“USI'NG FUZzZY LOG C TO DETERM NE THE NUMBER OF PASSENGERS ENTERI NG AND
EXI TI NG AN ELEVATOR CAR This invention relates to-.the field of elevators
and nore particularly to the field of elevator control software. The use of
advanced el evator dispatching algorithms requires accurate information

i ndi cative of the nunber of passengers eﬁterlng and exiting an el evator . car
at each stop. A weight sensor in the car can generate a signal indicative
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entering at a stoffhssntevemeliowirpitatiexcwatheofiedtiepiftnglpaatengeandcan be
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i nvention in eterm ni e nu passengers entering and exiting
an el evat or ERLTYRTBach stop. According to the present invention, a first,
second, and third fuzzy logic set represent tenporary estinmates of t he
nunber of passengers entering an el evator car at a stop wherein said first
set depends upon whether the car stops at the floor in response to a hal
call, said secondTaet uge dftadvanzafl Blevehomidigeekehingbedgofrithnscal |
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indicative of the weight of the passengers and hence can
be used to determine the number of passengers.
For various reasons, it is impractical or impossible
- to accurately measure the weight of passengers while the
car is loading or unloading at a stop. Although it is
possible to determine the number of passengers in the car
either before or after the stop, these quantities cannot
ve used to directly determine the number of passengers
exiting and entering at a stop since the weight increase
of entering passengers can be canceled by the we%ght_
decrease of exiting passengers. )

Objects of the invention include determining the
number of passengers entering and exiting an elevator car
at each stop.

According to the present invention, a first,

and third fuzzy loglc set represent temporary
of

second,

Y estimates
the number of passengers entering an elevator car at a

stop wherein said first set depends upon whether the car -
stops at the £ floor in response to a hall call, said

second set is determined by examinin
call buttons which are
the stop,

g the number of car
pressed after the car denarts from -
and said third set is based upon the number of



fauzzy«l ogi c set represent tenporary estimates of the nunber of passengers
exiting an elevator car at a stop wherein said first set depends upon

- whether the car stops at the floor in response to a car call, said second
set is determ ned by exam ning the nunber of car call buttons which are
pressed before the car reaches the _stop, and said third set is based upon
t he nunber of passengers in the~ca? b&fore the stop and the nunber of

passengers in the car after th 0 Ilnthis s i £4 st at enent
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illustrates operation o ortion el evator_control software. FIG 2 is
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FIG 3 isa@ fhoversss iﬁlt@ﬁs&ﬁé@gt@p@r@&roaapi as&@dgb'écblﬁﬁersléﬁ:e'[ ation
software podule. F]G's 4A and, 4B ars?%rag s ill stratlng b fuzzy logic
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nunber’ of {PASSLRILEEer the stop.

In this specification, the statement that a number is
between two other numbers includes the possibility that the
number may be one of the two other numbers, i.e. it includes

the ends of the range.

The foregoing and other objects, features and -
advantages of the present invention will become more
apparent in light of the following detailed description
of exemplary embodiments thereof, as illustrated in the
accompanying drawings , wherein:

FIG. -1 is a dataflow diaéram that illustrates
operation of a'portion of elevator control software.

FIG. 2 is a graph illustrating empirically observed
elevator weight loading data..

_ FIG. 3 is a flowchart illustrating operation of a .

weight interpretation software module.

FIG.'s 4A and 4B are graphs illustrating a GE fuzzy
logic function.

FIG.'s 5A, 5B, 5C, and 5D are graphs illustrating .
BETWEEN and TAPER fuzzy logic functions. o



- entering an elevator car at a stop, PENTER, and the nunber of passengers
exiting froman elevator car at a stop, PEXIT. Boxes on the diagram 20
i ndi cate program nodul es (portions of the elevator control software) while
¢ cylinders indicate data el enents (portions of elevator control data).
Arrows between boxes and cylinders indicate the direction of the flow of
data. Unlike a flowhart, no portion of the-dataflow diagram 20 i ndi cates
any terrporal r I @hsis s Hlstweteact hiellftastmnsimmcmbmtjéonebgha

|nterpret eHﬁQH'Ea@%uﬁ%tB&o M th a WEIGHT signal froma weight
sensor |oc I'h the T1oor evator car. The magni tude of the wei ght

si gnal |s proportlonal to the anobunt of weight resting on the floor of the

el evat or, CgéstThgdéEEg&tch&&gﬁ@@ﬁbﬁﬁ(ﬁhéﬂxﬁﬁg&t&%nalso receives input from
an. observed \Ae%f]ﬁt%da,ta el ement 24, whjch Iﬁf de crl bed in nore detail
herei nafter. 9 i %R 1 et bt | DrEADIET RV t#2 WEI GHT signal and
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estimate i s provi I nterpretation no to a PAFT data
el enent 27SEPPy hBE%éTght Boxes settdhg. sHasdn @ Ainddcafhe d—’rIfQQr%Enst op.

Using the gpbaansed (W:ﬂﬂtor@t&f edr@%ltex%tcﬁn@dﬁtero\ﬁlseﬂﬁzg@ﬁlwﬁm@stl mat e
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passenger eahtibat aata)dul aﬂﬂawsﬁxﬁﬂﬂe@ﬁu&ﬁ:ﬁsy’aﬂia dylﬁﬁdﬁf&&is signal, and
a STOPS sighal oake ¥n® d1nUeieth B 'Y IA &P S QRS e 168! gul ator
flowchart, no portion of the dataflow diagram 20
indicates any temporal relationships between the various
modules. | .
A weight interﬁretation module 22 is provided with a
WEIGHT signal from a weight sensor located in the floor
an elevator car. The magnitude of the weight signal is .
proportionél to the amount of weight resting on the floor
of the elevator,car. The weight interpretation module 22
also receives input from an observed weight data element
24, which is described in more detail hereinafter. The
weight interpretation module 22 uses the WEIGHT signal
and the observed weight data element 24 to estimate PBEF
and PAFT, estimates of the number of passengers in the
elevator car before the stop and after the stop,
respectively. The passenger estimate is provided by the
weight interpretation module 22 to a PBEF data element 26
. 1f the weight interpretation module 22 is run before a
~stop. Similarly, the passenger estimate is provided by
the weight interpretation module 22 to a PAFT data
element 27 if the weight intefpretation module 22 is run
after a stop. Using the observed weight data element 24
and the WEIGHT signal to estimate the number of car
passengers is discussed in more detail hereinafter.



- nodul e 28. The HALLCALLS signal indicates which hall call buttons have been
Simlarly, the CARCALLS signal indicates which car call buttons
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the number of passengers entering the car in a PENTER
data element 30 and stores data indicative of the number
of passengers exiting the car in a PEXIT data element 32.
The PENTER and PEXIT data elements 30, 32 can be accessed
by follow-on elevator dispatching processes.

