0le 88t The
two m croconputers constitute a nutual abnormality diagnosis system

that detectspsohtwane £id®F8iagd tha-hasg ®ALAES tt Rrroughe Mityakbnt
conparison. 10The safety controller 40 outputs, to the governing

contrad | er 3Rveatsiognali torresperdinidbd® +hendoek openables, zpne. 6.
sensor failure detection signal, and a result signal indicating that

a particular positiom hasi beepateackedndds asdi tbapinahent he.satehy
controller 1540 by itself needs to stop the operation of the
of position detection sensor outputs, in the case in
FIG. 5, which are used to explain operation according
to an embodiment of the present invention.

10 Now, output pattern changes are considered with
reference to FIGs. 3 and 5, assuming that the elevator
car passed the second floor, stopped at the third floor,
and then was raised toward the fourth floor, in which
case output patterns from the position detection sensor

15 were monitored’once per 10 ms. Then, if normal, changes
of output patterns from the position detection sensor,
as illustrated in case 1 in FIG. 6, are obtained. That
is, when no to-be-detected object is present, the
output pattern of the position detection sensor is "0,

20 0, 0, 0". When the elevator car reaches a position at
which a to-be-detected object is present, its two to-
be-detected units are detected at the same time. When
the elevator car moves apart from the position at which

the to-be-detected object is present, the two to-be-

25 detected units are not detected at the same time.



el evator, it supplies an output used to execute comrands to turn off
t he power supply and operate the brake and al so sends an out put
signal that notifies the governing controller 30 that processing to
turn off the 20power supply and ot her processing has been execut ed.
FIG 5 illustrates an el evator operationdrace, which is used to
expl ain operation according to an enbodi nent of the present

invention. For exaspheir heropesathan cbrace dmshgakesa hcasgut N which
one el evator 25departed fromthe second floor in an arbitrary time -

18 - zone, pepperaki Ifr st oppedpatithert Ridik &t 08h, sandHepakiedding
toward the fourth floor. By using this operation trace as an exanple,

an abnornal ¢ ytHet egleirer operathes agcaordi Ngstonan emrodidmad r obuthert
present 5invention will be described with reference to FIG 6.

FIG 6 illusitates ehanges ofmeonhi Ratiion patsesnst@f RPSINiON the
detection sensor outputs, in the case in FIG 5, which are used to

expl ain opespéioBoaCa®y dimda t@oan epkedivmit ;ohet hgtPreseNthird floor
i nvention. 10Now, output pattern changes are considered with

reference tpsFIGs. 03 and B, assuAl Re tthat. thesghevakor £ passedrthe
second floor, stopped at the third floor, and then was rai sed toward

the fourth dboeet haswhichi€asenfdhpU Pt er Nss L omithRe apeS tiPNthe
detection sensor 15were nonitored once per 10 nms. Then, if normal,

changes of @bipuhghathey NSedsoOm bhe pRasiithesnd detect/ o SENSOfKe as
illustrated in case 1 in FIG 6, are obtained. That is, when no
to- be- det ecd edlvebpecicars Presedt, akthehe third floor is the first
10 pattern (0, 0, 0, 0) from the beginning in case 1.
Immediately after the elevator has arrived at the third
floor, the sensor output becomes the second pattern (1,
0, 0, 1). After that, the sensor output remains at the
fourth last pattern (1, 0, 0, 1) until immédiately
15 before the elevator leaves the third floor toward the
fourth floor. Immediately after the elevator has left
the third floor, the sensor output becomes the third
last pattern (0, 0, 0, 0).
Cases 2 and 3 described next are caées that include
20 attachment error. Case 2, for example, indicates a
state in which there is slight error in sensing, in
which two sensor units originally have to sense to-be-
detected units at the same time, because attached to-
be-detected units are inclined or their attachment

25 position is deviated.



out put pattern of the position detection sensor is "0, 200, 0, 0".
When the el evator car reaches a position at which a to-be-detected
object is present, its two tobe-detected units are detected at the
sanme tinme. Wien the el evator car noves apart fromthe position at

whi ch the to-be-detected object is preseni,-the two to-be- 25detected
units are not detected at the sane tine. - 19 - Case 1 in FIG

