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. . SPECIFICATION
TITLE OF THE INVENTION

METHOD AND APPARATUS FOR CONTROLLING ELEVATORS

BACKGROUND OF THE INVENTION
Field of the Invention:
The present invention relates to -an apparatus for

controlling elevators) particularly to a method and an control
10 apparatus for allocating - elevators corresponding to hall

calls. |

Description of the Related Art:

An old. conventionél control method makes the time

intervals among elevators as equal as possible by controlling
15.- the time interval of each elevator starting from the standard

floor. In the next conventional control method, a zone control

method are popularly usep, wherein each elevator takes a zone

of floors in its charge and the time intervals among elevators

are kept equal even after departﬁre from the standard floor.
20 Then, as a.microcomputer are very improved, a control mefhod

of minimizing a waiting time for a hall call is established,

wherein evaluation functions are used for managing elevators

for a hall call. Each of the evaluation functions are set to

respective time zones. And a technique of measuring a traffic
25 ilow pattern in each building and making an evaluation

function to each traffic flow mode is described in Japanese

Patent Applicatidn Laid-Open No. 223673/1984. Further, in

Japanese Patent Applications Laid-Open No. 26873/1984 and



I nterval s anong el evators as equal as possible by controlling 15 the tine
i.nterval of each elevator starting fromthe standard floor. In the next
conventional control nmethod, a zone control mnethod are popul arly used,
wherein each_el evator takes a zone of floors in its charge and the tine
interval s anong el evators are kept equal e¥en after departure fromthe
standard floor. 20 Then, as -a m croconputer are very inproved, a control
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Japahese - mixed and used at the transition interval of the traffic

5 demand change.

Further, when a operation way to a hall call needs to be
changed, a method of displaying an elevator operation
situation and registering a new evaluation function from the
outside is described in Japanese Patent Application Laid-Open

10 No. 13385/1989.

In the above-mentioned convenfional methods, since a
traffic flow mode needs to continue during more than a
definite period so that én evaluation equation designated to
the traffic flow mode is usable,.the methods are not effective

15 .in changing time of a traffic flow mode or in failing in to
identify a prescribed traffic flow. In case a control method
used before traffic demand change and a control method used
after traffic demand change are mixed as described Japanese
Patent Applications Léid—Open No; 26873/1984 and No. 223672

20 /1984, control methods themselves can bé smoothly changed.
However, elévator_allbcation can not be served enough in the
transition time of the traffic demand change by mixing the
evaluation functions used in stationary traffic flow modes
since the traffic flow pattern is singularly in the trans:::on

25 time of the fraffic demand change. Then, in Japanese P.a*.:nt
Applicafion Laid-Open No. 13385/1989, it is easy manual.; %o
change evaluation fuhctions from the outside. However, by *'he

method of the pétén%*épplication, evaluation functions are :.ot



Pat ent Application Laid-Open No. 223673/ 1984. Furth@gsmkaﬁggggmg cddat ent
Applications Laid-Open No. 26873/1984 and 2 No. 224 nproved

t'echni que is described, wherein an eygFoarrorronct | traffic
demand change_and an eval uation’ funct|j dHISuSHEERHAer change
are nmixed and used at the transition |j nt er BEPLAPE fhe trafflc 5 demand
change. Furt her eration To a_hall call neegds be changed,
met hgd of d| sBPﬁﬁF‘HSQ&ng oY B?hﬁﬁkg}ﬂ pygluating contro met%ods adequate

to each hall call is not considered.

SUMMARY OF THE INVENTION
5 Objects of the Invention:

An object of the present invention is to aim such
operation performance improvement as reduction of the waiting
time by executing an elevator control more precisely fitting
to operation situations, which ﬁewiy selects an evaluation

10 function for each hall call.

Methods Solving the Problems:

Hall call information collecting means collects data of
occurring hall calls and transmits the data to information
15 storing means. Elevator information céllecting means collects
information on elevator calls and the number of persons in
each elevator and so on and transmits the information to the
information storing means. Evaluation function selecting means
| selects an evaluation function adéquate to elevator operation
20 situations or change a used evaluation function, based on such
information as the number of un-served hall calls, every time
elevators are allocated to hall calls. Then, elevator
allocation means allocates elevators to hall calls by using

the selected o; changed evaluation function.
25 The evaluation function selecting ﬁeans selects or
changes an evaluation function for the next allocation if the
present operation situations such as execution of allocation

for hall calls, finishing services to users in each elevator,

a



situation and registering a new eval uation function fron.gg@etq;,\ggéegge Ied
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based on evaluation functions predetermined according to each

5 traffic pattern or time zone during the present operation
situations agree with the predetermined conditions. And if the

situetions get_ out of the predetermined conditions, an
evaluation function different in each hall call is adopted.

