ELEVATOR GROUP CONTROL METHOD AND DEVI CE THERECF DESCRI PTI ON FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to el evator group
control nethods and control devices, and ains, in particular, to provide a
group control nethod and a group control device capable of efficiently
control the operation of the elevators in diversified traffic situations
and under a variety of specific conditions required for a group nanagenent
system BACKGROUND OF THE | NVENTI ON [ 0002]

ELEVATOR GRCQUP CONTROL METHOD AND DEVICE THEREOF
DESCRIPTION
FIELD OF THE INVENTION
[0001]

The present invention relates to elevator group control
methods and control devices, and aims, in particular, toprovide
a group control method and a group control device capable of
efficiently control the operation of the elevators in
diversified traffic situations and under a variety of specific

conditions required for a group management system.

BACKGROUND OF THE INVENTION
[0002]

In general, the objective of operation control of
conventional group management systems is to reduce the average
waiting time of passengers in elevators by efficiently
controlling the operation of a plurality of elevators within
a building.

Therefore, what the group management system must truly
evaluate in its control operation is that the waiting time of
passengers, including prospective passengers, and the
significance of waiting time of individual passengers should
be basically considered to be equivalent. However, a group

management system has difficulty in directly figuring out the



In general, the objective of operation control of conventional group
managenent systens is to reduce the average waiting tine of passengers in
el evators by efficiently controlling the operation of a plurality of

el evators within a building. Therefore, what the group nanagenent
system nmust truly evaluate in its control operation is that the waiting
time of passengers, including prospective passengers, and the significance

of maitig? tinme of,indﬁyidu | passengers should b basical&&_c n%idered to
be equi vATEHLAT GVt &Rt Syt entAS AP E Tl Y% n
directly figuring out the, maitin% time of in%ividual :
passenger@Rcedt APRGRYLIONHE EORYFOF L opet &Y PeR P MEGmERYEORAF ) Igd¥ or ned
by evaluating the waiting time of a hall call as an alternative, that is,
eval uat i PR IRde- 98 i Yd adad t9agt 135 rforh S TR Veealihats Iregi st er ed
until an elevator arrives in response to the call. [0003] Furt her,
when evalamaiuafing foddmeoerieodevsl watitdndi siprateemon hdqbkl vigdtd g tine of
a neWwy registered hall call as a target of assignment, and the waiting
time of imehistusdd waltilcahl slévahotr areited igguiesnpoant! o e aidilti on, as
an assignnment of a hall call affects, not only a call that has already been
made but @&mR hall call that is possibly made in the near future, it is
essential that the evaluation includes any hall call that nay be made in
the future. Howesmeherevemenf eaalalklieal, | at hatussoposise bdvya heetei om e
future is evaluated, an evaluation value for the call is usually treated
only as 3Xd®dn @nRet REM [ BgOcim&ad £t nRullyl eatiienelpd (O004¢all as

a target of assignment, and the waiting time of individual hall

calls is not treated eguivalently. In addition, as an

assignment of a hall call affects, not only & call that has

already been made but also a hall cail that is possibly made

in the near future, it is essential that the evaluation includes

any hall call that may be made in the future. However, even

if a hall call that is possibly made in the future is evaluated,

an evaluation value for the call is usually treated only as a

correction term (e.g., Patent Publication 1).

{0004]

On the other hand, the conventional group management

system is typically based on an “immediate assignment method”

which determines a car to respond instantly upon registration

of a hall call, and an “immediate prediction method” of which

announces an assigned car instantly at an elevator hall. 1In

a group management system employing the "immediate prediction

method", as any change in an assignment of a hall call that has



On the ot her hand, the conventional group managenent systemis typically
based on an "i mredi ate assi gnment nethod" which determ nes a car to respond
instantly upon registration of a hall call, and an "inmedi ate prediction
met hod” of which announces an assigned car instantly at an elevator hall.
In a group managenent system enploying the "imedi ate prediction nethod",
as any change in an assignnent of a hall call that has been nade may cause

confusi on anong passengers waiting for an elevator, it is_desirable not to
change { RS SSERGRBAY FHUTE 1SR SIb S Ao RE ACBEPAPNT 1 ¥ he S diignnent

change is limted to a case satisfying specific conditians, sucqégs
changi ng S Va9 gnrignt! Hfdes et ity -9 RS 5Ty IFL9°EENt tid a
different car (e.g., Patent Publication_2). %0005], Further, the
convent i CHACWHIG W GRhagdidht  8¢SCERLNG L ot GedSRi-FRMEBRt FBPPERgLfeans for
nmoving a car to a random floor by assigning a pseudo call (virtual call) to
t he car. Hovievast tasuciransars tdrsd viget siafad Ut erond iR 4o «t rsafdh @Ssit uat i ons
such as distributed waiting during down peak and reference floor recalling
when peopiherayirigyenbesf i gnmenkiafy ahpotenfeayly lRateneirabbilkatl oreld) .
[ 0006] Mor eover, devel opment of the conventional group nanagenent
syst ens has shedinf et ethd n(d.he pddnofPulEdiostnigmad)t.i ng tine of the
hal | call as nmuch as possible with the application of artificial
intelligemm®ilechnol ogi es such as "fuzzy" and "neuron (e.g., Patent
Publication 4). CI TATION LI ST
Further, the conventional group management system is

provided with controlling means for moving a car to a random

floor by assigning a pseudc call (virtual call) to the car.

However, such means are used only under limited traffic

situations such as distributed waiting during down peak and

reference floor recalling when people arrive before working

hours (e.g., Patent Publication 3}.

[0008]

Moreover, development of the conventional group
management systems has been promoted in the policy of reducing
waiting time of the hall call as much as possible with the

application of artificial intelligence technclogies such as

"fuzzy" and "neuro"™ (e.g., Patent Publication 4).
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SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

As described above, what a group management system must
truly evaluate in its control operation is the waiting time of
passengers including prospective passengers. However, when
the control operation is performed by evaluating the waiting
time of a hall call as an alternative as described in Patent
Publication 1, only the waiting time of a person who first
registers a hall call is evaluated when a plurality of waiting
passengers are present on one floor, and it is not possible to
appropriately evaluate the waiting time of a plurality of
passengers waiting after this hall call. 1In addition, unless
considering all, not just a part, of the hall calls (waiting
passengers) that are possibly made in the future, the waiting
time of passengers as a result of control operation of a group

management system cannot be appropriately evaluated.



SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SCLVED BY THE | NVENTI ON [ 0008]

As descri bed above, what a group managenent system nust truly evaluate in
its control operation is the waiting time of passengers including
prospective passengers. However, when the control operation is perforned by
evaluating the waiting tinme of a hall call as an alternative as described
in Patent Publication 1, only the waiting tinme of a person who first
registers a hall call is eval uated when a pIuralaﬁ& waltlng passengers
are pres&ERSSHUSHE Mrodit Gadd dit i SHEIadES Hite Ftely eval uate
the waiting time of a plurality of passengers maltln%,after t.his hall cal
In addi t F6PSMALES EEh AT a9d R st g © FrsErs ifaed cal I s

(wai ting passengers) that are p055|bly made in the future the waiting tine
of passeridecysas it rdes@ i icontt sihaddaras dw dredmcgy GO ITEFAGEMENt syst em
cannot be appropriately evaluated. Consequently, in a traffic situation in
whi ch wairtdmigdsadye rgers:adred v onedmartdrad tde aapitimal itipeofangnspeci fi ed
floors, it is a difficult challenge to reduce |long waiting periods by
adequatebpn&maﬂuankmgheh@p@ﬁ&ti@@cﬁiaéeaauocentrE¢tia&ymﬁi§.opérhnﬁon of

el evators. For exanmple, if it is presuned that passengers are concentrated
only on @repesidd ahibtopasseakecas kmet bencaserahed pedplen ar rdpee ifefoor e
wor ki ng hours in an office building, it is relatively easy to prepare a
control matdwdssshzabl € thercsse hhantpedfl€ agirt watbeofordlavereng Haurss
difficult to flexibly control the operation of elevators by appropriately

eval uati ng, ¥RidiMGd bRl dngONR! 1 £atedtand 1¢ yes dﬁtbigej_fbﬁarlaé higwradddiat i ons
such as a case where the traffic is concentrated on a plurality of

unspeci f iped Hd 003 +ab3Q09hr such FWrtdheic 83¢QLdiiRg .t onbabest, Publication
2, an assignnment i s changed onIy when a specific event such as a | ong

Vi ti NG QG 1HOWRY S e diif oaitecénermy S0 RN e vl MY oy

typi cal group nmanagenent systen1|s ase e necessary In the first

P e  SCRFRUAEOR AN SO ST 00, (}41 G VS B Ay e pron the

clients' tion e prediction is often not appllcable in

Srml || S o oA BRI A P H RO ARRE BT SECRBr I Charr R y be

gﬂﬁ;ggdlkaf n%%;%ﬁm%%f the&gfltln tl_t%ﬁ% e%ﬂiﬂ%ﬁé@‘ian be reducedlf
[0009]

Further, according to Patent Publication 2, an assignment
is changed only when a specific event such as a long waiting
occurs. However, the “immediate prediction method” on which
a typical group management system is based may not be necessary
in the first place depending on the country or region the system
is employed or on the clients' view. In addition, immediate
prediction is often not applicable in the case in which a number
of elevators in a group management system is small. In such
a case, while an assignment of a hall call cannormally be changed
freely as long as the waiting time of passengers can be reduced

if only a little, as different evaluative criteria are used in



an assignnment of a hall call and an assignment change of a hall call, an
assi gnnent change of a hall call is not exactly used to the best effect in
the reduction of waiting time of passengers. [0010] Simlarly, while
Patent Publication 3 is provided with the controlling neans for assigning a
pseudo call (virtual call) to an enpty car (car stopping w thout a
traveling direction) and noving the car to any floor, such neans are stil
used only under limted traffic sjtuatjons such as di tributfd gahging
DG00E 317 V6

during déWin3pEARNERATF ér BAcd $4-0brT et 35 M MHeh- 56 3 efore
wor ki ng hours. Accordingly, although there_is the_gossibiliﬂﬁ_that wai ting
time can e lredficadsbyaesf gphada Pseuds ldarrlint APt rSHFF L %568 i on, as
different evaluative criteria are used in an assignnent of a hall call and
an assi giferitheofoestpsdf@stcdm then reddiciiment fofvagddido 1dae 9fs not exactly
used to the full extent in the reduction of waiting tinme at an el evator
hal | . [ O@EEsengers. Moreover, an acceptable degree of repetition of an
assi gnment change and an assignnment of a pseudo call varies dependi ng on
t he group Ofdrfdgenent specification, the elevator specification, the user
interface of an elevator hall, the use of the building, clients' needs, or
traffic situatisamilardyi,t whdldi Phieukt Ptlolpeafdbom §riosipwontdas] widir educe
waiting time of passengers while conducting an assignnment change or an
assi gnmenthef oAt PSEUTAg elan sat o Al sadetidabe: geguee il ¢petrthedrcaddgor di ng
to various requirements and specific conditions. [0012]

to an empty car (car stopping without a traveling direction)

and moving the car to any floor, such means are still used only

under limited traffic situations such as distributed waiting

during down peak and reference floor recalling when people

arrive before working hours. Accordingly, although there is

the possibility that waiting time can be reduced by assigning

a pseudo call in any traffic situation, as different evaluative

criteria are used in an assignment of a hall call and an

assignment of a pseudo call, an assignment of pseudo call is

not exactly used to the full extent in the reduction of waiting

time at an elevator hall.

[001%]

Moreover, an acceptable degree of repetition of an
assignment change and an assignment of a pseudo call varies
depending on the group management specification, the elevator
specification, the user interface of an elevator hall, the use

of the building, clients' needs, or traffic situation, and it

is difficult to perform group control to reduce waiting time



Furthernore, when it is intended to reduce the waiting time of a hall cal
as nuch as possible with applying artificial intelligence technol ogi es as
described in Patent Publication 4, while a highly advanced control can
provi de sonme effects, this also increases conplexity and size of the
system making the systema black box. Therefore, it is difficult to
respond to tasks such as adding a new control function within a limted
devel opne eriod, in ?qutionc§otpgg %&p%g%qsn%§n es %Eb%do%b%%g, and it
is extre Ifgﬁsﬁﬁggﬁﬁtw 0 andly7e " Exid &'h 2 PAnd ad) Ust” 4 probllemin the
control even if it i oi nted ou NS SOLVI,NG THE PROBL [ 0013]
The. pr es@ie LoRTSR BF TR8CHEECHbhEY ARG S00FE6ct RORTT Tdre

probl ens descrj bed above, and to provide an e] evataqr_.group control nethod,
i ncl udi NGCATAENg B8 PirdriQyust F S ISR S $0% S?@F\Hf&% FERGHMEal ity of
floors; cal culating an evaluation index for a newy nade hall call; and
sel ecti nd%Hd lassi gning the best suited car to the hall call based on the
eval uation index, wherein a waiting tine expectation value of all
passengers on &urthegsogef orheachtdisettiorded threrradige Hdike vadlbidady
occurred or that is expected to occur within a predetermned tinme period is
t aken as tiime efal balilomlindexnudihe svied s $ Hgl ¢ Wit hexiplety aed ey bidligd aei ng t he
expected value the sumor the average of the waiting tinme. [0014]

Furt her, iadedridigsgdeo tEhénpilegerts aavéasconpedt herPathart thib ldssitgroment  of
the new hall call is performed using the waiting tinme expectation value as
t he eval ugt wbii liendekighhyasdirgnaedt cehange odn gohatideadmeore ff qpseydo cal |
assignnment to an enpty car is perforned based on the sanme eval uati on i ndex
e\r/]ery pr%dlﬁltsew:srseﬂn&i:@@s@gr{t@@bmxﬁﬁytm sdre bifmeha dstidie, assdigiyrent of
the new hall call.

the system a black box. Therefore, it is difficult to respond
to tasks such as adding a new control function within a limited
development period, in addition to the problems as described

above, and it is extremely difficult to analyze, explain, and

adjust a problem in the control even if it is pointed out.

