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Field of the Invention

of . passengers..-ridden in ‘an elevator, and nore particularly

to a weight detecting

apparatus for an elevator using an

‘anti-vibration rubber as a 10 passénger S weight sensor so as to

accurately detect the
anti-wvibration r ubber.

15 .

In terns of, control performance of elevators, it is very

i nportant to accurately detect the total weight of passengers

ridden in an el ‘??ﬁaf e OLBEARAPOSESFOR ERedatbRE feeling
. T R o) A

can be ensured ﬁx\/\%&?lég%ce# evat OI‘KI s control I ed by an '
appropriate starting torque corresponding to the 20 passenger's
wei ght. The wei ght of passengers is utilized as "~ data for

controlling an cpefiedrOUNSToRNTRECYRVENTEORN as an
vacancy and a cal cul ation of the nunber of

passengers at every stair.
el evat or s,

riding/alighting
As wei ght detecting nethods for
there have 25 been proposed various nethods such as a

nmet had of converRiapd of the Invention
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The present 1invention relatas to an apparatus for :

detecting the total weight of passengers ridden in an

elevator, and more part1cu1ar1y to \a weight detect1ng

-~

estimate of no

Y

apparatus for an elevator using an ant1-v1brat1on rubber as a:

. \ )
passenger’'s weight sensor so as to accurately detect the
passenger’s weight from a displacement of the anti-vibration

rubber.

. Description of tbguPricr*Afﬁ:

In terms of control performance of elevators, it is very
important to accurately detect the total weight of passengers
ridden in an elevator car, In other words, a good ride
feeling can be ensured only when an.e1evator is controlled by
an appropriate starting torque corrasponding to the
passenger’s weight. The weight of passengers is uti]ized.as
data for controlling an operation of an elevator such as an
estimate of no vacancy and a calculation of the.nUmber of
riding/alighting passengers at evaery stair. .

As weight detectjng methods for elevators, there have

been proposed various methods such as a method of converting

BACKGROUND OF T&«Efym“"

The presentRimé¢ ery.
|nvent|on relates to an apparatus for . | detecting the total weight~

passenger's wei ght froma displacenent of the
Description of the Prior Art

n -



2 a di splacenent of an anti-vibration rubber-variable
dependlng on the weight of -passengers into a voltage, a method of
counting the nunber of passengers by use of a photoelectric devi ce
attached to an el evator door, a nethod of detecting the 5 wei ght of
passengers by an anal ysis of inmage data scanned by " a camera’
installed in the interior of a car, anda nethod '~ detecting the

wei ght of passengers by use of "a matrix attachéd with a weight
sensor such as a piezoelectric el ement and installed on the car
bottom Anong these nethods, the nethod 10 of converting a

di spl acenent of -an anti-vibration rubber into -~ a voltage has been
wi dely used in ternms of an econony. " Referring to FIG 1, there
is illustrated a conventi onal wei ght detecting apparatus for an

el evator utilizing a di spl acenent of an anti-vibration rubber. As

showh in FleGdikpiakement tF appanei«si6eapi bAcBuBBe ANtar Vablat dopenutilbey
i nstal |l ed beneath an elevator car 1, a differential transforner 3

for oeoNuRret iwe g difs pacesrgeroHf inke amt Naartlamt i oa meihmec »f
into an electrical signal, an A/D converter unit 5 fo convertin

t he out put esiuntaing r‘@im?thtémﬁﬁfféfeﬁ?ﬁﬁPnS?ﬁﬁsf"drrﬂiﬁre % a photpedes=filfit al
si gnal |nd|cat|ve of ad detecti for

processi ng 4&Ye 9% td’é’t t&aﬂa?geYﬂg?'ﬁe&m' a meftg‘ror#o %{%tﬁﬁt igg £
storgge umdé1 Lﬁ"o$t€£%89?%gﬁs“§yg§ﬂ ana]ys1sdé¥a &58'8ﬁ€af&eahhga

unit 6, an ou processmgt e Weight data store |n
the storage Whheraadlthstdd led eI ek 9HLBREbIrN@fa 4 OBgHEe n@nad Mmerhod

drive notor or a _

detecting the weight of passengers by use of a matrix attached
with a weight sensor such as a piezoe;lectr'ic element and
installed on the car bottom. Among these methods, the mezhod
10 of converting a displacément of an anti-vibration rubber =nto

a voltage has been widéTy used in terms of an economy.
Referring to FIG. 1, there is illustrated a conventicnal
weight detecting apparatus: for an elevator utilizing a
displacement of an anti-vibration rubber. As shown in FIG“: 1,
15 the apparatus comprises an anti-vibration rubber instz7led
beneath an elevator car 1, a differential transformer 2 for
converting the displacement of the anti-vibration rubber 2
into an electrical signal, an A/D converter unit 5§ <or
converting the output signal from the differential transfcrmer
20 3 into a digital signal indicative of load detection datz. an
input unit 6 for processing the load detectioh.data in the
form of weight data, a storage unit 7 for storing the we~ght
data received from the input unit 6, an output unit & -for

processing the weight data stored in the storage unit 7 and

256 = thereby outputting a torque signal for a drive motor or a



3zeuwniia—m = - - coONt'rol signal for data-about the nunber of riding/alighting
passengers, and a mcroprocessor 9 for out putting contiol . signals
respectively for driving-the input unit 6, the storage unit 7 and
the output unit 8. 5 In FIG 1, the reference character AB
denot es an address l'i ne, the reference character DB denotes a data
bus, and the reference nuneral 3 denotes a resistor.

Qperation of the conventional el evator weight detecting appar at us
wi Il now be described in conjunction with FIGS. 1 10 and 2.