The hall call information collecting means collects data

10 of occurring hall calls, and the elevator information
collecting means collects information on elevator call etc.,

and transmits the collected information to the information

storing means. An elevator allocation means decides an

elevator to serve an occurring hall call by using an

15 evaluation function determined in advance by the evaluation
function selecting means. The evaluation function selecting
means determines an evaluation function to be used for the

next occurring hall call based on the results of the previous
allocation and the present eperation situatione. The

20 determination of evaluation function is executed in all times
not only after determinatioh of allocation, bﬁt also when such

a change of operation situations as arrival to destination,
registration of a new elevator call, occurrence of long
waiting, etc., occurs. Then, a modeless group eontrol without

25 determining a traffic flow mode can be realized, wherein
changes of control methods in aecordanCe with the prescribed

time 2zones or traffic flow modes are not necessary by

preparing the next evaluation function after allocation



However, elevator allocation can not be served enough in the transition
time of the traffic demand change by m xi ng the eval uation functions used
in stationary traffic flow nodes since the traffic flow pattern is
singularly in the transition 25 tine of the traffic demand change. Then,
in Japanese Patent Application Laid-Open N8. 13385/1989, it is easy
manual |y to change eval uation functions fromthe outside. However, by the

method of t hXRAEHONRN i kut i, ChangeAf APITAEIOR AL BIRLHIRS . REPLA

NT SHEET - )
CEME S 3 In another example of the present invention, the control

mode switching means is provided. Ordinarily, the control
method predetermined to each traffic flow mode or time zone

5 is executed. Then; if the operation situations such as the
traffic flow get out of the prescribed range, the control mode
switching means changes the control mode from the allocation
method using the evaluation function prescribed to each
traffic flow mode or time zone, to the allocation method of

10 changing an evaluation function in every time‘allocation to
a hall call is finished. Then, it get possible that the
allocation is carried out by using the evaluation function
prescribed to each traffic flow mode if traffic dose not
change so much, and an evaluation function is determined in

15 every time allocation to a call is finished if the traffic
situations_get out of the predetermined range. By the above-
mentioned function, if change of the traffic flow is not much,

the efficiency of control operations -is improved in all time
zones by using the conventional-method, end if the traffic

20. flow change so much and the desired control performance can
not be attained by using the prescribed evaluation function,

the allocation flexibly'corresponding to the control operation

change become possible.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l shows a constitution of an embodiment by the

present invention.

Fig.2 (e) is a flow chart of a subroutine for an



automatically switched and eval uating control nethods adequate to each hal
call is not considered. Preferably the present invention achi eves operation
performance i nprovenent as reduction of the waiting time by executing an

el evator control nore precisely fitting to operation situations, which
new y sel ects an evaluation function for edth hall call. Preferred

enbodi ments of the present inventjon are set out in the appended clains. In
one enbodi menVatugkdopr furetion datfisradnatdian ereratiees it (Hi¢ esPredireny
means col |l ects dabg of oCcurrin% hall calls and transmts the data to

i nformati on 18Y “BRoPFR§eREatBVERELPRtor i nformation col | ecting means

col lects informati @9 .08 eVl " o345, A0Hatl® ¥ hadh RS0 Bnowing

operations of the embodiment by the present invention.
5 Fig.3(a), 3(b) and 3(c) show figures for explaining
features of the present invention.

Fig.4 is a figure for explaining example ways selecting
an evaluation function.

Fig.5 is a figure for explaining example ways shortening

10 a riding time. |

Fig.6(a) is a subroutine flow chart of selecting an
evaluation function in case the next evaluatidn function is
determined right after the previous elevator allocation is
carried-out.

15 Fig.6(b) is a main routine flow chart of selecting an
evaluation function in case the next evaluation function is
determined right after the previous elevator allocation is
carried out.

Fig.7 shows a constitutioﬁ of an embodiment by the

20 present invention, having a function of switching a control
method to a traffic flow mode method.