The weight interpretation module 22 transforms the

'WEIGHT signal into an estimate of the number of car

passengers by using fuzzy logic, a branch of mathematics
closely related to basic set theory and logic. Fuzzy

-logic involves using sets having basis elements which are

only partially contained therein. For example, whéreas a
traditional set C may be defined as (X, ¥, Z)}, a fuzzy
set F can be defined as { .3!X, ..7]¥, .1!2} wherein the
numbers which precede the vertical bars indicate the
degree of membership of basis elements X, Y, and Z.  The
quantity .3!X is called a term of the fuzzy set. The
basis elements X, Y, and Z can represent numeric or
non-numeric quantities. In cases where the basis )
elements X, Y, gnd,z represent numbers, the value of a

basis element or the value of a term is simply the

numerical quantity represented by X, Y, or Z. A crisp
value is any value or system of values which does not
employ fuzzy logic. A thorough discussion of basic fuzzy

K J.,
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Nat ural Lanauage Conputations, and Ri sk Analysis, Conputer Science Press, -
Rockville, Maryland, 1984. A fuzzy logic set can be used to represent a

quantity wherein the basis set is indicative of all of the possible val ues

for the quantity and the associ ated degrees of nenbership represent the
relative likelihood of some event or condition, such as the likelihood that
the quantity equals each of the basis values. For exanple, the nunber of
passenger%qharbam DAt ESuRdr i€ WchRuERSF SSRNL 8d, aputhe ée&gy, set ~{ .3|2,
.5|3, .74 } |nd|caténb t hat . there 1§ 17 hE al | ye el i hood t hat
there are Yalgihal Jan Qutatio CeARaly =ood that there
are three q;anmﬁm;er&clend:élem:ess, aRo&’kVElhe; vnarykehdhomdeuhat there are
four passenger e re v [ are
five passenger§ #ﬁz%g ISQEC %\Igg'h%ﬁm bt gg ds%t?ls& ?Ee%%?% nafarit er ex‘%f ai ns
i npl enent ahereigetthe dasigpeett i%)nlml@ﬂt‘lvaz@ﬁ a3}t ef) thech of the
i pl ement gid 4y 1R L@k OFBE CEh &Yqh &RE StPhARE {:ﬁénﬁéébél@tﬂﬁ level fuzzy

logic statenents into conpilaple conputer® code. One such developnent tool
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Inc., of léfideme Cék}érfx’@r@racoﬁ\@iﬁfloﬁpny@éﬁsaéU£§¥ L ogbrinbatiernaks into
conpi | abl e .C code., .The observed ata eIenen#P24 shown in FIG 1 can

be const r I FIRT G R TES t 8BF ngaE?ﬁgbi?bﬁaE? BPes afRd distributions
of peopl e'sxamplght sthd heunlaénl af epaslaeéngess uspdahoetenmatpucttazr plam al ity of

fuzzy sets,d hat laégeﬂgédési |gh£h§u9?§e @d wehggt dgﬁg el gmant %4 Each of

the fuzzy sets correspon t6 a par passehger fcount ! For dich set,
t he degreeks ckndigaieinrgi phat %@%ﬁeoisthe 3erﬁ%atéﬁﬁeééhglﬂbopﬁethﬁ@quency

of a partigidad mwadﬁagéeﬁesrﬁmﬂhélsaﬁl é”dstbélﬁéi'vé el enent s
correspond, {0 the nmagni t'ude of VEEI GHT sighal. Each of the sets can be
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el ement .7 relative likelihood that there are four passengers in

the car} and a .2 relative likelihood that there are five
passengers in the car. ' '

Although the discussion hereinafter explains
implementatibn details of operation of the fuzzy systen,
much of the implementation can be automated by tools :
which translate high level fuzzy logic statements into
compilable computer code. One such development tool is
the Togai Fuzzy C Development System, manufactured by |
Togai Infralogic inc., of Irvine, California, which
converts fuzzy logic statements into compilable C code.

- The -observed weight data element 24 shown in FIG. 1
can be constructed using generic tables having
probabilities and distributions of people's weights. The
tabulated data is used to constrﬁct a plurality of fuzzy
sets that are stored in the observed weight data element
24. Each of the fuzzy sets corresponds to a particular
_passenger count. For each set, the degrees of membership
of each of the terms represent to the frequency of a
particular magnitude of the WEIGHT signal and the basis
elements correspond to the magnitude of the WEIGHT
signal. Each of the sets can be represented as FO(N)
where N is a particular passenger count and each element



- PCMAX, control passes fromthe tes

- 6 - can be represented as FQON, W where Wis a particular weight. FIG 2
is a graph 40 illustrating a hypothetical group of fuzzy sets constructed
by tabul ati ng passenger |oading vs: the nagnitude of the WEI GHT signal. The

-graph 40 is conprised of a plurality of plots 42-53 wherein the plot 42

corresponds to the fuzzy set describing~th® drfferent values of the WEI GHT

signal for Q3¢ fAsHiRlented as M, WhGBLAL #31604T sapeRda ha the fuzzy

set describing th erent val ues of e VI GHT si gnha
passenger s¥edghh. etc. The relative magnitudes of the plots 42-53 indicate

the nunber of tir@s 2 parai §ghph ABORLLuderatihBeaVhyPdtneitarall i s observed
and hence indicate tlﬂgz degﬁree of menbershc> of the terns of the fuzzy sets.
Data i ndi cAHARP G (HEF 1S5 £ FEOCEes G | FPRREEGLES FRT<REFBR: dat a

el ement 24.1dad3ng3 vss. aHeé anmdraitudd of | tisé reE ICHT opbgaslon Dhet he wei ght
interpretatjon.mdule 22, Processi begi ns afir tep- 61 where a
lzzy set IRORE (N P R AT oD (R P et B Rr e o B 51
initializedhexdiavehm plrthst2 Fodroespondsctaetepe 6iuzzyassetep 62. where a
variable r J | e m"]gt LS hRhticali zed to
one. Follogam%\gt elrg?e%y%g%?%fﬁgf@i?g%g&f ereﬁrt:%ée)&/a%ﬁghg?' ?%g _

vari abl e PCN& RAFHRIIRF 4 or FOMAEOC 6l br ctlee P ke hetP cepsraspPondsutoequal to

the maxi MURHYINRAIzPfsDOSEE L] K ihg PSS DL Srent YALhSsNEE gheater than
? ste%) 63 to a step 64 where a term

taken from"EHEHL AT, FX PEyO sBIFIIIFT heF Obdkr vEECnei GRE data el ement
24, is addemellativee damzitedés Y dile puces 4253 chidespbadehko a passenger

e the VROt ety i BAEE R AT BRI IRRRF PhotBr BEBHRS & step 65
where the RGgrml ais eohserived cardtkencdhindicpbe 68hé5degreeepéat edl y
execut ed URfdin RGPS SBESLREMCAL of the fuzzy sets. Data

indicative of the plots 42-53 is stored in the observed

weight data element 24. , .

