"A GROUP- MANAGEMENT CONTROL METHOD AND APPARATUS FOR AN ELEVATOR SYSTEM'

The present invention relates to a group-nanagenent 10 control nethod
and apparatus for an elevator systemwth plural elevators capable of (~
serving plural floors, and especially to a nethod and apparatus suited fo

nmeeting a~variety of denands of users of such an el evator system, 15 An

el evator system which is installed in a large building, is$ asually "
provided with plural elevators to serve plural floors of the building. In
-such an el evator system the plural elevators are required to operate as a
20 whol e efficiently and economcally in order to inprove the service to
users or to save the power consunption. In a group-nanagenent contro
apparatus for such an el evator system the generation of hall calls is

noni tored on an on- "AnGROUE-MANAGEMENT |[CONUROL) METHORAAND ZPBARATUS POR
floor is allotted To an _adaptive erevaror, which 15 evalruated as belng nost
suited for serving tAY ELBUATOBySﬂ§ﬂERb“account of the overall service
condition for then -2- existing hall calls, whereby waiting tines of

per sons, who wait- the arrival of available elevators in elevator halls of
respective floors, can be shortened on an average. That is to say, when a
hall call is generated in a 5 certain floor, it is evaluated which one
of the plural elevators is nbost suitable to serve the certain floor

The preseht invention relates to a group-management € 

10 control method and apparatﬁs for an elevator syétem witﬁ k
- plural elevators capable of serving plural floors, and

especially to-a method and apparatus suited for meeting a

variety of demands of users of such an elevator system.

15
An elevator sysfem, which is installed in a large
" building, is usually provided with plural elevators to
serve plural floors of tﬁe building. In such an elevator
system, the plural elévators are required to operate as a
20 whole efficiently and economically in order to improve
the service to users or to save the power consumption.

In a group-management control apparatus for such an
elevator system, the generatién of hall calls is monitored
on an on-line basis and a hall Cail generated at a certain

25 floor is allotted to an adaptive elevator, which is
evaluaﬁed as being most suited for serving the floor, by

taking account of the overall service condition for then



‘@nd the service to the floor is assigned to an el evator evaluated as the
noSt suftable one. The aforesaid evaluation is carried out by cal cul ating
sevalyati on val ues 10 of all of the group-controlled elevators with
respect to the hall call in accordance with a predetermn ned eval uation
function. An elevator, which has the nost deSired one, e.g., nmaxi mum or

m ni mum of the cal cul ated eval uation values, is selected as an adaptive
one to 15 resgpqg | T Yo LOQf | -

i ncl udes eval uat1on TR >é§§%ﬁ&€%%%'QPﬁ%§é§$e€€% %O§a+g@%%;8£ugﬁ9§§9§,
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eval uation indexes) fd &f :&gfﬁ@&@iﬁé‘ £10bF8, C¥ah UBk | SRof £Ehdd09n ahNaverage .

respective variable cont paranmeters, which can be altered in accordancCe
with a traffic demandri£¥ idecs! Ly} bhénsaehalihgayel Y8Sgohet HEe80MRT 8

paraneters, which can satisfy desired targets 25 of the control itens
under a cers$ain ¢epfdin Shomnd, i€rbs peveiaeted owhbaRronéroffthedphundli n
advance by the sinmulation carried out on an off-1ine basis. - 3- In an

actual daily sereieeatges ais anost heuitablks ©d séeveothe otepbainefiosrare at
first selected in response to a traffic demand at that tine. Since a
traffic demand iandruive deeir wice atd otilse phloer nisfassigred tonanzehevahon 5
day, for exanple, the control paraneters can be sel ected
evaluated as the most suitable one. The aforesaid
_ evaluation is carried out by calculating evaluation values
~ 10 of all of the group-~controlled elevators with respect to
the hall call in accordance with a predetermined |
" evaluation function. An elevator, which has the most
desired one, e.g., maximum or minimum, of the calculated
evaluation values, is selected as an adaptive one to
1s respond thé.hall call.

The aforesaid evaluation function includes evaluation
indexes of some kinds of control items, such aé a waitiﬁg
time, a riding time, a cage-load factor and so on, as

— | components to be considered for the group-control of the
20 elevators. Such evaluation indexes are_incorporated in
the evaluation function with respective variable control
parameters, which can be altered in accordance with a
~traffic demand for the elevator system. The values of
the control parameters, which éan satisfy desired targets
25 of”;he control items under a certain traffic demand, are

provided for every traffic demand in advance by the

simulation carried out on an off-line basis.



accordingly. Upon allotnent of a hall call generated during the actual

aily service operation, the aforesaid evaluation is carried out in * —~'
accordance with the evaluation function with the sel ected val ues of the \l&
control paraneters. The hall call generated is allotted to an adaptive
el evator on the basis of the evaluation resudtT Further, a control
paraneter for a certain control itemas nentioned above represents the
degree of influence 15 of thgbc niiol itemin an eval uatjon fupction

ot

If, therefore, a contfbl2hA%HHA YA T s°%‘?rea§’e?'ét_ttéﬁea‘(a pes of
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an el evator system can pbe rea n response to an operating state

of the el eviit or st &Ry Wik ARs1 &, "MK CEoRErSLBALAnétEFS é2n DBe COETEEREET

is large. If, however, the nunber thereof -4- increases, an increased
nunber of times a:acamﬁ?u atypoh | S11cEmen€lof 0 WHLRI GATD §ONéF ated

paraneters accordingly and therefore tinme to obtain appropriate paraneters
I s el ongat ed As @ufisglthe tictwalrdstby asgrvbtenopépatién, the aforesaid
evaluation is carried out in accordance with the
evaluation function with the selected values of the QJ
10 control parameters. The hall call generated is allotted
to an adaptive elevator on the basis of the evaluation
result.
Further, a control pé;ameter for a certain control
item as mentioned abovg represents the degree of influence
15  of the control item in an evaluation function. If,
therefore, a control parameter or parameters are selectéd
“at an arbitrary value, the degree of a control item or
items, which is to be considered in the evaluation
function, can be adjusted.
20" The prior art of this kind is disclosed in the
Japanese laid-open patent application JP-A-58/52162 (1983)
or 58/63668 (1983), for example.
According to the prior publications as described
above, the adaptive group-control of an elevator system
25 can be realized in response to an operating state of the

elevator system, unless a number of control items to be

considered is large. 1If, howéver, the number thefeof



5, takes a long tine.to respond the change in the operating state.
Further, ¢ he above said prior art - usually has been provided with only a
partilcyl ar type of the evaluation function. This is also one of the reasons
~why the prke{ 10 art could not quickly respond the |arge change in the
operating state. To inprove this, another prior art as disclosed in
Japanese | ai d- open patent application JP-A- 59/223672 (1984) has been
proposed. Accordi RgclReeeld, al'Gherdaidl Nintt R Bimee of G 481 Phtion
met hods and a final evaluation value for every elevator 1s obtalne
synthetically by wai ¢liguid ¢lah & ore DbR&E! N \CHHHI 10 pIRInAdT d Th A& 1
wth the operating state of the elevator system An adaptive elevator IS

determned on theahdsichedlefoie fifl te0 obtAtAlapPropPt ieitlel gsa tdits xty aided
for every elevator. By providing the plural evaluation nethods in advance,

this prior art caelbagatied.quiasklay resiland dhexeclaariges ma tgroblead aHat) it

state. Also in this prior art, a paraneter for a control 25 Itemand a
coefficient & weitgkeisn@ llongpltime  tevalaspanh thet ddnge € robithe roepe dat idge
simulation. In this prior art, a control itemto be considered is a
waiting time -B8tagel.y and a procedure of the sinulation for obtaining

the parameter and the weighting coefficient is fixed, so that the
sinulation in this pri&urdherypthee ahave Sahd arigrpmrt usually has been

provided with only a particular type of the evaluation
function. This is also one of the reasons why the prior
10 art could not quickly respond the large change in the"
operating state. To improve this, another prior art as
disclosed in Japanesé laid-open patent application JP-A-
59/223672 (1984) has been proposed.
According thereto! there are provided plural
15 evaluation methods and a final evaluation value for every
elevator is obtained synthetically by weighting the
respective evaluation methods in accordance with the
operating state of the elevator system. An adaptive
\/ elevator is determined on the basis of the final
_20 evaluation values thus obtained for every elevator. By
providing the plufal evaluation methods in advance, this
prior art can be more quickly respond the change'iﬁ the
operating state. |
Also in this prior art, a parameter for a confrol
25  item and a coefficient of weighting the plural evaluation
methods are obtained by the simulation. 1In this prior

art, a control item to be considered is a waiting time



that in the prior art previously described. 5 | f, however, the
nunber of control itens to be considered increases, the effect of + '
shortening tinme of the sinulation is not clear even in this prior art \J/
because it only discloses the case, in which only one control itemis
considered and the procedure of the 10 - si4rulation is fixed. It can be
sufficiently presuned that if the nunber of control itens increases, it

wi || beconme considerably troubl esome and tinme-consuming to carry out the

si nmul ati on wi omlyespecta tprooedur @arfartdteers iand atsiqrhtfiony awedintnenthand to
determ ne the appropriate 15 val ues thereof. Accordingly, the

appropri at e alplastamette rofandh|the e ightd ngd gae ffd al entati of ited noso behat
expected to tinely respond the change in the operating state of_ an el evator
system 20 An td§ sdmudfation dreddvits iRRAQR iait imay Pediade tHmplRY cthan
menti oned problens of the prior art and to oup- managenent

X rovj de a gr
control met hodhatd igppdreatRId ok %vm"\ﬁp]é(/ﬁ‘?ﬁc’s‘}ﬁ%n capabl e of
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w th plural ewﬁﬁﬂé¥ﬁhf§¥¥§ﬂ‘ié”n6¥”éﬂé§% even in this prior art,
because it only discloses the case, in which only one
control item is considered and the procedure of the \)
10  simulation is fixed. It can be éufficiently presumed
that if the.humber of control items increases, it will
become considerably troublesome and time-cdnsuming to

carry out the simulation with réspect to every parameter

and weighting coefficient and to determine the appropriate

15 - values thereof. Accordingly, the appropriate allotment
of hall calls to adaptive elevators'can not be expected s

to timely respond the change in the operating state of an

elevator system.

W/
20
An-object of the present invention is to solve the
above mentioned problems of the prior art and to provide
a group-management control method and apparatus for an
25 elevator system capable of accomplishing'the'appropriate

allotment of hall calls to adaptive elevators by using an
optimum evaluation function even in an increased number

of control items.



plural floors, in which hall calls are allotted to 5 adaptive el evators
I n accordance with a predetermned hall call allotnent algorithmfor the
pur poge of achieving desired control target or targets, plural kinds of the
hall call allotment algorithmw th different sghenes are provided, and the
predeterm ngd hall call allotnent 10 algor| hmis sel ected therefrom by
a reasoni ng operation, which is executed in accordance wth one sel ected

from amng reasoning Ul cfe TS| 6! Lile PRPULERE LRySALEBRC; 881008 BAS LAY,

the desired control targ argets and an opera

el evators. 15 in a A% gih ) pﬁexeﬁoéoéefab%eéﬁ&a' Lsd EEQEHEEESOEthSn

present invention, I nds of the allotnent algorithm

a particular eval L@iéméyr@*w&uI‘@pwdpmrsyaéyecaeargnésgssmefoe sepiiak
target or targets and variable control paraneters cooperating the 2

respective indexesplU¥4DrEiodrs p PewwickMPall n@alssoar&hgl1poeteat to
i nvention, a service operation of the elevators is sinulated by using a

sel ect ed aIIosnentaddgmivéfwaevak@mmtimla@@mn@aneeswianladpdeaetébﬁlned

eval uation function of 25 the selected algorithmare determ ned on the

‘basis of the resulbhakl c¢akl salldtememt. algorithmnfencbhanpenpodenefitachieving

procedure of the sinulation is determ ned by a reasoning operation executed

in accordance witHeskredl control r bargebnor t bargetsenphyral kinds of the
hall call allotment algorithm with different schemes are
provided, and the predetermined hall call allotment

10 algorithm is selected therefrom by a reaséning operation,
which is executed in accordance with one selected from
among reasoning rules empirically provided in advance on
the basis. of the desifed control target or targets and an
operating state of the‘elevators.

15 " According to one of further detailed features of the
present invention, each of the plural kinds of the
allotment algorithm has a particular evaluapion function
including evaluation indexes of a control target or

— targets and variable control parameters cooperaﬁing the

20 respective indexes.

According to one of embodiments of the present
invention, a service operation of the elevators is
simulated by using a selected allotment algorithm and
control parameters included in the evaluation function of

25 the selected algorithm are determined on the basis of the

result of the simulation.



{ rules on the basis of the desired control target or 5 targets and the
operating state of the elevators. Further, a range of each control - '
paraneter is determ ned by a reasoni ng operation.executed in accordancg/
w th on®. sel ected from anong the reasonLng rules on the basis of the
desired.control target or targets and the 10 operating state of the
el evators. Moreover, both the procedure of the sinulation and the range of

each parameter canihe SRmeaH lo%é.rl{e'?ﬂ: T %%ﬁﬁrﬁ FIeToN _SF,?ﬁ%]En;\g,-fo? he

aforesaid control target, as w e appare e descriptl
15 embodi MRt Fe tedmiRed HyN@S réfaseMiiiPloger fA8lch @Bediftdderh The

present invention will now bée described i'n greater detail by way of .
exanpl es W t h acebrdeme® W4 thNonC GUIRVREAE ré&md ity tMEedsonifg. 1 is a
bl ock di agram schematically show ng an 20 ~overal | hardware construction

of a group- mragezedin kel balsizpRE ahes de¥irdd Jdoamaicl tardéinaccording to
an enbodi nent of the present invention; Figs. 2a and 2b are bl ock di agrans
schenat i &al | y talrgeitsy and dher alperatfinglartateorf dilteatd lmvaeagy ed by 25
t he group-managenent control apparatus of Fig. 1; in which the software
configuration bei nFurdhesse@d sfangeo gfacach icontrol paEnameter drs an
operation control system (Fig. 2a) and a software for a simulation (Fig.
- 2b); -8- Fidgsermdned by andems@ning operat isiowerenutiad iof accordance
with one. selected from among the reasoning rules on the
basis of the desired control target or targets and the - R
10 operating state of the elevators. ~
Moreover, both the procedure of the simulation and
the range of each parameter.can be determined by the
reasoning operation. For the aforesaid control target,
as will be apparent frgm the description of the
15 embodiments, various kinds of control targets can be used. -
The present invention will now be described in greater
detail by way of examples with reference to the accompanying;
drawings, wherein:-
Fig. 1 is a block diagram schematically showihg an \'%
20 overall hardware construction of a group-management
control apparatus for an elévator system according to an
embodiment of the present invention;
Figs. 2a and 2b are block diagrams schematically
showing an overall soft-ware configuration executed by
25 - the group-management control appatatué of Fig. 1; in which
the software configuration being composed of two parts,

i.e., a software for an operation control system (Fig.