When a passenger rides in the car 1, the anti-vibration . rubber 2 is
retracted in proportion to the passenger’'s. weight. At this tine,
the differential transfornmer 3 is dommmardly : nmoved by the

di_spl acenent of the anti-vibration rubber 2. Due 15 to this novenent
of* the di¢éntenili alignarlafefrodata abouta the numbaramfatriich ngy@ikighting
magnetic fl ux interlinking with the primary coil and the secondary
coil. As a Pasapngegsyolanthea micropnaegafan ofalfarn @htputgbnacmtr@’l
the anti-vibratiogon rubber is induced at the secqndary coi

The voItages?gnaﬁﬁlT%ﬁp?ﬁttﬁ§1ﬁlfpﬁd%W¥Nt@§ the tinpuf; ynit 6, th?tﬁ?@ﬁﬁsﬁge
adj usting resist a%g the nverted into a digital signal by
the A/D con‘t}'e?l% e Ay B - | oad detection data. \Were

0 e At AT S Fltranc odeatbic WOGAT HEMARE o
passengers {fnghethe reference character DB denotes a data bus, and the
reference numeral 4 denotes a resistor. _
Operation of the convent1ona1 elevator weight detecting
apparatus will now be described in conjunction with FIGS. 1

10 and 2. .

When a passenger rides in the car 1, the anti-vibration
rubbér 2 is retracted in proportion to the passenéer‘s weight.
At this time, the differential transformer .3 is downwardly
moved by the displacement of the anti-vibration rubber 2. Due

15 to this movement of the differential transformer 3, a
variation occurs 1in magnettc flux interlinking with the
primary coil and the secondary coil. As a result, a voltage
propartional to the displacement of the anti~-vibration rubber
is induced at the secondary coil.

20 The voltage is applied to the A/D converter unit 5§ via
the voltage adjusting resistor 4 and then conVerted into a
digital signal by the A/D converter unit 5 which, in turn,
load detection data. Where no passenger is present in .the car'
1, the 1load detection data of the A/D converter unit 5§

25 corresponds to 0%.' When the total weight of passengers in the



. car 1 corresponds to'the rated | oad of the-elevator t he | oad
aetectlon data of the A/D converter unit 5 corresponds tb 100@6
"The | oad detection data fromthe A/D converter unit 5is 5 fed via the
rnput unit 6-to the mcroprocessor 9 which, in turn, outputs a
dontrol signal. By this control signal, t he | oad detection data is
tiransferred to a correspondingly- 4 desi gnat ed address of the storage
unit 7. In other words, the total weight of passengers '
currently 10 ~“ridden in the car 1 can be detected fromthe | oad
detection . data stored in the designated address. For
i nstance, | oad detection data outputted fromthe A/ D converter unit
5 and expressed by a hexadeci mal digit of [err] corresponds to a

deci mal digit of [err i ndi catjve of 50% vat h

rate | oad of°¥, 60 ﬁ‘?g %%a%l‘) the rat‘%deﬂé’cqfl oné/\}%{a‘%{s]eqfﬂ cht‘r%/ee o?af’he
t ot al Melght n cud € en tge

BOCKG. ie@ﬁéﬁs%% e in8odyD “CanYeb el Rl SoFRrebnidY ro
converted i{§gy @ nechanical dlsplacenent and then an 20

el ectrical srgnaT respectively by the anti-vibration rubber and

the differential Thir 9586048BEctidn 48€a €OOH Ok WA converteAPEATBLESis
In this conventional apparatus, however, it is i npossible to

accur @ el y ded@ct ikharet phpw€i gRE OB Msaﬂweﬂﬁcroprocesbecaasm-hh&\ in
el ectrical signal obtained by the conversion may 25 not correspond to
t he actual wveught dueputsaavabindiriodn siigmal. By this control signal, the
load detection data is transferred to a correspondingly-
designated address of the storage unit 7.
In other words, the total weight of passengers currently
10 ridden .in ‘the car 1 can be detected from the load detection
data stored in the designated address,
For instance, load detection' déta outputted from the A/b
converter unit 5 and expressed by a hexadecimal digit of (32)
corresponds to a decimal digit of (SO)W indicative of 50%.
15 where the elevator has the rate load of 1,600Kg, this load
detection data is indicative of the total weight of passengers
currently ridden in the car 1 being 800Kg.
As mentioned above, the total weight of passengers is
converted into a mechanical displacement and then an
20 electrical signal respectively by the anti~vibration rubber
and the differential transformer in the conventional
apparatus. In this conventional abparatus, however, it is
impossibre to accurate1y'détect the total weight of passengers
because the electrical signal obtained by the conversion may

25 not correspond to the actual weight due to a variation in-



51 . el astic coefficient of the anti-vibration rubber

ggner ati ng, . t he mechahi cal di splacenent, a variation in voltage at

t he : primary coil of the differential transforner and variations in
otther characteristics of the differential transf orner. 5
Fyrthernore, the conventional apparatus_requires a check and an

adj ustnent periodically. As a result, a degradation in per f or mance
may occur. _ The above-nentioned problens encountered - in

t he . ' conventi onal apparatus can be understood by referring to FIG
10 - 2 which is a characteristic curve illustrating an error in

| oad” det ection data caused by variations in characteristics of t he
differential transformer of FIG 1. The characteristic curve is
depi cted on the orthogonal coordi nates having an X- axi s indi.cative
of load detection data and a Y-axis indicative 15 of output voltages
from the mlastiof coeféicdiehfteramtimd anti-vibtatishorubbed gémetribing
ort hogonal coordinates an initial ‘val ue setting is performed such
that the valtfte ohegcbeniicalt kkisplacemernach deaedatipndatm X@18agR- &4 sthe
corresponding to the point at which the output voltage Ya on
Y-axis of tk&f%%%ﬁﬁdﬂ?&‘éH:Phezd‘ffeﬁP“t1Fhétra@$f?§m§ﬁt?QF veriatiepgein