MEANS OF SOLVING THE PROBLEMS
[0013]

The present invention has been made in order to address
the various problems described above, and to provide an elevator
group control method, including: placing a plurality of
elevators in service for a plurality of floors; calculating an
evaluation index for a newly made hall call; and selecting and
assigning the best suited car to the hall call based on the
evaluation index, wherein a waiting time expectation value of

all passengers on all floors for each direction either that have



[ 0015] Mor eover, according to the present invention, the waiting tine
expectation value is calculated by using an estimated val ue of the
passenger arrival rate on each floor and for each direction, an estinated
value of hall call occurrence rate for an entire group, and an estinated
time of arrival for each car, for each floor and in each direction. Effects
of Invention [0016] According to the present invention, enploying a

met hod of .stochastically. evaluating the iting tine of .passengers, instead
of the w&ilti %ﬂqﬁgﬁﬁréé ﬁélF%@élP%afﬁgéggeg%ﬁgbﬁﬁCEEan &Pl e, al | ows
appropriate evaluation of a bias of the passenger arrival rate on each
f1oor and & VTG FRE &ﬁrlﬁﬂoése@qﬁfgasa&%ﬁd@ﬁy,at&ﬁ& [§ogx, F8¥sible to
reduce the waiting tinme of passengers as,ori%inall desired in conplicated
and di ver$iifilied tiaerePaGtalaqoRe I updeaing the expécted value the sum

or the average of the waiting time.
[0014]

Further, according to the present invention, other than
the assignment of the new hall call is performed using the
waiting time expectation value as the evaluation index, an
assignment change of a hall call or a pseudo call assignment
to an empty car is performed based con the same evaluation index
every predetermined time period or at the same time with the
assignment of the new hall call.

[0015]

Moreover, according to the present invention, the waiting
time expectation value is calculated by using an estimated value
of the passenger arrival rate on each floor and for each
direction, an estimated value of hall call occurrence rate for
an entire group, and an estimated time of arrival for each car,

for each flcor and in each direction.

Effects of Invention
[0016]

According to the present invention, employing a method
of stochastically evaluating the waiting time of passengers,

instead of the waiting time of a hall call as in a conventional



Further, according to the present invention, as the evaluation of the
waiting time of a hall call is not necessary, it is possible to evaluate a
situation as needed even when there is no new hall call. Therefore, the
sane eval uation index (waiting tinme expectation value of the al

passengers) can be applied in a versatile manner for controlling neans

ot her than neans for assigning a hall caII that is, an assignnent change
of a hall caII ass nrrent .of 0 an enmpty.car that is
O 2ol e or A sesianreat of. 2 hasids cal Lo a0 ey e ¢
facilitate optlnlzathn f the control ﬁf a mhole 0018]. ,__Moreover
accor di n§ S AWE HPELNE ] AfLft PBnS2Rehl PRE RJU! {3855 €dm does

not enploy the imediate prediction, by constantly and effectively
util i zi n@rAFRESHIGIRAESEharEe: 6100l haPIPRSF PG FRFRIUSSERE ¢t o a
limted traffic situation, it is p055|ble to reduce the maltlng time of
passengertsmd Gl glassengers @ tHdHeRd 1 vacesridiaty iro qome licedsert anfvent i on,
by constantly and effectively utilizing a pseudo call assignment w thout
restri ct idigrens ig ilddvitted firafsfiitadiitogast-i on, that is, by noving an enpty car
that is stopping without any traveling direction to an appropriate position
as needed,001t7]is possible to reduce the waiting tinme of passengers. [0020]
Further, according to the present invention, a degree of repetition of an
assi gnment changethera pseuvddicg toathiegpresentainensdpoust ed dbeording to
di verse needs and specific conditions that vary dependi ng on indivi dual
bui | di ngssvaanthtilor 8fposs iwldlie itng tedecer thiea Waidd g 1ki met ofeeassanger s
under adjusted conditions.

it is possible to evaluate a situation as needed even when there

is ne new hall call. Therefore, the same evaluation index

(waiting time expectation value of the all passengers) can be

applied in a versatile manner for controlling means other than

means for assigning a hall call, that is, an assignment change

of a hall call or an assignment of a pseudo call to an empty

car that is stopping without a traveling direction, and thus

it is possible to facilitate optimization of the control as a

whole.

[0018]

Moreover, according to the present invention, when the

group management system does not employ the immediate

prediction, by constantly and effectively utilizing an

assignment change of a hall call without restricting to a

limited traffic situation, it is possible to reduce the waiting

time of passengers.

[0019]



[ 0021] Mor eover, according to the present invention, a group control
met hod based on a unified evaluation index of the waiting tine of
passengers can be realized, and consequently it is possible to sinplify the
control structure as conpared to the group control to which conventiona
artificial intelligence is applied. Therefore, it is possible to facilitate
addition of a new control function, and to easily anal yze, explain, and

adj ust a probl in _the control en it s _pointed,out. BRL.EF DESCRI PTI ON
O DR NGS | G0ssphet B rEe TRy Lo e B eRE My vah ety Y
configuration of .a grqu nagenent system of el evators. according to a
first enBEEN: 1o SPRe pf SSehte | VAL Grine @ BsSudp FaLliae s aptntam
showi ng a .rel ati on between the 0fltlon of a_car and a call for explaining
the esti FatE®Hr FEFAT LG HE %o ft Ee cgpted trafiye Siwgtdopy ffat 1s,

illustrating one exanple of a table for estimated tine of arrival according
to the pﬁég@ﬁplpﬁvgﬁt¢@pﬁy car that is stopping without any traveling

direction to an appropriate position as needed, it is possible
to reduce the waiting time of passengers.
[0020]

Further, according to the present invention, a degree of
repetition of an assignment change or a pseudo call assignment
can be adjusted according to diverse needs and specific
conditions that vary depending on individual buildings, and it
is possible to reduce the waiting time of passengers under
adjusted conditions.

{0021]

Moreover, according to the present invention, a group
control method based on a unified evaluation index of the
walting time of passengers can be realized, and consequently
it is possible to simplify the control structure as compared
to the group control to which ceonventional artificial
intelligence is applied. Therefore, it is possible to
facilitate addition of a new control function, and to easily
analyze, explain, and adjust a problem in the control when it

is pointed out.

BRIEF DESCRIPTION OF DRAWINGS

10



Fig. 4is a main flowhart showi ng an entire procedure according to the

first enbodi ment of the present invention. Fig. 51is a chart show ng

a variation in the estimated tinme of arrival of each car at one station

posi ti on. Fig. 6 is a chart showing a part of Fig. 5 by dividing the
shaded regi on. Fig. 7 is a flowhart explaining a specific procedure
of the new hall call assignnment process in Step S2 in Fig. 4. Fig. 8

is a flow@ﬂﬁ%{ expl ai ning specific steps of the waiting tine expectation
val ue cal Ji on process for all passengers at all station positions in
Step S24 in Fi%h 7. . Fig. 9 is a ,part of a flowhart expl aining

specific steps  dO-t Helfaft Fhg ot PHeSRRPLRY 27 G VH e TH AR T Srlocess
for all passengers at a station position "s" in Step S204 in Fk%is%' Fi g.

10 is a parArBiP MHOFIHREarty ) AniTig Eieds gccording to a

embodiment of the present invention.

Fig. 2 is adiagram showing a relation between the position
of a car and a call for explaining the estimated arrival time
of the car.

Fig. 3 is a table illustrating one example of a table for
estimated time of arrival according to the present invention.

Fig. 4 is a main flowchart showing an entire procedure
according to the first embodiment of the present invention.

Fig. 5 is a chart showing a variation in the estimated
time of arrival of each car at one station position.

Fig. 6 is a chart showing a part of Fig. 5 by dividing
the shaded region.

Fig. 7 is a flowchart explaining a specific procedure of
the new hall call assignment process in Step S2 in Fig. 4.

Fig. 8 is a flowchart explaining specific steps of the
waiting time expectation value calculation process for all
passengers at all station positions in Step S24 in Fig. 7.

Fig. 9 is a part of a flowchart explaining specific steps
of the waiting time expectation value calculation process for
all passengers at a station position “s” in Step $204 in Fig.
8.

Fig. 10 is a part of the flowchart explaining specific

11



steps of the waiting tine expectation value cal culation process for al
passengers at a station positions in Step S204 in Fig. 8. Fig. 11
is a part of a flowhart explaining specific steps of the hall cal

assi gnment change process in Step $S4 in Fig. 4. Fig. 12 is a part
of the flowchart explaining specific steps of the hall call assignnent
change process in Step S4 in Fig. 4. Fig. 13 is a part of the

fl omchart explaining specific steps of the ha

: |1 c%%{]gfségnnent change
process iSitSBEept SIS e {1d Fime expectaggn VRAULCH Part B REPGREhar t
expl ai ning specific steps of the pseudo call K6 assignnent process in Step S5
in Fig. £or all pasggrgens §ts aasbaF%OBfPQFrﬂetlfchﬁaﬁFeex%% nith§ *Speci fi c
steps of the pseudo call assignnment process in Step S5 in Fig. 4.
Fig. 16 i a part of the flowchart explaining specific steps of the pseudo
call assignnent process in Step S5 in Fig. 4. o Fig. 17 is a part of
a flowchart shéVngl stieps pefrtac protbedchirassicdailngngd sRerhbl ¢ s¢&kPis and
changi ng the assignnent according to a second enbodi ment of the present
i nventi omf the hall call assignment change process in Step S4 in Fig.
4.
Fig. 12 is a part of the flowchart explaining specific
steps of the hall call assignment change process in Step S4 in
Fig. 4.
Fig. 13 is a part of the flowchart explaining specific
steps of the hall call assignment change process in Step S4 in
Fig. 4.
Fig. 14 is a part of a flowchart explaining specific steps
of the pseudo call assignment process in Step S5 in Fig. 4.
Fig. 15 is a part of the flowchart explaining specific
steps of the pseudo call assignment process in Step S5 in Fig.
4.
Fig. 16 is a part of the flowchart explaining specific
steps of the pseudo call assignment process in Step S5 in Fig.
4.
Fig. 17 is a part of a flowchart showing steps of a process
of assigning a new hall call and changing the assignment
according to a second embodiment of the present invention.

Fig. 18 is a part of the flowchart showing steps of the

process of assigning a new hall call and changing the assignment

12



Fig. 18 is a part of the flowhart showi ng steps of the process of
assigning a new hall call and changing the assignnent according to the
second enbodi nent of the present invention. Fig. 19 is a part of the

fl omchart showi ng steps of the process of assigning a new hall call and
changi ng the assignnment according to the second enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENTS [ 0023]

according to the second embodiment of the present invention.
Fig. 19 is a part of the flowchart showing steps of the
process of assigning a new hall call and changing the assignment

according to the second embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0023]
First Embodiment
In general, the car position in a group control cannot
‘be judged only by a floor level, the traveling direction of the
car should be included in the judgment. Therefore, in the
description hereinafter, the term “station position” is used
as a concept for expressing the stop position of a car including
both floor and direction to simplify explanation.
[0024]
Now, one embodiment of the present invention will be
described with reference to Fig. 1 through Fig. 16.
Fig. 1 is a diagram showing an entire configuration of
a group management system of elevators according to a first
embodiment of the present invention. Here, the description is
given taking an example in which three elevator cars including
a first car to a third car are controlled as a group. However,
it should be appreciated that the number of the elevators is
not limited to three.