2a) and a software for a simulation (Fig. 2b);



various tables involved in the software configuration as shown in Figs. 2a
and 2b; Fig. 5is a flowchart illustrating a predictive 5 arrival tine
cal cylating program which is one of main prograns constituting an el evator
operation control programincluded in the operation control system software
of Fig. 2a; Fig. 6 is a flowchart illustratisag-a hall call 10 al | ot ment
program which is also one of the main progranms constituting the el evator
operation control pro%ﬁanj Figs. 7a to 7c are flow charts illustrating
three kinds of subroutfigs prifgrtmsS an@ HF E92- baaetio oAf dehowr 8t addisemis
for a hall call allotnent and se] ectively used in 15 the hall cal

al | ot ment progr ahegfiqlsyy. taplesg ginwleeqd inohhenspityprasepafiayratdanaas
col l ection progra which is one. of ograns included in the sinulation

sof twar e of Fig.%ﬁ?wqﬁif R}%ﬁnm&?eﬁﬁga ble of a table of destination- 20

traffic demand, which js one of d col | ected: he data coll eg¢tion
progriam of Fig. 8; | Fi gfl 9 nfslsa g Véh%f??rﬁ:l+]t1£¥?gf?ﬁbna & Ruf ﬁFIGhVBat a

calcul at 1 $rO0AD: Y A3 ABLPIE B LS,PLAY IECATEL IS bR LA
SR, . SR OB S o S P850 B LOFOR" 081875
' program included in the operation control system software
of Fig. 2a; _
Fig. 6 is a flow chart illustrating a hall cell
10 allotment program, which is also one of the méin programs
constituting the elevator operation control program;
Figs. 7a to 7c are flow charts illustrating three
kinds of subroutine programs, which are based on different
schemes for a hall call aliotment and selecti&ely used in
15 the hall call allotment program of Fig. 6;

- Fig. 8 is a flow chaft illustrating a data collection
prbgram, which is one of programs included in The
simulation software of Fig. 2b;

Fig. 9 shows an example of a table of destination-
20 traffig demand, which is one of data collected by the
data collection program of Fig. 8;

. Fig. 10 is a flow chart illustrating a simulation
data calculating program, which is also one of the
programs included in the simulation software of Fig. 2b;

25 - ' Fig. 11 is a flow chart i1lustrating a reasoning
program, which is also one of the pfbgfams included in

the simulation software of Fig. 2b;



-9- Fig. 12 is a flowchart illustrating a characteristic curve calcul ating
program which is also one of the prograns included in the simulation —°
~software of Fig. 2b; Figs. 13a and 13b are flow charts illustrating a &/
subroub\ne program for executing the sinujation, which is executed in
course_of the execution of the characteriStic curve cal cul ati ng program of
Fig. 12; Fig. 14 is a flowchart illustrating an adaptive operation control

paramet ercal cul atdfig, proGIa™, MbghehariOi1 1uaksaeong o' chlpaBtagiatic

i ncluded in the si tron Software o shows an exanple of

contents of f ' highoi f
gﬁxie’f%%%’é\fggs’*@ilrgg Qfoéf‘&nfzfgﬁi’ehnﬂs whikshohe afpenk of a

reasoning ta 16 shows an exanple of contents

of a rule basgrégbifsf Phiclib®ed eRG0Pha0simliiabibs absewarpadt pliglhen;
reasoning table; " Fig. 17 is an explanatory draw ng showi ng characteristic

curves of a cage-|ppgs{act@ran@rsss ar@0flowt bhasbsl dllhsteakinghiach is
used for explaining the operating nechani smof one of rules for the
reasoni ng); FigubdSutbnanpeagt amafor yegeauthngshbei sgmubhationgr wbiich dsrved
surfaces of a riding tine and a cage-load factor defined by a control
par aneter of ébec@bed imicougseiof the exedunsitovl dfothehehasgetesistisgct or,
which is also used for explaining the operating nechani sm of another rule
for the reasosunye eaticulating program of Fig. 12;
Fig. 14 is a flow chart illustrating an- adaptive

operation control parameter calculating program, which is

10 - also one of the programs included in the simulation
software of Fig. 2b;

Fig. 15 shows an example of contents of a data base
table for the reasoning, which is a part of a reasoning
table (Fig. 2b);

15 ' Fig. 16 shows an example of contents of a rule pase ¥
table for the reasoning, which.is also a part of the
reasoning table; '

Fig. 17 is an explanatory drawing showing
characteristic curves of a cage~load factor versus a \

20 threshold thereof, which is used for explaining the

operating mechanism of one of rules for the reasoning;
Fig. 18 is an explanatofy drawing showing

characteristic curved surfaces of a riding time and a

cage-load factor defined by a control parameter of the

25 riding time and a th;eshold of the cage-load factor, which

is also used for explaining the operating mechanism of

another rule for the reasoning; and



-1b- Fig. 19 is a block diagram schematically showing a part of a software
confi‘gurat+i on accordi ng to another enbodi nent of the present invention,

whi ch\i_s executed by the group-nmanagenent control apparatus of Fig. |I. 5 In_
the foll owi ny, explanation will be made of anQanents of the present
invention, ‘keferring to 10 acconpanyi ng draw ngs. | Har dwar e
Construction Referring at first to Fig. 1, there is shown an 15 overal |

hardware construction ofiq, aroups Wémsy@éfﬁnai&&f‘&ﬁ:%cﬂ@ﬂﬁ"ti‘&ﬂilgoEh@@i a
el evat or system according to an enbodi nent of "the present I nvention. RS

shown in the figurgar® ¢f OaPsTBEWILEEEOnEDGhF QL iSRPaEALHAi NG €8MRALERE
processors MAL and MA2 coupl ed 20 wi th each other. The processor Nﬁl

executes various eimbedimempesfittlon poesent DnoeheidnaSwHEERT i BedxbButedaby
| ater to function as an el evator operation control unit. The processor NA2

executes various prheyraneup+whandgenéht beont sol dappaibedsi 6£drigil 1l ater)
concerning the group- 25 managenent of operation of plural elevators to
function as a group- managenent nethod determining unit. The

group- managenent net hod determ ning unit MA2 determ nes a nethod of
allotting then existing hall calls to adaptive elevators. The el evator
operation control

In the following, explanation will be made of
embodiments of the present invention, referring to

N 10 accompanying drawings. ;-

I .Hardware Construction

Referring at firsﬁ to Fig. 1, there is shown an
. 15 overall hardware construction of a group-management
control apparatus for an elevator system according to an
embodiment of the present invention.
As shpwn in the figure, a group-management control
— apparatus MA comprises prdcessors MAl and MA2 coupled
20 with each other. The processor MAl executes Qarious
elevator operation control programs as described in detail
later to function as an elevator operation control unit.
The processor MA2 executes various programs (which will
be also described in detail later) concerning thé group-
25 management of operation of plural elevators to function

as a group-management method determining unit.



unit MAL carries out the group-control of the service 5 operation of

el evators in accordance wth the hall call allotnment nmethod determ ned by
the unit MA2. A control target setting apparatus PDis coupled to the s
processor MA2, i.e., the group-nmanagenment gelhod determning unit. The
appara&gs PD has an appropriate 10 inpb /out put device and a table for
setting various control targets and supplies desired control targets to the

MA2 b ' | pul.at ' ice. A

ppar atus of thi s B SrouH-Taradanans nethat ddtRamiBidd it aby ' o A0

lication Sgrial..k _ . ' fqi4] : : : aASSd dt
?ﬁg IsameI assi gﬁgg.r#hgfeﬁggf,t%gﬁr ?’Egralggg%rlﬂlgl%%of tmsljtgﬁ%pg{grialt %lvm I b(ca)

om tted here. tzhﬁdrarg;q%s%&e%%oﬂs-.e; ﬂ&%ﬁlv%\t%troro;s&earafarprb&mwlol unit,

is coupled to hal | devices provided in 2 an el evator hall of every
floor of a buighdiensalinicai+d e loute tie dréupdohtiryie® it afe e HD2 and

HD3 are shown in the figure. Wien a person waiting at a certain floor
mani pul atses adpelrlatidn ofeWlewadiorishdr laewordarvd Iwiadl ItHe Ipareredied to

receive the service of an elevator. 25 The processor MAl is further
coupl ed to preddsotmenhtEFmethdod A termimgid by ithe QviitTMes®, processors El
E2, E3 carry out the control of the service operation of -12- individual

el evators on the basicontradpdaatgedn setdtimgr tappes absp/Bedi § rannpledd to
processor MAl. Since many
: the processor MA2, i.e., the group-management mgthod
determining.upit. The apparatuslPD has an appropriate &‘)
10 input/output device and a table for setting various
control targets and supplies desired contrg; targets to
the processor MA2 by an operator's maniﬁulation of the
input/output device. An apparatus of this kind is
disclosed in detail in the U.S. Patent Application Serial
15 No. 301,973 filed~Janua;y 26, 1989 and assigned to the =
same assignee. Therefore, further description of this
apparatus will be omitted here.
The processor MAl, i.e., the elevator operation
control unit, is coupled to hall call devices provided in \
20 an elevator hall of every floor of a building through-a
line HC, but only three devices HD1l, HD2 and HD3 are shown
in the figure. When a person waiting at a certain floor
manipulates a hall call device of the floor, a hall call
is generated to rac2ive the service of an elevator.
25 ' The processor MAl is further coupled to processors

El, E2, E3 through a line CM. These processors El, E2,

E3 carry out the control of the service operation of



kinds of programs have been proposed heretofore as an individual elevator
control programto be executed by the 5 processors El, E2, E3, thé
description thereof will be onmtted here. As described above, this

enbodi ment hgs the control target setting appgnat us PD and therefore a
control target or targets can be altered even 3uring the service 10
operation of an elevator system However, it is to be noted that the

application of thgRiGaall WEVd«kd DAAnd 4P dpesatysg- If a

& as £
control target or targets are fixed In advance and not necessary to be

al tered during thg RapMiOa AR AigMhed N PO pAEddo S MAL NI dPnce many
apparatus PD can be omtted. |In'this case, the control target or targets
provi ded are set iﬂrﬁ@ﬂ?ﬂd@@n@fﬁa{@' B0 Prdpded e dt b for 1CA%IdRE 1N
t he group- managenent nethod determining unit MA2 and will be referred to
later. 20 11 ieanslduordlenatadd aomir SofgreymamReieive ngxecited Oy Give
2a and 2b, the overall configuration of the software to be executed by the
group- managéhent prodesdormp(El AR, NBS withe bieswomi pi o, tidreof will be

hereinafter. In these figures, a block surrounded by double |ines neans a
program and a bl ocimisstredhered by a single line a table storing necessary
dat a. -13- 2.1 Elevator Operation Control Software SF1 Fig. 2a shows a

configuration of a sof tAfrdessrikad abayew tvis arbedingnt dms otheyeerpyol

which is executed .
target setting apparatus PD and therefore a control target

or targets can be altered even during the service
10 operation of an elevator system. However, it is to be

noted that the application of the present invention is

not limited to this type. If a control target or.targets

are fixed in advance and not necessary to be altered

during the service ope;ation, the control target setting
. 15 !épparatus PD can be omitted. 1In this case, the control

target or targets provided are set in advance in a control

target table which is included in the group-management

method determining unit MA2 and will be referred to later.
20 II Overall Configuration of Software

Referring next to Figs. 2a and 2b, the overall
configuration of the software to be executed by the group-
management control apparatus MA wiil be explained,

25 hereinafter. 1In these figures, a block surrounded by
double lines means a program and a block surrounded by a

single line a table storing necessary data.



5 by the processor MAL, however the figure also includes individual

el evator control prograns SE1, SE2; SE3 executed by the processors El, E2,
E3. As a main program this software SF1 conprises an operation contral_/
program SF104 whi ch conducts a 10 processi ng concer.ning the
groupfco_trol of the service operation-ofl3plrural elevators, such as a hal
.call aPfotnment, a service of plural elevators to specific floors, a

di spersive stand by of elevators, etc.. Wwen executed, the i ndi vi dual

el evator cont¥ :ﬁ&evaERQKFEﬁﬁﬁﬁiﬂﬁ epptrafraSefEvaEe §BLi ous i nformations
concer ni ng the operating state of respective elevators, as well as they
control the service operation of .the correspondi ng eIevators under the

|
Sy S‘S”""gr*éf e %ﬁ%w Lo il T IR T HRC ST
operation control 9.{16‘&4 $ cJﬁfrbffg{,g@&;. nah{lehbfaogkgsss&ss

|Rclud$s p05|§q() rve evat i rections

t

Hal | calls g& ra'{éc#‘ﬁw%%@ﬁ *‘#i @%%?c%*i%?%ﬁﬁffﬁ sinefddes. | e
in ahall caling aﬁﬂiagﬁtéf’é\ré@&é ecéﬂpal brogPamb el Or sEY¥5t 881

speC|f|cat|on t -14 - there are stored speC|f|c data of an
el evat or systSfacted thdePPbO8ssofat 81 aEﬁpnﬁgr of elevators to be

group-controlled, a nurber of floors of a bui | di ngs
As a main program, this software SFl1 comprises an

operation control program SF104 which conducts a

10 processing concerning the group-control of the service
operation of plural elevators, such as a hall call
allotment, a service of plural elevators to specific
floors, a dispersi&e stand-by of elevators, etc..

When executed, the individual elevator control

15 programs SEl, SE2, SE3 collect variouS'infbrmations
cdncerning the operating state of respective elevators,
as well as.they control the service operation of the
‘corresponding elevators under the control and management
of the processor MAl. Such informations are temporafily

20 stored in a predetermined table defined within an
operatidn control data table SF10l1. The infprmations to
be collected includes positions of the respective
elevatofs, traveling directions thereof, cage calls

- generated within cages thereof and so on.

25 Hall calis generated by the hall call devices HD1,

HD2, HD3 are registered in a hall call registration table

SF102. 1In an elevator system specification table SF103,



installed with the el evator systemand so on. 5 Data stored in the
tabl €s SF101, SF102 and SF103 as well as various control paraneters
obt ai Rgd by the sinulation software SF2 descri bed bel ow are supplied to the
operation c rol program SF104. 10 2.2 _Si |_Lati on Software SF2 As
shown in Fi 2b, the software SF2 for the sinulation conprises several
prograns, as follows. At first, the software SF2 has a data collection

rogram 15 SF20dhd s | £k i t rapi Sl 84 i :
pr og &% | £Edrdd desb L et @at R ofi AN éiéggtg¥bf¥s§£E01

periodically sanpling contents of the operation control data ta

and the hall call sweh sds dimehd pbh&l HHOR, A $@NSE ANGE L éTBvA PHLE Vb Spe ONE
of the nost inportant data collected by this program SF201 is a - 20

traffic demand obtgrowep-dmitoEYed § raviehnber pof he foors cobak | b2l dings
originating floor to a destination floor (called a destination-traffic
demand, her ei naft eis tahkediatitls aripd ezlldyatdr gyotemnacd2d on, stored in a
sanpling data table SF202. The table SF202 stores not 25 only data
currently obtdined, butDPatacstered oin dibedtables SFLAL, t SHE02 camed. SF102 as
simul ation data cal cul ating program SF203 is a program for reading therein
the basic data st dfekl ias tVRX kQi CHFIPL PRE FRekesiobtained Hyy f the her
using data supplied froman el evator system specification table SF204 5

to provide variousSiBilkatinn ($RE&3RR REDAesopiRetrbelewrate i dwPPLied von

to this program SF203 from
) Prog é%e operaéﬁon control program SF1l04.

~ 10 2.2 Simulation Software SF2
As shown in Fig. 2b, the software SF2 for the
simulation comprises several programs, és follows. At
first, the software SF2 has a data collection program
- 15 !SF201 for collecting basic data for simulation by
periodically sampling contents of the operation control
data table SF101 and the hall call registration table
SF102 at constant time intervals. One 6f the most
— important data collected by this program SF201 is a
20 - traffic demand obtained for eﬁery traveling path from a
hall call originating floor to a destination floor (called
a destination-traffic demand, hereinafter).
. The datalsampled by the program SF201 is stored in a
sampling data table SF202. The table SF202 stores not
25 only data currently obtained, but aiso data obtained in

previous time zones.



reasoni ng program SF211. This information wi.ll be explained |ater. The
sinmul ati on data obtained by this program SF203 is stored in a sinulation:
data tabl e SF205. 10 Further, the table SF204 has the same conggnts.
as the el evator systemspecification table SF103 in the operation control
system spftware SF1 (Fig. 2a). Therefore,l®ither one of those two tables
SF103 afid SF204 can be used in common to both the software. In this 15
enbodi ment, however, t{here are provided the respective tables SF103 and

SF204 for the con@nPEREEabIOROAREB CAACHARLAREPFOSFEAT A0 S difcd at i ng

Gl il at] on- dePEO9ERRcPOEoBRadtnS; FOeBRADAERE BpBienfiobe StOyad: fmdion
Vari ous ohar abtREpss¥e08, A8 BxBeRHEL AL LHER By ubkbeT, aBY Bl on
char act er 1 st | SuBELSE4 Epfi PR B1eVREBETETE k] B cIRITRITER tabl e RE2qs

exanple g Wai thngebliBeCaER6h8! HALRCEBE ¥he Binbaldoh.M adbAbRG! eristic

curve, a cage- actor characteristic curve, a power consunption - 16-

characteristi gnpdfMat89H $8 §iveRata eANECHPbEY amNSFR2BUS FR¥mAlsNed vari ous
characteristic curves are stored in a characteristic curve table SF207. An

adapti ve oper pba86n€AYt ppbgpanageRel .calrtibainf@rhat iol «d1aMpaF208 carries
out a predeterm ned cal cul ati on by

explained later. The simulation data obtained by this
program SF203 is stored in a simulation data table SF205. ;;)
10 Further, the table SF204 has the same contents as
the elevator system specification table SF103 in the
operation control system software_éFl (Fig. 2a).
Therefore, either one of those two tables SF103 and SF204
can be used in common to both the software. In this
15 'embodiment, however, there are provided the respective
_tables SF103 and SF204 for the convenience of control.
A characteristic curve calculating program SF206 is
a program for reading therein the data stored in the _
simulation data table SF205 and the elevator system e
20 specification table SF204 and carrying out a predetermined
simulation to obtain such various characteristic curves
as described later. The aforésaid simulation is carried
out for every control parameter to be considered.
As the characterisﬁic curves obtained by this prograﬁ'
25 SF206, there are for example.a'waiting time characteristic
curve, a riding time characteristic curve, a cage-load

factor characteristic curve, a power consumption



using the data stored in the elevator system specification table SF204, the
characterkstic curve table SF207 and a control target table SF209 and
outpuL/ various kinds of adaptive operation control paranmeters. Wth the
tai ned control paraneters, an QlQ%@tOf system can provide the

t hus 10

service ope

tion nost suited for a kind of a

uilding installed with the

el evator system and the state of use thereof at that tine. The control
parameters Obta'neéhQYaEhSrPéﬁgéaah§530§na5so o€ Bla@aedonedh idPRH Ghus

operation control

paranmeter table SF210. Further, a part of the contents of

the sinulation datebtabhedSvaeSous ehagastersdtie chirvekallre StREad Whereby
a so-called learning function can be acconplished, because the result of

t he act ual

control
contr ol

rul es

oper at i ehagfBcterdEtitegatroes tablevgFastzed by the sinul ation
software SF2. The contents of the table SF210 are supplied to the operation
program SF104 oAnt bdappévet pprrasipnocogysodnppragederSehlcklating
2a). A reasoni-ng program SF211 is a program for reasoning 25 a range of
par anBt er sprograni 8R20Becasniesl opsr anpredetarainedhbeadicaigédon by
during the sinulation, and a procedure of the sinulation in accordance wth

17-

stoﬂééngntherééEénﬁﬁSrﬁébPé SP2121&§3$°¢u5555&@e5Q¢QHﬂé°at1°n-

basis of data stored in the table SF212 as a data base. The_rule base for
the reasoning willtBBlexSFa0Aedthr gbaZACtERisticTRIIYS: £aBie SFR0E B0d a

reasoni ng i ncl udes

—

10

15

20

25

control target table SF209 and outputs various kinds of

adaptive operation control parameters. With the thus

obtained control parameters, an elevator system can

provide the service operation most suited for a kind of a
building installed with the elevator system and the state
of use thereof at that time. o

The control parameters obtained by the program SF208

~ are stored in an adaptive operation control parameter

table SF210. Further, a part of the contents of the
simulation data table SF205 is also stored in this tabie

SF210, whereby a so-called learning function can be

. accomplished, because the result of the actual operation

of elevators is evaluated by the simulation software SF2.
The contents of the table SF210 are supplied to the

operation control program SF104 of the operation control

.system prograﬁ SFl1l (Fig. 2a).