6 indicates changeslofusatptidpaht enes fFomihe peshildiony detget hon
sensor according to the operation trace in FIG 5 when the sensor

out put pattgsinat ihhe itidrewénathievall e 66 At Bakn aWH iGhe d et Sehevat or
is in a door openable zone) at the third floor is (1, 0, 0, 1) shown

in FIG 3 andithefliedie-det enteduehjcent NBSgROsakt aGHBNE EREOHutPRit
illustrated in the drawing, the sensor output inmmediately before the

el evat or capaateirwes gt aheo;hundihldqwaﬂédtB? flanstatlGpad t 8BGO, O,
0, 0) fromthe beginning in case 1. Immedi ately after the el evator

has aryivedpatithent Hiddh ftRerbebhensensorvutpUL rhecaes ¢ hensagand
pattern (1, 0, 0, 1). After that, the sensor output remains at the

fourth | astnpat ber prekerds, Oappraut idsddwredhat ghy eforeethe (o, o,
el evator leaves the third floor toward the fourth floor. Inmrediately

after the ebpvatobelfasd effiet hesthion@ fl@olcht he SERSUa©MPHE the
beconmes the third | ast pattern (0, 0, 0, 0).
first position. After that, the normal output (1, 0, 0,
1) indicated at the third position appears. Since the
10 elevator moves toward the upper floor, however, the
output pattern (1, 0, 0, 0) indicated by (b), which
originally should not be present, appears when the
elevator leaves the third floor.
Case 3 indicates a state in which the attachment
15 state 1s extremely bad, that is, a state in which there
is a large step between floors at the time of landing
and thereby a passenger may fall down. Therefore, the
sensor output before the last one, the last éensor
output, and the current sensor output at time of
20 arrival at the third floor are the same output pattern
(0, 0, 0, 1) indicated by (c) at the second and third
positions from the beginning, which is followed by a
normal pattern (1, 0, 0, 1) indicated at the fourth

position from the beginning. Since the elevator then

25 moves toward the upper floor, an abnormal output



Cases 2 and 3 described next are cases that include 20attachnment
error. Case 2, for exanple, indicates a state in which there is
slight error in sensing, in which two sensor units originally have to
sense to-bedetected units at the sanme tinme, because attached to-
be-detected units are inclined or their gttachnent 25position is
deviated. - 20 - As illustrated in the drawi ng, assum ng that a
point in tipetwben the e evafo0)hasddrgdted oy the ki rdidioor1ys the
current diagnosis cycle, the output pattern (0, 0, 0, 1) indicated by
(a) at the secondebpasiidcoOnwheamdthe begiraniong,l adves ehiegitmaldy floor.
shoul d not be present, appears after the output pattern (O, 0, 0, 0)
before the | astTrsee Whircdrnsl i adipatedadtdhesfi(a$t tposid) ane Ahker
that, the normal output (1, 0, O, 1) indicated at the third position
appears. SipeeithenlQelweyat Dén Mmves drover dcdhebeppeled [HOrknboweyebr

the output pattern (1, 0, O, O0) indicated by (b), which originally
shoul & not he presartramppears wherhdhea elieyaliot ekeavesudhes t hhadan
floor. Case 3 indicates a state in which the attachnent
abnormality in the detection of the elevator car
position, including a failure of the position detection
sensor 80 itself. However, as in case 2, a slight
deviation due to which the abnormal pattern (a) or (b)

10 appears only in one diagnosis cycle (10 ms, for
example) is assumed to be negligible as landing error
of the elevator car. In this case, it 1s only necessary
to detect a deviation due to which the abnormal pattern
(c) or (d) appears over two diagnosis cycles. (20 ms,

15 for example) as in case 2. An embodiment in which an
abnormality is detected on the basis of this concept
will be described below.