[0025]
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Fi rst Enbodi nent In general, the car position in a group contro
cannot be judged only by a floor level, the traveling direction of the car
shoul d be included in the judgnent. Therefore, in the description
hereinafter, the term"station position” is used as a concept for
expressing the stop position of a car including both floor and direction to
sinplify explanation. [0024] Now, one enbodi nent of the present
invention will described with reference to Fig. t hr ough Fi g. _16.
t T o ot

b

Flg, 105 a di REamSRGW AT af- oht | FErCormT o a? e -
system of el evators according to a _first enbodi nent of thq%Pres nt
i nvent i o1 9E©r FABT AL G BGDROPS 1GPTEA TAREHG AR SXAFBHRT ISR Cdh t hr ee
el evator cars anludig&na first car to a third car are controlled as a
group. Hewmaratian ofhddied e sdpprdei FedGEREe TRELREPer 6% Heé el evators
is not limted to three. [0025] Referring to Fig. 1, reference
nunber 1kimdgraadentrspaesandy stlevadem contdgeli devéees gondd gvgepetPor m
el evator control operation of the first car, reference nunbers 12 and 13
si mi | ar | yperEpmes ehtvekevatont cohtars rajeldrc e speaftilgededo £ o e sfeeoimdel evat or
control operation respectively of the second car and the third car, a
r ef er encearaher tRO tlrepresent,saarditd fenad Inurégi s0ateppedeniser thidtl i s
common to all elevators and configured to register a hall call, and a
r ef er enceglunheryi3d maefoes eelvd ca ghaupisoottobn dewiakl cardfvagurred anal cont r ol
the operation of the elevators as a group while conmunicating with the
el evat or ctilRIrdB¥oCes8gistdd.a hall call, and a reference number 30

represents a group control device configured to control the

operation of the elevators as a group while communicating with

the elevator control devices 11-13.

[0026]

Reference number 31 represents passenger arrival rate

estimating means configured to estimate a passenger arrival

rate at a station position. The passenger arrival rate

estimating means estimates the passenger arrival rate using a

conventional method such as, for example, stochasticestimation

of the passenger arrival rate based on learned data relating

to a time period during which no hall call is made by presuming

the arrival of a passenger who uses an elevator to be Poisson

arrival. It is also possible to correct the passenger arrival

rate according to variations in a number of car calls and a live

load of a car.

[0027]

Reference number 32 represents hall call occurrence rate
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[ 0026] Ref erence nunber 31 represents passenger arrival rate
estimati ng neans configured to estimate a passenger arrival rate at a
station position. The passenger arrival rate estinating neans estimtes the
passenger arrival rate using a conventional nmethod such as, for exanple,
stochastic estimation of the passenger arrival rate based on | earned data
relating to a tinme period during which no hall call is made by presum ng

the arrival_.of .a passenger 0 _uses . an el evator .to _be PoiLsson arrival. It
o al 5o PR RO REaP Pt T R e2at SHF P raRe S 23R RS
variations_in number .of car calls and a |jve load of a car. [0027]
Referencé”%ﬁﬁ%iL e e et 1419 9£%Wp'ocgﬂ?ﬁeﬁzéor8?8 b%s??%ﬁ?Yng means
configured to estimate the rate of occurrence of hall calls in an_entire
group. THIREEEINSE &% "G 2eGSPFENEBLRPAHCHRPAGS A R et T oA it KO such as
di vision of the nunber of hall calls occurring per a predetermned tine,
this ti mysagnoes Babisedl bh CHHOTING Oeh PRFPTAEe BRLIRASY dnigia ethliSear ni ng
by the predeterm ned tine. [0028] Ref erence nunber 33 represents car
arrival thiime estriiest isgbaeadsotonf $lguredt ¢ on ebtd puted (9 dionghiteFmeach car
can arrive at each station position, and it is possible to use various

met hods dfeacomventivoridle Ipalddedaidmivesict itignet-i me esti mation as the nmethod to
estimate the tinme of arrival. However, while estimation of waiting tine for
a single [@itd&le | oop of car is sufficient in the conventional hall cal
waiting time estimation, as the present invention is also required to
estimate waiti rgfeirapcel npndepecti reppaseangerar htrrisaneceseary to
estimate waiting tinme fora single entire loop and a half considering a

farthest gariraling Raknkscoeti@hfed tomeaninssonite Ral Wheahl eeh azkack side
as shown in Fig. 2, and to estimate for two entire | oops and a half at

maxi mum Gengirdekbngt tha-neeessidypekiesbhimedhdd tMaist HbBgsihIE ©f yassengers

that may occur after responding to all the calls that can be assuned.

[ 0029] various methods of conventional hall call waiting time
estimation as the method to estimate the time of arrival.
However, while estimation of waiting time for a single entire
loop of car is sufficient in the conventional hall call waiting
time estimation, as the present invention is also required to
estimate waiting time of prospective passengers, it is
necessary to estimate waiting time for a single entire locp and
a half considering a farthest car call that is set off from an
assigned hall call on a back side as shown in Fig. 2, and to
estimate for two entire loops and a half at maximum, considering
the necessity of estimating waiting time of passengers that may
occur after responding to all the calls that can be assumed.
[0029]

One example of a table for estimated time of arrival

produced by the car arrival time estimating means is shown in

15



One exanple of a table for estimated tine of arrival produced by the car
arrival tinme estimating neans is shown in Fig. 3. Here, while cal culation
is made by assuming that tine required for a car to travel a single floor
is 2 seconds and that the tinme required for a car to nake a single stop is
10 seconds to sinplify an explanation, traveling tine and such are

cal cul at ed based on | earned data of group managenent in practice. [0030]

Referring back to_Fig. %Qta reﬁgr nce nunber 34 represents iting tinme
expectat%@ﬁ*vérueH%ﬁgcdﬂ LishGanel §t&8ﬁf?@&P§§3P3 g?%%ﬂb%?ﬁ%%ﬁi§l S cul ate,
as a general evaluation index, an expectation value of a sumor an average
of the wdiadHgad F@rof SPF tRetpa¥sinyef S IHndi g HasSETGESS ARGt have
al ready appeared) estimated to appear at all of the station positians
wi t hin pridddt &ha féact rreuikeref Raf fefar t He R c sttt &t 9 tlle sum or
the average of waiting time is sinply referred to as a waiting time
expect at ismroraludy . s imploncepn il anatetdiod toRveAladl BN AN SEHR aK&i ti ng
time expectation value of all passengers will be described |ater. [0031]
A ref er ence quirdierd 36 seehces drtegnigal [dadal lofaggiogvi Ag@aeeRsenEoAfi gured to
evaluate a newly registered hall call taking the waiting tine expectation
val ue as macxMadeuati on i ndex, or holistically in conjunction with other
eval uation indices, and to assign the call to the best suited car. The hal
cal |l assi@u3tg neans perforns an assi gnment process every tinme a new
Referring back to Fig. 1, a reference number 34 represents
waiting time expectation value calculating means confiqured to
stochastically calculate, as a general evaluation index, an
expectation value of a sum or an average of the waiting time
of all the passengers (including passengers that have already
appeared) estimated to appear at all of the station positions
within predetermined time (hereinafter, the expectation value
of the sum or the average of waiting time is simply referred
to as a waiting time expectation value). A concept and a method
of calculation of the waiting time expectation value of all
passengers will be described later.
[0031]
A reference number 35 represents hall call assigning
means configured to evaluate a newly registeredhall call taking
the waiting time expectation value as an evaluation index, or
holistically in conjunction with other evaluation indices, and

to assign the call to the best suited car. The hall call

assigning means performs an assignment process every time a new

16



hall call is nade. [0032] A reference nunber 36 represents hall cal
assi gnnent changi ng neans configured to change an assignnent of a hall cal
t hat has been assi gned based on the waiting tinme expectation value. The
hal | call assignment changi ng nmeans cal cul ates, every predeterm ned tine,
the waiting time expectation value assum ng that the assignnent is changed,
conpares the calculated waiting time expectation value with the waiting
time exp%p;gtk% vaISu%l %fore t he assi gnnent change is nade, and perforns

t he assigﬁ nt &aﬁge 5t “the hall call if a difference between the two

val ues si%iéfies a predeterm ned condition. [0033] A reference
nunber 3707 6Hesents pseudo call assigning neans configured to assign a

pseudo call to_an enpty car based_gn the waitin Lme pect ati on val ue.
The pseudo cal P é?gggﬁ%ﬁﬁ ﬁﬁgﬁgrcégc6?8?@§?n§§egﬁabrEagie?ﬁﬁﬁgam?Pﬁe, t he
waiting tinme expectation value assum ng that a pseudo call is assi%ned,
conpar es REIEALCHE AL FORGILGIFE F s hegecR AGSSH AR A enhahe SRdilt i ng
time expectation value before the assignment of a pseudo call is nade, and
assi gns &hgdeh@s bgken gssitecdnpa§cearn i the W FT e AdE O EEREST AHO™ wo

val ues satisfies a predeterm ned condition. [0034] A reference nunber 38

r epr esentv&liugar nThg hedhscall assignment changing means calculates,

every predetermined time, the waiting time expectation value
assuming that the assignment is changed, compares the
calculated waiting time expectation value with the waiting time
expectation value before the assignment change is made, and
performs the assignment change of the hall call if a difference
between the two values satisfies a predetermined condition.
[0033]

A reference number 37 represents pseudo call assigning
means configured to assign a pseudo call to an empty car based
on the waiting time expectation wvalue. The pseudo call
assigning means calculates, every predetermined time, the
waiting time expectation value assuming that a pseudo call is
assigned, compares the calculated waiting time expectation
value with the waiting time expectation value before the
assignment of a pseudo call is made, and assigns a pseudo call
to the empty car if a difference between the two values satisfies
a predetermined conditiomn.

{0034]

A reference number 38 represents learning means
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configured to performstatistical processing of data received fromthe

el evator control devices 11-13 and the hall call registration device 20 and
accurrul ates the data. The learning nmeans is configured by, simlarly to

t hose used in conventional group control, such as short-term | earning neans
for |l earning about current traffic situation, and | ong-term | earni ng nmeans
for learning about traffic situation in each tine period on weekday,

weekend, or the same day A reference nunber gH{ resent.s
connunic5?@@@gﬁégﬁstedﬁﬁ?%ﬁﬁ%ﬂ?WQF%ﬁEﬁﬁﬁ% B&PEeRPPHgé% 2 FRESVEFat or
control devices 11-13. [0035] procedure of an elevator gr oup

control ﬁé@ﬁo&hﬁc@éﬁﬂaﬁ@rt§0Pﬁéoér@@@Hpeﬁn@énﬂ3oﬁn§ftPﬁehéﬁéVEal
configuration is described with reference to flowharts in Fig. 4 through

Fig. 16. registrpitgoradegichehand 2¢owenbitcodthchdatat i re1prLeceadrg,
showi ng that the assignnent process is performed every tinme when a new hal
call is medes aadchaureshbl, asigiigriielit tohdmyee predess condcatyseado cal |
process are performed every predeternmned tine. This procedure is
const ant gy canpd coepeafledbychperd ehoed -te@0836karning nedmstion ne8trepnsi , it is
determ ned whether or not a new hall call is present, and if present,
awai ti ng ddame expeehat t oaf ¥at ue tafataldn passiehgeygstatmaldastiatg owamesi ti ons
is calculated
for learning about traffic situation in each time period on
weekday, weekend, or the same day.

A reference number 39 represents communicating means
configured to communicate with each of the elevator control
devices 11-13.

[0035]

Next, a procedure of an elevator group control method
according to the present invention of the above configuration
is described with reference to flowcharts in Fig. 4 through Fig.
le.

Fig. 4 is the main flowchart of the entire procedure,
showing that the assignment process is performed every time when
anewhall call ismade, anda hall call assignment change process
and a pseudo call process are performed every predetermined time.

This procedure is constantly and repeatedly performed.
[0036]
First, in Step S1, it is determined whether or not a new

hall call is present, and if present, awaiting time expectation

value of all passengers at all station positions is calculated
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in Step S2, and the hall call is assigned to the best suited car based on a
result of the calculation. Further, separately fromthe assignnent of the
new hall call, every tinme a predeterm ned tine passes (Step 53), the
current waiting time expectation value of all the passengers and the
waiting time expectation value assum ng that an assignment change is
performed, are conpared in Step S4, and the assignnment change is perforned

if a difference t wee et val ues, satisfies redet erm ned,condi tion.
SinilarlyP ?ﬁ@pcggr eﬁPgng?i ]ﬁ%ﬁl fﬁ)?psecﬁsaﬁji%e%%oget%aen%etsﬁeSu itF:&ng time
expectati on val ue assum ng tha#I %&pse do. cal | isel_gssi ned to an. e ty car
are conp&P&dPRraciPp asEeSHAl hé sgfigﬁ%ﬁ{:lﬁ?oc S ofc T p§SEGde -Call is
performed if a difference between the two _val ues satisfies a predeterm ned
condi ti ofTMettdid SSeAIHESE Hloldss sl lhEadescFvEed [Faf6r @ As descri bed
above, according to the first enbodinment, the waiting tine expectation

val ue of paleldatisenjassergmespagsesl ciienr 6¢)whEheaCweherhalvaidalnlg iteMfade and
every predeterm ned tine, the assignnent change of a hall call and the

assi gnmerixpefcta tgseude legl bt alanteappyseenger s uditthowaid inge tag€i gnnent
of a new hall call are performed based on the sane eval uation index every
pr edet er rixpedt tiEitiers watlvat adsemialouehiag an swslilgnasnsosdiabloe, ishat is, so
that the waiting tine of all the passengers is reduced. [0037] Here, before
descri bi pg e rdet, abke obmpheegriocelsgs S4ananddelde afsgipnmeitt iohgnigiene
expectation value of all the passengers at all of the station positions as
a gener ali seyalr@atired ifdeXxd otk iowd detaleenl ahe tid svalalare satdarfdiesg to the
present invention are descri bed. First, when evaluating the waiting

time of &l AR Rassenrgeondigwdm exahuabelgrrtyal cticpenef vantenpty car
(car stopping without a traveling direction) nust be considered. Unless the

arrival tdigp @k a8B+8RPEY Fa1usaHhPeLRPREIRE hat el Me avgldtad £ od tvadimenot
possi ble to obtain a general evaluation index that can be applied to every

traffic %%é&%ﬂﬂ&ltﬂd%l%ﬂ JiillPl0a13S e RSl ¢ larAssigyeal: eeatrol is

in principle performed for an enpty car, it is inmportant to appropriately

eval uat e Ctot;l[%a%req Y'ﬁlls‘g{éﬁgofa tﬁgpé%/?%ﬁ%%é,%g%g]ﬁgsg %? Fale'%'%’é(\@é!@rcaltlher e are

many uncert el enen gardi ng a ion at and in

whi ch an .empty .car starts travelin nd. it | npt i tiymate the
arrival tjisgg’e)oéffogﬁlegnﬁff ye céalrfﬁleoreenac b%ttg’te’letgnltggsﬂf'?g‘ggﬂl% %’gttgg’?rféer?gﬁner as
a travelin

For le, wh hal.| . .is mde at '
posi 1 0n 4 HFEHGPARAPEC T Bty oo ey awe: 1 SXp BRGS0 e Bl | ent

hall call and t b tat i ginal position. Therefore, based
on o hal 19451 R: devssie. Par GEaRALPRE REMBer BYCRRTE™ n-t R tr oup. 2

probability P(t) that an enpty car is present at an original position in a

st andby SHRQEIIRETdep s dth idsingh teFo fathe 2 g tiddit o e ft iantd t+hish

passengers i1s calculated when a new hall call is made and every
predetermined time, the assignment change of a hall call and
the assignment of a pseudo call to an empty car, in addition
to the assignment of a new hall call are performed based on the
same evaluation index every predetermined time so that the value
is as small as possible, that is, so that the waiting time of
all the passengers is reduced.