: h Q. aof .the_ diff I
Cranstormer 6T ERSpagrarsstidd Qe e, SH{Fronsda ot erenofo HIbE e

on X- g FuﬁfhérﬁBFEesEﬂ@dbagv%ﬂttlEﬁaﬁ)obph‘iEa@Ls\W"e };Qghguéﬂgék and

vol t age on "Y-axis

d:c f f er enti alan 2ad jus thealts pdmRyd & 41B8L.S Wit hat h‘%éihla* acheideYrfdfuiore PR
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performance may occur.
The above—mentioned prob.'l erﬁs encountered in the
conventional apparatus can be understood bty referring to FIG.
10 2 which is a characteristic curve illustrating an error in
load detection.data.caﬁsed by variations irm characteristics of
i the differential transformer of FIG. 1. <The characteristic
curve is depicted on the orthogonal coorc-nates having an X-
axis indicative of load detection data and = Y-axis 'ind'ica:‘ive
15 of ‘output voltages from the coils of the differential
transformer 3. In the orthogonal coorc-nates, an initial
value setting is performed such that the w=lue of 100% is thé
load detection data Xa on X-axis corresponcing to the poinf Q
at which the output voltage Ya on Y¥axis of the secondary coil
20 of the differential transformer 3 meéts with the
- characteristic curve PQ of the differenc-<al transformer 3
whereas the value of 0% is the load detec—ion data Xa on X-
axis corresponding to the point P at whiehr =he output voltage
Yb on Y-axis of the primary coil of <the differential

25 transformer 3 meets with the characteristic curve PQ of the



6} - . differentiial transforner 3. ' Initially, the
characteristic curve 'PQ has the formof a : line indicative of the
imitially adjusted characteristic of the differential transforner
3! This linear characteristic 5 curve PQ may be deforned to a curve TU
due to the above- * mentioned vari%tion factors, as shown in FIG 2.
In this case, the |oad detection-data indicative of the total weight
of passengers is erroneously detected. For exanple, the |oad

detection data of X% indicated by the characteristic curve PQ 10 S
detected as XA% by the defornmed characteristic curve TU. As a
result, an error ENL corresponding to a value of XBX - XA% occurs in
the | oad detection data. SUMMARY OF THE | NVENTI ON 15

Ther ef or e, qpipp'ﬁghﬁg%]thAig¥8PhEpn3is to provide a wei ght

det ecting appara an elevator capabl e of always det ect’i ng

correct weight OfIH‘?E?ﬁ"WgrStﬁ‘étMa@Wr{éﬂ%rggPO& PQ has ti?é.lféiﬁ‘dﬁ%j# gl

check and adjustnent by cofparing the m ni num - val ue of

detection dai rdefgaledti@Mean ¥l VAl PEi ST B Cadjusted ThaRlcpdrikdie of
m ni mrum val ue of initially set |oad detection data, detecting a

vari ation i rcife CORF&eFRLIANC tHanNsFoPie® 3. Thidi Nifineamt ighartacusd ortws
on the basis of the conparison, and then automatically executing a

corred@dion cfuavee®rmay beadiefZirmed tet eactduntve dlita dugenes athe ahteve+o
the wvariation of the
mentioned variation factors, as shown in FIG. 2. In this
case, the 1oad'detectidn data indicative of the total weight
of passengers is erroneously detected. For example, the 1oad
detection data of X% indicated by the characteristic curve PQ
10 is detected as XA%X by the deformed character{stic curve TU.

A3 a result, an error- ENL corresponding to a value of XBx -

XA% occurs in the load detection data.

SUMMARY OF THE INVENTION . -
15
Therefore; an object of the invention is to provide a
wejght detecting apparatus for an elevator capable 6f a1wéys
detecting correct weight of bassengers*withOut any requirement
of periodical check and adjustment by comparing the minimum
20 value of load detection data detected from an elevator state
signal with the minimum value of initially set load detection
data, detecting a variation ig a characteristic curve of a
differential transformer on the basis of tﬁe comparison, and
then automatically executing a correction of an error in load

25 detection data generated due to the variation of the



7 ~characteristic curve and a correction of a variation inthe error.
I'n accordance with the present invention, this object can be acconplished
~ by providing a wei ght detecting apparatus for an elevator, conprising. a
| oad detecting data unit for detecting |oad detecti-on data as a ratio of a

wei ght of passengers riding in a car of the el evat or Thip Sheetk n e f
t he .el evator and outputting the |oad defection data;. a ' i I m
val ue detection unit for recording a maxi rum val ue .andj_ ' ue of-

the | oad detection data; an idle detecti-on unit for: detecting an el evator
state signal indicative of an idle state of the elevator and outputting

| oad detection data indicative of the idle state, a first conparator for
conparing the | oad detection data outputted fromthe idle detection wunit
wth the mninum value stored in the maxi mum m ni mum val ue detection
uni't and outputting an error in |oad detection data generated at said idle
state and gnavald@dsPELif EOPVvEr BAG a2toPire@rt &RV [ciCta Ngapistesai Np whd
for "determning a fyrst correction value for correcting the error and the
error vari etrir@rfrom an output signal of the first conparator, correcting
a characteristic curve of a differential transfornmer by the first -
correction val ugn astangande s the thei pseseotr teventkionj Jdh to aleqtogan
detection data unit sp as to enable an outputting of |oad detection data

accor di ng 8 @&EonRt Tehed LY RrArIEing @ vedghte Sekegtdng geraLaty Jat

for

5 an elevator, comprising: a load detection data unit for
operating load detection data by a ratio of a weight of
passengers ridden in a car of said elevator to a rated joad of
said elevator and outputting said l1ocad detection data; a
maximum/minimum value detection unit for recording a maximum

10 value and a minimum value of said load detection data; an 1'&1e
detection unit for detecting an elevator state signal
indicative of an idle state of said elevator and outputting
load detection data indicative of said idle state, a first
cbmparator for comparing said locad detection data _outputi;ed

15 from said idle detection unit with said mim‘m.um value stored
in said maximum/minimum value detection unit and cutputting an
error in load detectioh data generated at said idle state and
a variation in said errdr; an error correcting processing unit
for determining a first correction value for correcting said