FIG. 7 is a flowchart of processing executed by an
elevator abnormality detection apparatus according to

20 an embodiment of the present invention. It is assumed
here that, as illustrated in FIGs. 2 and 3, the
position detection sensor 80 includes four sensor units
and the to-be-detected objects 81 to 83 include two or

four to-be-detected units. FIG. 7 illustrates a flow of

25 processing by the governing controller 30 in FIG. 1 in



15state is extrenely bad, that is, a state in which there is a large
step between floors at the time of |anding and thereby a passenger

may fall down. Therefore, the sensor output before the |ast one, the

| ast sensor output, and the current sensor output at tinme of

20arrival at the third floor are the same output pattern (0, 0, 0, 1)
indicated by (c) at the second and third positions fromthe

begi nni ng, shtebel 941f aiHiovedabyiashoramlopabler bpekatd,o®d, tdhe, which
indicated at the fourth position fromthe beginning. Since the

el evat or thend2bamees taoval figt beedpperod | Oloat aniabmerdesd onéput -
21 - pattern (1, O, 0, O) indicated by (d) is simlarly detected

tw ce when pbesebevdtor tieaveshtheadidhétooalls dowkheses a@potphlone
out put patterns (a) to (d) of the position detection sensor 80 can be
used to knowieghelsis ncdeearnangeientoof ekdendlos beadetdecisad nhit sSbove.
and an abnornality in the detection of the el evator car position,
including a faiFuretqf dihe pesikthenodefrct ioh srBSPbs8Gidsediétection
However, as in case 2, a slight deviation due to which the abnor nal
pattern (a)sensoh) iappeses oAl ¥ itRnger g a0Besirs gy 4 10n s ebor
exanple) is assuned to be negligible as I anding error of the el evator
car. In thisotasesftdr ivhbohythecessaiand® gdebeekdd devistépnidae tio

whi ch the abnornmal pattern (c) or (d) appears over two di aghosis
cycles (20 #8cide whether there is a detection by at least one of
the four sensor unité. If there is a detection by at

10 least one sensor unit, the sequence proceeds step 703.
If not, the sequence proceeds to steps 710 to 712 to
decide the state of the position detection sensor and
perform processing such as making preparation for next
processing, after which the processing is terminated.

15 In step 703, whether a value stored in the
temporary stdrage area matches a particular combination
pattern is decided. 1If there is a match, the sequence
proceeds to steps 713 and 723 in which whether the
elevator car is already present in the door zone,

20 within which the door is openable, is decided, after
which the sequence proceeds to step 704 or 705. If it
is decided in step 703 that there is no match, the
sequence proceeds to step 707. If there is a detection

by the position detection sensor in the diagnosis cycle

25 before the last one and the last diagnosis cycle and



15for exanple) as in case 2. An enbodinment in which an abnormality is
detected on the basis of this concept will be described bel ow

FIG 7 is a flowhart of processing executed by an el evator
abnornmal ity detection apparatus according to 20an enbodi nent of the
present invention. It is assunmed here thaf,- as illustrated in FIGs. 2
and 3, the position detection sensor 80 includes four sensor units

and the to-btieedetect edilabj ectsr8d o §hd nedsidei bwo derc filifon sensor
to-be-detected units. FIG 7 illustrates a flow of 25processing by

t he gover ni sigoeagtr aldeer B &t Gnakdm a -p22ticaleasednb Wi €hoa
first allowabl e operation tinme, which indicates |anding precision

that elim nasdesethe pesS hiddty that tdhe Jmssengen thallas dowy s up
to one diagnosis cycle (10 ns, for exanple) as described above.
SFirst, thecentifutinoutpudr ofwbheipesiddion eeteeki qrosensorcds stored
in a tenporary storage area in step 701, after which the sequence

proceesls toesirplé02 tgides dmanet her at kel itha: dekeatiingn Brat due
| east one of the four sensor units. If there is a detection by at

10l east onetsenBsothutinle, ddies Seguenes yreceedsosheps70@dnddatod, the
sequence proceeds to steps 710 to 712 to decide the state of the

posi tion detecthepeFensordeaddoear far MOCESS| PPasueh casp Jmki 1@n
preparation for next processing, after which the processing is
t er mi nat ed. dd5¢ 8t sbap s&d o whied Beana avaldien 1 Of edihe 1tlE ng a
deviation of a position at which a to-be-detected
10 object has been attached. Then, the breaking circuit 6
is activated to stop the elevator car and assure safety,
after which the sequence proceeds to step 710.
In step 704, the last state of the position
detection sensor is decided. If there is no detection,
15 the sequence proceeds to step 705 and it is decided
that the position detection sensor is normal. This step
indicates "sensor status without attachment position
error" in case 1 in FIG. 6.
If tﬁere is a detection in step 704, the sequence
20 proceeds to step 706. If there is no detection by the
position detection sensor in the diagnosis cycle before
the last one, in which case the last detection is the
detection in the first allowable operation time in case