[0037]

Here, before describing the details of the processes, an
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equation 1 listed below, and it is assuned that the enpty car can arrive at
any station position in response to a call fromthis station position if
the car is in the standby state, and that the enpty car is renoved from
eval uation targets when the car is not in standby state. [Equation 1] P(t)
exp a: A hall call occurrence rate per car In this manner, by
expressing the standby probability of an enpty car in an exponenti al

f tion, d psi this in.th | cul at i f th it [ i
val e, ad i ¥ BT BB i GTECT t T LOPOCarsI & fo Lo T RASeLLgEy

eval uate an influence of the presence of an enpty car to the waiting tinme
of prosp@&t PYé Passehderd ian ROGH 1R 2a2si Ap¥s Trad r?é’rﬂ%é%étﬂ%é@ﬁexg

Next, the calculation_of "the waiting tinme expectation value of all the
passengerS e Xiectéd Ced CHLEEE Wi W opred eSS tPmt e PEESERE st ati on
position is described by schematizing as shown in Fig. 5. Fig. 5is
a graphi énggattioshariengesariideidon in estinated time of arrival of each car
at one station position, in which a horizontal axis represents tine and a
vertical axis Fepsésemhent headsaiingedhei maistnar ciimal ofHelé, thRe chart
shows that the first car is always traveling within the tine T, and passes
once passengers, how to evaluate arrival time of an empty car (car

stopping without a traveling direction) must be considered.
Unless the arrival time of an empty car can be appropriately
evaluated, it is not possible to obtain a general evaluation
index that can be applied to every traffic situation. 1In
particular, as the pseudo call assignment control is in
principle performed for an empty car, it is important to
appropriately evaluate the arrival time of an empty car.
[0038]

However, there are many uncertain elements regarding a
time point and a direction at and in which an empty car starts
traveling, and it is not possible to estimate the arrival time
of an empty car to each station position in the same manner as
a traveling car. For example, when a hall call is made at one
station position in the future, the empty car may have responded
to a different hall call and may not be present at an original
position. Therefore, based on a hall call occurrence rate and
the number of cars in an entire group, a probability P(t} that
an empty car is present at an original position in a standby

state is expressed as an exponential function of time t in
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by a station position as a target. The chart al so shows that the second car
currently stops as an enpty car, and that the third car is currently
traveling but stops at tinme t4 and becones an enpty car. [0040] In
Fig. 5 the waiting tine expectation value of all the passengers is
obtained by the integration of the shaded area and nultiplication of a
passenger arrival rate A However, when there is an enpty car present

cl oser than a.travelin t he expectation vaI maltln time is
cal cul at FURESER g %ﬁﬂ?gﬂh%%wﬁ%f? oo TresBatinedarene e oA £oy Po)
expressed by the equation 1. ons in the shaded areag are di vi ded
by time (H9at 2E&EVEF PRV AT PSS gﬁlé?tfec}nbéPBRPnSFa‘}oﬁ @ ldt fRRch
estinmated tine of arrival of the traveling car beconmes equal to estinated
time of &hdisyaltasfophaoekpignchf .thy WarTive iat thhi TPRHY 5tV i sgcar

beconmes an enpty car in a stopped state. (c) Time at which the traveling
car arriéstathehenphy g@tr dsar¢oavedsindosvalgesipn targets when the

car is not in standby state.
[Equation 1]
P(t) = exp(~at)

a: A hall call occurrence rate per car

In this manner, by expressing the standby probability of
an empty car in an exponential function, and using this in the
calculation of the waiting time expectation value, as will be
described later, it is possible to stochastically evaluate an
influence of the presence of an empty car to the waiting time
of prospective passengers although in a simplified manner,.
[0039]

Next, the calculation of “the waiting time expectation
value of all the passengers expected to occur within
predetermined time T” at one station position is described by
schematizing as shown in Fig. 5.

Fig. 5 is a graphic chart showing variation in estimated
time of arrival of each car at one station position, in which
a horizontal axis represents time and a vertical axis represents
the estimated time of arrival. Here, the chart shows that the

first car is always traveling within the time T, and passes once
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As the region divided in this manner shows a sinple shape as shown in Fig.
6, it is possible to performintegral calculation easily, and to obtain the
waiting time expectation value of all the passengers that occur in a tine
period represented by the divided region. For exanple, the waiting
time expectation value of all the passengers in a region Es shown in Fig. 5
can be obtained by equation 2 listed below [Equation 2] ,P(t) +(0 (1-

P(O)(t - t4 - P(t))2)d
(0)( by)g statgo%?p%sition as a target. The chart also shows that

the second car currently stops as an empty car, and that the
third car is currently traveling but stops at time t,; and becomes
an empty car.

[0040]

In Fig. 5, the waiting time expectation value of alli the
passengers is obtained by the integration of the shaded area
andmultiplication of a passenger arrival rate A. However, when
there is an empty car present closer than a traveling car, the
expectation value of the waiting time is calculated assuming
that this empty car responds at the probability P(t) expressed
by the eguation 1.

Regions in the shaded area are divided by time that
satisfies conditions as listed below.

(a) Time at which estimated time of arrival of the traveling
car becomes equal to estimated time of arrivel of the empty car.
(b) Time at which the traveling car becomes an empty car in a
stopped state.

{c) Time at which the traveling car arrives at the target station
position.

{0041]

As the region divided in this manner shows a simple shape
as shown in Fig. 6, it is possible to perform integral
calculation easily, and to obtain the waiting time expectation

value of all the passengers that occur in a time period
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As: A passenger arrival rate at the station position s [0042]

Simlarly, where a nunber of enpty cars that can influence the waiting tine
of passengers at a station position as a general target is m a waiting
time expectation value Ez of all the passengers in tinme periods ta-tb can
be obtained by equation 3 listed below [Equation 3] wkP(t)(P(t)) I) (w
o- (t - t4)) (1 - P(t))'" at wb: Estimated tinme of arrival at tine

ta of a car that arrives at a target station position in the shortest tine
out of aFﬁpﬁﬁ@@@ﬁ@ﬁgb@éF§e divided region.

For example, the waiting time expectation value of all
the passengers in a region Es shown in Fig. 5 can be obtained
by equation 2 listed below.

[Equation 2]

B = /: Ao (0 PO + un () (1~ PE) + g ~ (£~ ) (1 - P()")dt

As: A passenger arrival rate at the station position s

[0042]

Similarly, where a number of empty cars that can influence
the waiting time of passengers at a stationposition as a general
target is m, a waiting time expectation value E; of all the
passengers in time periods t,-ty can be obtained by equation
3 listed below.

[Equation 3]

B= [7A(E (@0 0 - POI) + o (-t 0 - PO )

Wy: Estimated time of arrival at time t, of a car that
arrives at a target station position in the shortest time out
of all traveling cars

Wi, Wz, ...: Estimated time of arrival of cars whose
estimated time of arrival at target station position is shorter
than wy out of empty cars, where wj, Wy, ... are in ascending

order of estimated time of arrival,
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W, W2, ...: Estimated tinme of arrival of cars whose estimated tine of
arrival at target station position is shorter than wo out of enpty cars,
where wi, w2, ... are in ascending order of estinmated tinme of arrival.

In this manner, by summ ng up the waiting tinme expectation val ues of the
passengers obtained for the respective regions, a waiting tine expectation
value Es of all the passengers that appear at a station position s within a

predet erm ned ti T is obtained by.equatjon 4 .li.sted.bel ow._ [ Equation 4]
P A huber of 110 elSPBgrond PEBRAFY T FRE B e Roesh SeHEr ¢ her -
must be a single _passenger at hall call registration if a hall .call has
Al ready BECHSIRAS BAS U5 TIHHTDRGIECoROT A 11 IRE POk BEFLE85 gnor
the presence of an enpty car until a_car_assigned to this hall cal

arrives. aTHat-EL B8Pl 1R ERRATGATY AT B LERPER 15t Aot VAP RADICHIRF Hasééngers in

this case can be obtained by equation 5 |isted bel ow. _ .
appear at a station position s within a predetermined time T

is obtained by equation 4 listed below.

[Equation 4]

L1
E,=% E
Ke=1

n: A number of divided regions

[0043]

It should be noted that there must be & single passenger
at hall call registration if a hall call has already been made
at this station position, and it is possible to ignore the
presence of an empty car until a car assigned to this hall call
arrives. Therefore, the waiting time expectation value of the
passengers in this case can be obtained by equation 5 listed
below.

[Equation 5]

s
Ez=m+A~E§§i

Then, the waiting time expectation value ET of ail the

passengers that have appeared or may appear within the
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[ Equation 5] Ez--=2 Then, the waiting tine expectation value ET of
all the passengers that have appeared or may appear within the
predetermned tine T at all the station positions can be finally obtained
by equation 6 |listed below [Equation 6] S: A class representing all
station positions

predetermined time T at all the station positions canbe finally
obtained by equation 6 listed below.

[Equation 6]

EX‘EZE.%

38

S: A class representing all station positions

Er is “the waiting time expectation value of all the
passengers at all the station positions” used as a general
evaluation index in the group control method according to the
present invention.

[0044]

Based on what has been described above, the steps for
calculating the waiting time expectation value of all the
passengers at all the station positions, and the procedure for
assigning a new hall call based on the result of the calculation
are described with reference to flowcharts in Fig. 7 through
Fig. 10.

[0045]

Fig. 7 is a flowchart explaining a specific procedure in
Step S2 in Fig. 4, showing the steps for calculating the waiting
time expectation value of all the passengers at all the station
positions assuming that a new hall call is tentatively assigned
to each car, and assigning the new hall call to a car whose

waiting time expectation value is the smallest.
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ET is "the waiting tinme expectation value of all the passengers at all the
station positions" used as a general evaluation index in the group control
nmet hod according to the present invention. [0044] Based on what has
been descri bed above, the steps for calculating the waiting tine
expectation value of all the passengers at all the station positions, and
the procedure for assigning a new hall call based on the result of the
calculation are described with reference to flowharts in Fig. 7 through
Fig. 10. [%6d4g Fig. 7 is a flowhart explaining a specific
procedure in Step S2 in Fig. 4, show ng the steps faor calculatin he
waiting time e%ﬁé@ﬁati%ﬁﬁV§P@@10ftﬁﬁll@h%l%%§§%ﬁﬁépg %Iv%ﬂﬁaﬁhﬁaé§

ion
positions assuming that a new hall call is tentatively assigned to each
car, and rERviaREntg nchéheewah&RnIchimet 8¥aeehrthABSER WAT t1HF T he Pe
expectation value is the smallest. [0046] First, in Step 521, the

initial valareasimanvadiuablandbabefapr 88entSiZZgarthEtaRII4 hgt PEFESHFECt at i on
value is set to be the nmaxi mum val ue, and based on Step S22 and Step S27,
t he procéss westwedre scheteost 65s riepaedpehtiead fadrl @il thfe Kde@scars.