- 20 error and said error variation from an output signal of said

. first comparator, correcting a characteristic curve of a
differential transformer by said first correction value, and
applying said first correction value to said load detection

data unit so as to enable an outputting of 1dad detection data

28 by said corrected characteristic curve; a slope operating unit



REPLACEMENT SHEET ' 8 ~detecting a sl ope
fromthe | oad detection data outputted from the |oad detection unit; a
‘'second conparator for conparing the slope outputted fromthe slope
detecting unit with a slope recorded in the |oad detection data unit and
outputting an error in slope of the characteristic curve of said
differential transformer and a variati®n in the sl opqhglgﬁég{HasgggR@ Iskppe
correcting processing unit for determ ning a second cor for
correcting the slope error -and the slope error variati Hmm m[E rom

t he second conparator, correcting the characteristic ¢

differential transformer by the second correction value, and applying the
second correction value to the |oad detection data unit so as to enable an
out-putting of |oad detection data according to the corrected
characteristic curve; BRI EF DESCRI PTI ON OF THE DRAW NGS

Q her obj eckgraggeraRiriss aOls10pR FPYANEAPE Yohl BEEABE|onadREd eitpuerRdhe
fol l ow ng description of enbodinments with reference to the acconpanyi ng
drawi ngs i nfwbmchsaid 1ocaBl Glefle¢sianVvievi bf & ceecend onanpaecagbt for
det ecting apparatus for an el-evat or; FIG 2 is a characteristic
curve il | useeapang nah saidos Tiope ou@aatﬁeae(frpahsaa@!asbtaagetepmaf«ms MM bR

in characteristics o{ the differential transformer of FIG 1;
with a ope recorded in said lToad detection data unit and

5 outputting an error in slope of said characteristic curve of
said differential transformer and a variation in said slope
error; and a slope correcting processing unit for determining
a second correction value fof'correcting said slope error and
said slope error variation outputted from said second

10 comparator, correcting said characteristic curve of said
differential transformér by said second correction value, and
applying said second correction value to said load detection
data unit so as to enable an outputting of lcad detection data

—

by said corrected characteristic curve,

15
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and agpects of the invention will become
apparent from the following description of embodiments with
20 referance to the accompanying drawings in which:

FIG. 1 is a view of a conventional weight detecting

apparatus for an elevator;

FIG. 2 is a characteristic curve illustrating an error in

load detection data caused by variations in characteristics of

25 the differential transformer of FIG, 1: '



9 . FIGS, 3 and 4 are bl ock: di agrans of an el evat or _
detecting apparatms for an elevator in accordance with the present |
“invention, respectively; FIG 5 is a block diagramof an error
correcting 5 processing unit of FIG 4; FIG -6 is a
characteristic curve of a differential transforner enployed in
accordance with the present invention;® FIG 7A is a diagram
illustrating functions P, Z and Nto whi ch the an error and an error
variation belong; 10 . ~ FIG 7Bis a diagramillustrating a
correction value K of | oad detecting data and fuzzy sets VL, L, M
S, 'and VS; and - - FIGS. 8 and 9 are diagrans respectively

il lustrating the procedure of inferring the correction value Kin a
fuzzy inference unit of a fuzzy control unit of FIG B. 15

DETAI LED DESCRI PTI ON OF ‘THE PREFERRED EMBCDI MENTS - " Referring
Lo FLCS 310 %1828 driy ol bHE! BROEK dfbd¥dhe of an PRIVEEIEIdHNdL filg 2

wei ght detectlng apparatus for an el evator - - In accordance wththe

present idppuva€ds forlhag ewiVEY¥or in acw@@ﬁwguﬁmﬁrahus prﬂé?éétdes
t he sane construction as that of t he conventional apparatus shown

in FIG 1,irexarepioforrésdpectively;construction of the A/D converter unit.
For the sinplicity of description, only the construction, of the
AD converter (k€. % is i |blpekdediagben whf| &m RAROT edSQre'“s%‘?‘i'mﬁl on

wth reference
5 procesgsing unit of FIG. 4;

FIG. 8 1is a characteristic curve of a differential
transformer emp\oyed in accordance with the present invention;
FIG. 7A is a diagram illustrating functions P, Z and N to
which the an error and an error variation belong;
10 FIG. 7B is a diagram illustrating a correction value K of
load detecting data and fuzzy sets VL, L, M, S, and VvVS; and
FIGS. 8 and 9 are diagrams respectively illustrating the
pracedure of inferring the cor:rectic_:n value K in a fuzzy

inference unit of a fuzzy control unit of FIG. 6.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIGS. 3 to 5, there is illustrated an A/D
converter unit of a weight detecting apparatus for an elevator
20 in accordance with the present invention. This weight

detecting apparatus includes the same construction as that c:‘ll=
the conventional apparatus shown in FIG. 1, except for the
construction of the A/D converter unit. For the simplicity of
description, only the constructien,bf the A/D converter unit

25 will be described while a detaitled description with reference



10 to other units will be onmitted.’ ' ~ As shown in
FIGS.-4, the A/D converter ;unit 5 corrprl ses a |l oad detection data
unit 10 for operating a passenger’ wei ght detection signal y
outputted fromthe differential 5 transfornmer 3 (FIG 1) in the form
of a percentage wei ght of a rated | oad of the el evator and
outputting the resultant | oad dé@ection data X% .a maxi mum m ni num
val ue detection unit 20 for recording the maxi mum val ue MAX% and t he
m ni mum val ue M N% of the | oad detection data X% an idle detection
unit 30 10 for detecting an elevator state signal S indicative of an

i dli'e state of the elevator and outputting |oad detection data X%
indicative of the idle state, a first conparator 40 for conpari ng
the | oad detection data X% outputted fromthe idle detection unit 30

with the mignigBHaN AP Wb Steeesmittéde 15  maxi nunt mini num val ue
detection unit 20 apd outputting an error ENL in | oad detection

dat a generat ed s dhewh di )¢ St@se 4, the ApD tbevertentunitng sowmriiadson
CENL in the error, an error . correcting processing unit 50 for

det er mi ni &g Boadr deMddmion data walide 10 f forcopeeating t Ae PASSENIEN Sand
the error variation 20 CENL from an output signal -of the first