FIG. 3 is a flowchart 60 illustrating operation of
the weight interpretation module 22. Processing begins
at a first step 61 where a fuzzy set FW(N) (N
representing a particular passenger count) is initialized
to have no terms. Following the step 61 is a step 62
where a variable representing hypothetical passenger
counts, PC, is initialized to one. ' Following the step 62
is a test step 63 where the value of the variable BC is
compared to PCMAX, a predetermined constant value equal
to the maximum number of possible car passengers.

If PC is not greater than PCMAX, control passes from
the test step 63 to a'step 64 where a term, taken from
the fuzzy set FO(PC) stored in the observed weight data
~element 24, is added to the fuzzy set FW. The added term
correspondé to a passenger ¢ount equal to PC and a weight
equal to the magnitude of the WEIGHT signal, i.e., the
value of the FO(PC, WEIGHT) term. After the step 64 is a.
step 65 where the PC variable is incremented. The steps
63-65 are repeatedly executed until PC exceeds PCMAX at.
the test step 63, after which control passes from the
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"~ the test step 63, after ﬁhich control passes fromthe -7- step 63 to a

step 66, where fuzzy set FW the cal cul ated val ue of the passenger count,
is stored either in the PBEF data el enent 26 (if the neasurenent was nade
before the stop) or. in the PAFT data element 27 (if the nmeasurenment was
made after the stop). Prior to discussion of the passenger cal cul ator

-nmodul e 28, it is necessary to discuss a-_vari ety of non-standard fuzzy | ogic

f t I d by th en cal cul at or u e of the
non-st andas HoP UHer FOLR PECBERR] RRFSHIPFGRURES BhfyuShs SALOHASRA L er s

t hat corresabﬂd bﬁ vhéupasgeageer cohiah, oiseqhareﬂoeuahaesuﬁ e ns of a

f t | | e fuzz
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basi s el enbhe $top)eareint bhe BAF@qéatatelementazae(éﬁ Fheermof X. Similar

- hon- Sta”daﬁgaéﬁféﬁ{ehe%ﬁsf Kagk! Qﬁée}:r‘ﬁhédgtgﬂ . LE[X], and LT[ X] which

represent greater, than X, less than or equal " to X, and Iess t han X
respectively. ﬁﬁmaﬁwﬁﬁg4%§qn3§lqﬂA°ﬁat@ﬁaﬁﬁsﬁ?QﬁﬁﬁsQ?RQQ#%N?¥y of bars
72-76 to rﬁ@aﬂientsa fuzip ﬁebeésafpetboangaﬂbal aabei'léfty“@E graph 70

I ndi cates the b? S é inte ers fron1gne to fi H)b t he verti cal
axi s i ndi cBPBsStAB 85§ fuzgy ﬁﬁgrgﬂPﬁ OPBaERP PYF Yer Referring to
FIG 4B, apgsaphgéfH uameumapbnrmbduyeoﬁsbaren829§6the nepatmridard uzzy set

GBI X herehaciBEs 80188 91, TRHRERoAEBaAL 82N cheL ) LA iR he relati ve

i kel i hood val ue*o rea or o the val ue

~of a term berxs Fbateganpesponﬂetpavasaeeogrespsﬁd§hao DmquuaﬁcﬁOGE[X]

having a VghugelofWeePRd 8e0a0kaE-0f sERMRCUARLRIAM headhligles (hal
Okel' Roog" t
there is a O. ative el two is greater than or_equal to

t he val ue EFmBeFéhhpuﬁftﬁér§§t°6ft&$ GE[X] fuzzy set correspond to
the relative likelihood that the value of the associated

basis element is greater than or egual to the value of a
term of X. Similar non-standard fuzzy logic functions
include GT[X], LE[X], and LT[X] which fepresent greater
than X, less than or equal to X, and less than X,
respectively. _

Referring to FIG. 4A, a graph 70 uses a plurality of
bars 72-76 to represent a fuzzy set X. The horizontal
axis of the graph 70 indicates the basis set (integers
from one to fifteen) and the vertical axis indicates the

,'degree of membership of each of the terms. Referring to
FIG. 4B, a graph 80 uses a plurality 6f bars 82-96-to
represent a fuzzy set GE[X], wherein the degree of.
membership of each term indicates the relative likelihood
that the value of the term is greater than or equal to
the value of a term of X. For example, the bar 83
corresponds to the term of GE[X] having a value of two
and a degree of membership of 0.25 indicates that there
is a 0.25 relative likelihood that two is greater than or
equal to the value of a term'in the set of X.

In general, the degree of membership for the ith term
of GE[X] (i.e., the element having a basis value equal to
i) equals the sum of the degrees of membershlp of
elements of X from zero to i divided by the sum of all of



-« I'n general, the degree of nenbership for the ith termof GE X (i.e., the
el ement having a basis value equal to i) equals the sum of the degrees of
menbership of elements of X fromzero to i divided by the sumof all of

< -8- the degrees of nenbership of X For exanple, the degree of nenbership
of the termof CGE[ X] indicated by the bar 85, having a basis value of four,
equal s the sum of the degrees of meﬁbe?shl‘-p of all of the terms of X having

"~ basis elenents_ranging fromzero to four (.25 + .5 + 1.0 + .75) divided by
t he degr ee%h%fd?f%'ﬁ%’e?'s‘?ﬁ PRSFPRFFROP PheXter FOToRXRMPLles fhesdegreg + . 75 +

.5). The fozzyemingrshipnetitne €3x] ofLEBEXK) amdikhléh pihitgle Ry esent
greater th >i§, less than or e% al t% itg and | es tg_%n X, rg}sfoectively, are
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det erm ne : ' ' t [ all of r the Y fuzzy
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resul ting t&ma v Ixbe ke bagis yabug ohsTY msqus ' of TX
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erf
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m ni mum of gidetelegtieen ok, nbaber ghan ot Eyuand tbhg,degkea «fs maEkenshi p of
TY. After all oétth subtracti.omi hﬁve been gerfor med, termns having
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resul tant §ig&y all of the terms of the Y fuzzy set from all of the
terms of the X fuzzy set. Given a term of the X fuzzy
set, TX, and a term of the Y fuzzy set, TY, the basis
‘value of the resulting term will be the basis value of TY
minus the basis value of TX. The subﬁraction is only
performed if the basis value of TY is less than the basis
value of TX. The degree of membership of the result will
be the minimum of the degree of membership of TX and the
degree of membeyship of TY. After all of the
subtractions have been performed, terms having duplicate
basis values are combined into a single term having a
degree of mémbership equal to that of the duplicate- term
having the maximum degrée of membership. .