In Step 523, a table for estimated time of arrival for
a case in which a new hall call HC is tentatively assigned to
an “i” car is generated for each car as shown in Fig. 3. Then,
in Step S24, the waiting time expectation value of all the
passengers at all the station positions, assuming that the hall
call is tentatively assigned to the “i” car, is calculated based
on the generated table for estimated time of arrival (detailed
steps will be described later), and stored as variable e.
[0047]

In Step S25, the variable e is compared with the variable
eval. If e<eval, a walting time expectation value e at this
time is substituted for the variable eval, and a car number “1”
is substituted for "car" in Step S26. Similarly, Step 523
through Step $S26 are repeated for all of the cars, and the
smallest value out of the waiting time expectation values of
all the passengers at all the station positions assuming that
the new hall call is tentatively assigned to the respective cars
is stored as eval, and the car that is tentatively assigned at

this time is stored as “car”. Then, in Step $28, the new hall

call HC is actually assigned to the “car” car whose waiting time
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In Step S23, a table for estimated tine of arrival for a case in which a
new hall call HC is tentatively assigned to an "i" car is generated for
each car as shown in Fig. 3. Then, in Step S24, the waiting tine
expectation value of all the passengers at all the station positions,

assumng that the hall call is tentatively assigned to the "i" car, is

cal cul at ed based on the generated table for estimated tinme of arrival
(detailed steps will be described Iaﬁ ré and stored as variable e. [0047]
In Step §§§?cFﬁ§lﬁ§rW5§P8 &5i $%&ofPa 28 fith the variable eval. If e<eval,

a waiting tinme expectation value e at this tinme is substituted for the

vari abl e '{&P4%] and a car nunber "i" is substituted for "car" in Step S26.

Simlarly, Steﬁ S23 through Step S26 _are repeated for all .cars, and
P

n_. f the
the smallest vHPHE: ofit SBECHREC ViRl RFFY £ e exfdt oty dRtv R egtlafﬂlam t he
passengers at all the station positions assunming that the new hall call is
tent ati valhy wastyned ite eReerespeetival s 51 iy easasneess 2had it he car
that is tentatively assigned at this tine is stored as "car". Then, in Step
S28, t he thewshaltli cpaploEditd cast uaskbymassi §hed toet hew' badl e€atlwhése waiting
time expectation value is the smallest. [0048] Next, a specific
procedur een aStiop1$24stopned| tolaté mgt,hé swahtivnginithee éxdpest@titoanval ue of
all the passengers at all the station positions, assum ng that the new hal
call is tenrt.ati.vely assigned to one car, is showm in the flowhart in Fig.
8.
[0049]
First, in Step S201, the initial value of the variable
Ee representing the waiting time expectation value of all the
passengers at all of the station positions is set to be 0. In
Step S202, the hall call occurrence rate shown by equation 1
is obtained as a, and based on Step 5203 and Step 5206, the
process between these steps is repeated for all station
positions. Specifically, in Step 5204, the waiting time
expectation value of all the passengers at the station position
s is calculated as Eg, and in Step 5206, the value obtained by
adding Es to Er is newly stored as Er by updating. Inthismanner,
Step S204 and Step S205 are repeated for all of the station
positions, and the waiting time expectation value of all the
passengers at all the station positions, assuming that the new
hall call is tentatively assigned to one car, is obtained as
Er. Then, in Step S207, the value of Er is returned to Step 524

in Fig. 7 and substituted for e.

[0050]
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[ 0049] First, in Step 5201, the initial value of the variable ET
representing the waiting tine expectation value of all the passengers at
all of the station positions is set to be 0. In Step S202, the hall cal
occurrence rate shown by equation 1 is obtained as a, and based on Step
S203 and Step S206, the process between these steps is repeated for al
station positions. Specifically, in Step S204, the waiting tinme expectation
value of all the Eassengers at the station ositiq? S is CT|C | at ed as Es,
and in Step S2B6%tthe SREG BhPLoredURy 4807 P B2 o TeF rélhvnPy8Fored as
ET by updating, In this manner, Step S204 and Step S205 are repeated for
al | of tkEestattord pddia FRSCtahdoRiE g Pitngl t ithe BXpeRRAET B vaFGe of all
t he passengers at all the station positions, assuning that the new hal

cal | is Bé&ataoinvepyiidsngaedst ohove arflewclobiad ned A -EP. aTeR1%i-n Step
S207, the value of ET is returned to Step S24 in Fig. 7 and substituted for
e. [0050[L0. The piex¢duse shecdfvidet covdurterd f 1Stwsp a$26@4 chonecaliad| at i ng
the waiting time expectation value of all the passengers at one station
posi ti on ssgns Gs liown convendwolar sekien Fig. 9 and Fig. 10. The procedure is
divided into two flows at a connecting sign G for conveni ence sake.

First, in Steprd25%, anpasspngeblarai pabseaterabrrheast abtonaposheion s is
obtained as X, and in Step S252, the predeternmined tinme T (e.g., about 60
seconds) sitaitdiovi geditibe & plsubdtiativiedl aki K ped ods stkat sear, benhsubj ect ed
to the integral calculation of the waiting time expectation val ue, as

descri beg aidich drafi@eenNeembor Fid. g 5 abdudt p $S288ndd) nTherviefed hatdi vi ded
time periods is taken as n, and in Step S254, the initial value of Es is

[SSB 5t1 f be 01 @pgh 108 oiend id@be¥abig 1Afad BahHcS8tnt 8cbeather i heR rhilMe.
calculation of the waiting time expectation value, as described
with reference to Fig. 5. In Step S253, a number of the divided
time periods is taken as n, and in Step S254, the initial value
of Eg is set to be 0 and the initial value of t, is set to be
the current time.

[0051]

Then, based on Step 8255 and Step 3269, the process between
these steps is repeated for all of the time periods.
Specifically, in Step 5256, the end time of a time period z is
set to be tp, and in Step $257, it is determined whether or not
the time period z is a leading time period. If the time period
z is the leading time period, then, in Step S258, it is determined
whether or not there is a hall call at station positicon s. If
there is no hall call at station position s, only the passengers

that possibly appear within the predetermined time are

considered, and the waiting time expectation value is
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Then, based on Step S255 and Step S269, the process between these steps is
repeated for all of the tinme periods. Specifically, in Step S256, the end
time of atinme period z is set to be tb, and in Step S257, it is determ ned
whet her or not the time period z is a leading tine period. If the tine
period z is the leading tinme period, then, in Step S258, it is determ ned
whet her or not there is a hall call at station position s. If there is no
hall call at station position s, only the passengers that ossiqbl appear
within t félsidaées hnped Qi ﬁéluéltéoéio%si detdt, AR T AT IRIRIHF H45e”
expectation value is calcul ated based on equation 3. Then, the process

pr oceeds StepStS@y 95259. [ 0052] In Step S259, the estimted tinme of
arrival of a car that can arrive at the station position s in the shortest
time out [BO3A]l cars with a traveling direction during the time period z is
substituted for 140. In Step S260, arrival tinme of all cars whose estinmated
time of arrivallnatteme&2i%t tbr eosindoed ¢ ime shortwivahad adaguthet cars

wi t hout any traveling direction during the time period z is substituted for
Wi -wm i n escerding atdete sarxkidre pugibdronot fhetitarshostesibdtimeubad for m
Then, in Step S261, based on equation 3, the waiting tinme expectation val ue
Ez duringtft kne perkogih is tealveuliaiedirk@033h during Arhd heinet periband, i f
the tine period z is the leading tinme period in Step S257, and if there is

a hall cal ksafuddie siadd earpesi t TansSep B280gPa 5258, 1 thiengpagsenyess st hat
have al ready appeared are considered, and the waiting tinme expectation

val ue is gajclatedRased ipR 89Uati0ab. atheme dthe IW0GRRS tiireeds to Step
S262. In Step S262, a car to which the hall call at the station

posi tion & d ianedd s fraksn Ass  dRdhoutTheR: hakle1ald sacewrrence tine
at the stsgltdf%neaﬁ;?gll%ﬁ gqr?l ?ulttsl&t aken sas taoiun St ép 826??, es?lti mat edlti me of

arrival of, the ‘eat i, cale Alod e st 8hh0R; PRSLAI DS ) Sul KPR RSrdLrgn Step
order, and the number of the cars is substituted for m. Then,
in Step $261, based on equation 3, the waiting time expectation
value Ez; during time period z is calculated.
[0053]

On the other hand, if the time period z is the leading
time period in Step S$257, and if there is a hall call at the
station position s in Step S$S258, the passengers that have
already appeared are considered, and the waiting time
expectation value is calculated based on equation 5. Then, the
process proceeds to Step S262.

In Step S262, a car to which the hall call at the station
position s is assigned is taken as “acar”. Then, hall call
occurrence time at the station position s is taken as t; in Step

5263, estimated time of arrival of the “acar” car at the station

position s is taken as t, in Step 5264, estimated time of arrival
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hcwt is obtained based on the difference between ta and tb in Step 5265,
and the waiting tinme expectation value Ez is cal culated during tine period
z based on equation 5 in Step S266. [0054] Then, in Step S267, the
val ue obtai ned by adding Ez obtained in Step S261 or Step S266 to the
original value of Es is newWwy taken as Es, and in Step S268, tb is newy
stored as ta by updating. In this manner, the steps from Step S256 to Step
S268 are repeated for all of the tine periods, and the waiting tine
expect at itoIwty disuebs 1oedabps e eopalshie i e LR Gh & RS ok ptRT t fron s i s
obtai ned. Then, in Step 5270, the value of Es is returned to Step S204 in
Fig. 8, &itbmeédop stamdedhas vBs thyoupdae sgpecoesspr valueThe above
described is the new hall call assignnent process taking the waiting tine
expect at il awdll atescofluai hg ttheeppsstrd erlea sad ahlequrd iap i1onS PR iSEi%ns as t he
eval uati on i ndex. Next, the hall call assignnment change process that
is perforpoxbavery predetermined tinme is described simlarly by taking the
waiting time expectation value of all the passengers at all the station
positions as theceyalinatiten isndex. th@056Jlue obtained by adding Eg

obtained in Step $261 or Step S266 to the original value of Eg

is newly taken as Es, and in Step 5268, tp is newly stored as

t, by updating. In this manner, the steps from Step 5256 to

Step S$268 are repeated for all of the time periods, and the

waiting time expectation value Es of all the passengers at the

station position s is obtained. Then, in Step S270, the value

of Eg is returned to Step S204 in Fig. 8, and newly stored as

Es by updating.

[0055]

The above described is the new hall call assignment
process taking the waiting time expectation value of all the
passengers at all the station positions as the evaluation index.

Next, the hall call assignment change process that is
performed every predetermined time is described similarly by
taking the waiting time expectation value of all the passengers
at all the station positions as the evaluation index.

[0056]
Fig. 11 through Fig. 13 are flowcharts explaining

specific steps of the hall call assignment change process in

Step S4 in Fig. 4. The process shown is divided into three flows
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Fig. 11 through Fig. 13 are flowharts expl ai ning specific steps of the
hal | call assignnment change process in Step S4 in Fig. 4. The process shown
is divided into three flows at connecting signs C and D for conveni ence
sake. In this process, the waiting tinme expectation value of all the
passengers at all of the station positions, assum ng that an assignnent of
a hall call that has been perforned to one car, is changed to a different
car is calculated, the calculated waiting time expectation value,is

conpar ed & (IPATRE WY iHGNS fe 38 & AT GRVANIETSSr §P&Srhel BssR §Rnent
change, and the assignment change is perforned if a difference between the
two val uesrsmast itde aaitdda drifienckresiditdioon vafoes?t a1l theirst, in Step
S401, the current table for estimated tinme of arrival is generated for each
car, and padmsaerreratedd atldbbéstheessebied BesTakons n St rhathé&ncurrent
waiting tinme expectation value of all the passengers at all the station
posi t i onsadssi gratenitl atfed basedoahl tthett alblsebekor pesformedd e iane ¢lararri val ,
and stored as eval 0. The cal cul ation steps of the waiting tinme expectation
val ue of i lcHdhreyppassengetis farcBitepa$4ds icaltchd sganlp adet loe Jondedssl i n St ep
S24 in Fig. 7 as described above, and therefore an explanation is omtted.
In Step S$ADZiddeindiddpalctedlive oflhde svasmadted evah ttepwesenhéngrehe
waiting time expectation value when the assignnent change is perfornmed is

set to bethevmxidinaaldeeAd@58he assighemt Rasedegn ableph8404 and Step
S415, the process between these steps is repeated for all of the station
pos't'0n§assignment change is performed if a difference between the two
values satisfies a predetermined condition.
[0057]
First, in Step S401, the current table for estimated time
of arrival is generated for each car, and the generated tables
are stored as Tab. In Step S402, the current waiting time
expectation value of all the passengers at all the station
positions is calculated based on the tables for estimated time
of arrival, and stored as eval0O. The calculation steps of the
waiting time expectation value of all the passengers in Step
S402 is the same as the process in Step 524 in Fig. 7 as described
above, and therefore an explanation is omitted. 1In Step 5403,
the initial value of the variable eval representing the waiting
time expectation value when the assignment change is performed
is set to be the maximum value.
[0058]
Then, based on Step S404 and Step 5415, the process between

these steps is repeated for all of the station positions.