A reasoning program SF21ll is a program for reasoning
a range of control parameters, in which the control
parameters are to be changed during the simulation, and a

procedure of the simulation in accordance with rules



5 data supplied fromthe sanpling data table SF202 and the control

v target table SF209. The result of the reasoning is supplied to the -
simul ati on data cal cul ati ng program SF203 and t he adaptive operation \/ - -
control paraneter cal cul ating program SF208. 10 2.3 Configuration of Tables
Referrlﬁg next to Figs. 3a to 3c and Flgsifha'to 4f , explanation wll be
made of>fhe configuration of the 15 various tabl es as ment i oned above.
Figs. 3a to 3c show details of the tables SF101, SF102, SF103 of th
oper ati on cont$©¢r%@s%@n$s@?@ﬁﬁ?énsFEaPFFgSFié? aﬁsasﬁH&ﬁ ASg gn ﬁge t he

| d bl e SF10 he f
?SE[ZE'°”.Crrtégsgﬁié?fégt?ﬁétgé 81 PhecbapleSF3Te.08 palrtAREE Al i on
t , tt | trat b ' | [
thLE, 2" abl PG, THie %?spgéﬁgkﬁsﬁfségﬁaﬁgﬁr§é}3n8 T e

t abl Kk | e b h 2
Cor respondi ng G8cebbr JaEREqar BRe oAAtR, Bab 7 EGs, Thel FeproRiBiy Sty
storage ageas ottesfgnsing o ﬁVE Shikaiag BRLY cab1el8robd LhA kAR ©
? ? sSuc u

for the state ors rrent position of .eac

el evator, a trg ééﬁkwﬂ eaggsv PELLECEPSDS, @Hab%saitpe%seaae&s.a\gbhlihg a
cage thereof an e stored. The cage call registration
"is supplied to the simulation data calculating program
SF203 and the adaptive operation control parameter
calculating program SF208.
10

2.3 configuration of Tables

Referring next to Figs. 3a to 3c and Figs. 4a to 4f,
explanation will be made of the configuration of the
15 various tables as mentioned above.
"Figs. 3a to 3c show details of thé tables SF101,
' 8F102, SF103 of the operation control system software SF1
(Fig. 2a). As shown in Fig. 3a, the operation control .
data table ‘SF10l comprises at least the following six \)
20 tables, i.e., a table for the state of elevators, a cage
call registration table, an allotted hall call
registration table, a predictive arrival time table, a
table for time elapsed from a registration of a hall call
and a work table. Except the work table, each table has -
25 storage areas corresponding to every elevator and every

floor, and the work table has storage areas corresponding

to every elevator only.



5 . table stores calls generated within an el evator cage together with
their destination floors. In the allotted hall call registration table,

hal | ¢alls, to which available elevators are already allotted, are

regi stered. -the predictive arrival time table ggores a predlctlve 10

‘time froma_given tinme point after generation of a hall call at a certain
floor to a tinme point of arrival of an available elevator at the floor. The

el apsed time table stores anel Fabakarerd thedBtatld Bt RAldVatdrd SHaHd atglpéh
of a hall call to the aforesaid given tine point. 15 Therefore, a sum of

contents stored inagoGl euReRALNPoditdDNObLL kaTh el vdtdr ! ablteavdldinggt es a
waiting tinme for which a person who generates a hall call should wait the
arrival of an avai lddltleetdlosnyabereockhe avmuhnbieablof ipassetdety iWwidHilie a cage
execution of the various progranms. 20 The hall call registration .
tabl e SF102 shown ithefFiepf andhae shgr age ateaxedeor Mepaayengald e\esyiys Hdaddion
and every required traveling direction. As shown in Fig. 3c, the elevator
syst em speci f iScat i dablgblscosRE0Talis geoeratedearitthine afmlelmartg)rselm

tables, i.e., tables for a 25 nunber of elevators, a nunber of floors of
a bui |l ding, floorstogethesemidd thejssdestidation dBioprm ool tdies fdlatted
stand-by floors, nom_nal capacities of -19- el evators, a traveling speed

of elevators and sbadd. cpldseegdsitaation tabley bpdd Celdseda Fhich he

expl anati on Of the %%3&?%1%”é§€3€?§£%°2&@arirea%y allotted, are registered.

| The predictive arrival time table stores a predictive

~ 10 time from a given time point after generation of a hall
call at a certain floor to a time point of arrival of an
av;ilabie elevator at the floor. The elapsed time table
stores a time elapsed from a time point of registration
of a hall call to the gforesaid given time point.

15 Therefore, a sum of contents stored in corresponding areas
of these two time tables indicates a waiting time for
which a person who generates a hall call should wait the
arrival of an available elevator. The work table is used

- | _ during the execution of the various programs.

20 " The hall call registration table SF102 shown in Fig.
3b has storage areas corresponding ﬁo every floor and
every required traveling direction. As shown in Fig. 3c,
the elevator'system specification table sf103 includes at
least the following seven tables, i.e., tables for a

25 | number of elevators, a number of floors of a building,

floors to be served, a base floor (a lobby floor),

dispersive stand-by floors, nominal capacities of’



Figs. 4a to 4f show details of the tables SF202, 5 SF205, SF207, SF212
SF209, SF210 of the sinulation software SF2 (Fig. 2b), respectlvely

Details of the elevator systemspecification table SF204 is omtted, \_/
because,lt has the sanme details as the table SF103 as shown in Fig. 3c.
Cbntents Jstored in these tables and 10 = 1¥heir function will be nade clear
in the explanatlon of the simul ation software SF2. 111 Details of Software

SF1 & SF2 15 foll | ud h

cont ol syst cE3AERERe SFETATALIAS SHRSRAAtos EANRES 0% 5 9P o
I d tail f ct Furth th

o tnar o SF1 ARGSeraRLES ML 1Hes S S RIded raStately. so that

t hey 'can 20 th#?agffilgl eg% ee\xg%é&%(hg%?g té;en %%r]fttrv%s %lnanagenent of

a system prog Sperat itng system ©AFesult, a start

or pause of the exgqﬁgloqaogopggg%%gg %g&aqggpgggeﬂylgiyﬂé%t can be

effected by a system i ner anot her program gration

Gont r ol §yste§F§%fst w@@fgoSFlsBeermo@ fs'ﬁzito o @n@s sx?lulﬁatﬁ% 7a to 7c,

expl anation w two prograns, I.e., evator arriva

time predicti %fmw%amnctraghalzlb)calrles@bldttlm prw@mmﬂ:mﬁre

I ncl uded in the operation control systen1progran1SF104 and have the speci al
elevator system specification table SF204 is omltted,
because it has the same details as the table SF1l03 as
shown in Fig. 3c. Contents stored in these tables and g;)

10 their function will be made clear in the explanation of

the simulation software SF2.

IITI petails of Software SFl1 & SF2

15 . In the following, programs included in the operation
control system software SF1l and the simulation software
SF2 will be explained in detail, referring to respective
flow charts. Further, the software SFl and SF2 are
divided into plural tasks, respectively, so that they can

20 be efficiently executed under the -control and management

- of a system program, i.e., a real-time operating system.

As a result, a start or pause of the ekecution of programs
for accomplishing the tasks can be effected by a system |
timer or another program. |

25



| nportance therein. 10 3.1.1 . Elevator arrival tinme predicting
program Fig. 5 shows a flow of a programfor predicting a tinme of arrival
of aniefevator at a floor, in which a hall call exists. This predictive
arrival tinmg-provides 15 basic data for calfglatlng an eval uati on val ue
concerni ng § iting time. This programis perfodically started by a system
‘timer every one second, for exanple,  to calculate a predictive arrival time
of an elevator fro c Shhl o] Jor- every floor
and every 20 elgbgtong?%E%ﬁg F%SS?@? S?g hB%fQ gggggffndlcate that a
| oop processing operation shown is executed for all the elevators, a total

nunber of which is K as shown in step 501. 25 At first, a nunber k
of an elevator, for whigefarpifigi ati ¥erakr kvakFigisne 5,s ¢ anle naltwl'/@t ed, is
desi gnated at step 501. Next, at step 502, an initial value T is - 21-

set in a predeternenpdaaae&oﬁcahl&dbé made bEbltwo peogirans,en).eqf, ahe wor k
table of the table SF101, and sinultaneously the initial value T is
transferred t6 a peéddvatbrecazrivadl timeepredieting. pFiograidaandf at haldamal 15
As the initial value nentioned above, the following tine can be considered;
i e., atine, whichllotmeossprogren,fwhigh erevincludeda imethsi o peiradion
start the traveling froma current status thereof, or a tine

- control system program SF104 and have the special

importance therein.
10 3.1.1 Elevator arrival time predicting program:

Fig. S5 shows a flow of a program for predicting a
time of arrival of an elevator at a floor, in which a
hall call exists. This predictive arrival time provides
- 15  basic data for calculating an evaluation value cbncerning
a waiting time. This program is periodically started by
a system timer every one second, for example, to calculate
a predictive arrival time of an elevator from a current
~ position to a certain floor, for every floor and every
20  elevator.
~ In the figure, steps 501 and 509 indicate that a
loop p;ocessing operation shown is executed for all the
elevators, a total number of which is K, as shown in step
501.
25 At first, a number k of an elevator, for which a
predictive arrival time is to bé calculated, is designated

at step 501. Next, at step 502, an initial value T is



necessary for restarting an elevator, which is in the 10 condition of
pause. Then, a nunber of a floor is increased by one at step 503, and it'is
discrimnated at step 504 whether or not the increased floor nunber agrees
with a current position (floor) of the elevator. The neaning of step 15

504 wi k1 Ybe expl ained later. Wen the - I2dor- nunber agreed with the current
posi ti ofi, the processing operation goes to step 509, at which it is

di scrim nated whether or not the processing operation of this flowis
conmpl et ed forsebeiy 2 predetermined area KFaégﬁﬁlétéémﬁoﬁabﬁény el evat or,

the processing operation of this flow ends. OQtherw se, the processing
operation reth@Feinatter) afothaqwork, tablecatuthe EabpecBFLglanarfer

I tor. At st 504, if_ it js judged.th the flI 5 d t
R R

oper ot on, 9003 481 Shefe 801 41 "BLRR Rebhg" BT BASSCIETTRE 48 bageSL e

LK L0 ey e PR ¥k Sy Bl d o SORACHoothE BRY $B1ESHT | S

To A0 st o hAVERIARLeL! ITe FEheRhe | Mental! S STLOL 3L Step |

or an allottedefdbticatéaCrésian blevator at a certain floor to start

the traveling from a current status therebf, or a time
necessary for restarting an elevator, which is in the i.)
10 condition of pause.
Then, a number of a floor is increased by one at
step 503, and it is discriminated at step 504 whether or
not the increased floor number agrées with a current
position (floor) of the elevator. The meaning of step
15 - 504 will be explained later. When the floor number agreed
with the current position, the processing operation goes .
to step 509, at whiéh it is discriminated whether or not
the processing operation of this flow is cbmpleted for
every elevator.

20 if completed for every elevator, the processing
operation of this flow ends. Otherwise, the proéessing
operation returns to step 502 and is repeated with respect
to another elevator.

At step 504, if it is judged-that the floor number

25 "does not agree with the current position of the elevator

yet, the processing operation goes to step 505, at which

a time Tf necessary for traveling for one floor is'added



any call does not exist, the processing operation returns to step 503.

O herwi se; the processing operation goes to 10 step 508, at which a tine
[err]{necessitated for a traveling elevator to stop at a floor and to
restart thersfromis added to contents (T) of t?e time table, whereby the
~current val y of T is renewed. The new val ue Tis stored in the tine

t abl e again. Thereafter, t he processing operation returns to

Speration as 3‘2'52“% EPabetts; E‘Ffeéséﬁggnﬁiﬁ?fggP9¥sg?ﬁ HRaheRCBpIE"
that the floor nunbes, é?#oﬁﬂ%rﬁég 32? t'goébEEQHeﬁf t e h@% Qﬁnggf

Therefore, a | oop opera eps I's repeafed wt.

nunber increased. fh @g P EhEPLPRE Lspbfs fQhkAws. It is assumed here
that, at step 503, ﬁs number |s§@ncreased ?n the direction of the

upmard traveling of an @ﬁ@vﬁéﬂéweaOéoﬂéentseéénﬁhs tim8 E9b§e0§§eseih§n the
fl oor nunber will reach a nunber of a top floor finally. After that, th

floor nunmber §s adypegedtivetaerdvaecting ehblécodovhvattble s#201 at step
traveling, until it reaches a nunber of a bottomfloor. Then, the floor

number is increasesiogn tAetepvnendtdi iecisodisgpininanddt he saepeasnnghether
the fl oor nunber nust stop when it becones equal to a nunber of a starting
5 floor in the ¢éoopobparadgencallToer ehoaklothedphaflagadl ExdstS.cadf
~provi de a total
any call does not exist, the processing operation returns
to step 503. Otherwise, the processingioperation goes to
~ 10 step 508, at which a time Tg necessitated for a traveling
elevator to stop at a floor and to restart therefrom is
added to cbntents (T) of the time table, whereby the
current value of T is renewed. The new value of T is
stored in the time table again.
15 Thereafter, the processing operation returns to step
503, at which the floor number is increased by one, and
the processing operation as described above is repeated
until it is judged at step 504 that the floor number
- . agreed with the current positien of the elevator.
20 Therefore, a loop operation of_stepe 503 to 508 is
repeated with the floor number increased.
The meaning of step 504 is as follows.. It is assuﬁed
here that, at step 503, the floor number is increased in
. the direction of the upward traveling of an elevator, for
25 example. In this case, the floor number will reach a

number of a top floor finally. After that, the floor

number is advanced in the direction of the downward



predictive time, in which an elevator travels froma certain floor to one
end floor, then fromthe one end floor to the other end floor and fromthe
ot her end floor 10 to the certain floor, while serving floors ) ‘
corresponding to then existing cage calls and allotted hall calls. In other
mords,;zjemed froma point of view of evedy-hall call, a tine, in which the
el evat arrives at a floor corresponding-to every hall-call, can be given.
15 Such a tine neans a predictive arrival tinme neasured from an

gi ven ti me pdirdvekitngwhiwtkihel prveasisésica opambe ¥ ovf beghottomnf £ledrsef ore,

a tinme elapsed froma generation or registration of a hall call to the
given tinme pdhen, ssheafloed nunbes tisigineneasedain| boe upvapd whi ch t he
hal| call is generated, can be predicted by adding the el apsed tinme to the
predi ctive ardinegtiomeag®in s capnditihe inRrersteg sPhgtRpefLePbnnEBbRENt i oned
above by steps 501 and 509, a predictive arrival tinme can Pe obt ai ned for
every el evat ®us¥F §EoR when i dbecpmes pgpaltoqa pWrbET oRf n2nBEBRELMEhove,
“the times Tr and [err], used in steps 505 and 508 are provided as ones of
the adap?ive HHRRGrIBHERY AP PFLAEIRs by the sinulation software SF2 as

a1 low chart of {ERREFTORSy |tae Rrauhen SR radr rPEn pROPRRRTR, KRt ¢

o ted b ugreafit e Otide, 18 WALenEn' e1evAebl! BrRvEIEAFLoR S  © AT

certain floor to one end floor, then from the one end
floor to the other end floor and from the other end fioor Q)

10 to the certain floor, while serving floors corresponding
to then existing cage calls énd allotted hall calls: 1In
other words, viewed from a point of view of every hall
call, é time, in which the elevator arrives at a floor
corrésponding to every"hall call, can be given.

15 - such a time means a predictive arrival time measured
from an given time éoint, at which the processing
operation begins.. If, therefore, a time elapsed from a
generation or regiétration of a hall call to the given
time point is measured, a waiting time in a floor, at ~/

20 whicﬁ the hall call is generated, can be predicted by
adding the elapsed time to the predictive arrival time.

By repeating the processing operation as mentioned
above by steps 501 and 509, a predictive arrival time can
be obtained for every elevator. Fufther, in the

25 processing operation mentioned above, the times T, and Tg
used in steps 505 and 508 are provided as ones of the

adaptive operation control parameters by the simulation

software SFZ'as described later.



kinds of algorithmfor allotting a hall call generated to an adaptive

el evator,: one of which can be selected in accordance with the change in an
operdting state of an elevator system Further, it is nore preferable to be
so 10 degtgned that one or nore new ki nds ?f al gorithmcan be further
-added, sone' gf the originally provided al gori #n1can be renoved or the
originally provided al gorithm can be changed. In the program shown in Fig.