Fig.8 is a flow chart of selecting an evaluation function
in the case of switching a control mode to the traffic flow
mode method.

25 Fig.9 is a figure for explaining the outline of switching
a control mode to the traffic flow mode method.

Fig.10 shows a feature of an embbdiment in case a neural

network 1is used to an evaluation function deciding part.



each el evator and so on and transmts the information to the information
storing neans. Evaluation function selecting nmeans sel ects an eval uation
function which best fit el evator operation 20 situations or change a used
eval uation function, based on such information as the nunber of un-served
hall calls, every tine elevators are allocdted to hall calls. Then,
el evat or aIIocangi g£ al | ocat el evators to S b; usin

v

sel ected or change LIRPER 3 ﬁ%ﬁﬁ q£5an emb°%+W8"§véPu§ Fﬁﬂ %%%5?+on
e e a8 LS, DA B Ko R TS 1A

al l ocation i e presen tron such as executl

al I ocat 1 0n 1 O Bakhs §2hhSan’ LAKABROLSE¥IGOR1 4G HoGES 1 N cach el evator,

Fig.1l2(a) 1is a subroutine flow chart of selecting an
5 evaluation function based on the number of un-served hall
calls.

Fig.1l2(b) is a main routine flow chart of selecting an
evaluation function based on the number of un-served hall
calls.

10 Fig.13(a) and 13(b) show figures for explaining the
outline of evaluation function selection based on the number
of un-served hall calls.

Fig.l4(a) and 14(b) show figures for explaining the
outline-of evaluation function selection based on the number

15 of hall calls or its estimated value. |

Fig.1l5 shows a figure for explaining the evaluation
function selection in the case of using an additional factor
of the number of elevator calls.

Fig.1l6 shows a constitution'of an embodiment in case the

20 evaluation functions are described by a functional.

Fig.1l7(a) and 17(b) shows figures for explaining an
example of an evaluation function table.

Fig.18 shows a constitution of an embodiment in case the
evaluation-functions are described by membership funcrt: ins.

25 ' Fig.19(a) and 19(b) show figures for explaining a
constitution of an embodiment in case the evaluation func*:on
is determined by referring to a table storing the evalua*:)n

functions corresponding to each predetermined time.



occurrence of requiring re-allocation, etc., change. The eval uation
function sel ecting neans determ nes an eval uation function to be used for

t he next occurring hall call based on the results of the previous

al l ocation anrd the present operation situgtions. The determ nation of
eval uation function is executed-in all tinBs not only after determ nation

of allocatio f%éﬁl gﬁg éP ion situations as
arrival to derbsEf'ﬁ?a %ﬁ&% l%ﬁqj gﬁﬂé %ﬁor call, occurrence of

| ong wai ting, etC'E%ﬁéééﬂéﬁks' 6%h§§pf§fﬂgéer8 eggiﬁgf%gah#%wq%P%Qﬁjpqgﬁgnt

I nvention has contr SW I Ng~ neansS, and execdtes alloca
following. Fig.l shows the whole constitution of an embodiment

by the present invention.

5 " Information from hall call buttons 101 to 10n are sent
to a hall call information collecting part 31 of a group
control apparatus 3 via a transmission line 2. The hall call
information collecting part 31 collects information on hall
calls at each floor, and an elevator information collecting

10 part 32 coilects data of elevator calls, Then. the two parts
31 and 32 send the collected information to a traffic
information collecting part 33. An elevator allocation control
part 34 decides an elevator to serve an occurring hall call
by using an evaluation funétion determined in advance by an

15 evaluation function deciding part 35. The evaluation function
deciding part 35 determines an evaluation function by
referring to an evaluation function table 36 based on the
information stored in the traffic information collecting part
33, allocation results and the pfesent operation situations.