31



Specifically, in Step $405, it is determ ned whether or not there is an
assigned hall call at the station position s. If there is an assigned hal
call, the assigned car is taken as "acar" in Step S406. [0059]

Further, based on Step S407 and Step S414, the process between these steps
is repeated for all of the cars fromthe first car. In Step S408, it is
determ ned whether or not the "i" car is the "acar" car. If the "i" car is

not the "acar."-.car,,.that i n t.he .car. assi.gned fo he.station position
0t T s TG AT A e e SR et e e pe o

position in Step S409. Th it "i," car can.service,.in Step S410, a
Pob & Torhare 2ot Prstanionhd all da bl de 588l st Al BR RO Rt Al Sy s 1 o
the station position s i,s tentatively.changed to the "i" car, .is generated
e shoan THPHE 5 39 288 1PR°G, B3l 6431 1t NERSaR TP LTS i B b /sl ne. of
all the passengers is calculated based on the generated table for estimated

3

time of aGdal iramfet o¥tP-as variable e. The calcul ation steps of the
waiting time expectation value of all the passengers in Step S411 is

per f or med 4P %lhe sanme manner as the process in Step S24 in Fig. 7 as
descri bed above, and therefore an explanation is omtted. [0060]

Then, in Step S#rZhetrhebagledeoonf Seenndd@heandl YeenfSelal tdre roomessed, and
if eis snmaller, e is newWy stored as eval by updating, and the car nunber
"i" of thetagsirgiddscastapst hissrepaeted Svorell asf "t "carSubiseguent y, the
sanme process is repeated for all of the cars in Step $S414, and then for al
t he st atifdrgosiayd.ondni at&hepd 15t drddeherminedunheahee outnaf tthle
waiting time expectation values, assunmi ng that the assignnent change is
per f or medii” a3t drsedhas “aval” aad.t hef céate toi Which 1hev@s sirgnneniari’s
changed to this tinme is stored as "car".

car, that is, not the car assigned for the station position s,
it is determined whether or not the “1” car can service the
station position s in Step 5409. Then, if the “i” car can
service, in Step 5410, a table for the estimated time of arrival,
assuming that the assigned car for the station position s is
tentatively changed teo the “i” car, 1s generated as shown in
Fig. 3, and in Step S411, the walting time expectation value
of all the passengers is calculated based on the generated table
for estimated time of arrival, and stored as variable e. The
calculation steps of the waiting time expectation value of all
the passengers in Step S411 is performed in the same manner as
the process in Step $24 in Fig. 7 as described above, and
therefore an explanation is omitted.

[0060]

Then, in Step 5412, the value of & and the value of eval

are compared, and 1f e is smaller, e is newly stored as eval
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[ 0061] Then, in Step S416, it is determ ned whether or not a
difference between the current waiting tine expectation value eval 0 (before
the tentative assignment change) and the m ni num val ue eval after the
tentative assignment change is greater than the set val ue ReasPar am
Further, in Step $S417, it is determ ned whether or not the reduction rate
of the waiting tine expectation value (a val ue obtained by dividing the

di fference between the current waiting time expectation value eval 0 and the
ni ni mum veal updevangafant thisecesmuuEthsk “asspHiheSeRangs 69F falthignd t hen
mul tiplying by 1009%9 is no smaller than the set value ReasParan2. |f the
reduct i ortimat 6 s stooesimalsl Scarfan fhesedtevhlve, the Step BUAGSSE hesS
assignment of the hall call at the station position s is changed to the
"car" carrepsadeachéohadll cdl khassagnmenttebadéed prassksdensferrandbhed.
Specifically, in this exanple, in order to prevent unnecessary confusion
due to thesassirgpoeitiohande, sthp 8835 gnardt tlehangeimirs pelrfeorovd odnl y when
the waiting time expectation value of all the passengers at all the station

posi t i ong1deciaases By ran cagRwtatifort e lsets,valsserdngmihatantiewhen t he
reduction rate is no smaller than the set value. [0062] Next, a

pseudo calds iResl R TBALNBEOCE S iftdind S, Rer o6 red £y ernlpr edeatigiaricaed tine
is described simlarly by taking the waiting tinme expectation val ue of al
the passengeis & k! abBegBk@hkONsPERLALEASt@SthNe MR Und iatb idiex
“ear”.
[0061]

Then, in Step 8416, it is determined whether or not a
difference between the current waiting time expectation value
evall (before the tentative assignment change) and the minimum
value eval after the tentative assignment change is greater than
the set value ReasParaml. Further, in Step S417, it is
determined whether or not the reduction rate of the waiting time
expectation value (a value obtained by dividing the difference
between the current waiting time expectation value evalO and
the minimum value eval after the tentative assignment change
by eval0 and then multiplying by 100%) is no smaller than the
set value ReasParam2. If the reduction rate is no smaller than
the set value, in Step S418, the assignment of the hall call
at the station position s is changed to the “car” car, and the
hall call assignment change process is terminated.

Specifically, in this example, in order to prevent unnecessary

confusion due to the assignment change, the assignment change
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Fig. 14 through Fig. 16 are flowharts expl ai ning specific steps of the
pseudo call assignnment process in Step S5 in Fig. 4. The process shown is
divided into three flows at connecting signs E and F for conveni ence sake.
In this process, the waiting tinme expectation value of all the passengers
at all of the station positions assum ng that a pseudo call at one station
position is tentatively assigned to an enpty car is calculated, the
calculated waiting tine expectation value is conpared with the waiting tine
expect at i igh Re it ord vt WeepeRbat Voot 484 HHAR ML t HP p&idtfo Aal |
assignnment is performed if a difference between the two values satisfies a
pr edet er mlled heomdissienye 1006311l the sFRELPN PSS N SHECTIIRET FY ent
table for estimated tinme of arrival is generated for each car, and the
gener at ecart aplcemtapé Storssdt aslligborimeSt endssden the refuentiondiatong tine
expectation value of all the passengers at all of the station positions is
cal cul at eis has ethadrl drhecHaabltdse famt estiumted tine of arrival, and stored as
eval 0. The calculation steps of the waiting tinme expectation value of all

t he passengess) at all of the station positions in Step S502 are perforned
in the sane manner as the process in Step S24 in Fig. 7 as described above,
and therefore ar:@xphkanadidh dag 10861 mehd St S6BBatt he perifidmted/al ue of
the variable eval is set to be the maxi num val ue. [0064] Then, based

on Step SHA4- ARG SR reahdd ENRePl ocRSS Daiaeenriinese yShepsaksng eprat ed for
all of the cars fromthe first car. Specifically, in Step S505, it is

det erm n%i‘é’ﬂ%&%&m@e%cﬁ@@i&ﬁ vaQ@fe b8 AN eRBRIYaS&Engdfs BReali "tigar is an
a

enpty car, sed on Step S506 and Step S512, the process between these
steps is repealed dar Alls ofs the AAR AasifiAns. S In Step 8507,
it is determned etther or not the "I'" car can service the station

positions. |f tEhe " 'i4catrkﬁtio:41gl,ge%ééce, 1én al§leepf§§9§ha§téabé;§>1fﬂni%§§i mat ed

time of arrival &ssum ng udo call at the station position s is
tentatively assigned to t "i" car is ner. t?g shown. Lo F & zp and in
st . T .
Step SSOQS,Iy’C‘EGrfetszél g ﬁ%h&%&u&ﬁ Sﬁg\ﬁla ﬁ§l§ maﬁ: ?ﬁ% Passengers is
cal cul at ed based on the generat ed taple for Cgst:iLma(gled Ei maqof lrcgmysal, and
stored aso: heé' Vard-atfi-e SNCTRECEEPRUFRPTBNTStEPEFF t Hatuai i Fy i HE
expectation value of all the Eassen ers in Step ,S509 ar %(éaerfor matg in the
same manridy connecting signs and for convenience sake. In this
process, the waiting time expectation value of all the
passengers at all of the station positions assuming that a
pseudo call at one station position is tentatively assigned to
an empty car is calculated, the calculated waiting time
expectation value is compared with the waiting time expectation
value before the tentative assignment, and the pseudo call
assignment is performed if a difference between the two values
satisfies a predetermined condition.
[0063]
First, in Step $501, the current table for estimated time

of arrival is generated for each car, and the generated tables

are stored as Tab. In Step S502, the current waiting time
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as the process in Step S24 in Fig. 7 as described above, and therefore an

explanation is omtted. [0065] Then, in Step S510, the value of e
and the value of eval are conpared, and if e is snaller, in Step S511, e is
newy stored as eval by updating, and the car nunber "i" of the assigned

car at this tine is stored as "car" by updating. Subsequently, the sane
process is repeated for all of the station positions, and then for all of
the cars, and the m ninum val ue out of the waiting tine_expectation val ues
assuni ng eRECtEfd opsEadsecarl | 2 ks dighpassangsssr £br ikt ¢ thorédtds eval |
and the car to which the pseudo call is tentatively assigned is stored as
"car". [0O66tions isThekruiatsi pgssElian the i@@@ﬁe%ﬁfr@?ﬁ%%ﬁilﬁlﬁ not the
di fference between the current waiting tinme expectation value eval 0 (before
t he tent atf werpseldoandldtassi ganena} 0 andhcheadchlptidrrasiereval takt er the
tentative pseudo call assignnent is greater than the set val ue
PseudoPamanitineuttherexpaciSiepos5ts,ud pfi slldther pasedngkeishat oFl wdt t he
reduction rate of the waiting time expectation value (a val ue obtai ned by
di vi di ng tithe sdizftfienepee ibebweennt heepus b ent a mai e np trierk ioxpdcet ataiven val ue
eval 0 and the m nimum val ue eval after the tentative pseudo call assignnent

by eval Opanghdhen vad HrRladsrgihysdHO% 4 snneignal herdd srani bde adetveyal ue
PseudoParan?. If the reduction rate is no snaller than the set value, in

Step S51Gnd he s Galdxatanstaldron Pesditdrer.s 18 88spgped3fothbe "car”
car, and the pseudo call assignment process to an enpty car is term nated.

Speci fi caldpti dinvt hhs o8X4aPbgri8biklard Vi b @ dehes ashOhakbuass1gRTENt
change, in order to prevent unnecessary novenent due to the pseudo call

assi gnmsn[to,%t4 e pseudo call is assigned only when the waiting tine
expectation value of all the passengers decreases by the set value or nore

and the reduction rate i 0ePEERY 1fipd L98538L MAl HRockQ98 tween

these steps is repeated for all of the cars from the first car.
Specifically, in Step 8505, it is determined whether or not the
“i” car is an empty car. If the “i” car is an empty car, based
on Step $506 and Step S512, the process between these steps is
repeated for all of the station positions s.

In Step $507, it is determined whether or not the “i” car
can service the station positions. If the “i” car can service,
in Step S508, a table for estimated time of arrival assuming
that a pseudo call at the station position s is tentatively
assigned to the “i” car is generated as shown in Fig. 3, and
in Step $509, the waiting time expectation value of all the
passengers is calculated based on the generated table for
estimated time of arrival, and stored as the variable e. The
calculation steps of the waiting time expectation value of all

the passengers in Step 5509 are performed in the same manner
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Second Enbodi nent According to the first enbodi nent, the assignnent

of a new hall call is perforned at a different timng fromthe assignnent
change of the hall call or the assignment of a pseudo call. However, the
two processes can be performed at the sanme tine. [0068] Fig. 17

through Fig. 19 are flowharts showing a specific procedure for assigning a
new hall call and changi ng an assignnent of a hall call at the sane tine.