6, there are provifged 55 ﬁﬂfecﬁ?génlggg{ﬁ %:’g%é?,[c%“ al | ot nent

algorithm i.e., algorithm 1, "algori m 3, which will be
explained in detail later, referring to Figs. 7a to 7c, respectively. One
of these three kinds of the algorithmcan be selectively used in .response

to an algorithm 20  seipctd Ofs RArEYBH GhdSt I e | BaDI O¥aTeda 8o 8Rén €f
t he adaptive operation control paraneters by the sinulation software SF2 as

described later. Refeyramg Wwioheh oidi Dni®iatdd®rin WéspdRs€Xpdagendrabton of
processi ng operation of this programin the follow ng. 25 When this
programis stfirtechitaYesxgelbe tIn Qs gprogran, atheté anél provided plural
registration status of hall calls is at first read at step 601 and
thereafter @ -25-kimdsarf algaxdithie fonvallogting ezthabl ofabkh gémensted to
I.e., an.upward travel or a downward travel, is set at step 602. Further,
this step 602 and an egdapti e wkevrtpr atane cohswhich ecan| bepsepectedohn

whi ch neans that a . ) . _
accordance with the change in an operating state of an

. elevator system. Further, it is more preferabie'to be so
~ 10 designed that one or more new kinds of algorithm can be
further added, some of the originally provided algorithm
can be removed or the originally provided algorithm can
be changed.
In the program shown in Fig. 6, there are provided
15 three kinds of the hall call allotment algorithm; i.e.,
algorithm 1, algorithm 2 and algorithm 3, which will be
explained in detail later, referring to Figs. 7a to 7c,
respectively. One of these three kinds of the algorithm
N _ can be selectively used in responsé to an algorithm
20 selection parameter Ag, which is provided as one of the
adaptive operatioh control parameters by the simulation
software SF2 as_described later.
- Referring now to Fig. 6, there will be explained the
processing operation of this program in the following.
25 . When this program is started in response to
generation of a hall call, the registration status of

hall calls is at first read at step 601 and thereafter



5 processi ng operation as described belowis repeatedly executed with
respect to both the upward and downward travels of an elevator. Then, at*
step 603, a floor nunber i is set, in which | denotes a total nunber of_/
floors of a building. Also 10 thIS step 603 constitutes a | oop operation
toget her With step 610 described | ater,-v@%ch neans that a processing
operativh as described below is repeatedly executed for every floor. After

the floor nunber i is set at step 603, it is 15 di scrimnated at step
604 whet her oeikbergone| pfchhpe tgagéhénst ddrgctipa pfi Anf ledevatpr +t here is
no hall call at the floor, the processing_operation junps to step 610, at
which it is diser ¥ nRRaBBEHasfctEaVedr OFoR ARUNMAER tragelis isnsesf adnd
floors, i.e., an uppernost f]oor wer ost  fl g I f the th
floor is JudgéﬁePoggg nof Utk eéndtLFéoFtePhéo rGBgD égérgﬁﬁﬁﬁlﬁﬁdﬂrw

t t 604, t whi ch d d b
(i sor i m nat eclAEAPnCRBEREPED SndPOR REEF AEAPR 1o ¥RaF ag‘%%f‘ﬁe B |

f : f hal | , I f th

o or o sornerek e b BB E BelesE oo
| h th

ool aFopelbim . fsadtebse e By hicygeh gl (1 1

algorithm1, 2,.3pd13 bf 86l e§kedeorespectively (steps 606, 607 and

Then, at step 603, a floor number i is set, in which
I denotes é total number of floors of a building. Also i;)
10 this step 603 constitutes a loop operation together with
step 610 described léter, which means that a processing
operation as described below is repeatedly executed for
every floor.
After the floor number i is set at step 603, it is
15 "discriminated at step 604 whether or not a hall call is
generated at the i-th floor. If there is no hall call at
the floor, the processing operation jumps to step 610, at
which it is discriminated whether or not the i-th floor
is one of end floors, i.e., an uppermost floor or a ™/
20 loéermost floor. If the i-th floor is judged to be not
the end floor, the processing operation returns to step
604, at which after the floor number i is advanced by
one, it is discriminated again whether or not a hall call
exists at the (i+l)-th floor.
25 If a hall call exists at the i-th floor, a value of

the algorithm selection parameter Ag is checked at step

605, and one of the allotment algorithm 1, 2 and 3 is



608). After the allotnment algorithmis selected, the 5 hall call at the
i-th:floor is allotted to an adaptive el evator in accordance with the

sel eqted allotnent algorithmat step 609. As already described, by the
function of eps 603 and 610, the processing operation as descri bed above
is 10 repeatedly executed with respect to abl-the floors 1 to I. If this
processi ng operation is conpleted up to the one end floor, it is
discrimnated at step 611 whether or not the proceSS|ng operation is

conpl eted for bot isedgetedaial afgosidenas stich thecoipliug @f Adre Prdddsiss ng
15 operation end%ﬁdHCthermn e, the praqcessing o eration returns to ste

603 and is repeat EFRAGRGESpFEEN B He d-t'he%' & ithe Allatment qugoritphm
Pl | cal | 2%2[‘%&“58%? Pl medosy e ToRsEt e o '“%%%%Ld%géarﬁ“ﬂ $'and'®
the. threo ki nde oRSHe aMEeRe AP ea RS ate'ﬁf%}%'”bﬂ%%e AP end
subrouti ne prsogra ‘ix%%%%t ttP%t qg 6(}@0 %I ﬁléd bl:% eg&,pl é;)rgets

referring to FIgS ore |tens or

referred to in theqfQ)daw Ng %&%Hc%n v)’!'éﬂ %%i df A da{nléﬁ%al |

-27- first, "waiting tine" nmeans a tinme fromthe registrati on o

call by a person vaigoridmd s &elprighd.| oor to

As already described, by the function of steps 603
and 610, the processing operation as described above is
10 repeatedly executed with respect to all the floors 1 to
I. If this"processing operation is completed up to the
one end floor, it is discriminated at step 611 whether or
not the processihg operation is completed for both the
traveling directions. “If.completed, the procéssing
15 operation ends. Otherwise, the processing operation
returns to step 603 and is repeated with respect to the
other traveling direction.
All elevators of the elevator system effectively
operate in accordance with the hall call allotment
20 obtained by the execution of this program,-whereby;hall
calls can be served appropriately by adaptive elevators.
Next, the three kinds of the allotment algorithm 1,
2 and 3 provided as subroutine programs executed at steps
606, 607, 608 will be explained, referring to Figs. 7a to
25 Ic.
Before-thét, control items or targets referred to in

the following explanation will be described, briefly. At
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the arrival of an available elevator at the floor. Such a waiting tinme that
exceeds one mnute, for exanple, is 5 especially called a | ong-waiting
time. "Riding tine" neans a tine fromthe registration of a cage call\py a-
passenger within an elevator cage 'to the arrival of the elevator at a
fl oor cﬁpresponding to the cage call. '‘Cgge-4 oad factor” neans a rate of a
nunber “of passengers 10 within an el evator cage to the nom nal capacity
thereof. The degree of the crowdedness wi thin an el evator cage can be
i ndi cated by fhrstfatvatting)tihebtmeahsabgbimehfrom( Ehg. regjistration
In this enmbodinent, a long-waiting time mnimzing scheme is provided for -
this al gorithofla Waktbrdahy by ahpersehewditihgnatxipsceagaial if1egr $oare
allotted to elevators in such a manner that a |ongest one of all predictive
wai ting tinmestbétainitvahtofhan avadlablaangdeyatoy at §her £120rposSushe. To
this end, a predeterm ned eval uation function is used, by mhicq an ,
eval uati on vaduwabtingetime| thatorxreedst PReBLRVLS /r £E9FcEXMPLFl 115cal | s,
An el evat or havi ng_ a_maxi num Qr mini num eval uati,on val,ue ga m_ni_mygm one in
this exaﬁple)eﬁP?ﬁl?é%&eﬁ?liﬁdaahAPPQZSaltlB&II1P§'selgdé #hd I adapt i ve
el evator to serve the hall _call - 28- The subrouti rQgram.of. Fig. 7a
i s executed wREANEedpEile, §rompkhe Eﬁﬁﬁs\%ﬁ?&l’foﬁag’fb eﬁ%%uegé%g’lt (')Q,g)ﬁ st in
the i-th roogagggh Q%tsgtggg'agtgggvgggra@gggoiop%h@ %rrival of the

elevator at a floor corresponding to the cage call.:

"Cage-load factor" means a rate of a number of passengers (‘)-
10 within an elevator cage to the nominal capacity thereof.

The degree of the crowdedness within an elevator cage can

be indicated by this factor.

(1) Allotment algorithm 1 (Fig. 7a);

15 - In this embodiment, a long-waiting time minimizing
scheme is provided for this algorithm 1. According to .
this scheme, then existing hall calls are allotted to
elevators in such a manner that a longest one of all
predictive waiting times obtained at that time is made as

20 shorf as possible. To this end, a predetermined
evaluation function is used, by which an evaluation value
of every elevator is obtained with respect to hall calls.
An elevator having a maximum or minimum evaluation value
(a minimum one in this example) with respect to a hall

| 25 call is selected as an adaptive elevator to serve the

hall call.



63. At first, an elevator k is designated at step 711. 5 In the sane
manner as. al ready described with reference to the previous flow charts,
steps 711 and 716 represent that a processing operation as described bel ow
is repeatedly executed for every elevator. Therefore, in step 711, K
denotes a tot?l nunber of elevators. 10 - 28 Fhen, at step 712, a

maxi mum predictive waiting time [err] is calculated. This [err] is obtained
by selecting a maxi numone fromanpng all of predictive waiting tinmes of
several floors, includiThf tHPGeuting RFOILMM P F 9 f of dat 8sexpcufed with
traveling direction. This maxi 5 predictive waitipng_tine [err] is,
used as an eval uatﬁ?ﬁ??%egpcﬁ%%i‘f?% vhieh has heen jpdged toiexigh in

?Yl(?:o?“;‘fiﬁﬂiizﬂdiﬁe? fliag?*dit i Cr‘g‘%misl%%#" f?%éf’i%#‘ﬂ%@?.eg%ﬂteggéeg?rﬁhp
step 711 and a hal ¥ car® 4 1Sy AT SelFed v L Sedifhpted SETHPRR 7L
Kot |
hovever. a stop el Te e, elinds 3 £ELESEPARCLAR bau] PELA' PRsEREhce fo
the elevator K bulhgpAlyeady Aldwids a1 s£apd 7100480 ™y 6bpepr aas

where it is nore prefg?ﬁile I n accordance wth the operating state of the
el evat or -29- pHdEn tpdcesidielope LaBi On S€TdEScE MBe 8t BPLER! ks I N such

a case, the elevator k does not always stop at a
repeatedly executed for every elevator. Therefore, in
L/ step 711, K denotes a total number of elevators.

10 Then, at step 712, a maximum predictive waitin§ time
Tmax is calculated. This Tpax is obtained by selecting a
maximum one from among all of predictive waiting times of
several floors, including the i-th floor, which are
forwards in the travelﬁng direction. This maximum

15 . predictive waiting time Tpay is used as an evaluation
index of a waiting time.

Further, at step 713, an evaluation index To of a
stop call is calculated'with reSpeét to seéeral floors,
‘which are forwards and backwards of the i-th floor. The

20 stop.call means a cage call géﬂerated in a cage of the
elevator k designated at step 711 and a hall call already
allotted to the elevator k. Therefore, the elevator k
always stop at the floor corresponding to the stop call.

If, however, a stop call is not a cage call generated

25 within the cage of the elevator k, but an already allotted

‘'hall call, there may be a case where it is more preferable

in accordance with the operating state of the elevator
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fl oor corresponding to its stop call, and therefore.a certain probability
(called a stop probability) nust be 5 considered with respect to-every
stop call. Such a probability can be experinmentally determ ned in adwapce. .
The stop call evaluation index Tc as mentioned above is obtained on the
basis &fthe aforesaid stop probability-a2® +ts weight coefficient. 10

At step—714, an evaluation value [err] of the elevator k with respect to
the hall call at the i-th floor is calculated in accordance with a :
predet er mi nedsesbtemathah Anpthesnelpnatprssezyes the skQpusEldn fdmction is
as follows: 15 [err] wherein a denotes a control parameter, which is given
as one of theshghpai ¢aseenthsl epavakereks dp@st RO taddpalse SEPP atogerati on
control paraneter cal cul ati ng program SF208 described in. detail later. Such
an evaluationf%QPEeCGIF§SBSP8&PStge ise srepycaldvaphd thsgetere & 715, an

Co Sorve 25 SdpheinapropabiLity,draiaed, °rEop: papbablatidlc et bep 7160
and i compl obeps 1ARESH, BaBlr RRBERk, BB sReRRI e Batde FERD & *Fi 0. b
-30- (2) A"SE&BQLiiEQ9rEEH”b% gﬁbgriﬁghfally determined in advance.
The stop call evaluation index T, as mentioned above
is obtained on the basis of the aforesaid stop probability
and its weight coefficient. S .;'
10 At step 714, an evaluation valué ¢ of the elevator k
with respect to the hall call at the i-th floor is

calculated in accordance with a predetermined evaluation

function. In this case, the evaluation function is as

follows:
15
g = Tpax = ¢°Tc _ .
wherein o« denotes a control parameter, which is given as :
one of the adaptive control parameters by the adaptive et
20 operation control parameter calculating program SF208

described in detail later. _

Such an evaluation value g is calculated for every
elevator, and at step 715, an“eievator having a minimﬁm
value @gpin is selected as an adaptive elevator to serve

25 the hall call. Theréafter, it is discriminated at step
716 whether or not the processing operation is completed
for every elevator, and if completed, the processing

operation returns to the flow of Fig. 6.



The algorithm2 is based on a predictive arrival tinme mnimzing schene.
Accor'ding 1o this schene, an elevator, which has a snmallest eval uation

val ue\gf the 5 predictive arrival time with respect to a_haII callz S
sel ected as an adaptive elevator to serve the QP call. This subroutine
programis also executed with respect to a hald caII whi ch has been judged

to exist in the i-th floor designated (cf. steps 603 and 604 of Fig. 6). 10
To avoi d the unnecessar r n L fLerence of \this program
e IPPp LI en el PR EPTERGE 930

fromthat of Fig. 7a w be explalned i ‘this program a
redictive arrival ti 1 floor |J : .

gval uation index, i ns?glz‘algé o@%ir‘im élf{g Eélgé‘a é!? %e%ﬁigfgglggzgpnval

therefore, the pregisd inenfhis M ééﬁ@méﬂ 'ﬂcé@?ﬂingtpo”:ﬁi)é éé ?fon in a

predeterm ned area of the work table. Accordingly, also t eva

function in step 7&¥evEEONpwitEc RAHVE. sﬁ@liésa%%maeléﬁepéleé &P Ene
programare quite the sanme as those of the program of 7a. Therefore,

further descr$pti qprédictivé eabr Aml timd-widh ré&.lb@&m algeritém s, (Fio.
7c); This algorithmis called a nulti-target control schenme, because fhe

hall call all ot nerselecai rasohmmdapakvmgemmm d pirvaltivonhadl call.

targets. In this exanple
This subroutine program is also executed with respect to
a hall call which has been judged to exist in the i-th
floor designated (cf. steps 603 and 604 of Fig. 6).

10 To avoid the. unnecessary prolixity, only the
difference of this‘program from that of Fig. 7a will be
explained in the following. 1In this program, a predictive
arrival time of a hall call in each floor is used as an
evaluation index, instead of Tpay in Fig. 7a. At step

15 '722, therefore, the predictive arrival time Tj in the i-
th floor is loaded in a predetermined area of the work

table. Accordingly, also the evaluation function in step

724 becomes as follows.
20 o - . ¢ = Ti - a‘Tc-

Remaining steps of this program are quité the same
as those of the program of Fig. 7a. Therefore, further
'description is omitted.

25
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5 shown, an evaluation index [err] of the riding time and an evaluatlon
I ndex fw(VV) depending on the cage-load factor W are taken into
consideration, in addition to the evaluation indexes [err] and Tc in hng

| ong-waiting mnimzing schene of Fig. 7a. 10 Accordingly, there
are add-a to the flow chart of Fig. 7a-st3¥ps 734 and 735 for obtaining the
eval uation i ndexes Tr and fwW(W), and the evaluation function is altered to
i ncl ude such new eval uati on i ndexes as shown in step 736. 15 The

i ndex Tr can be préadct Akdpymeptaprgerithm 3 d&igi-ndcdg tine of a cage cal
and a destination floor. In the evyaluation functiqon of step 736, k|l denotes
a constant wei ghti Rjiehalgeritbm igr gadlef Ph@“#ﬁdrﬁerﬂﬁﬁecowﬁF@H i s given
as one of the adaptive control paraneter y the adaptive operation

control paranﬁFBPmSalPGFQPFﬁgtBPo&P&&Igﬁié8al?ﬁémﬁﬁﬁe%sfﬁ@%F?QQSqatgo gi ven
Par anet er 22?5%‘?&5%5%%88% RESPIURAL] RoPhEO s Lar o286 « APabiigs SRRBPLE
A e f nc bl "R k¥ b e bR %853?5?'.92%33%2%' Ay 1 he
25 a whal o, [‘§252§%§93§b?ﬁ§f=*L?wéﬂﬁﬁ?% PRALABTPR, 0. Cagel1Dall BHERE e
description i ogitl@dxen into consideration, in addition to the
evaluation indexes Tpayx and Te in the long-waiting
minimizing scheme of Fig, 7a. : ' {;)
10 Accordingly, there are added to the flow chart of
Fig. 7a steps 734 and 735 for obtaining the evaluation
indexes T, and fy(Wy), and the evaluation function is
altered to include such new evaluation indexes as shown
in step 736.
15 The index T, can be predictively obtained from a
céntinuing time of a cage call and a destinatian floor.
In the evaluation function of step 736, kj denotes a
constant weighting the control target of the riding time,
which is given as one of the adaptive control parameters
20 by the adaptive operation control parameter calculating
program SF208.