conpar at owedi@hta detpetion S‘lgmbra(t ioutriktedofrem dhe adiffeseantoR
[err] fromthe | oad tection data X%outputted fromthe | oad

det &ct i on wnansfermer 3 (FIG sééof‘lﬂ EBﬂpﬁPﬁﬂ‘oP 78 PBFCEBtAss M& e Ahpe
Fecor ded hraed 10ag ofohecer SKAFOR YA AL OGN LT AP or
ENL in detection data X%, a maximum/minimum value detection unit 20
for recording the maximum value MAXX and the minimum value
MIN% of the load detection data X%, an idle detection unit 30
10 for detecting an elevator state signal S indicative of an idle
state of the elevator and outputting load detection data XX
indicative of the 1idle state, a first comparator 40 for
comparing the 1oad detection data Xx outputted from the idle
detection unit 30 with the minimum value MIN% stored 1n“£he
15 maximum/minimum value detection unit 20 and outputting an
error ENL in load detection data genefated at the idle state
of the elevator and a variation CENL in. the érror, an error
correcting processing unit 50 for determining a correction
value K for correcting the error ENL and the error variation
20 CENL from an output signal of the first comparator 40, a slope
operating unit 60 for operating a slope 8 from the load
detection data XX outputted from the load detection unit 30,
a second comparator 70 for comparing the slope 8, outputted

from the slope coperating unit 60 with a slope 90 recorded in

25 . the load detection data unit 10 and ocutputting an error ENL in



a- si-ope’ of _a.charasteristic=ttrve-of-the-differential =~ = transfornmer 3
(FIG 1) and a variation CENL in the error, and . .-slope correcting
processing unit .80 for{ determning a corrkction value L for
correctirng the error ENL and the error 5 variation CENL outputted from
t he second conparator 70. As shown in"FIG 5, the error
correcting processing unit : 50 cdﬂprlses a fuzzy control - unit FLC for
controlling a fuzzy anbiguity of human being' s logic. The fuzzy.
control unit FLC includes a quantization unit @ for quantizing the
error ENL 10 of the load detection data and the error variation CENL,

a fuzzy inference unit FR for classifying an output  signal of

the quantization-unit Qn by a function to which the out put si gha
bel ongs, so as to express the output S|gnal by a fuzzy set, and
inferring the classified output si naI rules RL1 _15 t ,{%9, and a
numeri cal | y8pr 82€8€ n§fundt ehafse ﬁﬁhﬁ?yﬁal?Vrve of $F%xxé§ 3r%mt1al

Ut put 1§ ng. ErBORreEmedn 3, LFFe k1) aRa aVEFidlihe crup incFhEcErigrs Ak
&80 o' {
P onetroct Dol Tbbel) ¥ 2 ddbddesing  unflidd) ﬁﬁcei‘ﬁ?%ﬁﬂuﬁ?fgiggﬁ

Qperation ofokha iRl AlcP ! iFB9 BBPREEE VA I%n@cgpr-aanm_ and the“&FPort he
present invention wll now be describe in conjunction with

FIGS. 53 t0 Qariation CENL SHESUELERSEIIRNS S6EGH comesratorsignal y
fromthe 25 differential transfornmer 3 is applied to the |oad
det ection As shown in F1G, 5§, the error correcting processing unit
50 comprises a fuzzy control unit FLC for controlling a fuzzy
ambiguity of human being’s logic. The fuzzy control unit FLC
inciudes a quantization unit Qn for quaﬁtizing the error ENL
10 of the load detection data and the error variation CENL, a
fuzzy inference unit éR for classifying an output signal of
‘the quantization unit Qn by a function to which the output
signal belongs, so as to express the output signa] by a fuzzy
set, and inferrng the classified output signal by rules RL1
15 to RLS, and a numérica11y—processing unit DF for numerically
processing an inference determined by the fuzzy inference unit
FR and thereby outputting a correction value K.
" The slope correcting processing unit 80 comprises a fuzzy
control unit having the same construction as -that of the error
20 correcting processing unit 40.

Operation of the weight detecting apparatus in accordance
with the present invention will now be described, in
conjunction with FIGS. 3 to 9. .

When a passenger's weight detection signal y from the

25 differential transformer 3 is applied to the load detection



12 : data unit 1¢ of the A/D converter unit 3~after an initia

installation of an elevator, the |oad detection data unit 10 out put s
| oad detection data X1% by operatlng_the fol |l ow ng equation: . 5

[err] In the equation, [err] stands for the slope of the
characteristic curve PQ of the differean transforner 3. 10 The sl ope
[err] can be derived fromthe foll ow ng &quation: [err] The
characteristic curve PQis one having been subjected 15  to an

adj ustment. \Where the weight of passengers in the car 1is the
rated |oad of the elevator, the adjustnent is achi eved such that
the output voltage Y fromthe differenti al - transformer 3 corresponds
to Ya. In this case, the initial val ue is set by the maxi mum val ue

MAX% cor r &%ﬂ%ﬁl&t%l%g?on@@ A/DOEohbRrtadd ifiecs aftedalan Xenitisn the
J

ot her han ustnen at the idle state is achi eved such that

the - 0utpuhnsta11aﬁ@&ﬁfﬁﬁféﬁférEQéEErdlﬁﬁ@fﬁ@&daaetéaﬂséﬁrdnta3unotreeponds
to Yb. Inthis case, the'initial value is set by the m ni num

val ue M Néuagiues progiindetteciion ddta ol Het eperat ide dbe. fo2Sowing
For respective passenger' s wei ghts corresponding to the
equation:

In the equation, 8 stands for the slope of the
characteristic curve PQ of the differential transformer 3.