20 As an evaluation function, for examples, the following
evaluation functions can be used, that is, the minimum waiting
time control for a hall call ( selecting an elevator which
firstly arrives at the hall where a hall call occurs ), the
minimization of the maximum waiting time control ( selecting

25 an elevator for which the maximum waiting time for a hall call
is minimum), the waiting time averaging control ( averaging
one around times of elevators ) and so on. Further, more

evaluation functions can be made by changing the parameters



based on eval uation functions predeterm ned according to each traffic
pattern or tinme zone during the present operation situations agree with the
predeterm ned conditions. And if the situations get out of the

predet erm ned conditions, an evaluation function different in each hal

call is adopted. In a further preferred enBodi ment, a nodel ess group
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arrival at destination, registration 6f a new elevator call,
an occurrence of long waiting time, etc., not only after the
5 determination of allocation. By preparing the next evaluation
function in a change of operation situations or after the
determination of allocation, it is not needed to judge the
traffic flow mode. Therefore, a group control of elevators,
without judging the traffic flow mode, can be realized since
10 it is not necessary to change a control method in accordance
with each of time zones or each of traffic flow modes. In
Fig.l, the numerals 41-44.indicate_elevator call buttons, 51-
54 elevator information transmission lines, 61-64 cage control
apparatuses, 7 a group control signal'transmission line, 81-84
15 motors, 91-94 windings, 111-114 cages, 121-124 countez‘weights
and 131-134 floor indicators.

Fig.2 shows a flow chart of an elevator control method
of the present invention. Fig.2(a) shows a control process
routine. If an occurrence of hali-call is detected at the step

20 (201), the tiaffic information collecting part 33 collects
such_ information on operation situations as the present
positions of.elevators,_allocation states of elevators to hall
calls, occurrence states of elevator calls, the number of
passengers, states of elevator stopping, elevator operating,

25 door opening and closing of each elevator and so on at the
step (202). Then, the evaluation function deciding part 35
selects or changes an\.evaluation function for evaluating

operation situations of elevators based on the present



5 execution or in the change of operation situations. In another exanple of
the present invention, the control nobde switching neans is provided.
‘Odinarily, the control nmethod predeterm ned to each traffic fl ow node or
time zone 5_ is executed. Then, if the operation situations such as the
traffic fl ow get out of the prescribed ramQe, the control node sw tching
nmeans changes the control node fromthe allocati on nethod using the

eval uati on f operaghopr estuabsdnsoatadte tstdd i(@A owFusddes, theeeieNatoro
the allocation nethod of 10 changi ng an eval uation function in_every tine
al | ocati on t 8laopatiopappntsol pashdd derddes angRteYREQT i benat lprated

to the occurring hall call based on the selected evaluation
function at the step (204).

5 Actually, the detection of hall cail occurrence (201) is
executed by a main pfogram as shown by of Fig.2(b). And if a
hall call is detected, then the steps (202)-(204) are
executed, otherwise, then the process goes back to the main
program. In the main program, the following steps are

10 executed, that is, collection of elevator information (205),
collection of information on hall calls (206), calculation of
arrival time of each elevator (207), estimation of full up
time of each elevator (208), calculation of duration period
of each hall call (209),_calculation oﬁ duration period of

15 each elevator call (210) and changes of allocation
reservation, etc..

In the conventional elevator operation methods, a traffic
flow in a day as shown by Fig.3(a) is divided into several
time zone or traffic flow modes.as shown by Fig.3(b). And a

20 control method of elevators is determined so that a control
method adequate to each time zone is selected. The above-
mentioned determination way of elevator control is common in
a traffic flow mode allocation method and a time zone
allocation method, and the same control method is carried out

25 in the same timé zone. The control methods are used by using
such a traffic flow model that the traffic flow changes
stepwise as shown by rectangles in Fig.3(b). Then, any means

for smoothly changing elevator control way at the transition



allocation is carried out by using the evaluation funct hﬁll&ggge@ﬁgsrﬂeaﬂ{gpraad
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selected control method is applicable and the selected control
S method is not adequate to the situation, the selected control
method is used by neglecting thé linkage of controls before
and after the transition time. And whatever situation the
actual traffic flow is in, the conventional control methods
select the present traffic flow to one of the prescribed
10 traffic flow mﬁdes and use an evaluation function
corresponding to the selected traffic flow mode. Then, the
control by the conventional method sometimes does not fit to

the actual traffic f;ow.
In- the present invention, for example, as shown by
15 Fig.3kc), an evaluation function to be used is determined by
judging the present traffic flow situation based on the number
of persons getting on and off during the predetermined period,
the number of hall calls in charge of each elevator, the
number of elevator calls, etc. ét every time of hall call
20 occurrence. Since an evaluation function determined by such
a way is used and fits to the actual traffic flow situation,
it is possible to control elevators corresponding to the
present traffic flow situation, without using the categorized

traffic flow modes.