The index £4(W,) is also given as one of the adaptive
control parameters by the adaptive operation control
parameter calculating program SF208. In the later

25 drawingé and explanation, this index fy(Wy) will be

referred to as a threshold of the cage-load factor.



5 for purpose of brevity. Further, there can be consi dered many ki nds of
varidtions of the nulti-target control schene. . For exanpl e, the evaluation
i ndex&sof the riding time and the cage-|oad factor as mentioned above can
be 10 incorporated into the predictive arriyval tinme mnimzing scheme of
Fig. 7b. thgﬁ types of the all ot nent aIgorFTh%@can be of course adopted

i nstead of or in addition to the schenes of the allotnent al gorithm as

ti h 5
?ﬁ??LSQSdf§P°Z§anLPetQeﬁﬁﬁgé?‘éﬁ§v§?§%3§%e8§2§5§?b§aanlcahp%%%ﬁ§b§§%5|&wa
el evat ors pref er ent haklLysSEENE: BCROUISde! | gbpgggegggﬁg'égggg 9n P%¢ tis

program by which sone 0 evators are

condition at pred di£l ogs, dHEbfg t@ﬁ sghk LEathie o pgggram

on. However, deta escrlptlon about suc prograns are Oﬂ]t
because. t hose progéenﬁlgaswo sprRetakorel ak1PRNEP BQEcEEéE?Bfi QE. tmttea

present invention. 3.2 Sinulation Softwafe SF2: 25
expl anation wsl| beopegerpbs¥abtobsepiegians of the sinulation softmare

SF2. - 33- 3.2.1 Data col l ection program SF201: Fig. 8 shows a fl ow
of this program which FarpRét pdtRékeycani béatefisbietba fHAYERL hagehsat’
constant 5 time intervals, one second, for exanple, and sanples data

variations of the multi-target control scheme. For
example, the evaluation indexes of the riding time and
the cage-load factor as mentioned above can be
10 incorporated into the predictive arrival time minimizing
scheme of Fig.'7b. Other types of the allotment algorithm
can be of course adopted instead of or in addition to the
schemes of the allotment algorithm as mentioned abqve.
In the operation ?ontrol program SF104, there are
- 15 . included for example a plural elevator service progranm,
which makes plural elevators preferentially serve a
crowded fléor, a dispersive stand-by program, by which
some of elevators are made to be in the stand-by condition
at predetermined floors auring the light traffic, and so
20 on. However, detailed description about such programs
are omitted here, because those programs has no special

relation to the essence of the present invention.

3.2 Simulation Software SF2=.
25
In the following, explanation will be made of various

programs of the simulation software SF2.
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concefning the service operation of the elevator systemfor a predeternined'
time period fromthe operation control data table SF101 and the hall call
registration table SF102 (Fig. 2a). The collected data is stored in a_l0
sanpling data table SF202. The data to be collected by this program SF201
incIud@%?at | east a.traffic denand [err] 3for~ every traveling path froma
hall caH originating floor i to a destination floor j (called a
destination-traffic demand, hereinafter), 15 atime tr necessary for an
el evator to t3a%el bet vata achh hrtectiomopfdgvam $EAPLed a one-fl oor
traveling time, hereinafter) and a tine [err] necessary for an elevator to
stop at a floor in response to a stop call and restart therefrom(called a
one-stop tine, hereinafte%%. 20 The, dat a coIIectLon pr.ogram SF201
col l ects al so dat aF tdnc8rehows aar FHPRPE | hRis aPEAGEaReaHPESEL 4F and so on
I n accordance with_the necessify of contyol. In Fig, 8 howeyer. there is
shown an exad®$%1%@1?5%1$rb%+5hgﬁﬁéchycﬁﬁ?e§¥§@?ﬂegfﬂF€eaEiESQSBPngata as
nenti oned above. 25 After start, Lt_is_discrininat t 01
Whet her o notihe “Tatepyrls prant, efhPhAn EPri SutnPiEs pBA, FonBleS,aRsd
concerning the destipatign-tr f%i d rlel P e r of
this step 801°?§°ﬁ55§?9v€€etﬁ€r }ggegégggtégéréfiéﬂejﬁﬁggaF%Qs?2%%§§3.
" Otherwi se, thg degt] LoD f e e i aboekat88nb¥ontrol

di stributing gpgu%b ?g%%egﬁggéﬁée?gmgnaggg?étEgkwogpgf%? everyndegpiﬁgtion
f1oor data table SF101 and the hall call registration table

SF102 (Fig. 2a). Thé collected data is stored in a Q_)
10 sampling data table SF202.
‘The data to be collected by this program SF20l1
includes at least a traffic demand Cij for every traveliﬁg

path from a hall call originating floor i to a destination

floor j (called a destination-traffic demand, hereinafter),

15 a time tr necessary for an elevator to travel between
adjacent two floors (called a one—flobr traveling time,
hereinafter) and a time tg necessary for an elevator to

-stop at a floor in response to a stop call and restart _
therefrom (called a one-stop time, hereinafter). et

20 'The data collection program SF201l collects also data
concerning a riding time, a cage-load factor and so on in
accordance with the necessity of control. 1In Fig. 8,
however, there is shown an example of the program which
collects the three kinds of data as mentioned above.

25 After start, it is discriminated at step 801 whether

or not it is now a predetermined timing of collection of

déta concerning the destination-traffic demand Cij. If



5 . j. The nunber of passengers in the i-th floor neans a nunber of
passengers within a cage of an el evator when the el evator departs fromthe
i -th f\lsor and can be detected by a cage |oad detector usually provi ded on
an el evator .cage. 10 A typi cal one of anptes of a manner of

di stributing_the nunmber of passengers for eveP?xdéstinatlon floor is as
follows. Destination floors can be known fromthen existing stop calls.

ts f th
TR Poor can 15 Che'RAEs 6t Tufs SR 40P L1 EhEABE RS, FRRCP Sressthg ™
passenger s i n the dudipd {001 lifos wr@@é %Bodle SLOBGALLS. L NEBLY e LE o

traffic demand in t I -th fToor for stination ofF J TS

as an average numhgia € i & BRI ; :[Aié Whii‘ééd &f‘?@i%ﬂup?nyeéyn mber

rough, it is good enough 20 for'dhis control . h exanple o he t
obt ai ned desti nat ich-pasddnge rienandid ei+¢h | ELEMOWor Nedd y @esi:{‘néi??oﬁaf’igor

shown, Nunerical nunbers i arranged in a vertical direction outside t
tabl e indi cat® nunber Th¥ rHumbErs of igHswdnders25in tive hplth CBlbor é\rﬁé'aﬂxs a

arranged in a horizontal direction nunbers of destination floors. By way of
exanpl e, theref or eyumbext iofatpassdngdrfs ovidehiands daxye aoif Upvwaeevator 3Phen
travel in the 5th floor are 2 persons for the 6th floor, 3 persons for the
7th floor and 2 péhorelevatamaenar s dorom the i-th floor and can be
detected by a cage load detector usually provided on an
elevator cage.
10 A typical one of examples of a manner of distributing
the number of passengers for every destination floor is
as follows. Destination floors can be -known from then
existing stop calls. Therefore, the destination-traffic
demand when an elevatoy departs from the i-th floor can |
15 be roughly estimated by dividing the number of passengers
in the i-th floor by a number of the stop calls. Namely,
the traffic demand in the i-th floor for every destination
floor j is obfainedlas an average number of passengers.
Although this may seem to be very rough, it is good enough
20 for this control. *

An example of the thus obtained destination—traffic
demand Cjj is shown in Fig. 9. In the table shown,
Numerical numbers i arranged in a vertical direction
outside the table indicate numbers of floors originating

25 a hall call, and j arranged_in a horizontal direction

numbers of destination floors. By way of example,

therefore, destination-traffic demands for an upward
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Returning to Fig. 8, after the calculation of the 5 destination traffic
demand [err] is conpleted, it is discrinmnated at step 803 whet her or rot
it is nowa timng of collection of data concerning an one-floor traveld/ng
time tri;j'f the answer of this step 803 i3y negative, the processing
operati'ed junps to step 805. 10 O herwi se, the processing operation goes
to step 804, at which a total nunber of traveling floors of an el evator and
a total traveli&igeli iR ohet bEhekFtyotosrar 2 pekkenseflotothevéth élewvator,
- whereby the one-floor traveling time tr is obtained by dividing the total
traveling tin® parddns fohethet athnfikber afdt 2apeksaysf Eoor $he Bhbn, the
processi ng operation goes to step 805. At step 805, it is discrimnated
whet her or nofleéris now a timng of collection of data concerning a stop
time [err]. If the answer of this step 805 is negative, the 20 :
processi ng oper at i Ratjunpagt bosFég.387. aftpRethrscalendabioteofi fhe
operation goes to step 806, at which a _total nunber_of tines qQf stoppage of
an el evaSor adestinatipndssrfEpenfapaninBigr i6nEoBPAGREIr Ate 180l | ected for
every el evator, whereby the sto [ obt ai ned, by, di.vi ding 25 t he
of tstpPeYes

»

total door op@heRgimipatey PﬁeSES%AgsﬁhﬁﬁéihSF PENREtR B Sp PR
[t 1o di sci i nfhBLEA ARcPAGASBFLAB: S HAFA SAMPFRIS: AR PESF A Sed. it it
' nOt_frniShEgéveling time ty. If the answer of this step 803 is
negative, the processing operation jumps to step 805. .
10 Otherwise, the processing operation goes to step 804, at A
which a total number of traveling flogrs of an elevator.
and a total traveling time of the elevator are collected
far'every elevator, whereby the one-floor traveling time
ty is obtained by dividing the total.traveling time by
15 the total number of tréveling floors. Then, the
| processing operation goes to step 805.
At step 805, it is disériminated whether or not it
is now a fiming of collection_bf.data concerning a stop
time tg. If the answer of this step 805 is negative, the Q)
20 processing operation jumps to step 807. Otherwise, the
processing operation goes to sﬁep 806, at which a total
number of times of stoppage of an elevafor and a total
door opening time of the elevator are collected for every
elévator, whereby the stop time tg is obtained by dividing
25 the total door opening time by the total number of times

of stoppage. Thereafter, the processing operation goes

to step 807.



the processing operation of this programends and pauses until it is

I niti ated< again by the systemtiner. 5 O herwi se, the processing
operagi,on goes to step 808, at which the destination-traffic demand [err]
the one-floor _traveling tinme tr and the stoF é%ne [err] are stored. Then,
after tables_hsed for the aforesaid data colle€tTon are cleared at step
809, the processing operation of this 10 program ends. Further, at step

205, e verl ous Gat 2 gt gy (1S Sl MRS |0 I o

stored as [err] [err] and [err] rira

P ot or el 229 ALY it A° (MBI 1 10 1o Adk diRIRE OO

. !
time are stored as err an err I N approprlate ar eas

SF202. 3.2.2 P u&gﬁabaogg'&léi%w R REQY @Jpogﬁ%%:eg@%o and Ipauéé.i@-

10 shows a flow of thé sinulation~data cal cul ati ng “program

obtai ni ng predi ct iuh@i4ali¢es sofi it AARY Ia@lin0 byl e isystemndnerr] the
one-floor traveling tinme tr and the stop tinme [err] which are represented

by Gij(pre), str(pothetidseg thelbrocd®singdop@ratidn’Gddss Hedtel @8y at
initiated on an off-line basis. The tinme period is one day, for exanple.

DA ' which the destination-bBrafifdicr demand 031y, tdvee cole-efiloet by
conbining the [err] and [err] currently obtained with the [err] tr(old)
and [err] already triveliag time g andbthe ctop cdme g @reoafforsdnt Then,
after tables used for the aforesaid data colléction are
cleared at step 809, the processing operation of this
10 program ends.

Further, at step 808, the various data obtained by
the current processing operation are stored as Cij(new),
ty (new) and tg(new) in appropriate areas of the sampling
data table SF202. 1In Fontradistinction, the data obtained

“ 15  in the previous time are stored as Cjj(old), ty(old) and

tg(0old) in appropriate areas of the table SF202.
3.2.2 Simulation data calculating program SF203:

20 ‘Fig. 10 showg'a.flow of the simulation data
calculating program SF203 for obtaining predictive values
of the destination-traffic demand Cij, the one-floor
traveling timéﬂir and the stop time tg, which are
represented by Cij(pre), ty (pre) and tg(pre). This

25 program SF203 is periodically initiated on an off-line

basis. The time period is one day, for example.
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-5 which is obtained enpirically and kept in advance. This coefficient y
-means to what degree the previous trend is to be considered in the .. _ 2+ -
determination of the G j(pre), tr(pre) and [err] After start of this
program SF203, the conbining 10 coefficient y is at first set at step
1001. Then, at steps 1002 and 1003, the- @7 (pre), tr(pre) and [err] are
cal cul ated in accordance with fornulas indicated in the respective steps.
The thus obtained [err] and [err] are set as 15 adaptive operation
control paraneters The abgly [pte],|hereeadapﬂ|tg(ppebaarenobmauneﬂ bgr amet er
tabl e SF210 at step 1004. Thereafter, the reasoning program SF211 is
initiated at scopbindag tne ¢h§nnenb,chaﬂaewérasdlcsduavé cakecenifiyng
program SF206 at step 1006. After that, the 20 roceSS|ng operation of
this program Sertairedswith otie Cijkel8bni kg (p18)r andskafel Fi glreadghows a
flow of this reasoning program SF211. 25 Thi s program SE211 is initiated
at step 1005 o?PPEaEnedeghal EﬁZGSC?EPt efga EBTb&ﬁanEnFBFgfﬂﬁéeP&née of
control paraneters to be siul ure of aae si mul at |

t rO
"38- At Steps WabGhaf@ 9RERine SRRl eichlTyPaRE kEBE h, adFangE e Eh380 and

h | d bl e SF202 d h bl ¢ SF212
he Sars bade Sefek TRl EnETETRngns, LG neR. Bebheel ERROPERDALAR. EsBRR: 10

to be considered in the determination of the Clj(pre),
ty (pre) and tg(pre).
After start of this program SF203, the combining Q;).
10 coefficient Y is at first set at step 1001. Then, at
steps 1002 and 1003, thé Cij(pre), tr(pre) and ts(pre)
are calculated in accordance with formulas indicated in
the respective steps.
The thus obtained"tr(pre) and tg(pre) are set as
15 ; adaptive operation control parameters T, and Tg in the
adaptive operation control parameter table SF210 at step .
1004. Thereafter, the reasonihg program SF2l1 is

initiated at step 1005, and then the characteristic curve

calculating program SF206 at step 1006. After that, the
20 processing operation of this program SF203 ends.
3.2.3 Reasoning program SF211:

Fig. 11 shows a flow of this reasoning program SF211.
25 This program SF211 is initiated at step 1005 of the
program SF203 (cf. Fig. 10) and infers the range of
control parameters to be simulated and the procedure of

the simulation.