2 in FIG. 6, so the sensor output is decided to be

25 normal and the sequence proceeds from step 709 to steps



tenporary storage area nmatches a particul ar conbination pattern is
decided. If there is a match, the sequence proceeds to steps 713 and
723 in which whether the elevator car is already present in the door
zone, 20wi thin which the door is openable, is decided, after which
the sequence proceeds to step 704 or 705, 1f it is decided in step
703 that there is no match, the sequence proceeds to step 707. If
there is a debeebi gnoby the position detection sensor in the

di agnosi s cycle 25before the I ast one and the | ast diagnosis cycle

and - 23 - therkasheval Ues si ofedeih itdie PSthEOpRodetaddd e S8889bn
storage area does not match a particular conbination pattern, this

neans that asnagbrormBldHy Hasgheen sCetd ki pgrever thed 10 SgNeFES in
cycles (20 nms, for 5exanple). Since there is a risk that |anding

error due tetupi ghet he passengar Ry Hal lcdone ks genplat£di oht over
therefore decided in step 708 that the position detection sensor has

an abror mal ¥ bRelWd I acfeykatli e afnarPoskt hor jaty WHLH Banding
t o- be-det ect ed 100bj ect has been attached. Then, the breaking circuit

6 is activasedot0dsteOR d henebBVaher ifs e asgHke rSafietyowf L 8r
whi ch the sequence proceeds to step 710. In"step 704, the | ast

state of thgepeshiieen delediti osi-sgnsor ,i $riacd fede, | EhkherRpisn oo

det ecti on,
proceeds to step 708 to activate the breaking circuit 6
to stop the elevator car and assure safety, after which

10 the sequence proceeds to steps 710 to 712.

In step 710, the state of the position detection
sensor 1is output to the governing controller, and the
governing controller then indicates the place of the
abnormality. When, for example, the maintenance person

15 manipulates a maintenance switch to start a maintenance
operation, it is possible to notify the maintenance
person of an elevator hall at which a landing
abnormality would occur by detecting the fact that the
maintenance switch has been manipulated and then by,

20 for example, having a position detection device operate
the destination button, in the elevator caf,
corresponding to the elevator hall for which an
abnormality has been detected so that the lamp of the

destination button blinks.

25 A series of processing described above is



15t he sequence proceeds to step 705 and it is decided that the
position detection sensor is normal. This step indicates "sensor
status without attachnment position error"” in case 1 in FIG 6. If
there is a detection in step 704, the sequence 20proceeds to step
706. If there is no detection by the posjd4dion detection sensor in the
di agnosi s cycle before the |ast one, in which case the | ast detection

is the deteeytoncan theadt1shtabl owakieiopesatige tigre ik CASE 2ni Rhe
FIG 6, so the sensor output is decided to be 25normal and the

sequence progeedy g sE EPe¥09ah@ HLPSies d4t- ARy ¥d2. Therekbre,
there is a detection by the position detection sensor in the

di agnosi s cyeke befor etheal ast ome din sk £P1£06peirtadingi calgsst hat
there is a deviation over 5two diagnosis cycles, so there is a risk

that |andingeelrenhedysrd@eybish thePassangeini@yd aldd dOMdiSg error
generated. As in step 707, therefore, the sequence proceeds to step

708 t s actiyahepthe dyieaki agtekbtedl tatb 410 SLPPyt Be sgfLvater, c@sr and
assure safety, after which 10t he sequence proceeds to steps 710 to

712. |l @xshePell®hd herstakeiol tihe POSi t 7oA sdelaGty e §ERSON pLgis
output to the governing controller, and the governing controller then

i ndi cates thetpkaece f dhe abserpakidyt Ihephef pbsexam ejetb8tion

mal nt enance person
sensor indicates a pattern that was output 10 ms
earlier and the output of the position detection sensor

10 before the last one indicates a pattern that was output

20 ms earlier. Although depending on the operation
speed of the elevator, error within one diagnosis cycle
is often negligible as landing error.