An EVIDENCE({X, Y] function is used herein to combine
fuzzy logic sets X and Y in a manner which takes into
account the degrees of membership of terms of X and terms
of Y. The EVIDENCE function provides a resultant fuzzy
set having basis values corresponding to basis values
found in both the X and Y fuzzy sets. The degree of
membership of a particular term of the resultant fuzzy
set equals the product of the'degrees of membérship of

'terms of X and Y having the same basis value as the
particulér term in resultant set.



. set having basis values corresponding to basis values found in both the X
and Y fuzzy sets. The degree of nenbership of a particular termof the
resul tant fuzzy set equals the product of the degrees of nenbership of

« terms of X and Y having the sane basis value-as the particular termin
resul tant set. -9- Another non-standardy fuzzy logic function is
BETWEEN X, Y], which provides a fuzzy set indicative of val ues between

 fuzzy set X andnpPpey sen-stapdars fuzwy degice fomatddrership of a term

indi cat es giewERlk k| Vel | ¥RLERORECY habst Resyakyieset &Baitc"a@ﬂv}é gt ween the

value of a termo .é and %ge value of a_termof Y. For an iInclusive
BETWEEN, BE¥ °D ERF%y #RD Xepng. feray| sffFyY.f yhexelsxdhsi ve

BETVEEN REYREA] o HpmbEFEMIp AP & TEYIm Bnccateq tReFLGYavfil 5B, and

, a firsg, resents,a fuzzy se a_secon r

-represent:i%géggg3&§e¥ﬁ%? §ﬁﬁ %a}ﬂfra%g¥5ﬁh£iﬁﬂ ?ﬁpgﬁggﬁéi ®izzy set
i ndi cat i vevaluBETNEENE e N] of F¥ranfietheapatud 00f 40Rexrth04f tvhe _lgyr zont al
axes i ndi €y LS Iy Nt m Qhe_t LEt t he vertica
AR ] A
sets an nYeX ) un n&lleg e
BETVEEN] X, Afip f gt on, except that terms of the resulting fuzzy set have
degrees of nenbership which_are relatively higher for_ terms having val ues

correspondi ng FEEGEFIET &P Fdfns SoPAx SHrhénd: Rsn PalfiessBig¥aPRslee Y. The
TAPER f unctépreséntseaufupbgnsat RXpacse8oh@Sytaph 01 b8SpeReds-duaritye val ue

correspond t5 %Yok bt ahEcFEBEFY. SBRP, FPhotRERRENEEDS Fdidnn 106
i |1 ustrat eset hindiécativef of pBEYWREN( KeY TAPEROT utbéi gnaphsf wony, gais, X and
104, the horizontal axes indicate the basis set (integers
from one to fifteen) and the vertical axes indicate the
degree of membership of each of the terms of the fuzzy
. sets X and Y and BETWEEN[X,Y].

A TAPER[X,Y] function is analogous to the
BETWEEN[X,¥] function, except that terms of the resulting
fuzzy set have degrees of membership which are relatively
higher for terms having values corresponding to values of
terms of X rather than values of terms of Y. The TAPER
function is useful when an expected result corresponds to
the value of a term of X, but there is a slight
possibility that the result could correspond to a value

~of a term of Y.

Referring to FIG. 5D, a graph 106 illustrates the
result of applying the TAPER function to fuzzy sets X and
¥, which correspond to the graphs 100, 102, respectively,
described above. The degree of membership of the ith
term of the resultant fuzzy set equals the following:

MAX([memx, (BETWEEN[X,Y]/(1 + }i - xMax!))]
For the above equation, memx represents the degree of

membership of the ith term of X and XMAX represents the -
basis value of the term of X having the highest degree of



Y, which correspond to the .graphs 100, 102, respectively, described above.
The degree of nenbership of the ith termof the resultant fuzzy set equals
the follow ng: MAX[nenx, (BETWEEN X, Y]/(1 + |i - XMAX|))] For the above
equation, nenx represents the degree of nmenbership of the ith termof X and
XMAX represents the basis value of the fgrm of X having the highest degree
of - 10 - nenbership. For exanpl e, t%e graph 100 illustrates that the
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the el evator Caﬁef‘éPf‘iﬁ?.£60?téhes§tprﬂt}@hﬂi‘%sE.Elgeﬁ.-lti%‘i:'ijaﬁ:te%r didul e 28
cal cul ates three separate t,errporar%é estimates of the nunber of entering

passenger s:STsRNL fPEgetemipmeg P R Bt hont 4 %%y stagdcofetse
HALLCALLS sirgiddat{ives.of Wigihers td sREsShPPsSs adntdeind 0fhdi Bxiesagnse to a

0l ) o bl i 1P S DY FapTAL h e e 0f g cal T buttons
the nunber edbepib=Prajerator tdentrool bet osef tverstapanespond ingbeheof C
Combi nes. 1 RIS AL o S ShaR ol R EPoa, i EP e B Er ST &
conpr ehensidepamsts niran Jfthestenger entering the car. PENEST is used to
determ ne PENTBR,eSpHAkkahb¥r £HEcRA2E8RIRbaRALCEBALRN IS dBiree
separate temporary estimates of the number of entering
passengers: PEN1l, PEN2, and PEN3. PEN1l depends upon the
state of the HALLCALLS signal (i.e., whether the car
stops at the floor in response to a hall call). PEN2 is
determined by examining the number of car call buttons
which are pressed after the car departs from the stop.
PEN3 is based upon the number of passengers in the car
before the stop,and the number of passehgers in the car
after the stop. The passenger calculator module 28
combines the temporary estimates PEN1, PEN2, and PEN3 to
form PENEST, a comprehensive estimate of passenger-
entering the car. PENEST is used to determine PENTER.
Similarly, the passenger calculator module 28
calculates three separate temporary estimates of the
number of exiting passengers: PEXI, PEX2, and PEX3. PEX1
- depends upon the state of the CARCALLS signal (i.e.,
whether the car stops at a floor in response to a car
call). PEX2 is determined by examining the number of car
call buttons which are pressed before the car arrives at
the stop. PEX3 is based upon the number of passengers in
the car before the stop and the number of passengers in
the car after the stop. The passenger calculator module
28 combines PEX1l, PEX2, and PEX3 to form PEXEST, a -