10 The slope 6, can be derived from the following equation:
8, = tan'(xa - Xb)/(Ya - Yb)

The characteristic curve PQ is one having been subjected

15 to an adjustment. Where the weight of passengers in the car
1 98 the rated 1load of .the elevator, the adjustment is
achieved such that the output voltage Y from the differential
transformer 3 corresponds to Ya. In this case, the initial

value is set by the maximum value MAXX corresponding to 100%

20 of the 1load detection data Xa. On the other hand, the
adjustment at the idle state is achieved such that the outpuﬁ
voltage Y from the diffarentja1 transformer 3 corresponds to

Yb. In this case, the initial value is set by the minimum

value MINX corresponding te 0% of the load detection data Xa&.

2s For respective passenger’s weights corresponding to the



lg ~rated load, the idle load, and the 1/2 load, |oad detection
data Xx ar.e set by. Xa (Xa —(W% Xb (Xb = MN® and [err] whi ch

ate val ues on X-axis of the characteristic curve PQ of the

differential transforner 3, respectively, as shown in FIG 6. 5

TIHe | oad detection data X1 is applied to the maxi mund m ni num -
val ue detection unit 20 so as to outputl3the maxi num val ue MAX% and

t he mi ni num val ue M N% of the | oad detection data. The naxi num

val ue MAX% and the m ni mum vaI ue M N% are stored. 10 On the
other- hand, when a passenger's weight detection signal y fromthe
dlfferentlal transfiornmer '3 is applied to the |l oad detection data
unit 10 of the A/D converter unit 5 during an dperation of the

el evator, the-duwad Teaest kAR datia Umiald,1&nd the ™R pldad| oddadededriodion
data X2 by operating the foll ow ng 15 equation: [err]

I n the - equat idita X rdretssnidyf ar (Xa sl BAXXd] Xhe(XB0= MIRHKArand eXj shich
curve PQ of the differential transforner 3. The slope [err] can be
derived fromdie eqlaesomn eraqis of theXlg)'xp(r‘mtermﬁ.)w cunve Berpéciting
values K and L can be calculated in the error correctin
processi ng urdtfoerentiehetransformerope mﬁﬁ%‘ﬂ\f@hp-ro%%s%hw u‘rﬂt , 8-

respectively. Wien | oad 25 detection data i s det ect ed b th(f: gl ti %l. J
set Ché‘ acteristi CThe Yoad detection dat 11

maximum/minimum value detection unit 20 so as to output the
maximum value MAX¥ and the minimum value MIN% of the locad
detection data. The maximum value MAX¥ and the minimum value
MINX are stored.

10 On the othér hand, when a passenger's weight detection
signal y from the differential transformer 3 is applied to the
load detection data unit 10 of the A/D converter unit 5§ during
an operation of the elevator, the load detection data unit 10

outputs load detection data X2 by operating the following

15 equation:
X2% = ) * Y(1 +L) + Xg(1 - K)

In the equation, 6, stands for .the slope of the

20 characteristic curve PQ of the differential transformer 3.
: The slope 8, can be derived from the equation: eo = tanq(Xa -
Xb)/(Ya - Yb). The correction values K and L can be
calculated in the error correcting processing unit 50 and the

slope correcting processing unit 80, respectivaly. when load

25 detection data is detected by the im"t'iaﬂy set characteristic

.t
HEN



The load detection ‘data X2-is applied to the " axi mum mi ni mum
val ue detection unit 20 so as to output the . maxi mum val ue MAX% and.
the mni mum value M N% of the load 5 detection data. The maxi mum val ue
MAX% and t he mi ni num val ue . MN¥%are stored again. When

t he out put voltage of the differential 14ansformer 3 at the idle
state is changed fromthe value Yb to the val ue "Yb2 due to a
variation in characteristic, as shown by the 10 characteristic curve TB
of FIG 6, an error- ENL in load - detection data and a variation
CENL of the error are - generated. In this. case, the |oad
detection data error, its . error variation, an error in the slope of
t he defornme C terd Sk i r Vadpatzérp Ar e
corrected b%urff pQ't @?gr?é%t%%ﬁr-gﬁﬁ@aﬂdéw?Lﬁréegoetét i vely outputted
fromthe e OF 1604 e ddtiLPIffesapg U2 5 andppiitedl opd  the
correcting processing unit 80. ) A .nmet hod of nonitoring
the | oad dehRGtimematAiAunPVUAled detectiohr amith@OAlsD aenver tastiut the
according to the state of the 20 el evator may be considered to be
used. | n thisx omse, vadwevaiAX% and then mdrrionsoua st MINSnoff thedload
detection data may occur when the characteristic of a | oad

det eci on dalgteectionidats. The maximureyaTHe MAXE and, thacmiRimgy value

detecting the idle state . fromthe elevator state signal S is used
i n accor dandBN¥ tarepgtored; pgaipasent invention.

1'415~ . curve PQ both¢he correction values K-and £ are zero.

wWhen the output voltage of the differential transformer

3 at the idle state is changed from the value Yb to the value

Yb, due to a variation in characteristic, as shown by the

10 characteristic curve TB of FIG. 6, an error ENL in load

detection data and a variation CENL of t.he error are

generated. In this case, the load detection data error, its

error variation, an error .in the slope of the deformed

characteristic curve and its error variation are corrected by

15 the correction values K and L respectively outputted from the

error correcting prbcessing unit 50 and the slope correcting
processing unit 80.

.A method of monitoring the load détecting data outputted

from the A/D converter 5 according to the state of the

20 elevator may be considered to bhe used. 1In th;s case, however,

an er?oneo'us detection of load detection data may occur when-

the characteristic of =2 load detection device itself is

varied., To this end, the niethod of detecting the idle state

from the elevator state signal 8 is used in accordance with .

25 the present invention.