5 ; operation goes to step 1103, at which the reasoning is carried out by
usi Mg a know edge stored in advance in the reasoning table SF212 as the"
r-ul e \Dase on the basis of the data just read into the same table. As the

result of tht~s reasoning, the control 10 _ aneters, their range to be
sinmul ated and the procedure of the sinulation are inferred. Further, the
rul e base used in this reasoning will be explained in detail later. Then,

at step 1104, the thusAebgeégsdlfeﬂt aeﬁ Mbéneasa%enwebrf £BR0Rohe rla
si mul at ed and the procedure e similation are supplied to both

the sinulation daéér?@&CH&Blén§F20995ﬂ81§Ego§aﬁﬂﬂlh edadaPitiapt cOBERDLI Qe
control paraneter cul ati ng program SF208. Thereafter, the processing

operation returnsréadt PRt6I thHeatéasoddhg €ablul sFone asoghanaleaOBaéef for

Fig. 10). 20 3.2.4 Characteristic curve cal cul ati ng program SF206: A
flow of the charatherteasoningyereapeotiveby.pr theasabkand theaprobessing
Fig. 12. This program SF206 25 Is initiated at step 1006 of the

simul ati on data capenationggpesgtansEep0B103f. aki ghitB) the rea3dnihki s
program SF206 carries out the sinulation with respect to various control
paranmet ers such asathiedl goti binusiéhgcai knopdedget stofedr int adveager dn the
paraneter [err] the control paraneters for the waiting tinme and the 5
riding time and theasaniéngotabbe SFReléags- khadrpiet brspnon the basis of

the data just read into the same table.
As the result of this reasoning, the control
10 parameters, their range to be simulated and the procedure
of the simulation are inferred. Further, the rule base
used in this reasoning will be explained in detail later.
Then, at step 1104, the thus obtained control
parameters, their range to be simulated and the procedure
- 15 of the simulation are supplied to both the simulation
data calculating program SF203 and the adaptive operation
control parameter calculating program SF208. Thereafter,
_ | the processing operation returns to the simulation data
1—’ | calculating program SF203 (cf. Fig. 10).
20

3.2.4 Characteristic curve calculating program SF206:

A flow of the characieristic curve calculating
program SF206 is as shown in Fig. 12. This program SF206
25 is initiated at step 1006 of the simulation data

calculating program SF203 (cf. Fig. 10).
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accordance wth the range of control paraneters and the procedure of the
-simulation inferred by the reasoni ng program SF211. Further, the aforesaid
threshol d of the cage-load factor can be also considered as one of the\l0
control paraneters. At first, at step 1201, the data for sinulation such as
Cij(pre); Yr(pre) and [err] are set, and t¥fen at step 1202, the al gorithm
paraneter~As is set. Further, steps 1202 and 1207 indicates that the
processi ng 15 operation descri bed bel ow constitutes a | oop operation and
is repeated for evefhial peegram PEPARecarrjiesr put. she simplagdon mithhis
case (cf. Fig. 6). Nanely, when As = 1 is set, the allotnent algorithm1 is
sel ected and thPSPREEPtBpERRIPBA FONERPL| RArBULtEEE0FHFRYRY; t8Bnilarly,. 20
when As = 2 and_3, the allotnent algorithm2 or 3. is selec&ed,

respectively, ah8CFhthm §8leghiPnt PBRAPELEE Rgr cPPNCAREEPaREEAMELR T he

ol o rend ol 0L B osheeLed oathgheath Sbs ! Mot ASKILAM RREOIRECL 80, (1O
exeCut o 8 > BRadR8: ynd REPESS nf BEMTRCBELERS, USSRV ALARD
o W BebBRAEREe FLHCLRAE Ao BEEBEL D RSB BTy
and 5, for exaﬁ?h@edure of the simulation inferred by the reasbning
program SF21l1. Further, the aforesaid threshold of the
cage-lqad factor can be also considered as one of the g‘)
10 control parameters.
At first, at step 1201, the data for simulation such
~ as Cij(pre), tr(pre) and tg(pre) are set, and then at
step 1202, the algorithm parameter As.is'set. Further,
steps 1202 and 1207 indicates that the processing

15 operation described below constitutes a loop operation
and is repeated for every algorithm parameter Ag, i.e.,
1, 2 and 3 in this case (cf. Fig. 6). Namely, when Ag =

"1 is set, the allotment algorithm 1 is selected and this
loop operation is carried out accordingly; similarly,.

20 when.As = 2 and 3, the allotment algorithm 2 or 3 is
selected, respectively, and this ioop 6peration is
repeated in accordance with the allotment algorithm
selected.

After set of the algorithm'paréméter Ag, thé control

25 parameters are set at step 1203 and the simulation is

executed at step 1204. As apparent from step 1205, this

simulation is repeatedly executed until it is completed



5 . ~ After the sinulation is conpleted for every val ue of every
contriol paranmeter, the results thereof are stored in the adaptive operation
contr@l _/paraneter table SF210 at step 1206. Thus obtai ned data constitute
characteris{iy curves for corresponding contr 10 parameters, such as a
characteristic curve of the cage- |oad factor 'versus the threshold thereof,
a characteristic curve of the riding tinme versus the control paraneter

thereof, and so OEoﬂM@délymdanﬂ¥bflﬂﬁﬁgﬁéé¥¥¥*iﬁ¥¥k|f€{éﬁf%*%%“té§y&5nifbl

judged at step 1207 that the 15 sinmulation is conple or ever

al gori t hm par anet gar dnet exdan! ithe AIAEOE Y 'Updt B} 68 xR £l a4 19
program SF208 i s ?ﬁitiated at step 1208. Wen the g&ecution(ﬁ t he program

SF208 is conpl et edthet vealpreo ofs Hheg parenfited dfcHdligePrLgrpm 2 ety ng dxy the

20 program SF203 (cf. Fig. 10) 3.2.5 Sinmul ation programlIn the
foll ow ng, the sifratexamplreagr am executed at 25 step 1204 of ‘the
program SF206 wi |l be explained, referring to Figs. 13a and 13b. - 41-

The sinul ati & programifdier yeheogimiwdat immo drsamonfplre taad djer savery ofalaue of
el evator itself, such as a traveling operation .program a door operation

(open/ cl ose) progeMQr Ya qeads@igPargmatary dlhyefmesnldcedfieneqfi arearstaned
and 5 managenment, prograns for effectively controlling plural elevators,
such as a call al & H& adapiiye operatdeon sontrol parameter table SF210

at step 1206. Thus obtained data constitute
characteristic curves for corresponding control
10 parameters, such as a characteristic curve of the cage-
load factor versus the threshold fhereof, a characteristic
curve of the riding time versus the control parameter
thereof, and so on, which will be further described later.
_Then, if it is ju@ged at step 1207 that the
- 15 !simulation is completed for every algorithm parameter,
the adaptive operation control parameter calculatiﬁg
program SF208 is initiated af step 1208. When the
execution of the program SF208 is completed, the
L processing operation of this program returns to the

20 program SF203 (cf. Fig. 10)
3.2.5 Simulation program
In the foliowing, the simulation program executed at

25  step 1204 of thé,program SF206 will be explained,

referring to Figs. 13a and 13b.



di spersive stand-by program and so on. This sinulation program nust be

- constructed equivalently to the actual operation of an el evator system as
much as possible, 10 because the accuracy of the control paranetersg/
obtai ned greatly depends on how faithfully this programcan sinulate the
actual opgration of an el evator system- Mlgss 13a and 13b show one of
exanpl es—0f such prograns. As already stated, the sinulation programis 15
initiated at step 1204 of the characteristic curve calcul ating program
SF206 (cf. Fig. 12The sibmulationeprogoami magndy CORPrigespPEPSLamsokoftor
the simulation is carried out. Nanely, initial values of various _variables,
such as a nunaeropérationt ofsanoepevatetpitsatfol SUGh 88 a t3asediings

(floors) of the elevators, a provisional nunber of passengers of respective
cages of the @pevatdPs REAIEAMen2 4PErsePerfdpn éPg§Péﬁq%§G§,PFﬁéfa%-

processing operation is executed with _respect tqQ the_occurrencge of users of
25 eIevato?sPasznBﬁfsQSE&}nﬁhQnﬁpégiPgPﬁss&éEFiRﬁ?ﬁ5ﬁp'tﬁ firc 3Emand
R Y R S TR R e L
TP ET O DRRRRBRbERY, nOBH g b, B3 RIARRRRCS BBl abey gt U e o
call, the pr°8?§§E99iQQe%%EBQbeugE%gE%mskﬁa so on. This simulation
program must be constructed equivalently to the actual
operation of an elevator system as much as possible, \-9

10 because the accuracy of the control parameters obtained
greatly depends on how faithfully this program can
simulate thé actual operation of an elevator systemf
'Figs. 13a and 13b show one of examples of such programs.

As already stated! the simulation program is
15 "initiated at step 1204 of the characteristic curve
calculating program SF206 (cf. Fig. 12). Now, at step i
1301 in Fig. 13a, the preparation for the simulation is
carried out. Namely, initial values of various variables,
such as a number of elevators to be group-controlled,

20 posiﬁions (floors) of the elevators, a provisional number
of passehgers of respective cages of the elevators and so
on, are set.

Then, at step 1302, the processing operation is
executed Qith respect to the occurrence of users of

25 élevators. To this end, the predictive destination-

traffic demand Cjj(pre) already obtained is used. At

that time, random numbers can be further taken'into



1305. O herwi se, at step 1304, the processing operation of the hall cal
allot'ment *is carried out in accordance with the sane as the hall cal
al-l ot kent program selected in Fig. 6. This hall call allotment processing
is 10 repegted by step 1305, until it is-cqgpleted for every hall cal
then existing. After that, the processing operation shifts to the
processing for sinulating the actual operation of the elevators. Nanely, at
first, the travel iconsifdearattiavatiecaise the soccutntened 6f sé€ps 1aOfcetnd a
then it is discrimnated at step 1307 whether or not a current position of
the elevator is amatster cof (Pratahilitpe stopped. If it is a negative
answer, the processing operation junps to step 1313 (Fig. 13b). 20

O herwi se, the processiNgrbpertatindigenininatiesdaat ostiey 21383 exiretbex. or
Nanmely, it is discrimnated at step 1308 whether or not there exists a
service call at aRQW radphlidalY vokstsuidh acerreaponding ofleer al rkfyhere
.allotted hall_call, If there is no service cal], the 25 processi ng of
the di spersi Ve st drfi- il RAall cRlk ortdhe @‘Eﬁ%ﬁ?‘f%’d‘%lﬂp%ﬁa@%fb jupps to suep
If a service call g ts, the processin eratjon goes to step 1309, at
whi ch the service: ? soqrfaﬁ,'é{)lsffm ?%eg%ﬁgc]%%n be RLRGeTSing eperation
getting on and off f us ers |s executed ThIS rocessing 5
operation is achie q&%ﬁ?ﬁﬁﬂgfﬁﬁﬁ%% oo Sfgeted fn “accordance
with the same as the hall call allotment program selected
in Fig. 6. This hall call allotment processing is
repeated by step 1305, until it is completed for every
hall call then existing.

After that, the processing operation shifts to the
processing for simulating the actual operation of the
elevators. Namely, atﬂfirst,-the traveling of an elevator.

15+ is simulated at step 1306, and then it is discriminated
at step 1307 whether or not a current position of the
elevator is a position (floor) to be stopped. 1If it is a
negative énswer, the processing operation jumps to step

W 1313 (Fig. 13b).

20 ‘Otherwise, the processing operation of steps 1308 to
1312 is executed. Namely, it is discriminated at step
1308 whether or not there exists a service call at a
corresponding floor, such as a cage call or an already
allotted hall call. 1If there is ho service call, the

25 processing of the dispersivé stand-by of elevators is

carried out at step 1312.



e

within an el evator cage at the tinme of arrival at a corresponding floor and
a nunber of users getting on the elevator at the floor and then subtracting
a nunber of passengers getting off the elevator at the floor fromthe 1@ .
sum of the above addition. The nunber of passengers or users, as described
above, cap be known by an output of a cagesl-oad detector and the already
described)[err] Thereafter, at step 1310, there are collected various data,
such as a nunber of times of stoppage of an el evator, 15 a waiting tinmne,
a riding tinme and Bf cagsetvhdefaaldrexistsihéhpupposessingy apeaeitignt he
result of the simulation. O those data, the nunber of tines of stoppage of
the el evat or sgaes tol stepeli309,cetl vhicht hbepsrcvicensanpt iisnresetaddd t he
power consunption is alnost in proportion to 20 .that nunber. Then, at
step 1311, ththerpresesaingpeparashonoforhthaogetsdss gRd2008€E fexecut ed
and the processing operation for ogne elevatqgr is gonpleted. Lf it is judged
at step 1313 BBEFStAE PRBEEBIPRS bFcPEEFBEeSs nERiPoREFCSSS1N%phove is not
yet conpleted for every_ elevator, .the prqcessing operation returns back to
step 1308 andoPfEatifR bFoEEgéFﬂﬁdo 8rgéaaﬂga§ ﬂEWEFGngﬁ AFSPENIE FPepeat ed
for anot her el evator. -44 - |f_ at _st 1 e .af qresai rocessi ng
operation is Yb&géﬁ #8 SéegﬁﬁﬁfeFESefS?.gggrgigFebgtS?Fqﬁgﬁiéﬂﬁggcrininated
at step 1314 g@%%@%ﬁogéiggtfioBEegﬁheﬁnhﬂﬁger of users getting on the
elevator at the floor and then subtracting a number of
passengers getting off the elevator at the floor from the Q_)
10 sum of the above addition. The number of passengers or
users, as described above, can be known by an output of a
cage-load detector and the already described Cij(pre).
Thereafter, at step 1310, thefe are collected various
data, such as a number of times of stoppage of an elevator,
15 a Qaiting time, a riding time and a cage-load factor, for |
the purpése of evaluating the result of the simulation. x
Of those data, the number of times of stoppage of the
elevators are collected to evaluate the power consumption, _
| | W/
because the power consumption is almost in proportion to
20 that number.
| Then, at stép 1311, the processing operation for the
door open and close is executed and the processing
operation for one elevator is completed. If it is judged
at step 1313 that the processing operation as mentioned
25 above is not yet éompleted for every elevator, the
processing operation returns back to step 1306 and the

same processing operation as mentioned above is repeated

for another elevator.



simulation tinme, which is set, for exanple, 5 to 30 5 m nut es accordi ng
an etevater system ends. |If the sinulation tinme does not elapse yet, the
procegsi ng operation returns back to step 1302 and the sane processing -
operation i LBepeated for every elevator unti the sinulation tine el apses.
10 is judged that the simulatioh time is over, the processing
operatlon goes to step 1315, at which an average wai ting tlne an average

9109, DR CERIVEEL POl g, 86254308, B8 SR, faign

are calculated on the basis o at s

then the processipg g géaiea BStHéﬂ?lh@e?h?ofhé%@??eéh§%h%oQurK% is .

cal cul ati ng program. 6 (cf. step Adapti ve

operation control dpacaimifatéd at step 1314 whakbilrabirnéol’ adpEdeEe?dined
Referring next to Fig. 14, the adaptive operation control paraneter

cal cul ating pr ogremnSfélGBom timbe eKpLhi dedsesk,t forf elkhapleag. 5Thios 3@r ogr am
SF208 is 25 initiated at step 1208 of the characteristic curve

cal cul ati ng Br ogrmimGE@86aEcdbrding. ah2plevatdbi system,aen88208 Iifs thepr ogr am
for obtaining the adaptive control paranmeters nost suited for the
managenent and coaimvlabionhtipeudaksechotaedapsenyelke bhei protcedstiagl or t he
characteristic curves of the maiting time, the 5 riding tine, the
cage-| oad factor ergrahéopoveturnsnbaskt tonstep W02 anddihg sams i ed by
t he control
processing operation is repeated for every elevator until
the simulation time elapses. -
o .
10 If it is judged that the simulation time is over,
‘the processing operation goes to step 1315, at which an
average waiting time, an average riding time, a power
consumption etc., which are used as control targets, are
calculated on the basis of the data collected at step
- 15 1310, and then the processing operation returns to the
characteristic curve calculating program SF206 (cf. step

1206 in Fig. 12).

(2 3.2.6 Adaptive operation control parameter

20 ' calculating program SF208:

Referring next to Fig. 14, the adaptive operation
control parameter calculating program SF208 will be
explained in the following. This program SF208 is

25 initiated at step 1208 of the characteristic curve

calculating program SF206 (cf. Fig. 12).
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target setting apparatus PD and stored in the control target table SF209.
At first, the control targets and their weight 10 coefficients are read
at step 1401, and then the result of the reasoning is read at step 140

At step ¥03, the data for the characterlaéic curve are interpol ated by an
arbitrary-nterpol ati on nmet hod, whereby f her fine data for the control
targets can be provided. 15 Then, an evaluation value y is

calculated in accormfg%%&rﬁl P ﬁlgt%nélrﬁj gy%h gtgfoﬁbtgi'ﬁ“x ié’gt hi n

t he range of contr ers |ch reaso program

211. For exa@%gptmm&&&ygt & @téyg%ge ééz@éﬁrféfe ésmgﬂ%ég)ﬁ?er 2

y =al (W - Wo) + a2 (Rt - 0 erein [err] welght coef |C|en

a siml ated valgf kot bPotheabrerdf &Pevators on the basis ofh&a¥giting
time; and Rt, Rto; a simulated value and a target value of the riding tine.

-46- Al though gdr téiwe exttdPactof i sEceyat ves i op tHECkaDPinAg dekeli brd above,
only two control itens are taken into consideration, it is of course

possi bl e §0 i ned ey at imé prithercaget 1oadi factobyanddihg powethird term the
fourth 5 term and so on corresponding to necessary control itens in the
ri ght side of ¢dresunbpiviorgusd iwelll as data supplied by the control
target setting apparatus PD and stored in the control
target table SF209.
At first, the control targets and their weight .
10 coefficients are read at step 1401, and then the result et
of the reasoning is read at step 1402. At step 1403, the
data for the characteristic curve are interpolated by an
arbitrary intérpolatibn method, whereby further fine data
for the control targets can be provided.
15 ! Then, an evaluation value Y is-calculated'in s
accordance with.a bredetermined evaluation function within

the range of control parameters, which is inferred by the

reasoning program 211. Fof example, such an evaluation

function is expressed as follows: _ o’
20
Y = a1 (W = Weo) + 22(Rt - Rgo)
wherein aj, ajz; weight coefficients;
Wes Weo? @ simulated value and a target value of
25 : the waiting time; and

Rts Reos a simulated value and a target value of

the riding time.