FIG. 8 is a flowchart illustrating details in

15 processing step 708 in FIG. 7.

First, it is decided in step 801 whether a position
detection sensor abnormality, including an attachment
position deviation of a to-be-detected object, has been
detected. If no abnormality has been detected, the

20 processing is terminated. If an abnormality has been
detected, processing is carried out according to the
open state of the door of the elevator in the flow from
step 802 to step 804. 1In step 805, the door is closed
and the elevator moves to a normal floor and

25 automatically lands.



15mani pul ates a mai ntenance switch to start a naintenance operation,
it is possible to notify the maintenance person of an el evator hal

at which a | anding abnormality would occur by detecting the fact that
t he mai nt enance switch has been nanipul ated and then by, 20for
exanpl e, having a position detection devige operate the destination
button, in the elevator car, corresponding to the elevator hall for
whi ch an abnor naihi sy dpass beenadetecte@d sioéhahakhdelanddndde the
destination button blinks. 25A series of processing described above
is - 25 - tyghicdald yiracihyatedvhy ouSidyr ai &i g neld tdver CBARI Phtheamp
safety controller, and carries out diagnosis. Therefore, even if a

plurality obfakthewalpes apetabhonst it@sed eoseto bhe Jo aoesshagskaadrs
is mnimzed and | anding error 5can be easily detected at an early

stage. If, forgexanyife tideecpeoaessi Rt N &b Gorépagaacidvates ateps
10-nms intervals, the last output of the position detection sensor

i ndi cai es aspat ter gitthat was output 10 ns earlier and the output of
the position detection sensor 10before the |ast one indicates a

pattern that waBroukputi?p im eaebkeno/Alihosygh deperding oncibe
operation speed of the elevator, error within one diagnosis cycle is

often negligabbengedanti nggestatk in the elevakb® &id sy fbewcharty
illustrating details in 15processing step 708 in FIG 7.
normal floor, close the door, and then stop the
operation of the elevator. If the door open button has
10 not been pressed in step 810, p;ocessing to stop the
operation of the elevator is continued in step 812. The
processing to stop the operation of the elevator is
continued until maintenance by a maintenance person is
detected in step 813 and the sequence is returned to
15 step 810 so that the passengers do not encounter a
situation in which they are stuck in the elevator car.
As described above, the embodiment of the present
invention enables detection of an abnormality of the
elevator car position detection device with desired
20 precision; the abnormality would otherwise generate
abnormal landing error, which is error between the
surface of a floor and the floor surface on the
elevator car side.
If an abnormality, of the elevator car position

25 detection device, that would otherwise generate



First, it is decided in step 801 whether a position detection sensor
abnormality, including an attachnent position deviation of a

t o- be-det ect ed object, has been detected. If no abnornmality has been
detected, the 20processing is termnated. |If an abnormality has been
detected, processing is carried out accading to the open state of

t he door of the elevator in the flow fromstep 802 to step 804. In
step 805, talendoorli S acldsed andotrhe seldvadotedpved et aissemorsml 1l oor
and 25automatically lands. - 26 - In step 806, after the door
has been opeoedfikkle thmghigingannahheelewatot thnti $Haraeds oif sang,
the lanp of the open button is turned on to guide the passengers to
get off thesel evatiek carch ass pfepariatg orarf Obespepsedd3@EH Lt o 813.
Processing in steps 807 to 811 is to have the passengers being stuck
in the el evat or Foathgetnafd, ohf aanomialo fhabi ¢ty ¢l ofe thire clioovatandcar
then stop the operation of the elevator. If the door open button has
10not Dbeen poessedn niesteep: 8dN, dprvdeessi tigat owstidp tohtheaaperati on of
the elevator is continued in step 812. The processing to stop the
operati on ofetheaelkevatrorrms]l coahiddued amtot hai Adberancel bytlae

mai nt enance person is detected in step 813 and the sequence is
returned toopbstepoBl®Sotidat lthetpassengebs datpoilatencouny estapped
situation in which they are stuck in the elevator car. As

descri bed abouethehepedrodi oentaaf bicher go@sedt afneentiirp @mabbesby a
detection of an abnormality of the elevator car position detection
devi ce W t hmaésikeetince person, so safety operation of the elevator

10 can be achieved.