"126 el.evator state signal.. S is outputted from the- - el evat or
rhen the el evator is not mbved for a pr edet er m ned “. time of, for
* @xanpl.e, ‘not |ess than 30 seconds while being mai nt ai ned with door

| osed at a normal operation state other 5 than a mai ntenance or a
fiailure. This elevator state signal Sis applied to the idle
detection unit 30 which, in turn, 15 outputs | oad detection data .
i'ndicative of the idle state. In the first conparator 40, this |oad
detection data is conpared - with the mninumvalue MN%initially set
and-stored in the 10 maxi.ounm m ni num val ue detection unit 20. By the
conpari son, " an error ENL indicative of the difference between the
| oad, - detection data and the mnimumvalue MN¥%and its error

varicati on CENL amgefepi¥odtor TBEaderiypsn&iros BN autputted from ether
variation CENL are then applied to the error correcting 15 processi ng

unit 50. elevator whéme the retévatoof is haodr mayveENfaanmd t preedetermined
vari ation CENL is executed by the fuzzy control unit FLC which
controls time of f ufey exdmglesynot higas bbang39 |segonds while being
That is, the error, ENL and the error variation CENL are 20 def.or ned
into a fuzzpedetagpeche idhafderracionegnat aNnorPRd operatiop SEATENPLARE
cl asebt i ed’ BY=RuACAIOTEanaE el 8 (4P Lhve: { ninis elevafft FEgRe Shenehe
The quanti 25t 1n AT TEh S5 the idde sehemtioR bREt, 39T P b eEER PR
and then injERRets 10ad detection data indicative of the idle state. In
thelfirst comparator 40, this load detection data is compared
with the minimum value MINX% initially set and stored in the_
10 " maximum/minimum value detection unit 20. By the comparison,
an error ENL indicatiye of the differesnce between the 1lopad
detection data and the miniﬁum value MIN% and its error
= variation CENL are derived. The derived error ENL and its
error variation CENL are then applied to the error correcting
;5 processing unit 50.
The correction of the error ENL and the error variation
CENL is executed by the fuzzy coﬁtro] unit FLC which controils
a fuzzy ambiguity of human being’s logic.
That is, the error ENL and the error variation CENL are
20 deformed into a fuzzy set by the quantization unit QN. The
error ENL and the error variagion CENL expressad by the fﬁzzy
set are then c}assified by functions P, Z and N to which the
error ENL and the error variation CENL belong.

The output-signaT outputted from the quantization unit Qn

25 is received in the fuzzy inference unit FR and then inferred



16 - . . by a defined rule RL. In accordance with the used rule RL;
when both the error £NL and. {the error variation CENL aré ' negative
(N). a fuzzy set VL for providing a very |arge correction value Kis
sel ected, as shown in FIGS. 8 and 9. In 5 simlar, other rules, nanely,
a fuzzy set VL (very large), a fuzzy set L (large), a fuzzy set M
(medium, a fuzzy set S (small) %hd a fuzzy set VS (very snmall) may
be inferred, based on the used rule RL, when both the error ENL and
the error variation CENL. The inferred fuzzy set is applied to the
10 nunerical l y-processing wunit DF which, in turn, outputs a
correction value K ’ For exanple, when both the error ENL and
the error variation CENL are -0.8, five rules RL1 to RLS

correspondi ng to the fuzzy sets N and Z for the error ENL and the

fuzzy sets b¥sa dafifipf 7yt Rhe efPorcoardanrenwitRL thee Uil blasRie
out put th§¥§§{fection valug K. On the,other hand, the
char act eri stP8Nc ofhenerror ENYi and Wi aPriPAnsYRF HaF 18N SENdf oRFRd

to a characteri%tic curve RS of can he found that_both

FI G it
the load 20%9@ d¥Bectidn ablafﬁzz%{t S5t v+d|fgir !sPﬁP(g‘déﬁ'a the V@ dpeldF et he
char act er SELE - GRINGHALE VAT keﬂ?s-sghgcyéé@peaefsgoow W F B"8nd 9. 1n

error variatron [err] are corrected a tofre i'on val _ _
oL eCe o PTHIRL BARRAR d RIL, g VAR
using the ceuge¢t igdt vidl UeaKge), a fuzzy set M (medium), a fuzzy set S
(small) and a fuzzy set VS (very small) may be inferred, based
on the used rule RL, when both the error ENt and the error
variation CENL. The inferred fuzzy set is applied to the
10 numerically-processing unit DF which, in turn, outputs a
carrection value K.

For example, when both the error ENL and the error
variation CENL are -0.8, five rules RL1 to RL5 corresponding
to the fuzzy sets N and Z for the error ENL and the fuzzy séts

15 N and Z for the error variation CENL are used so as to output
the correction value K.

On_ the other hand, the characteristic curve of the
differentia1ltransformer 3 is deformed to a characteristic
curve RS of FIG. 6, it can be found that both the 1load

20 detection data at the idle state and the slope of. the
characteristic curve are varied. The slope error £6 and the
error variation CE® are corrected by a correction value L
determined in the same manner as in the above-mentioned
correction procedure of the error ENL and the error variatibn

25 CENL achieved using the correction value K.



17 - The correction values K and L are applied to the |oad
detection data unit 10 againi: In the | oad detection data unit : 10,
| oad detection data X2 is detected using the foll ow ng . equation: 5

[err] As mentioned above, the |oad detection data operated by
the characteristic curve of the differential transfornmer 10 corrected
by the correction values Kand L is stofdd in the | oad detection

data unit 10 again. The corrected characteristic curve
is used for detection of |0dad detection data. Accordingly, "it is

possi bl e to al ways accurately detect t he wei ght of passengers ridden
in the car, even if an error 15 I n passenger's-wei ght detection may
occur due to a variation inthe initially set characteristic curve
of the differentTwé correctlivandalueer K3.and L are appAdegpdar cvhe f 1oadt he
above description, the present I nvention provides a wei

! ht
det ecti ng ajteetionfdataunD 10 agadwnat ofn ctipabl eaddei@atdan g tdn usiitor
i n passenger's wei ght occurring due to varjations

in .
charact eri std csloadadededtion data ¥2bi &t idsteqtashdts ingdthe 4fpddPeing,)

transforner, thereby achieving a correct weight detection.
Al t hough t rreayreiented embodi ments of the invention have 25 been
discugsed for illustrative purposes, those skilled in the

X2% = GO*Y(1 + L) +X°(1 - K)

As mentioned above, the load detection data operated by

the characteristic curve of the differential transformer

10 corrected by the correction values K and L is stored in the

load detection data wunit 10 again. The corrected

characteristic curve is used for detection of load detection

data. Accordingly, it is possible to always accurately detect

the weight of passengers ridden in the car, even if an ergof

15 1n passenger's weight detection may occur due to a variation

in the initially set characteristic curQe of the aifferential
transformer 3.