At step 1404, a set of control paranmeters, which make the eval uation val ue
cal cul ated as above mininum are selected. The thus sel ected set of control

paramgtgérs 10 are stored in the adaptive operation control paraneter
tabl e SF210 at, step 1405, and then this processing operation returns to the
characteri sty ¢ curve cal cul ating program SF2086(ef. Fig. 12). 15 |V

Oper ati ng Mechani sm of The Reasoni ng Before explaining the operating

mechani sm of the reasoning, exanples of contents of the data base and the
rul e base in the reasoﬁlﬁg’qu&? drsthe eamplieof itheriqalurtion 18unagfl drs,
respectively. As sho in.Fi%#@&%W there are two kinds of reasoning data,

i . e., data as shoR¥ SESFLibs SOy e Santaelaritans |axg dpkan tineto
data coll ecting pr%%ragl SF2Q1 and ,read therein fromthe sanpljing data table
SF202, and data 25°0SILET ad byl s RLxGoRnse RAsH tQ dnqarRanate rom
the control targe I . s A7- . F gL L6 shows an exanpl e.of part of
the rules used i ntftutﬁg:lﬁregas%;%l&%&l ,&steﬁ]se bryu%éis,m[gngﬁ’ee ﬁ&ﬁé‘?‘&l’l cm%gf,m#rdrh
exanple; 5 g e &nl dof oGl el increases. and the . -
cage-l oad factor i § st ré%ises'c?, o%]lﬁgﬁtrg%t rocehscﬂ(;%lrg;rl%f n[réncéascsaagfé’- N é'&rf"gtt’&re"l%
made smal | . in the right side of the above equation.
At -step 1404, a set of control parameters, which

make the evaluation value calculated as above minimum,

are selected. The thus selected set of control parameters
10 ‘are stored in the adaptive operation control parameter

table SF210“at step 1405, and then this processing

operation returns to the characteristic curve calculating

program SF206 (cf. Fig. 12).
15 IV  Operating Mechanism of The Reasoning

Before explaining the operating mechanism of the
reasoning, examples of contents of the data base and the
rule base in the reasoning table SF212 are shown in Figs.

20 15 aﬁd 16, réspectively.

As shown in Fig. 15, there are two kinds of reasoning
data, i.e.; data as shqwn as #1 to #6 in the figure, which
are collected by the data collecting program SF201 and °
read therein from the sampling data table SF202, and data

25 as shown as #n to #(n+5), which are read therein from the

control target table SF209.



e

10 Rule 2; IF the traffic demand between floors increases, and the riding
‘time is stressed, THEN the control paranmeter of the riding tine is 15 __»
made large. Rule 3; IF the downward traffic denmand is |arge, and the

cage-l oad.factor is stressed, 20 THEN a threshold of the cage-I|oad
factor ié{to be determned at first. Rue# 4 F the dowmmward traffic demand
Is |arge, 25 and the waiting tine is stressed, THEN a

t hreshol d of the cage-load factor is nmade |arge. . -48- Rule 5; IF a
present tinme zone iBig. ubGia$howsieanaexanptewaft pagtt ofiethe snlesswdedTHEN a
threshold and a range of the cage-load factor 5 . : I s made

| arge. Fig. 16imhthe ¥ersenirg.thhaecthel Bulagepnhere fbeefbenfolimningi nds .
of the reasoning rules can be provided in advance experinentally or
enpirically. 18Pr exampleyryle to be used for the reasoning i s deternined
on the basis of the state of use of an elevator system such

5 "Rule 1;
' IF the traffic demand increases,
and the cage-load factor is stressed,

THEN a threshold of the cage~load factor is made

small. QJ
10
Rule 2;
IF the traffic demand between floors increases,
and the riding time is stresSed,;
THEN the control parameter of the riding time is
15 ! made large.
Rule 3;
IF the downward traffic .demand is large,’
and the cage-load factor is stressed, A
20 .iHEN a threshold of the cage-load factor is to be
| determined at first. |
- Rule 4;
IF the downward traffic demand is large,
25 ' and the waiting time is stressed,

THEN a threshold of the cage-load factor is made

large.



as the traffic demand and its increment or difference, obtained by using
the data stored in the sanpling data table SF202 and the contents of the
contrgl, target table 15 SF209. Nanely, a rule, a condition part of
which agrees with the aforesaid state of use and the contents of the table
'SF202, is até;)rst sel ected, and then the rand® ef control paraneter to be
si mul ated and7or the procedure of the sinulation are determned in
accordance with a 20 concl usion of the selected rule. Referring next to
Figs. 17 and 18, the ot ity nechani sm of the reasoning will be
explained. Fig. 17 is rawi ng for explaining the reasoni ng nmechani sm by
thg rule 1 asgshomn in%E? .Eﬁé%%ﬁ§ time zong, "3$,A YRRk 2PQurve Ais a

curve of the cage-load factaor r, the traffic demand of 120.persons/5 mn.
with respect to its thresholq{"{J%&’eer WA MG RS &% R - 40-

point ‘a on this curve qﬂ%ﬂc 4 e-of . the cage-load factor and

a point ¢ a--threshol d%‘o ﬁe%h:f;eesﬁxqﬁ?aoar?éaé G ho%% T s%?a‘ilafi‘fét%r
of --the cage-d oad factor ca _ lgy&g the sane traffic demand. -A curve
5 Bis a curve of the caggPﬁggﬁ;Héctor'for the traffic demand of 150

persons/5 mn. with respect to its threshold under the sane state of use as
above. In order that an elevator systemis controlled, putting the

i nportance on-the cages#iead fe@Hdws e Kirst AHEEO ! rilisd Do ¢ned out

so as to neet the set value
foregoing. Many kinds of the reasoning rules can be

provided in advance experimentally or empirically.

10 A rule to be used for the reasoning is determined on
the basis of the state of use of an elevator system, such
as the traffic demand and its increment or difference,
obtained by using the data stored in the sémpling data
table SF202 and the contents of the control target table

15 SF209. Namely, a rule, a condition part of which agrees
with the aforesaid state of use and the contents of the
table SF202, is at first selected, and then the range of
control parameter to be simulated and/or the-procedure of
the simulation are determined in accordance with a

20 conciusion of the selected rule.

Refe;ring next-ﬁo'Figs. 17 and 18, the operating
mechanism of the reasoning will be explained. Fig. 17 is
a drawing for explaining the reasoning mechanism by the
rule 1 as shown in Fig. 16.

25 In the figure, a curve A is a curve of the cage-load

| factor for the traffic demand of 120 persons/5 min. with

respect to its threshold under a certain state of use. A



of the cage-load factor. If, however, though the traffic demand is changed‘
from 120 persons/5 mn. to 150 persons/5 mn., the threshold of the i

cage-load factor is muintained at the point c, the cage-load factor greatly
|ncreases as 15 i ndi cated by a point, e on the curve B.

- Then, Iln order to meet the set val de 4% the cage- load factor, it is
necessary to make the threshold of the cage-load factor small as shown by

2 %0 d;sjmw“s' %;féé‘%ém{st‘ﬁc%ﬁ?;h°"‘dd£<?ﬁhs'f SoRs yBPRLSEERs' O (e VAl e
t

“ohe Crarfi Tt £Rkhee 2aR8 AMBofHE /€ - £nPBRSEA BRCCREPURGeS AN HNEN

set valuenf}é f%%égfr ?ﬁ QgightgﬁéTﬁere giggsgsogSthe Egggeﬂggaately to

the incre eman ore the range o e threshold .
of -the Cageféeggrfééﬁose het Mmaeb Eﬁs shid! 8EheR;BUSEmBRACAT Ai BdroUl . 1S

nar r oned In the exanple as shown, the sinulation is sufficient to

be cargied puisWatEureePSEt the Ebger2088 phctbe EbBreehel drakfibe cage-|oad
factor, which is smaller than that corresponding to the point d. Nanely,

the range Ofekand 6be160rpehebfisys hinitwfthwrebpebe tosiks thaesholdmber
of tinmes of the sinulation is remarkably reduced. In the follow ng, the

exanpl e of umderethensamerstat@ ofl usbeasxpbaveed, referring to Fi.g. 18. In
the fioure, In order that an elevator system is controlled,
putting the importance on'the cage~-load factor, the .
10 control must be carried out so as to meet the set value - d
of the cage-load factor. If, however, though the traffic
demand is changed from 120 persons/5 min. to 150 persons/5
min., the threshold of the cage-load factor is maiptained
at the point ¢, the cage-lead factor greatly increases as
15 .indicated by a point e on the curve B. , -
Then, in order to meet the set value of the cage-
load factor, it is necessary to make the threshold of the
cage-load factor small as shown by a point d. As a result, --
the cage-load factor can be suppressed to the value as i_)
20 shown by a point b, which is almost equal to the value
corresponding to the point a on the curve A.
As described above, even when the traffic demand
increases, the cage-load factor can be maintained at a
set value, if only the threshold thereof decreases
25 cqmmensurately to the increment of the traffic demand.
Therefore, the range of the threshold of the cage-load

factor, for which the simulation must be carried out, is

narrowed.



a curved surface p indicates the change in the riding 10 time when a
contr'ol paraneter of the riding time and a threshold of the cage-| oad

fact oh_are changed under a certain state of use of an elevator system and
a curved surface f the change in the cage-load factor when a contro
paranmeter of phe riding time and a threshold gp 15 t he cage-1oad factor
are changed under the sane state of use as above. Usually, when plural
paramnmeters are concerned, the simulation is at first carried out for one of
the paraneters with t hdm erhed rexemplsr anetshiavmpitiai sumubBitP6n is sufficient
arbitrarily fixed val ues, whereby an adaptive value of the one paraneter is
found. Then, the dianbeatdamriiesl cartr ividloutedpercta tsecthal pangeedrthet h t he
first paraneter and the remai ni ng ones naintained at the adaptive val ue and
the arbitrary val ddyeshaddbafi e/ camp-loathdfaghomn wikgh i ie smalleofthae
second paraneter 'is found. The sinulation as nentioned above is repeated
until an adaptive thatucorgspanding & dhe Raigtetdy, Namely, the (range of

result that number [ of, si.mul ation can be reduced as a whol e.

Accordingly, In t _ec%@:t_ 1% AAed n ity the ReRMEL YRRE uriurkes
LA HE, SEVTEC AT O TS ST h
similation for obtaining, aRoidl Qe MK d gl &I A& dSdRE% rule
3 will be explained, referring to Fig. 18. 1In the figure,
U ' a curved surface p indicates the change in the riding
10 time when a control parameter of the riding time and a
threshold of the cage-load factor are changed under.a
certain state of use of an elevator system, and a curved
surface'f the change in the cage-load factor when a
control parameter'of tpe riding time and a threshold of
15 the cage-load factor are changed under the same state of
. _ use as above.

Usually, when plural parameters are concerned, the
simulation is at first carried out for one of the
parameters with the remaining parameters maintained at

20 arbitrarily fixed values, whereby an adaptive value of
the one parameter is found. Then, the simulation is
carried out for a second parameter with the first
parameter and the remaining ones maintained at the
adaptive value and the arbitrary values, respectively,

25 whefeby an adaptivevvalue of the second parameter is
found. The simulation as mentioned above is repeated

until an adaptive value is found for every'parameter,



mnimm is carried out in the follow ng manner. At “first, the sinulation
“is carried out with a 10 contr ol paraneter of the riding tine changed-
under an arbitrarily fixed threshold xlI' of the cage-load factor, wherghy a-
point g, of the mninmumriding tinme under_the threshold xI' is found Then,
the similation is carried out with t he T htleshol d of the cage-| oad factor
changed 15 under the control paraneter of the riding tine fixed at vyl
correspondi ng {o, the point oi_nt m_ni_nu

riding tinme a@lﬁhmﬁﬁ?erE§ngethg avB émgpg Pg gme§fo hgﬁg@é@%1pﬁecan
simulation is carr in the.20 same order as described above, even
in the case mh%réeéﬁge nﬁﬁr?aﬁgglﬁs to be put on the cage-| oad factor a

t f
hole, Tor | Che' cagearsaRBiiLEy 1ACthACRast! FhEE) B9 shBGTul BIGAE L
at first the ERQtES#véﬁ §urEbE@"§t8§ QE tQ?dth'qub'E% Weleh hlelae by e@ghol d

fixed at a given va econes inpossible to find a point r,

at whi chst he ﬂh?hﬂEEEEQQSflegg LAFEahoad %fWQQEech§eaQBh@VQGctor 24dl n such
case, accord| gto I's enbodi nent, the simulationis carried out in

Soeg" dance, ™ Lol BEnetpgegendeest sinedslsittng siney s wimanadoayove.
to thereby Obtatnobﬂa&ﬁ&ﬂblhepbah&egLeat]whﬁchh&hhhm&ﬂﬁwqit1me is made
minimum, is carried out in the.fbllowing manner.

At first, the simulation is carried out with a . <o
10 control parameter of the riding time changed under an ~
arbitrarily fixed threshold x;' of the cage-load factor,
whereby a point g* of the minimum riding time under the
threshold x;' is found. Then, the simulation is carried

out with the threshold_of the cage-load factor changed

15 under the control parameter of the riding time_fixed at

y1 corresponding to the point g', whereby a.point g, at

L}

which the minimum riding time as a whole can be achieved,
is found.
If, however, the simulation is carried out in the v/
20 same order as described above, even in the case where the
importance is to be put on the cage-load factor, a point
m, for example, at which the local minimum, not the
minimum as a whole, of the cage-load factor is achieved,
happens to be found by changing at first the control
25 parameter of the riding time with the threshold fixed at
'a given value x3. Namely, it becomes impossible to find
a point r, at which the minimum cage-load factor as a

whole is achieved.



of the cage-load factor, and then a control paraneter of the riding tine is
changed to thereby obtain an adaptive value Y2 of the control paraneter of
the riiding tinme. In this manner, a really adaptive value of every 10
parameter cap be al ways obtalned by altering the procedure of the
simul ati on inlaccordance with the state of us®20f an el evator system and
control targets, even if one of control paraneters is fixed and anot her
control paraneter is changed one after another to obtain an adaptive value
15 of the control panafuchrsasetrhackording bby thégueathodimeart ,ofthiei nes
of the sinmulation. The rules for reqsoning,.as descri be above, have to be
provi ded for ever§iBndatiep i§scaryipdcause inhagcardasicer wight the procedure
accordance with the condition of use of an 20 el evator system such as a
kind of a buildi ngeFRsPaPeddini thet Rulel é‘véﬁoF‘%%Péﬁfi aborgf-f | eSdérmr«r@uﬁlctr.
the el evator syste | oor) of a _base floqQ etc.
aforesai d rul es, nkgéegg°&h E gLE §ﬁ8ﬁn19ﬁdFF§°t96 1§réteféﬁﬁﬁe§hﬁpﬂﬁﬂ
anong reasongng ryule e.25 f.or ated.b S ou ree
t housand difPeren 6 §E8§e§¥a$ﬁgFF8aFPyadapgggevyaluén ? Ehﬁ ﬁ& EH
Variation Fig. 19_is_a_ Dbl - r [ on lon_ac rd|
t o anot her enbodi Fﬁs °?§S goga Sgé§8ﬁf ﬁ?eﬁn% PﬁéaﬁfﬁgFe°
shows only a part¢hlereging®ife’ 2k xhgkgaﬁetal @HL%&@%@%&W af 2B5RR1Yen9
value y9 of the control parameter of the riding time.
U In this manner, a really adaptive value of every
10 parameter can be always obtained by altering the procedure
of the simulation in accordance with the state of use of
an elevator system and control targets, even if one of
control parameters is fixed and another contro1_parameter
is changed one after another to obtain an adaptive value
15 of the control parameters with the possibly reduced number
of times of the simulation.

The rules for reasoning, as describe above, have to
be provided for every elevator system, because they.are
different in accordance with the condition of use of an

20  elevator system, such as a kind of a building installed
with the elevator system, a traffic demand for the
elevator system, a position (floor) of a base floor, etc..
The aforesaid rules, three of which are shown in Fig. 16,
are examples fromlamong reasoning rules which were

25 formulated by processing about three thousand different

cases statistically.



parts of this enbodi nent are the sane as corresponding parts in the

" software configuration shown in Fig. 2b. Further, sane reference symbols:
denote same parts as in 10 Fig. 2b. As apparent fromthe figure, thepe .
are provided a program SF213 for cal culating the degree of achi evenent of
predictive control target or targets amd 23table SF214 for storing the
result of the execution of the program 15 SF213, substituted for the
characteristic curve cal culating program SF206 and its table SF207 in Fig.
2b. ThereforeY'accﬁPBFﬁGrtg RAd mento @nde Yt idtd Myapt i ve control

paranmeters are not calculated fromthe various characteristic curves

provi ded by the program SF206, but 20 can be obtained directly fromthe

I f th ' ' . Lh |_cul_at i f h h i sti
curves. The progr afiarold 18 41 haerk REeSNal o' A FosthBR Cr ot o curve
| cul ati ] | 1, di tf < g F213
e I S S L W S R A T

achi evemgnt obr@aBhedifuEALaonl! fovededclerd® fAditd Qs HAIYS Fort,

control targe tai ne the sinmulation to a predictive

control tar.gei;hereof§4es§a'baan‘?oéifn%b Is3 nARAGIGY |96 AN 209 i dde
case where a control target or fargets are fixed, because a nunber of t1nes

of the siml apholsi ofr ediecdmbbdimeart, arkcrdhd saie REEIT BParididg ne data
by interpolating '
parts in the software configuration shown in Fig. 2b.
Further, same reference symbols denote same parts as in
10 Fig. 2b.