The proc 0 i ivid L.n three.flo at . connecting signs and B
f or conv%ﬁsiset?%e\gs%gk%?% i %ge“?hlggzlp?%cg% -i)ﬁs%% AT ]I%eeclin ‘f‘%’h al'rﬁe

wai ting tine ectation .valye of .all _t. ssengers at all of the station
posi ti onsthziesrseﬁf)riﬁprﬁeg a[rhzﬁXpalaﬁle Al Ilscﬁn}lr{l%sepcgssi gned to each car is conpared
with the jti.ng time expectation value of all the passengers at all of

t he stati@@ép%siti ons assum ng that the assignnment of an assigned hall call
is changed to a different car at the sane tinme, and the new hall call

assi gnnent and (& adBi grel Il fhe vadepgphehinéhiigevalee pef feorated at

the sane tinme if a difference between the two val ues satisfies a _
pr edet er AGfed BBRARE Gaid The by sBeddeirs WepPtepntd Wwher anfehy sdlaresal | i s

made.
as eval by updating, and the car number “i” of the assigned car

at this time is stored as “car” by updating. Subsequently, the
same process is repeated for all of the station positions, and
then for all of the cars, and the minimum value out of the waiting
time expectation values assuming that the pseudc call
assignment is performed is stored as eval, and the car to which
the pseudo call is tentatively assigned is stored as “car”
[0066]

Then, in Step S$514, it is determined whether or not the
difference between the current waiting time expectation value
eval0 (before the tentative pseudo call assignment) and the
minimum value eval after the tentative pseudo call assignment
is greater than the set value PseudoParaml. Further, in Step
5515, it is determined whether or not the reduction rate of the
walting time expectation value (a value obtained by dividing
the difference between the current waiting time expectation
value eval0 and the minimum value eval after the tentative
pseudo call assignment by eval0 and then multipliying by 100%)
is no smaller than the set value PseudoParam2. If the reduction

rate is no smaller than the set value, in Step $516, the pseudo
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[ 0069] First, in Step S601, a variable eval A representing the
waiting tinme expectation value, assunmng that a new hall call is
tentatively assigned and a variable eval B representing the waiting tine
expectation val ue, assum ng that the assignnent change is perfornmed at the
sanme time with the tentative assignnent of the new hall call, are
respectively set to be maxi num val ues, and based on Step S602 and Step
S617, the process between these steps is repeated for all of the cars.
Speci fi c&PRy, atnsErEHOBEPSSIBIPRDE el § S T rhit'ed Widre SGF “aFfitvaf"dssuni ng
that a new hall call HCis tentatively assigned to an "i" car .is generated,
and t henthenrStege §604, 23honesn RGOCERt expactertvravaluEesmigptec.
passengers at all station positions is calcul ated based on the generated
tabl e folpestifiarddyti ie ochisr exeableandizsétlagd vatvathgblkase. ofhéne
calculation steps of the waiting tinme expectation value of all the
passengerssigndieen Stddgar enperdar med Ievehe usare eFsargrnesendret pguecess in
Step S24 in Fig. 7 as described above, and therefore an explanation is

om tted. tf00HO]pseudo cierssigrHieap: SGOE, psbedvalaid ob s simhdedental ue of
eval A are conpared, and if e is smaller, in Step S606, e is newy stored as
eval A by wpeathagwa andng hei tare spadiert i'dn’ vafl uehef t€nt athey elay sesigiegsed car
at this tine is stored as "acarA" by updating. [0071] Subsequent |y,

based on (R} 3607 HNEnst 881 S64Buct bE H6HSessd hatsveemidiess staps iiss
repeated for all hall calls AHC that are assigned to the tentatively

assi gned LArsmaB8Gf 1163l Ynd et €R15€08, it is determ ned whether or not HC
and AHC are calls made on the sane floor, and if not med on the sane floor,
based on JffS609 and Step S615, the process between these steps is

r epeat ed %or AII cars "j". The reason why it is determ ned whether or not
HC and A@%ﬁare %?Ils.for the sanme floor here is not to consider a hall cal

that is éwg% gq&ﬂ%?%loor as a new hall call, but as a target of the

assi gnnent change when assigping.the new hall call, becau f ing the
assi gnment of E%ﬁgﬁﬁlgg||oaﬂﬁetﬁ§rg STPRREHIC R hange® oi %ggﬁ%(gqg%r at
the sane ti may canfuse waitin assenger.s when a .hall |l in an
opposi te rlﬁwngﬁ]i]oﬁaﬁ;s 3 rﬁ%éﬁ Fegi gjtlgff&fe&if t émfjlgo?rirogh S ch t he
new hall call is nade. .

assignment change of the hall call or the assignment of & pseudo

call. However, the two processes can be performed at the same
time.
[0068]

Fig. 17 through Fig. 19 are flowcharts showing a specific
procedure for assigning a new hall call and changing an
assignment of a hall call at the same time. The process shown
is divided into three flows at connecting signs A and B for
convenience sake.

This process is an example in which the waiting time
expectation value of all the passengers at all of the station
positions assuming that a new hall call is assigned to each car

is compared with the waiting time expectation value of all the
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[ 0072] Then, in Step S610, it is determ ned whether or not i=. If
ig, in Step S611, a table for the estimated tinme of arrival assum ng that
HC is tentatively assigned to the "i" car and the assignment of AHC is
tentatively changed to the "j" car is generated. In Step S612, the waiting
time expectation value of all the passengers at all station positions is
cal cul ated based on the table for estimated tinme of arrival, and the

obt ai ned val ue i s set air thE Vﬁlri abl e . e. The, cal cul ation, steps of . the
wai ting ETE SBFES At 8n lvaFuk"sr SHRH PR paksErye s T HYStS % e
performed in the sane manner as the process . in Steg?$24 in Fig 7 as
descri be@SHIAEeEn gLt ARraF ot eeHh Radol L &5 FRapwptild.@ Péé% rent I n
Step S613, the value of e and the value of eval B_.are conpared, and if e is
smal | er, 98F StephSeiame &ime nafythe diwy 'ad lefalB dysipaaerh@nd rde
tentatively assigned car "i" assigned to HC is stored as "acarB" by

updat i ng,2srid@ndiehadl gmbk @ Essingiadnchpageentaierdioyrethagddie ¢am&C i s
stored as "rcarB" by updating. The tentatively assignnment change is

r epeat ed tfigie dlfl & ldd fdamrenae StedpreSel S heandof v lalds slattilsd iesl la cal | s AHC
in Step S616, and the m ni mum val ue out of the waiting time expectation

val ues agsugdieigerinhiated kentiéntiani. vellas et 16f pehéoneadhahéen calnlew s
performed at the sanme tinme as the tentative assi gnnment change of the

assi gned Halll ccdlll iiss neider.ed as eval B, the tentatively assigned car at this
time is stored as "acarB", and the car whose assignnment is tentatively
changed immdgred as "rcarB". [0074]

First, in Step 3601, a variable evalA representing the
waiting time expectation value, assuming that a new hall call
is tentatively assigned and a variable evalB representing the
waiting time expectation value, assuming that the assignment
change is performed at the same time with the tentative
assignment of the new hall call, are respectively set to be
maximum values, and based on Step 5602 and Step S617, the process
between these steps is repeated for all of the cars.
Specifically, in Step S603, a table for estimated time of
arrival assuming that a new hall call HC is tentatively assigned
to an “i” car is generated, and then, in Step 5604, the waiting
fime expectation value of all passengers at all station
positions is calculated based on the generated table for
estimated time of arrival, and set as a variable e. The
calculation steps of the waiting time expectation value of all
the passengers in Step 5604 are performed in the same manner

as the process in Step S24 in Fig. 7 as described above, and
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Furthernore, this process is repeated for all the cars in Step 5617, and
the m ni mum val ue out of the waiting tinme expectation val ues assum ng that
the tentative assignnent of the new hall call is perfornmed is stored as
eval A, and the tentatively assigned car at this time is stored as "acarA".
In Step S618, it is determ ned whether or not the difference between eval A
and evalB is greater than the set value ReasParam . Further, in Step S619,
it is determ ned whether or not the reduction rate of the waiting tine
expect at (TG AEAUE R PIPHETGHLEE N eF BPHNFTdi ng the difference between
eval A and eval B by eval A, and then nmultiplying by 10094 is no smaller than
the set M&lG/@IReasParan?. |f the reduction rate is no snaller

Then, in Step S605, the value of e and the value of evalA
are compared, and if e is smaller, in Step 5606, e is newly stored
as evall by updating, and the car number “i” of the tentatively
assigned car at this time is stored as “acarA” by updating.
[0071]

Subsequently, based on Step S607 and Step 5616, the
process between these steps is repeated for all hall calls AHC
that are assigned to the tentatively assigned car ™i”.
Specifically, in Step S608, it is determined whether or not HC
and AHC are calls made on the same floor, and if not med on the
same floor, based on Step $S609 and Step $S615, the process between
these steps is repeated for all cars “j”. The reason why it
is determined whether or not HC and AHC are calls for the same
floor here is not to consider a hall call that is made on the
same floor as a new hall call, but as a target of the assignment
change when assigning the new hall call, because performing the
assignment of a hall call and the assignment change on the same
floor at the same time may confuse waiting passengers when a
hall call in an opposite direction has already been registered
on the floor on which the new hall call is made.

[00721
Then, in Step S610, it is determined whether or not i=j.

If i#j, in Step S611, a table for the estimated time of arrival
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than the set value, HC is assigned to the "acarB" car in Step S620, and the
assi gnnent of AHC is changed to the "rcarB" car in Step S621. Moreover,
when even one of Step S618 and Step S619 is not satisfied, HC is assigned
to the wacarA" car in Step S622, and the assignnment of the assigned hal

call is not changed. Specifically, in this exanple, in order to prevent
unnecessary confusion due to the assignnent change, the assignnent of a new

hall call and {he A8 QRN SPapge 28 P IRd Al W18 231814 the
assignment of AHC is tentatively changed to the “j” car is
generated. In Step 5612, the waiting time expectation value
of all the passengers at all station positions is calculated
based on the table for estimated time of arrival, and the
obtained value is set as the variable e. The caiculation steps
of the waiting time expectation value of all the passengers in
Step 5612 are performed in the same manner as the process in
Step $24 in Fig. 7 as described above, and therefore an
explanation is omitted.
[0073]

In Step 5613, the value of e and the value of evalB are
compared, and if e is smaller, in Step S614, e is newly stored
as evalB by updating, the tentatively assigned car “i” assigned
to HC is stored as "acarB" by updating, and the car whose
assignment is tentatively changed to AHC is stored as "rcarB"
by updating. The tentatively assignment change is repeated for
all the cars in Step 5615, and for all of the hall calls AHC
in Step 8616, and the minimum value out of the walting time
expectation values assuming that the tentative assignment of
the new hall call is performed at the same time as the tentative
assignment change of the assigned hall call is stored as evalB,
the tentatively assigned car at this time is stored as “acarB”,
and the car whose assignment is tentatively changed is stored

as "rcarB".

40



time only when the waiting tinme expectation value of all passengers at al
of the station positions decreases by the anount of the set value or nore
and when the reduction rate is no smaller than the set value, and only the
assignnent of a new hall call is perfornmed when not. [0075] Wi | e,
in this exanple, the case in which the assignnent change is perforned at
the sanme tine with the assignnent of a new hall call is described, it is

al so possible to performthe assignnment of a pseudo call to an enpty car at
the same W00 with the assignment of a new hall call, instead of or along

with the hall call assignnment change. )
Furthermore, this process is repeated for all the cars

in Step $617, and the minimum value out of the waiting time
expectation values assuming that the tentative assignment of
the new hall call is performed is stored as evallA, and the
tentatively assigned car at this time is stored as “acarA”.
In Step S618, it is determined whether or not the

difference between evalA and evalB is greater than the set value
ReasParaml. Further, in Step S619, it is determined whether
or not the reduction rate of the waiting time expectation value
(a value obtained by dividing the difference between evalA and
evalB by evald, and thenmultiplying by 100%) is no smaller than
the set value ReasParam2. If the reduction rate is no smaller
than the set value, HC is assigned to the “acarB” car in Step
$620, and the assignment of AHC is changed to the “rcarB” car
in Step S62i. Moreover, when even one of Step S618 and Step
8619 is not satisfied, HC is assigned to the “acarA” car in Step
$622, and the assignment of the assigned hall call is not changed.
Specifically, in this example, in order to prevent unnecessary
confusion due to the assignment change, the assignment of a new
hall call and the assignment change are performed at the same
time only when the waiting time expectation value of all
passengers at all of the station positions decreases by the
amount of the set value or more and when the reduction rate is

no smaller than the set value, and only the assignment of a new
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[0076] O her Enbodi ments It should be appreciated that, while in the
above enbodi nents, the difference and the reduction rate fromthe current
waiting time expectation value is conpared with a set value as criteria for
perform ng the hall call assignnent change and the assignment of a pseudo
call, such set value is not required to be a fixed value. The val ue can be
set to be any value according to the group managenent specifications and
conditions af t bui l ding; fo xampl e, the set value regarding the
assignne&FﬂghéﬁG§'é%ﬁ13ﬁ¥i§ﬁm?4) ti%¥er to 0 when the inmediate
prediction is not perfornmed, and the hall call assignnent change is
perfornedﬂqq7§%ere is possibility of inprovenent in the waiting tinme

expectation value if only a little, or the set value regarding the pseudo
cal | assi gnment’tdd®-bénsktis @1perd gr EAEeFaTRIWE YRER R rAff ISHVISTY: i s

considered to be inportant, and standby operation using a pseudo call is
per f or nedct@iige ivs aegifogacicoati theavsante ittinss watpethedasdligrdere 2he waiting
time to a large extent. [0077] Further, in the above enbodi nents, as

t he wait imay hiad8 eapéciatdemenidlags ot ablalss porsgeld eatoaperidrem Sthet i on
positions is taken as the general evaluation index, it is not necessarily
possi bl e dsiagmigit afcar pskatdecanlar tbveni amphg shordesthe i swma dimedi vi dual
hall calls, and there is a case in which the car can pass w thout

respondi ngiitotachad4i gahdnt lof sucdw hatases 11 f ihbeegrosp cranagegenttisyst em
is provided with only a hall lantern as a guiding device in the elevator
hal I, thed here i o Jyobiremas ombridang passengers cannot see whet her or
not a car passes by w thout responding to the hall call. However, in the
case that;gdwesgroup managenent systemis provided with a hall indicator
indicating the floor at which the car is currently in as the guiding device

in an el euator Aaldqgiddig waiting passengers at the elevator hall can see
the car passing wthout responding to the hall call. Further, a car passing

wi t hout respon@tﬂgh%%ﬁw%eh%ypvﬁ%?&%&%@tqallastq be snecagniized Jifathe case in

whi ch doors at 't hal'l" has ~Therefore, in a group managenent
system Oferrﬁo%céh?e‘h%fﬁ'{f LA anse o Lhere a'hnsd at leéﬂ?t‘%?—[ eraH]be %i@q'nf 'e}%
passengers Seei ng e car passing W thout responding to e hall call may
feel tha&ztheiq:re %ﬁgs ar e ugdulg %?nor§%aor.tha% t he %assg gers are
given a |OW Pt o?“iaﬁblr, I PRuS BFSEAT TPy W't the GPEaF nihhgefeiii syst em
value as criteria for performing the hall call assignment change
and the assignment of a pseudo call, such set value is not
required to be a fixed wvalue. The value can be set to be any
value according to the group management specifications and
conditions of the building; for example, the set value regarding
the assignment change can be set to be closer to 0 when the
immediate prediction is not performed, and the hall call
assignment change is performed if there is possibility of
improvement in the waiting time expectation value if only a
little, or the set value regarding the pseudo call assignment

can be set to be a greater value when energy saving is considered

to be important, and standby operation using a pseudo call is
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[ 0078] In order to address such a problem it is possible to provide
nmeans for converting the car passing w thout responding to the hall cal