. calculates three separate tenporary estinmates of the nunber of exiting
passengers: PEX1l, PEX2, and PEX3. PEX1 depends upon the state of the
CARCALLS signal (i.e., whether the car stops at a floor in response to a

s car call). PEX2 is determ ned by exam ning. the nunber of car call buttons
whi ch are pressed before the car arrivestht t+he stop. PEX3 is based upon

t he nunber rs. . c efore.the stop. and the nunber of
passengers o%%r?ﬁ%ﬁ%%%%a%sgl “H#Ze saf:);#l SrATRES R eﬁaii?eﬁﬁﬁt §FLiold e 28
conbi nes FERM thEXgarand BEXEST df sisedPRXEStermine oRPXEMNensi ve estinate
of the nunber ®fopPaseeNEera€xity r heqga i ed to.
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signal , i4ildettoequattepo 142, ustiersetPENI]i caie vBioét TARIPOEaPAFT] . The first
ar gunent : AP NGLJ ' I se if_ an el eyvator, car stops at
a floor i tﬁ%}gglgg-r%sg%{?gfh% glgirn&%é% %%%E%%?i%a%%e%%?Fsca?Feat °Phat fl oor,
it is veryhe gEpfer ft the G IGAILS mignale bairset edragdlftooa. However, .
there is gFu3lzhvokltPasRaili |ﬂ't¢étaptrmﬁ aSSepper | ks waiting in the

hall to getu ozggt he car lbt‘jlt J'wi | I have no dofpr’essed ZT%%I #lggh but t on.

Ther ef or e 2TENEENz £p e FATER Swatian tifparerpwesaenezéfoano PAFT. PAFT
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control paddkedyf thatt me sinep Wil temterstide dar atbetieaPERlobs.set equal to

the fuzzy 3elveeP’ @32 1g %EL%WQ: Jpo@g:i-gilf@f "Endd LSne
passengers will be waiting in the hall to get on the car
but will have not pressed a hall call button. Therefore,
the fuzzy set PEN1l is set to taper down from zero to
'PAFT. PAFT is the number of passengers in the car after
the car departs from the stop and hence the maximum
possible number of entering passengers. .

If at the test step 111 the HALLCALLS signal
indicates a hall call at the stop, control passes from
the step 111 to a step 113, where PEN1l is set equal to-
the fuzZy set representing BETWEEN[F1,PAFT], where-Fl is
the fuzzy set {0.1}0, 1.0}1). The fuzzy set F1
represents approximately one passenger, with a 0.1
rélative likelihood of zero passengers. Setting PEN1 to
BETWEEN[F1, PAFT] indicates thaﬁ thé number of enfering
passengers is generally between one and PAFT.

Control passes from éither the step 112 or the step
113 to a sﬁep 114, where PEN2, the second temporary
estimate of the number of entering passengers based on
the state of the CARCALLS signal, is set equal to
OR[TAPER{NC,0], BETWEEN[NC,PAFT]], where NC equals the
number of new car calls entered at or immediately after
the stop. NC is derived by examining the state of the



. the fuzzy set {0.1/0, 1.0|1}. The fuzzy set Fl represents approxi mately
one passenger, with a 0.1 relative likelihood of zero passengers. Setting
PEN1 to BETWEEN[ F1, PAFT] indicates that the nunber of entering passengers

is generally between one and PAFT. Control passes fromeither-the step 112
or the step 113 to a step 114, where PEN2, &%e second tenporary estinmate of
t he nunber of entering passengers -based on e State of the CARCALLS
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tapers (usivnpethefTARER damctaDnsg , f &0 PCFOpWhé ondeber b5el | owi ng the step
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first arg ﬁe%%te%e%e{%ﬁgﬁﬁ\ﬁ' u?iﬁ? SRS PrPR: pEERERSF u  F & deri ved
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PAFT, is the maxi mim possi erirn engers. ﬁer the step
115 is a fEstimnwieren tie @Q&Qyt@&%r@ENl PEN2, and PEN3 are comnbined to

form PENEST, apéVEéyifigt thePsespnuinggia aOBREENensi Waees! isENF Af the
nunber .t to BETWEEN[ (PAFT-PBEF), PAFT]. The first argument to
the BETWEEN function is PAFT-PBEF, a fuzzy set derived
using the rules of fuzzy subtraction, described above,
which represents the minimum number of entering
passengers. The second argument to BETWEEN, PAFT, is the
maximum possible number of entéring passengers.

After the step 115 is a step 116 where the fuzzy sets
PEN1, PEN2, and PEN3 are combined to form PENEST, a fuzzy
set representing a cdmprehensive estimate of the number
of passengers entering the car. At the step 116, PENEST-
is set equal to EVIDENCE[PEN3, AND[PENI, PEN21]].

Following the step 116 is a test step 117, whe#e the
state of the CARCALLS signal is tested. If the car
arrives at a stop in response to only a hall call,
~control passes from the step 117 to a step 118, where
PEX1 is set equal to TAPER[O, PBEF], indicating that if
there is no car call at a stop, it is likely that no
passengers exited the car at the stop.

If the result of the test at the step 117 indicates
that there is a car call at the stop, control passes from
‘the step 117 to a step 119 where PEX1l is set to
BETWEEN[F1, PBEF]. F1 is a fuzzy set equal to (0.1!0,
1.0}1) and represents approximately one passenger. Note



of passengers entering the car. At the step 116, PENEST- is set equal to
EVI DENCE[ PEN3, AND[ PEN1, PEN2]]. Followi ng the step 116 is a test step 117,
where the state of the CARCALLS signal is tested. If the car arrives at a
stop in response to only a hall call, control passes fromthe step 117 to a
step 118, where PEX1 is set equal to TAPER[O, PBEF], indicating that if
there is no car call at a stop, it is likely that no passengers exited the

ccar at NG N Phed IrddiGd SR Lol ddIeLhER Indlhol Peof! BRSLLAJAY) cates  hal

there is a car call ; e stop, control passes fro e step 117 to a step
119 wher etlpRXICan ekt 12 BETVEEN: FFEOPBEF] . F1 is a fuzzy set equal to

{0.1]0, 1.0] 1boﬁﬁﬂoie?é§§8§t $raRPEOXhERt ehy ereppassengerthdoigep - 13 -
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PBEF]]. OC, representi t he .nunbe doId car,calls, e uaI% t he nunber of
car cal | 5‘#%?%?%1&9 ptrq?%rmf%b?ﬁeoét%% (Tt %%i‘]ﬁ?i’n&q&ag‘fl B8 f any, for

t he curr emimisép) £ aralr | callks ereyietebyd epmioni hg the sttaipe (ofott he CARCALLS
si gnal . Hale |ty = SLHES a ers 4 he car
be?ore t%6%%$h%%%%g%§%¥%ﬁons f%l?Pgtéﬂgr §§t%%gs a\?\xﬁd{ Iq's?]ot exit the

. car at theteppinahdeieraniming thesetate 9 HREWEARCALLS &i@ndHe nunber

- of passenge{sg Sty dqiga i tPepspr-odNesoihes ehaumBakskeaddi® @R frct i on,
TAPER [ PBEF- QC, PBEF], is, used in recogn(#tlon of gr__he quct that it is .
possi bl e F3F BHECT? TR SHARSERYEIRTeF 81 eSRT PREFORS FFUATR®Y or one stop

and then exbopstitll afioteriot bRe Sappat Fohéowtop.t hehereifckd] iFEx2 step
121, wher g FEXE LS S& 'Oy EE]VEER, PBEE EAE ThuhBEL o BRsddoh s the
staying on the car. - The-othef‘argument to the OR
function, TAPER [PBEF-OC, PBEF], is used in recognition
of the fact that it is possible for one or more
passengers to press a éar call button for one stop-and
then exit the car at another stop.