As apparent from the above description, the present

.invention provides a weight detecting apparatus for an

20 elevator capable of correcting an error in passenger's weight

occurring due to variations in characteristics of an anti-

. ‘vibration rubber and a differential transformer, thereby

| achieving a correct weight detection. o
Although the preferred embodiments of the invention have

25 been discliosed for illustrative purposes, those skilled in the



8 - art will appreciate that various nodifications, additions

and . . substitutions {are possible, wthout departing fromthe scope
and spirit of the invention as disclosed in the acconpanyi ng
cl.aims. 5 10 .15 20 25

18

art will appreciate that various modifications, additions and
substitutions are possible, without departing from the scope
and spirit of the invention as disclosed in the accompanying

claims.

10

15

20

25



19 CLAI M.l - - A wei ght detecting apparatus for an elevator,
vad detecting data unit for ‘detecting |oad

det ecti c”“ﬁ zﬂuﬂll im”lﬁ o of a wei ght of passengers riding in a car of the
el evat of the el evator and out putThisfpe UheB&ﬁ ldﬁdectlon

dat a; a maxi mum ni ni num val ue_det ecti on un| ng a
maxi num val ue and a m ni num val ue of tht | oad detectl an
i dl e detectLATMEnit for detecting an el evator state. signal: |nd|ca i ve of

an idle state of the elevator and outputting |oad det ection data

I ndicative of the idle state, a first conparator for conparing
the |l oad detection data outputted fromthe idle detection unit wth the

ni ni mum- vhkue stofed Vaight nHRLEGHLRON ARRAALRS defQEti &2 urflevdtor,

outputting an error in |load detection data generated at said idle state
and a vari GPPBR*PAEBHe error; an error correcting processing

t °f det f t { t d
Phe er por “var att an 1eRgh ERFeoERhEraALS Y o] BbpRREiRY 1 880! A6e ELEDEN"
Frrst cor CARRAOBYS S Bddid Cof L VGeBinf, Of | pERERGRs NI T o Yok 6e
| oad det ecrcheneﬂa%atw Eosa Aotdd 15NRRI2 tAR BibRYLb"Anaf ohegduéshgcfﬁhen

data according to the <corrected characteristic curve; sl ope
detecting LbkH Hetedtiigs idgkay Sl ope fromthe | oad detection dat a
outputted fromthe | oad detection unit; a second conparator for

conparing the slopea cuapimtmfminimum value detection unit for recording
a2 maximum value and a minimum value o.f the load detection data:;

an idle detection unit for detecting an elevator state
signal indicative of an idle state of the elevator and
outputting load detection data indicative of the idle state,

a first comparator for comparing the load detection
data outputted from the idle detection unit with the minimum
{'alue sﬁored in the maximum/minimum value detection unit and
outputting an error in load detection data generated at said
idle state and a variation in the erxor;

an error correcting processing unit for determining a
first correction value for correcting the error and the error
variation from an output signal of the first comparator,
correcting a characteristic curve of a differential transformer
by the first correction value, and applying the first
correction value to the locad detection data unit so as to
" enable an outputting of load detection data by the corrected

characteristic curve;

a slope operating unit for operating a slope from the

load detection ddta outputted from the load detection unit:



fromthe slope detecting unif~with a slope recorded-in theylqad G3 | o
dat a H",m}ﬁmﬂmgﬂ ging an error in slope of the char a’c'?réhls 'tHg%te&%ebQ%d i
sai d mmHsforner and a variation in the sl opeLH Hl“ﬂmlmm :

a sl opé corrtecti n§ processing unit for d%erm’ ning a second@UYrINED il IER-:
value for correcting the slope error and®“the slope error variation =~ =

tputted fromth . . Lo

of the aifferential s PAsRERoPRapPaEStpr, EGk SRR her el R dlgutebd®
| ying t i b Corst d

o ehanie ot o AT SPACNLER, o BloR8 FhcoPRelIA R ARRT°

characteri sdé€e6ti%¥f. data? unit and AouE€hWbEifgt A! idi&aP PR akIspeN of the
accordance with claim 1, wherein said error correcting processing unit

conpri ses achénaeperdstic auvve faf sgabdr dilfifegentfials ytrnfis forngrofaddingn
being's logic, the fuzzy control .unit serving to determ ned the first
corretti on variation 3n the slopewexgbr;dendcti ng apparatus in accordance
with claim 1 wherein the slope correcting processihng unit conprises a
fuzzy control unit Porslapn reprrerting procesdingi vpist fermdleteminting a

| ogic, the fuzzxdcontrol ni t sgrvi ng to determ ne& sajd second correction

val ue, geecond cogregtiop va }%?eé ¥ riRPTRRHE T U GM%rﬁ¥ﬁ?F yAand sthe
described hefgin WU L el SLERE O CoblBuRES AN "thE' GULE30% comparator,

correcting the characteristic curve of the differential

transformer by the second correctiocn value, and applying the
second correction value to the load detection data unit so asg

to enable an outputting of load detection data by the corrected

characteristic curve.

2. A weight detecting apparatus in accordance with claim
1, wherein said exror corrxecting processing unit comprises a
fuzzy control unit for controlling a fuzzy ambiguity of human

being‘’s logic, the fﬁzzy control unit serving to determined the

first correction value.

3. A weight detecting apparatus in accordance with clain
1, wherein the slope correéting proc_essiné unit comprises a
fuzzy control unit for controlling a fuzzy ambiguity of human

being’s logic¢, the fuzzy control unit serving to determined

said second correction value.

4. A weight detecting apparatus substantially as described

herein with reference to the accompanying Figures 3-9.