Particularly, in the preferred embodiment of the
present invention described above, if an abnormality is
detected, the place of the abnormality can be indicated
by an announcement or a buzzer without installing a

15 special display unit to idéntify the location of the
abnormality. Therefore, non-specialists such as, for
example, the owner of the building can easily identify
the floor with abnormal landing error at a glance.

Furthermore, in case of a disaster such as an

20 earthquake, time taken for inspection can be shortened,
so it can be expected that the unavailable time of the

elevator is significantly reduced.



20precision; the abnormality woul d ot herw se generate abnorna
| anding error, which is error between the surface of a floor and the

fl oor surface on the elevator car side. I f an
abnormality, of the elevator car position 25detection device, that
~woul d otherwi se generate - 27 - abnorsmtgl-anding error is detected,

the user is notified through an announcenent that there is a step, so
a ri sk suchWwaaTf alsl ioigh IdemD beSprevented. Furthernore, if an
abnormality, of the elevator car 5position detection device, that
woul d ot her wi selgengr abe tatridreml fbandinng lervaofot stHetedtked,a tdesition
operation of the elevator can be automatically stopped and the
operati on caatbetiesunsthabtenticagpect iohn by alewiattenanCe PRESOB-IF0-
safety operation of the elevator 10can be achi eved. _ _
Parti cul arl getentile qripd et s edhaenbediareni a 0édt he presetwayenhi on
descri bed above, if an abnormality is detected, the place of the
abnor nal i t ycoaneb@oinitiroat etloby far aMHOUNTETEBt 0B i PUZZESr W bhaUtare
installing a 15special display unit to identify the |ocation of the
abnor mal i t ydeTherefons; toa-speditdlorstdeseichias, skorsexanhe, pbBetion
owner of the building can easily identify the floor with abnorna
| andi ng errof aheaeglearceor Faatrheriorge,déthecase by ardicaspet stghaas
an
of the position detection sensor, wherein:
the position detection sensor is attached to the
10 elevator car so that the position detection sensor
passes positions opposite to the to-be-detected objects,
the position detection sensor having at least four
sensor units arranged side by side;
the to-be-detected objects are disposed at a
15 plurality of places in the hoistway, each of the to-be-
detected object having a plurality of to-be-detected
units that are detected at the same time by at least
two sensor units of the four sensor units arranged side
by side underneath the elevator car; and
20 an abnormality 1s detected in response to a
difference between output timings of the at least two
sensor units of the sensor units in the position
detection sensor.

2. The controller for an elevator according to

25 Claim 1, wherein in a case that the door of the



20 earthquake, time taken for inspection can be shortened, so it can
be expected that the unavailable tinme of the elevator is
significantly reduced. - 28 - WHAT IS CLAIMED I S: 1. A
controller for an elevator that has a position detection sensor
attached to an el evator car and to-bedeterted objects that are placed
in a hoistway in 5 correspondence to, for exanple, stopping floors
and are detettedtby tive quositvbandenecthironrsehsor, itshelqrosttéaniaf
the el evator car being detected by an output signal of the position
det ecti on semsponswhéreitthe tdief posietican et weéhonheensarputs aihaabhed
to the 10el evator car so that the position detection sensor passes
- posi tions opposheeatto lidwstt ocbe- dehectredirobf €cd §, thle gEossdtromnits in
detection sensor having at |east four sensor units arranged side by
side; the tothbepdetiédtoed dxbject $oar setissposesin abnaolbplameattty of
pl aces in the hoi stway, each of the to-be- detected object having a
plurality ofndbebeidet edteed tinetrs tikata artecpleb ectved natf tdwer sahe hibe .
by at |east two sensor units of the four sensor units arranged side
by side underneath The ebevatodrlearfoandn2@drevabnor natcbydiisdetect ed
in response to a difference between output timngs of the at |east
two sensor Uhats of otrhe ,sensoreiini wheam tthhe @osit ien ddetseed i ®Ater an
sensor.

abnormality has been detected in response to the

difference between the output timings of the sensor
10 units, a buzzer sounds.