Following the step 120 is a step 121, where PEX3 is
set to BETWEEN([PBEF-PAFT, PBEF]. PBEF-PAFT is the
minimum number of passengers that can exit a car at a
stop. PBEF equals the maximum number of passengers that
can exit a car at a stop.

After the step 121 is a step 122, where PEXEST, a
fuzzy set representing a comprehensive estimate ofthe
number of passengers exiting the car at the stop, is set
to EVIDENCE[{PEX3, AND[PEX1,PEX2}]}. Following the step
122 are three steps 123-125 where PENEST and PEXEST are
used to determine PENTER and PEXIT. The steps 123-125
make use of the following equations: .

PENTER = PAFT - (PBEF-PEXIT)
and
PEXIT = PBEF - (PAFT-PENTER)

Both of the above equations indicate that the number of
passengers entering and exiting the car is accounted for



. mni mum nunber of passengers that can exit a car at a stop. PBEF equals the
maxi mum nunber of passengers that can exit a car at a stop. After the step
121 is a step 122, where PEXEST, a fuzzy set representing a conprehensive

- estimate of the nunber of passengers exiting the car at the stop, is set to
EVI DENCE[ PEX3, AND[ PEX1, PEX2]]. Fol | owi g the step 122 are three steps
123- 125 where PENEST and PEXEST are used'to determ ne PENTER and PEXIT. The

steps 123- HEKGuMBEr0b £t B8 sEehbRysng neqnat icans hJHNER g R¥fter
( PBEF- PEXI}% B Raiiber 2 PBEFS- (BAFT- BENTER) S P the héve Fuat i ons
i ndi cate tH2¥® $®@Pnunber of passengers entering and exiting the car is

e ot op. A L e e e o boge o 1"
e stop. e . uzzy, se s . set e o F -

( PAFT- PENESHET Thzégg'lféégﬁpg?&zzy*E&bFP&@Fi 8#, THEEY (PR AP ar e used.
At the nexdestejpbé@4abBid]ERres usetl.t 0 ARAEhe nePiFistepANRPEMENTERPEX T]) .
The | ast sigp 5 PEXl Lrle$: S€ ¢ :RENT Is used to
ensure t ha%gtﬁéngﬁg?Arﬁgsm t(ngL‘%r PN@%TPEgﬂga&r}g i n%a?%:ecolracﬁ ith the
val ues forsPEEFLAAJWRERRPTPEXAT iiﬁvé_ﬁ!tti & PBEFSs tv RFIRENTERKY b adapt ed
by one skilLled 8 éﬁ@g?‘%t thatWehls ‘ﬁ‘ig&lplrr‘@lﬂsatfb? BENYEH Uad, 1 nputs

I ncl udi ng the PBEF an AFT i nputs. Simlarly, the.invention nay be used

onl'y for dBEXFRi AFfigifhacRanfeith &heevedyesadehfBEF anbREX¥Dr the
nunber of exitimhe HRRASRGANS.i1IRE RAE4d WdPEiRPRERt bONSARHLEACHLBETVEEN,

EVIDENCE, TAER I chur UL CLLOLLCl g T be S {10 by one
cl ai ned. Thezzpyehhpotsnapcladingc tthee PERF esyde ®ARTR: iofputse. or der
~ Similarly, the invention may be used only for determining
the number of entering passengers or only for the number
of exiting passengers. The particular operatidns of the -
BETWEEN, EVIDENCE, TAPER,aﬁd fuzzy subtraction functions
may be modified by one skilled in the art without
departing from the scope of the invention as claimed.

- The invention may be practiced irrespective of the order
used to determine the temporary estimates for the number
of entering or exiting passengers. Also, the invention
may be practiced using other input criteria, such as the
amount of time.ﬁhat the elevator car doors are held open.

The invention illustrated herein is applicable to any
elevator system having any number of cars, stopping on
any number of floors, having any maximum capacity,
maximum velocity, or having any other specific set of
physical characteristics. Similarly, the invention may
be practiced irrespective of the physical design of the
elevator system, including drives, counterweights,
cabling, door mechanisms, hall call and car call
signaling devices, etc.

Furthermore, the invention may be practiced
irrespective of the prbcesses used to Earry out the
follow-on elevétof-dispatching functions, the specific
electronic hardware used to implement the invention, or
the design of the load weighing:device. Portions of the



used to determne the tenporary estimtes for the nunber of entering or
exiting passengers. Also, the inventicon nmay be practiced using other input
criteria, such as the amount of tine that the el evator car doors are held
open. The invention illustrated herein is applicable to any el evator system
havi ng any nunber of cars, stopping on any nunber of floors, having any
maxi mum capacity, maxi mum velocity, or having any ot her specific set of
physi cal characteristics. Si-mlarly,-the L vention nay be practiced
irrespective of the physical design of the’elevator system jncluding
drives, cPURCEFRENGhidlusiiates hegdindeyakesdFplensnted (wkEa car cal |

si gnal i n?_ed@tit]?@&iceh&rdﬁarﬂdﬁqrﬂm{je%d td¥re édﬁﬁﬁ:ﬂeﬁn wmﬁ?m&ip&t%éedt
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t he i nvenkiquivadenicee desiugsedf (ihe drostthercifjlelnl) devitss. PRatéats of the

- 15 - progessi i lustrgt. =Y i jfh electronic
har dwar e %%s‘t éégggf’ lsséf,tevl\}glgt,q‘e%i ?Fé}m%%%(#gle %rqjérllgal g %‘ym!/a#d in view of the
har dwar e/ defterdione yiitha Rimsctdianis Wurgshelaiot (Ravifdr|el ah.)). S. Patent
No. 4,294 ;16 ti y SACH t t | Lt h