As apparent from the figure, there are provided- a
program SF213 for calculating the degree of achievement
oflpredietive centrel target or'targets and a table SF214
for storing the result_of the execution of the program

15 SF213, substituted for the characteristic curve
calculating program SF206 and its table SF207 in Fig. 2b.

Therefere, aceording to this embodiment, the adaptive
control parameters are not calculated from the various
characteristic curves provided by the program SF206, but o

20 can be obtained directly from the result of the simulation
without any calculation for the characteristic curves.

The program SF213 is almost the same as the
characteristic cﬁrve calculating program SF206 with a
small difference. This program SF213 provides, with

25 respect to every control target, the degree of achievement
of a predicted control target as a ratio of a value of a
control target obtained by the simulation to a predictive

value of the control target.



3

5 dat a of thé characteristic curves (cf. step 1403 of Fig. 14).

Therefore,s a time necessary for the processing operation will be shortened
as mugh, Further, in the foregoing description of the enmbodi nents, as the
-control itemor target, the waiting 10 time, the.riding tine and the

cage- | oad fac?pr were referred to. In the presgnt. invention, however, the
control item-or target is not limted to those three, but there are sone
options thereof. Al control itens or targets as described bel ow can 15

be included in an eval uptii®redbodinemt i D§| eggecia By hadbasehbed8hsOl ABRhe
al gorithm as eval uation i ndexes. Nanely, in such an eval uation function one

or nore control itemee oshére getcomtrobstaifet bl pur§étsbgradgdeded 9 Bécause
substituted for the three control targets already 20 described. At

first, a rate of lomumker ol cimedbefisehe Jimslavienibsineddecé@d aBupthét e
of a nunmber of hall calls of the |ong-waiting to a total nunber of hall
calls for a predetrenecis tnenerd ol oktain Hime hdata By cimberpolaBing
rate of a reserved_elevator is also available. This is a rate of hal

call's, the al? ot mdptafoffihe charartrpistiosurves c(ef orstep 1403 of Fig.
anot her' el evator,” whi ch can be - 55 - indicated by a rate of a nunber of

such hall calls td4 totEhespfire & &ine Neepssary therpracessing
Further, a transpoorr';eartaitbir})t;:%alc]i_ tl;/é s\’g]oirct?ennee nass amuch.
Further, in the foregoing description of the
U embodiments, as the control item or target, the waiting
10 time, the riding time and the cage-load factor were
referred to. 1In the present invention, however, the
control item or target is not limited to those three, but
there are some options thereof._
All control items;or targets as described below can
15  be included in an evaluation function included in a hall
. , call allotment algorithm as evaluation indexes. Namely,
in such an evaluation functibn one or more cqﬁtrpl items
or targets as described below can be added to or
subs;ituted for the three control targets already
20 described.
At first, a rate of long-waiting can be used. This
rate is indicated és a rate of a number of hall calls of
the long-waiting to a total number of hall calls for a
predetermined time period, e.g., one hour. A changing
25 rate of a reserved elevator is also available. This is a
rate of hall calls, the allotment of which is changed

from an elevator to another ‘elevator, which can be



nunber of persons capable of being transported for a 5 pr edet er m ned

- time, can be used. In an elevator systemw th plural elevators, thiks-iLs?
i ndicated as a nunber of elevators ready for the service operation. Ingguch -
an el evat.or system a nunber of passengers for every el evator can be used,
too. There can be also used a tine of 10 55 Tnformation of a reserved
elevator, which is atime fromthe registration of a hall call of a certain
floor to the reservation of an eIevatoru&gr serving,the certain floor. A

goed

rate of firstiBAiretRg BYedafdte Ofn2pd , ofp§uChhihalils calls dop@ 5

nunber of hall calls served by el evat ors ot her than reserved
el evators to &otgtapu ﬁﬁePfoFaﬁiﬁ for| poe; “é'p&@ﬁeﬁ@?wmﬂﬁﬁ time period.

Th ' I i Labl f i.na- by el t + Whi ingj cat
nunber of Ui nee. ( hERESRERar b1 SEOPREPLRITON PRERAIEY oM Byan Mepnl D) %5
fl , at which hal | ||l | . | t ti f
the control t GEBREE i BRaaehs,rapebaSRd Beli A% ablandr BB S0 o \alti ng

persons 3 an Aol 1348 PeAPEl e 00RPTAl JIUVEBH Iy date! udes
i1°ding

events taking®place Tn a bu installed wth an el evator system

weat her forecagtn Hhikadl $lalvatedsS0 thils Alsl N9idakdtedr ad B Humbed of dely.
used for representing fhls anount, a product of a nunber of - 56 - kinds

of the informahiedatdid & adPForOftHd Ry vikeaparaamiyl o sudhidn tine
may be enpl oyed. _
elevator system, a number of passengers for every elevator
can be used, too. Thefe can be also used a time of v
10 information of a reserved elevator, which is a time from
the registration of a hall call of a certain floor to the
reservation of an elevator for serving the cértain floor.
A rate of first-arriving elevators can be used, too.
This is a rate of a nu@bér of hall calls served by
15  elevators other than reserved elevators to a total number
of hall calls for a predetermined time period. There is
also available a number of passing-by elevators, which
indicates a number of times that elevators other than a
reserved elevator passes by a floor, ét which a hall call NS
20 is génerated.
As still another optibn of thg congrol target, an
amount of Qeneral information announced for waiting
persons at an elevator hall can be used. Such general
information includes events taking place in a building
25 installed with an elevator system, weather forecast, time

signal and so on. Although there is no unit widely used

for representing this amount, a product of a number of



A rate of savi ng power consunption can be al so-used for the control target.
The eonsumed el ectric power 5 greatly depends on a nunber of tinmes of
repetitjon of start and stop of elevators. Therefore, this is represented
by a reduction rate of the nunber of tines of start and stop of elevators.
CLAI M5 1. A group- managenent control nethod56or an el evator systemwth
pl ural el evators capable of serving plural floors, in which hall calls
generated in the floors 5 - are allotted to adaptive elevators in
accordance with akpndgetd: fhgednfarmatdion andamwmmheg@f thikes ehat a
desired control target is achieved, wherein: there are provided plural
kinds of the hal | a8Rounfement, fog; feiniy f9me MAYHRS | 9¥f%dvance, one

of which is selected by a reasqning .operation, which . is executed
accordance with one se%éfﬁ@& oﬁﬁgﬁﬂﬁbPP@E?bﬁ?ﬂfqWH§%9QNﬁﬂqi9§ﬂ§{%° used

D operating st at £081 e cperol, ardels B CORdied et B4 5, 3T,
1. wherein each aldaliynl AIadids! I AR e Y iHed G¥ YA 140N

i ncl udi ng eval uat i"on 1 ndexe ntrol targets an e contro

pararet ef's CoOper iy a¥id el JEeBARaLGE VAR LId NS & A

nmet hod according to claim 2, erein
represented by a reduction rate of the number of times of

start and stop of elevators.
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service operation of the elevators is sinulated by using 25 ° a Selected
all ot nent al gorithmand control paraneters included in an evaluation . _ »

function of the selected algorithmare determined on the basis of the g_)

result of the sinulation. -58- 4. A et hod accordinrg—to—<ectar-m3—

wherein a procedure of the sinmulation is ggternined by 1m '
operation executed in accordance wth oneZs$elected fr?ﬂguﬁmmamgwhm ng
rules on the basis of the desired 5 control target. argets as e

operati ng stagkeaQ Sthe el evators. 5. A nmet hod according to claim 3,
wherein ar ach control paraneter is determ ned by a reasoning 10

operation executedyin a%gggg?%fgfﬁégﬁﬂgy%5335¥g5¥jﬁééggéugwgﬁ%pe reasoni ng

rul es on the basis of t C target or targets and the

operating stapgeqhtbhe s9s@eal ¥ith blural elevrtor A JEE{WLE 3&@%@%@&1& 0

claim 3, wherein a procédure of the sinmulation and a range of each control

parameter arepdatanninedrdy, an GASYN MRIAPTAN DAL ih AeEoF IHES
wi th one selected fromanong the reasoning rules on the basis of the

desired sontraket angettes 20 adaptfigel elavhidie operadddgised ey pfn the

el evators. 7. A met hod according to one of the preceding clains, wherein

the control tptegdetermibedchadilderaad arla ctimdransildonwi idah esd eghd £ oan anong a

waiting time, a riding _ -
desired control target is achieved,

wherein:
“there are provided plural kinds of the hall call U
10 allotment algorithm provided in advance, one of which is

selected by a reasoning operation, which is executed in
accordance with one selectgd from among reasoning rules
empirically provided in advance on the basis of a desired
control target or targets and an operating state of fhe

15 elevators.

L}

2. A method according to claim 1, wherein each
allotment algorithm has a particular evaluation function U
including evaluation indexes of control targets and
20 variable control parameters cooperatiné with the

respective evaluation indexes.

3. A method according to claim 2, wherein the
service operation of the elevators is simulated by using
25 a selected allotment algorithm and control parameters
included in an evaluation function of the selected
algorithm ére determined on the basis of the result of

the simulation.



25 time and a cage-load factor. 59 8. A net hod .according to claim
7, wherein the options for the control targets further include: the rate of
liong-wai ting, being the rate of the nunber of |ong-waiti r@umum&mumguu
the total nupper 5 of hall calls for a predeterm ned per e HRelis
rate of reserved el evators, being the rate ofS#atl calfs for which tHe *
allotnent is changed to the total nunber of hall calls for a predeterm ned
period; 10 the transportation capacity being .the nunber of persons
~capable of Dbeing tré&sspoAtadthofloaccoadingddoectiaiad 3, mheretime anunber
of passengers for each _elevator; the tines of information of a reserved

el evator, 15 bei nBreaedurgeofsr shet Rémudgtdonadisodeseraingd byala regsoaing
floor to the reservation of an elevator for that floor; the rate of
first-arriving el BP8E8tdONHEXAGUERE Af: aceprdpscsumidh omenhgelechieds fyom ed

by el evators 20 other than reserved el eyators to the total nunber qf hal
calls for a prede?@?ﬁgnégepéFPéﬂPlpﬂerH&ﬁﬁePnoF%6a§?Fﬁ§-Sf §ﬁ§v§F§R§deeing

the nunber of tinmes_an _el evator other than a r.eserved el eyator  passe
floor at which a RAPFEEH FAFgessOfofargeta and the operatifig state ot the

elevators.

5. A method according to claim 3, wherein a range
of each control parameter is determined by a reasoning
10 operation'execufed in accordance with one selected froﬁ
among the reasoning rules on the basis of the desired
control target or targets and the operating state of the

elevators.

15 6. A method according to claim 3, wherein a
. ' procedure of the simulation and a rangé of each control
parameter are determined by a reasoning operation executed
in accordance with one selected from among the reasoning
rules on the basis of the desired control target or

20 targets and the operating state of the elevators.

7. A method according to one of the preceding
claims, wherein the control targets to be considered are
at least two selected from among a waiting time, a riding

25 time and a cage-load factor.
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t he amount of general information at eIevato the product of
t he nunber of types of such information mm&g'ﬂ timess such
information is generated per unit ti m®; |on savi Qg/ g
rate being the reduction of the nunber of trnes the el evators start and
stop. 9. A group- %nag}krﬂ%’th‘é@nﬁqﬂ@@ré@m fouslpdm Jn atherein thstemwith -
plural elevators capable of servin | ural floors, conprising: hall cal
devi ces, pr RPN Ehe eRRtr FQPY’Hef‘F%E%Et*%hF@%orS f or
generating a hall_.call; individual eI ator_contr ovi ded
correspondingtx)?qﬁatégiee# %8“9T§9§§¥P§ P&ing, oﬁ %ﬁ;é? SE%i ce
operat | on ofnfubBt 'SFPRIN NG ALET 1R LALRPUSTAS ARLP AN

t'her to contro

i nstructi.on supp group- nanagefen nmeans for
allotting Qﬁfh.?%jfl C@;H ?g@eﬂ &d QPetfogecordance with a
predeterntne otne gorrt to produce t he operation
i nstruction toaaéﬁgr@ﬁgﬁgghagrh@@\6fh@@sgfeg§tgnegngEg By SO that a
desired control target or targets are achieved wher ei n:
the rate of hall calls for which the allotment is
changed to the total number of hall calls for a
predetermined period; |
10 the transportation capacity being the number of
persons capable of being transported for a _ .\_)
predetermined time; .
the number of passengers for each elevator;:
the times of information of a reserved elevator,
15 being the time from the registration of a hall call
for a floor to the reservation of an elevator for that
floor:; -
‘the rate of first-arriving elevators, being the -
rate of the number of hall calls served by elevators
20 other than reserved elevators to the total number of
hall_calls for a predetermined period;
the number of passing-by elevators, being the
number of times an elevator other than a reserved
elevator passes a floor at which a hall call is
25 generated:;
the amount of general information at elevator
halls, being the product of the number of types of
such information and the number of _times such

information is generated per unit time:;
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sai d group-managenent control neans includes a process j Lch there
are provi ded plural kinds of the hal | cal Ibal | ot ment aﬂ%@ﬂ&' ch
executeg a 5 predet er mi ned reasoning operation in ace H e
sel ected from anong geasoning rules enpirically provided in advance on the
basis of a desired cBREr JPOWRF geonsumptinn s savingn opeeat begngt atigeof t he
el evators, mherfgépéggogrege rmned hall call allotnment algorithmis
0 10 det er m ned. ad\st a%gﬁr augbezc ofr diimes dhe slevatoserstareach
al I ot ment al gorgdnapggvi ded in the processor of said group-managenent
control nmeans has a particular evaluation 15 function including
eval uation indexes of control targets and variable control paraneters

cooperating w th theyrespecd iy, Exah 4 hO8 | DIFXE 1t%épa69tagp%%t U2

according to claim10, wherein 20 Simulation o service operation of

the el evators ielnitid etk itemys ek o @fla§ ok 67860 AL | OLBER abGOLLE DL AN
the control paranmeters included in tthe evaluation functfon of the selected
al gorithm are qaheralli nEboxs | heommsiigg: the result of the sinulation. 25
12. An apparatus according to claim 11, wherein a procedure of the _
simulation i s detertaldd dylla desiseoss NprovidéR at OPEr@LévAL8XCRHI 8dihN
accordance with one selected fromanong the reasoning rules on the basis of

- the desired the respective floors, for generating a hall call;

individual elevator control means, provided
k’/ corresponding to the réspective elevators, for controlling
a service operation of a corresponding elevator in
response to an operation instructioh supplied thereto;
and
group-managemenf control means for allotting the
hall call to an adaptive elevator in accordance with a
predetermined hall call allotment algorithm to produce
. the operation instruction to a corresponding individual
elevator control means so that a desired control target

Oor targets are achieved,
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control target or targets and the operating state ‘of the &l evdtors. 5 13.
An apparatus according to claim1ll, wherein arange—of_each control « « -
paranmeter is deternm ned by a reasoni ng operatio - d in accordance,/
w th one selected fromanong the reasoning_rul eylﬁm@mgj H“ 10 t he
desired control target or targets andyft he gperatndec St el evat ors.
14. An apparatus according to claim11l, wherein a procedure of the
simul ation and a range of each control 15 paranmeter are determ ned by a
reasoni ng operation ed in accordance with one selected from anong the
reasoning rules on the basis of the desired control target or targets and
t he operating statesafdtgeoepemahagemeirs. cAngrolpreanagdmeliudecntar o
apparatus for an elevator systemw th plural elevators capable of serving
plural floors,psatessppar in ushbehnghevasaracpredvidedt @iviralll kiadisherfei n

described with reference to and as illustrated in the acconpanying
dr awi ngs. the hall call allotment algorithm, and which executes a
5 predetermined reasoning operation in accordance with one

selected from among reasoning rules empirically provided

in advance on the basis of a desired control target or
targets and an operating state of the elevators, whereby

the predetermined hall call allotment algorithm is \_)

10 determined.

10. an apparatus according to claim 9, wherein each
allotment algorithm provided in the processor of said
group-management control means has a particular evaluation

15 function including evaluation indexes of control targets -

and variable control parameters cooperating
with the respective evaluation indexes. -
. U

11. An apparatus according to claim 10, wherein

20 simuiation of the service operation of the elevators is
carried out by using an selected allotment algorithm and
the control parameters included in the evaluation function
of the selected algorithm are determined on the basis of
the result of the simulation.

25

12. An apparatus according to claim 11, wherein a

procedure of the simulation is determined by a reasoning
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operation executed in accordance with one selected from
among the reasoning rules on the basis of the desired
control target or targets and the operating state of the

elevators.

13. An apparatus according to claim 11, wherein a
range of each control parameter is determined by a
reasoning operation executed in accordance with one
selected from among the reasoning rules on the basis of
the desired control target or targets and the operating

state of the elevators.

14. An apparatus according to claim 11, wherein a

procedure of the simulation and a range of each control

parameter are determined by a reasoning operation executed

in accordance with one selected from among the reasoning
rules on the basis of the desired control target or

targets and the operating state of the elevators.

15. A group-management control apparatus for an elevator
system.with plural elevators capable of serving plural floors,
said apparatus being constructed substantially as herein
described with reference to and as illustrated in the

accompanying drawings.