(i ncluding changing the direction of an approaching car) contrary to the
expectation of the waiting passenger as a penalty value into waiting tine.
For exanple, where the tinme of passage of the car is tp and the tine at
which the hall call is serviced by the car is ts, the penalty value can be
cal cul ated by equation 7 listed bel ow. [Equatijon 7% Penal ty Val ue =
ATB(t 5. t PITOETORA On Y iy &1 AT SORNAN HUAFRabt &5 SEPEBAGEI 17 AGOCGE: omer s’
di ssatisfaction with passage of the car into tine, and B is a coefficient

r epr esenttigy W@iiddagE $iaet iton 2oflatiie &¥$Edters that increases in proportion
to the tinme el apsed after the passage. Further, ts and tp can be obtai ned
in the td®l0d flor estimated tinme of arrival described above. In the
case in which the waiting passengers can recogni ze the passage of the car
due to install &irsheof thethal dbpndi enbodimensuchas tiHe aduatd ¢iM&an be
made by adding the penalty value to the waiting time expectation val ue of
all the pagsengarisnasalbe ofenkl akseeabeatianailhdde atebidippstidittms pr esent

i nvention,

is taken as the general evaluation index, it is not necessarily
possible to assign a car that can arrive in the shortest time
to individual hall calls, and there is a case in which the car
can pass without responding to a hall call. 1In such a case,
if the group management system is provided with only a hall
lantern as a guiding device in the elevator hall, then there
is no problem as waiting passengers cannot see whether or not
a car passes by without responding to the hall call. However,
in the case that the group management system is provided with
a hall indicator indicating the floor at which the car is

currently in as the guiding device in an elevator hall, the
waiting passengers at the elevator hall can see the car passing
without responding to the hall call. Further, a car passing
without responding to the hall call can also be recognized in
the case in which doors at the hall has a window. Therefore,
in a group management system of such specifications, there is
a problem where the waiting passengers seeing the car passing
without responding to the hall call may feel that their requests
are unduly ignored or that the passengers are given a low

priority, and thus dissatisfy with the group management system.
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or conprehensive eval uation can be perfornmed by further adding ot her

eval uation indices. [0080] In addition, the present invention is not
limted to the above enbodi nents, and various nodifications can be nade

wi t hout departing the spirit of the present invention. REFERENCE MARKS | N
THE DRAW NGS [ 0081] 11-13 El evator Control Device 20Hall Call Registration
Devi ce 30G oup Control Device

[0078]

In order to address such a problem, it is possible to
provide means for converting the car passing without responding
o the hall call (including changing the direction of an
approaching car) contrary to the expectation of the waiting
passenger as a penalty value into waiting time.

For example, where the time of passage of the car is t;
and the time at which the hall call is serviced by the car is
ts, the penalty value can be calculated by equation 7 listed
below.

[Equation 7]

Penalty Value = A+B(ts—ty)

[0079]

Here, A is an invariable for converting customers'
dissatisfaction with passage of the car into time, and B is a
coefficient representing dissatisfaction of the customers that
increases in proportion to the time elapsed after the passage.
Further, ty and t, can be obtained in the table for estimated
time of arrival described above.

In the case in which the waiting passengers can recognize
the passage of the car due to installation of the hall indicator
or such, the evaiuation can be made by adding the penalty value
to the waiting time expectation value of all the passengexrs as

the general evaluation index according to the present invention,

44



31Passenger Arrival Rate Estimating Means 32Hall Call COccurrence Rate
Estimating Means 33Car Arrival Tine Estimting Means 34Waiting Tine
Expectati on Val ue Cal cul ati ng Means 35Hal |l Call Assigning Means 36Hal | Cal
Assi gnnment Changi ng Means 37Pseudo Call Assigning Means 38Learni ng Means

or comprehensive evaluation can be performed by further adding
other evaluation indices.
[0080]

In addition, the present invention is not limited to the
above embodiments, and various modifications can be made

without departing the spirit of the present invention.

REFERENCE MARKS IN THE DRAWINGS
[0081]

11-13 Elevator Contrel Device

20 Hall Call Registration Device

30 Group Contrcl Device

31 Passenger Arrival Rate Estimating Means

32 Hall Call Occurrence Rate Estimating Means

33 Car Arrival Time Estimating Means

34 Waiting Time Expectation Value Calculating Means

35 Hall Call Assigning Means

36 Hall Call Assignment Changing Means

37 Pseudo Call Assigning Means
38 Learning Means
39 Communicating Means
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39Communi cating Means CLAI M5 1. An el evator group control nethod,
conprising: placing a plurality of elevators in service for a plurality of

fl oors; cal culating an evaluation index for a newy made hall call;
and sel ecting and assigning the best suited car to the hall cal
based on the evaluation index, wherein awai ting tinme expectation

val ue of all passengers on all floors for each direction, either that have
al ready occurred or that is expected to gccur within a predeterm ned tine
period is taken as the eval uation i HiexMSt ne waiting tinme expectation val ue
bei ng the expectation value for the sumor the average of the waiting tine.
2. The elevator group control method according to claim1, wherein

1. An elevator group control method, comprising:

placing a plurality of elevators in service for a
plurality of floors;

calculating an evaluation index for a newly made hall
call; and

selecting and assigning the best suited car to the hall
call based on the evaluation index, wherein

a waiting time expectation value of all passengers on all
floors for each direction, either that have already occurred
or that is expected to occur within a predetermined time period
is taken as the evaluation index, the waiting time expectation
value being the expectatilion value for the sum or the average

of the waiting time.

2. The elevator group control method according to claim
1, wherein

every predetermined time, the waiting time expectation
value assuming that an assignment change of a hall call that
has already been assigned is performed, is calculated, and

the assignment change is performed if a difference
between the calculated waiting time expectation value and the
waiting time expectation value, before the assignment change,

satisfies a predetermined condition.
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every predetermned tinme, the waiting time expectation value assum ng that
an assi gnnent change of a hall call that has al ready been assigned is
performed, is calculated, and t he assi gnnent change is perfornmed if
a difference between the calculated waiting time expectation value and the
waiting tinme expectation value, before the assignnent change, satisfies a
predeterm ned condition. 3. The el evator group control nethod
according to claim1, wherein every tinme a new hall call is made, the
waiting time expectation value, assuming that the new hall call is
assigned, and the waiting tine exeectation val ue, assuninggthat an

assi gnnent charige qélf‘ea?ll‘?gﬁt%lglroi 2 SRPFEPhERFCY RECOAAETEI R GAiP t he

assignment of the new hall, are cal cul ated, and t he assi gnnent change
of the halsl "&@1ei"s perforned at the same tine with the assignment of the
new hall call if the difference between the two waiting tinme expectation
val ues sati sfi €¥egypténet ér micWefaddngptlilops made, the VRatépevaE®E group
control nmethod according to one of claims 1 to 3, wherein . every
pr edet er reizpEd tEitiwn vhéueaiddngnitiknehaxpdet aeiwvom Vhlcad 1l asawsiingechat a
pseudo call is tentatively assigned to an enpty car, is calculated, and

and the waiting time expectation value, assuming that an

assignment change of a hall call is performed at the same time

with the assignment of the new hall, are calculated, and

the assignment change of the hall call is performed at
the same time with the assignment of the new hall call if the

difference between the two waiting time expectation wvalues

satisfies a predetermined condition.

4. The elevator group control method according to one
of claims 1 to 3, wherein

every predetermined time, the waiting time expectation
value, assuming that a pseudo call is tentatively assigned to
an empty car, is calculated, and

the assignment of the pseudo call is performed if the
difference between the calculated waiting time expectation
value and the waiting time expectation value before the

tentative assignment satisfies a predetermined condition.

5. The elevator group control method according to one

of claims 1 to 3, wherein
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t he assignnent of the pseudo call is perforned if the difference between
the calculated waiting tinme expectation value and the waiting tine
expectation val ue before the tentative assignnent satisfies a predeterm ned

condi tion. 5. The el evator group control nethod according to one of
claims 1 to 3, wherein every tinme when a new hall call is nmade, the
waiting tinme expectation value, assumng that the new hall call is

assigned, and the wajting.time expectation.val ue, assum ng. that a pseudo
call s tentat VERY EET JHT CovaR et §odkr Laiddie e 1 M i cHS he
assignnent of the new hall call,, are cal cul at ed, d . _the assj gnnent
of the pSERFETEHLCN ¥a bRt Gt Fh@ts%nﬁwﬂéaﬁ] £ 1ttheS ASSigREnt of t he
new hall call if the difference between the two waiting tinme expectation
val ues satisthesval bt dtanPrBgCE8hdPEi Ghiue, assungnaThBak| PR r oup
control nethod according to one of clainse 2 to 5, wherein the predeterm ned
condi ti orfdlsl d@j tishhbrévely assigneqdhed a@re@dPsY §rRoUPL comt roimsrétiied
according to one of clains 1 to 6, wherein

with the assignment of the new hall call, are calculated, and

the assignment of the pseudo call is performed at the same
time with the assignment of the new hall call if the difference
between the two waiting time expectation values satisfies a

predetermined condition.

6. The elevator group control method according to one
of claims 2 to 5, wherein

the predetermined condition is adjustable.

7. The elevator group control method according to one
of claims 1 to 6, wherein

the waiting time expectation value is calculated using
an estimated value of a passenger arrival rate on each floor
and for each direction, an estimated value of a hall call
occurrence rate of an entire group, and the estimated time of

arrival of each car, for each floor and in each direction.

8. An elevator group contrcol device capable of placing
a plurality of elevators in service for a plurality of floors,

calculating an evaluation index for a newly made hall call, and
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the waiting tinme expectation value is calculated using an estimted val ue
of a passenger arrival rate on each floor and for each direction, an
estimated value of a hall call occurrence rate of an entire group, and the
estimated tinme of arrival of each car, for each floor and in each

di rection. 8. An el evator group control device capable of placing a
plurality of elevators in service for a plurality of floors, calculating an

eval uation jndex fora new.ky made hall| call,.and selecti nd .assi.gni ng the
oot aui tai St b ik SRAPTCRE ChsBaSonPAECTVER bt IS miresd Y doci co
conpri si ng: waiting time expectation value cal cul ating nmeans

conf i guréigﬁstedjd%ﬂcttneateé’at M%iﬁbﬂ%w&%& PGS SYREHARE TS al |

passengers on all floors for each direction either that have already
occurred or thdtidid%e s eFPeStadde WidtMen C2 1predetetnTRédSt i ne peri od;

and hal | call assigning neans configured to assign the new hall call
based on adtef i tghgt Pﬁgcéiﬁéét%ﬁw off alnge time expgctapieneVate® Gr oup
control device capable of placing a plurality of elevators in service for a
pl uralitylf phEsengereaircal atilnprmnfevatadt donerhder fidiemehpy hatke hal |
call, and selecting and assigning the best suited car to the hall call
based on glhee@alaatiored ndex;hathe e vdsgecmprisigmzur withiwaia i ng tinme
expectation val ue cal cul ating neans configured to calculate awaiting tine
expect at ippredest aramiofedald inpagsenget;s aard al | fl oors for each direction either
that have already occurred or that are expected to occur within a

predet er m ned tHame penilodssigninghakhneatbnasgihgad ngo neessgeorfd giswed to
assign the new hall call based on the waiting tinme expectation val ue;

hall call based on the waiting time expectation wvalue.

9. An elevator group control device capable of placing
a plurality of elevators in service for a plurality of floors,
calculating an evaluation index for a newly made hall call, and
selecting and assigning the best suited car to the hall call
based on the evaluation index, the device comprising:

waiting time expectation value calculating means
configured to calculate a waiting time expectation value of all
passengers on all floors for each direction either that have
already occurred or that are expected to occur within a
predetermined time period;

hall call assigning means configured to assign the new
hall call based on the waiting time expectation value;

hall call assignment changing means configured to perform
an assignment change of a hall call based on the waiting time

expectation value; and
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hal | call assignnent changi ng neans configured to perform an assi gnnent
change of a hall call based on the waiting tinme expectation val ue; and
pseudo call assigning nmeans configured to assign a pseudo call to an enpty
car based on the waiting tine expectation val ue.

pseudo call assigning means configured to assign a pseudo

call to an empty car based on the waiting time expectation value.
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