“Directi ongﬂj@%ﬁrggsﬁt(ﬂ Sf}ad;lg{\ac:ar{a:?rai . iﬂ@}ﬁ%{y ()afrlaraefz}g%ﬂrl]g;{%n witing data
to and fr&hedgnEsSe| &eh RIS EMFHY-BHABY iR bYLpgcandi ng and

sendi ng elseeidion eleicdidmic Aidiigh only run-tine operation of the
passenger cal Cpgll t or rmdu*e 28 ie.i | | ustrated he%e{'__n t he nodul e 28 may be
run off-line t PRI QBRI ELBEEPRERAELAPR &F | “BP PRESFEISEDI e i nput s
and the reallculadgcoutymeasle A& hicghl Tustrahahtieneirgs tleemedoba 28d

under st ool iy 2haslf HeA MU ) Aich SR BRI (MR cddedPRHAEL 00
of the possible inputs and the'resultipg outputs.
Although the invention has been shown and described
with respect to exemplary embodiments thereof, ‘it should
be understood by those skilled in the art that various
éhanges, omissions and additions may be made therein and
thereto, without exiting from the'scope of the invention as

claimed.
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exiting fromthe scope of the invention as clai ned. - = — 1.
vai& car at
havi ng basis el enents corresponding to nunbers of passeng liH lLl muullll
in the car after the stop in response to a hall call button being pressed
fuzzy logic set (PEN2). having basis el enents correspondi ng to nunbers of
new car i I Ned f top and a-
e & IMIRG: UaxPass AR Sp | Nedifr £81nd! LR LRERS!
(PEN3) havi ngeRagh §geLerepte €Q526SPBRIENEkO (BRNRGT RaiihgPRd e d
Be@%% LE £Q25§SPBRULNELLO (BRIDG! Raing GiRhanald
t he car afdreddheoSinmmiersiie thdicattihwe detekbenivdel bkehéhooll passengers
response to a hall call button being pressed at the stop
Zero;

changes, onissions and additions may be made therein and thereto, wi t hout
nmet hod of determ ning the nunber of passengers entering a
a stop, conprising the steps of: formng a first fuzzy IoéirlB
ei ther degrees of .nmenbership indicatindéa relative |likelihood that the
nunber of entering passengers is between one and the nunber of passengers .
at the stop or having degrees of nmenbership indicating a relatively high
| i kel i hoodibhak:t he nunber of entering passengers is zero; formng a second
passengers and having degrees of nenbership indicating a relatively high
| i kel i hodd t hatmebhoduabedebervhnangnghpavynhger ofi palssengsrs he nunber of
relatively 0 that the nunber of ent'ering passengers is between
zero and 9fife nunber of new car calls; forming a third fuzzy logic set
havi ng degrees o rship.ndicaifing a relatively high Il kel
the numb&PTIFESBRRETIHG 3 ¢4 BErSReh ANty 167 BALhERgers in
in the c f.ore ﬂﬂ@ t ; L nj ' [ , cond, and
third fu?;hy (;égﬁec se s&{ ooeé O%Ag%fﬁﬁiﬁggalﬁ%%ﬁ%%%%?& Eﬁglgcg?‘:ave of the
nunber ofthehtrambrr % pagpengers in the car after the stop in

or having degrees of membership indicating a relatively

high likelihood that the number of entering passengers is

forming a second fuzzy logic set (PEN2) having basis
elements corresponding to numbers of passengers and

having degrees of membership indicating a relatively high
likelihood that the number of entering passengers is
between the number of new car calls and the number of
passengers in the car after the stop and a relatively low
likeiihood that the number of entering passengers is
between zero and the number of new car calls;

foming a third fuzzy logic set (PEN3) having basis elements
corresponding to numbers of passengers and having degrees
of membership indicating a relativeiy high likelihood
that the number of entering passengers is between the
number of passengers in the car after the stop and the
difference between the number of passengers'in the car before
and after the stop; and

combining said first,'second,'and third fuzzy logic
sets to form a fuzzy logic set (PENEST) indicative of the

number of entering passengers.




- 17 - 2. A nethod of determning the nunber of passengm
el evator car at a stop, conprising-the steps of: forn1ng

| ogic set (PEX1) having basis el enents corresponding to N“g"g"wt j”u"
passengers and having either degrees of nenbership indicatin

likelihood that the nunber of exiting passengers is between one and the

nunber of passengers in the car beforqjthe stop in response to a car cal

button b |ng res fo he stQ Vi n e of . _nmenbership

i ndi cati 'gém%f? Ithﬁﬁﬁe 51”@63 St A gpg e°nu§ﬁ€?ﬁﬁ9%§? i ting
passengereocutsngaran le@va tter aceec@hdafe’zqy, | ogRpr $8ing PEX@) shepsng basi s
el enents garresponding to nunbers of passengers and having degrees of

menber ship indicating.a relatively high Iikelihood that the number of
exi ting passef@eEping sab&iwetn t¥&2y 399 ichsekutBBrl) ohayingsbarjsr eldmentsie car

lbeL olreht %rﬁ] t dﬁcﬁtﬁg ttlstse mmbefsobﬂ aéséﬂdgéﬁsaaﬁdahaehatgl éQEMe!rOW
I Kell hoo, a

of tgassenﬂeisth ngnB
passenge qq?%ﬁu? zﬂe ?Eﬁ%&?hém %8% POr & A ASEHPr Fﬁ z °98g|c set
( PEX3) mahau;ﬁhﬁnnunﬁermmtsexmtnngppadseggénsnusbbetweénpaaeeagars and

AV NG IO SRlel WP YA Bl agLORh! BeAchE! BENELY LHLODebbkel hood (hat

the nunber of ex1t1ng IS be sSengers in the
car befor@%ﬁﬁtﬁ?@cpﬁhecﬁllfbﬂ‘éﬁ@@ b@%nﬁenreﬁéeﬁuﬁﬁért £ p&oPengers in

the car aft efaAith RedPr&ed hsfSﬁeﬂbeeeﬁly[somamba’alﬁg g i-éiﬁhvéi?ond and
third fuzzy | 0gi.c sets to forn1a uzz ogi c ‘set EXEST) indicative of the
nunber of %Sht%%ﬁf%ﬂ§§§¥%ggh§t he number of ex1tlng passengers 1s
zero;
forming a second fuzzy logic set (PEX2) baving basis
elements corresponding to numbers of passengers and
having degrees of membership indicating a relatively high
likelihood that the number of exiting passengers is
between zero and the number of passengers in the car
before the stop minus the number old car calls and a
relatively low likelihood that the number of exiting
passengers is the number of passengers in the car before
the stop:;
forming a third fuzzy logic set (PEX3) having basis elements
corresponding to numbers of passengers and having degrees
of membership indicating a relatively high likelihood
that the number of exiting passengers is between the .
number of passengers in the car before the stop and the
difference between the number of passengers in the car after and
before the stop; and
combining said first, second, and third fuzzy logic
sets to form a fuzzy logic set (PEXEST) indicative of the number

of exiting passengers.
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- 18 - 3. A nmethod of determining the nunber of passengérs entering and
exiting an elevator car at a stop, conprising the steps u n ' H' t
fuzzy logic set (PEN1) having basis el enents correspondi-ﬁ lll ﬂmﬂng"m {"r