4. The controller for an elevator according to any
one of Claims»l to 3, wherein landing error of the
elevator is detected in response to a first difference
among the output timings of the plurality of sensor

15 units and an operation of the elevator is stopped in
response to a second difference among of the output
timings of the plurality of sensor units, the second
difference being larger than the first difference.

5. The controller for an elevator according to any

20 one of Claims 1 to 4, wherein an abnormality is
detected by cyclically monitoring with timer interrupts
the difference among the output timings of the
plurality of sensor units in the position detection
sensor.

25 6. The controller for an elevator according to



2. The controller for an elevator according to 25Caim 1, wherein in
a case that the door of the - 29 - elevator is open when an
abnormality is detected in response to the difference between the
output timngs of the at |east two sensor units of the sensor units
in the position detection sensor, an annmguncenent 5indicating that
there is a step between floors is nade. 3. The controller for an
el evat or acCobeding,t ovi@dméim laorf i2,s twher ef @rwher therdporhésoakpsed
after an abnornality has been detected in response to the difference
bet ween t het omt puts tdfiritigs piuthe isensof d&unbtsund huzzerdsoundsd

4. The controller for an el evator according to any one of Clains 1 to
3, wherein Vvanding serfriorsof pthecelidwat oo St detieet eddibd £SRNASGhd &
first difference anong the output timngs of the plurality of sensor
15 uni ts anseanndperidif anewntet haoelgevatiorouspstopped rids response to a
second di fference anong of the output timngs of the plurality of
sensor5 uni t senthe seciond, divhiehence berggrl anget thanftihed idStference,
di ff erence. 5. The controller for an elevator according to any
20one of Clabmsihues hvarhesesBcandabmarimdiiygl &ydateectyaei by is
cyclically nmonitoring with timer interrupts the difference anong the
out put tim hgaget ttherpltiial fiysef pyensori badt sond tide mpspé+o8d, the
detection sensor. 256. The controller for an elevator according to -
30 - operation of the elevator is stopped.

7. The controller for an elevator according to any
10 one of Claims 1 to 6, wherein when an abnormality is
detected in response to the difference between the
output timings of the at least two sensor units in the
position detection sensor, the elevator is operated so
as to move toward another floor and the operation of
15 the elevator is stopped at a floor where an abnormality
is not detected in response to the difference between
the output timings of the sensor units in the position
detection sensor.
8. The controller for an elevator according to any
20 one of Claims 1 to 7, wherein when an abnormality is
detected in response to the difference between the
output timings of the plurality of sensor units in the
position detection sensor and an event that a
prescribed switch has been manipulated is detected, a

25 floor at which the abnormality has been detected 1is



Claimb5, wherein a first difference anong the output timngs of the
plurality of sensor units is detected within a first prescribed

noni toring period, and when a second difference anong the out put
timngs of the 5sensor units, which is larger than the first

di fference, continues over a second manijforing cycle, which is |onger
than the first prescribed nonitoring period, the operation of the

el evator isistoppedd by Thedeoninakliem faroan vhevanhor iaccordi ng to
any 10one of Clainms 1 to 6, wherein when an abnornality is detected
in responsecteoviberdidagr encer bebweern ddiei Out put hti RS- oft theiak

| east two sensor units in the position detection sensor, the el evator
i s operatedtis@ aBnbemmMve: | ovas doaset kert 068 . and the operation of
15t he el evator is stopped at a floor where an abnormality is not
detected in response to the difference between the output timngs of
the sensor units in the position detection sensor. 8. The controller
for are el evator according to any 20one of Cains 1 to 7, wherein when
an abnormality is detected in response to the difference between the
output timngs of the plurality of sensor units in the position

detection sensor and an event that a prescri bed swtch has
been mani pul ated is detected, a 25floor at which the abnornmality has
been detected is - 31 - indicated by a destination floor button, in

the el evator car, that corresponds to the floor at which the
abnornmal ity has been detected.