* passengers and having either degrees of nmenbership indicafin§ atreétaty ve

| i kel i hood that the nunber of entering passgngers is between one and the

"nunber of passengers in the car after the stop in response to a hall call

button beihg pPReBe&hog: ofheediegpiningatheg nyodypeses Hfpaasargahsp i ndi cati ng

a rel ativebye&i g | akel &Reednghah bbevarobesapf agnhesiBg, passengers is
zero; formn a.secong f-uzgg ogl c set (PEN2) having basi's el ements
cor r espondf P LS HeFbEPE BFeBSs8Ehgers and havi ng degrees of nembership.

i ndi cating a rébatine yahlﬂig-hﬂ ifhelz;yhamjibhatett Plgpmmﬂgﬁs,ﬁgé bﬁ%@@l nts
passengers n r_of pew car_calls_and the nunher o
passenger sc‘li)?\r%%ég\%%?ngf ?%rﬂgﬁ%eg? O%Pa%%s%e?%?ﬁ?i %ayh.r‘*&?vnﬂ I?é‘&brﬁ:}’bd t hat

t he nunberdegrees cef ngepherehipr indichbingean relatawd LhkeddMaryd of new car
call's; forgg hy z LE£s set Vi 0g iLs..el enents '
correspondi nﬁgt?%nhn%lg?éyoéfpggg%ﬁjgg?sp %%%gﬁiﬁ?%gigﬁérgggégo O%E@n%&%hi p
i ndi cat i ngtRE rRYBPPT P RRFRSNFRES | Wookhe narrt attaunble stomntieying

passenger sréspbes@ets &hRaDUNBELL ObuLeSEHELK§ bPebBEICAL %Heersttééﬁ stop
and the diff.erence between tge n&gﬂber of ﬁﬁgsen ers in the care before and
aPl PPRRETSRER ohie

after the 2% dp*Vt3FbIRFRGSS 1GRHIRE RATRERR}VSIYi ¢ sets to
form a fuzZzigh obikeliho¢@ERESE) thadhunbey codf ehber hngbpaseknerirey iinrg
passengers, formng a fourth fuzzy |logic set (PEX1) having basis elenents
corresponding to nunbers of passengers and having either degrees of
menber shi p i ndfgaming & secandy &ukizielogdod seltat(PERR) hawbgr badisexi ti ng
passenger Sgi ; ' car before
Phe otop e O h g Ty B s 2 B 7872h3e ks, 518 12 i op or
havi ng deg9§%§n%fdﬂgﬁgg$Sﬂﬁpmembershlp indicating a relatively high

likelihood that the number of entering passengers is
between the number of new car calls and thé_number of
passengers in the car after the stop and a relatively low
likelihood that the number of entéring passengers is
between zero and the number of new car calls; _
forming a third fuzzy logic set (PEN3) having basis elements
corresponding tp numbers of passengers and having degrees
of memberéhip indicating a relatively high likelihood
that the number of entering passengers is between the
number of passengers in the car 'after the stop and ‘the
difference between the number of passengers in the care before
and after the stop;

" combining said first, ‘second, and third fuzzy logic
sets to form a fuzzy logic set (PENEST) imdicative of the number
of entering passengers; , | |

forming a fourth fuzzy logic set (PEX1) baving basis
elements corresponding to numbers of passengers and
having either degrees of membership indicating a relative
likelihood that the number of exiting passengers is -
between one and the number of passengers in the car
before the stop in response to a car call button being
pressed for the stop or having degrees of membership




- 19 - indicating a relatively high Iikelihood that the nunber of exiting —

) passengers is zero; formng a fifth fuzzy | ogic set (PExaymm
el enments correspondi ng to nunbers of passengers and havi ’mﬂ nwﬂ”m
“ menbership indicating a relatively high likelihood that tHe funber®ofs '«

exi ting passengers is between.zero and the nunber of passengers in the car
before the stop m nus the nunber old car 18@al+s and a relatively | ow

| i kel i hoad j.hat, .th Qf it ' h nh f
passenger i ATIN A Hrartr s T Tdp, LR hnged EhabnCrd, Bmbedi ¢ set
(PEX2) haf rexif=sics pelssengerors espondi ng to nunbers of passengers and
havi ng degreeg,f; fenbesshLR fﬁgk?aibgﬁcaség qb&nﬁ%g{}{ng‘b%%%sgg%%%g that

t he nunber of exitinhg passengers Ts bétween the 0 Sin the
car bef ore®RHRERASHI-NEhFQ TR T reh RA$ERNERRS t ABAnBRBeRIoRegEesesngers in

.t_het ﬁa][ i Qtlfenﬂﬂii'_ é!ﬁfp)rit&xdiftfhﬁir@%a mfm 'njrn?ie?ai ﬂséfé_%m&hbgdf i I_th, a]pd

SI X uz ogl C seLs o Jforma ruzz 0gl C se I Ndl catl ve OfT.
Che. nunbddia e (RPN DRSNS L8P AR Z8RO0 AR 3
further carpmumibey s pRssErydry zin | dye ccaet b¢ PENESEhei Bttiopatiinasof -t he
nunber of_.enter| r pd f ' . i,ndi cative
of the nutrpoé]ernq% ex@ﬁ%s@%ﬁiﬁr%@% ié%%%?}ﬁ?%jé{jt %ggn%ngérﬁ‘s"ﬁog&ssengers '
ent eri ng YIRANTER) numbesxiqf r@cxmq Tassengebsalor thar numbgrsedp.

passengers in the car before the stop;

forming a sixth fuzzy llogic set (PEX2) having basis elements

_.corresponding to numbers of passengers and having degrees

of membership indicating a relatively high likelihood
that the number of exiting passengers is between the
number of passengers in the car before the stop and the
difference between the nﬁmber of passengérs in the car after
and before the stop; and '

combining said fourth, fifth, and sixth'fuzzy logic
sets to form a fuzzy logic set (PEXEST) indicative of.the number
of exiting passengers. .

4, A method as glaimed in claim 3, further comprising using said
fuzzy logic set (PENEST) indicative of the number of entering passengers

- and said fuzzy logic set (PEXEST) indicative of the number of exiting |
passengers, to determine the number of passengers entering (PENTER) and
exiting (PEXIT) the elevator car at a stop.