25 In the above-mentioned embodiment, evaluation functions
are used. But a method of adjusting the start and stop
conditions of each elevator besides a method using evaluation

function is applicable to an elevator control method.



Fig.l shows a constitution of an enbodi ment by the present invention. Fig.2
(a) is a flow chart of a subroutine for an 6 eval uation function

det ermi nati on operations of the enbodi ment by the present invention. Fig.2

(b) is a flow chart of a main routine shomﬂfg operations of the enbodi nent

by the present invention. 5 Fig.S(d), 3(b) and 3(c) show figures

for expl ai ning fea}{r{”e?c%m%flet QSeQE\%igﬁt wri:ur(wgp t1:ih0en'embodimen1: by the present
ihvention is explained. In the following, a control method of
reducing the average waiting time under the conditions that

a traffic flow incréases from the light staté'to the crowded

5 state, is described. In the light state that the numbers of
hall calls and elevator calls are a few as shown by a case (a)

of Fig.4, the average waiting time can be reduced by selecting

- an elevator of which the time needed for arrival at the floor

of the hall call occurring is shortest. Then, the minimal time

10 for arrival at the floor of the hall call is the elevator
selecting evaluation base in the light state that the numbers

of hall calls and elevator calls are a few as shown by the

case (a) of Fig.4. In the state that crowdedness begins and

the number of hall calls increases as shown by a case (b) of

15 Fig.4, almost all elevators have hall calls in charge already.
In such a situation, further allocation to a newly occurring

hall call of the elevator already having hall calls in charge
often affects the waiting time for the already reserved hall
call. Then, for reducing the avefage waiting time in such a

20 traffic situation, it ié better to allocate an elevator to the-
occurring hall éall by using a minimizing maximqm waiting time
method which can take account of the waiting time for the
already reserved hall call. Then, in the case, minimizing the
maximum waiting time for hall calls in charge of each elevi*or

25 is the elevator selecting e&aluation base. In the state 'hat
the crowdedness become further intense and hall calls . :ur

at many floors as shown by a case (c) of Fig.4, by aver :;:ng

the load in charge of each elevator, that is, the stopi:ing



Fig.4 is a figure for explaining exanple ways sel ecting an eval uation
function. Fig.5 is a figure for explaining exanple ways shortening 10 a
Tiding tinme. Fig.6(a) is a subroutine flow chart of selecting an eval uation
function in case the next evaluation function is determ ned right after the

previous el evator allocation is carried-ob®. 15 Fig.6(b) is a main
routine flom/ﬁaart gf selectin% an eval uation functionlgﬂ &ase t he next
eval uati on fBHREFoRTi €agB: BLRVALEIT CYFlngr B U PR LMy ot By OTder
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transport ability per unit time of eacb elevator can be
secufed, which leads to reduce the waiting time. Then, in the
5 case, minimizing the estimated average time of a round-up and
down is the elevator selecting evaluation'base. However, since
it is difficult to estimate a round-up and down time in real
time and to control the elevator allocation based on the
estimated round-up and down'time, averaging the load in charge
10 of each elevator, that is, the stopping times of each elevator
during a round-up and down, is the elevator selecting
evaluation base. Departing from the casé, in the state that
the intervals among elevators become very short as shown by
a case (d) in Fig.4, that is, the sé-called jam operatioq
15 occurs, the intefvals among elevators are adjusted equal for
reducing the average waiting time. Therefore, in the case,
equalizing the intervals among-elevators is the elevator
selecting evaluation base.
As explained above, if such é operation situation as the
20 hall call number, the intervals among elevators and so on
changes as shown by the cases (a), (b), (c) and (d), the
control for reducing the average waiting time can be realized
by selecting one of ﬁinimizing the waiting time, minimizing
the maximum waiting time, averaging the loads and equalizing
25 the intervals among elevators, as thé elevafor selecting
evaluation base.
Nextly, the control for reducing a riding time ié

expl;ined in the following. Since variables measurable in an



20 present invention, having a function of switching a control nethod to
atraffic flow node nethod. Fig.8 is a flow chart of selecting an

éval uation function in the case of switching a control node to the traffic
fl ow node nethod. 25 Fig.9 is a figure for explaining the outline of -
switching a control node to the traffic f 5% node net hod. Fi g. 10 shows a

foature of ArofdbRUiyll obls62°8-8 1AL AhUakiY ) R pEIAL A"
the number of persons .in an elevator, the elevator selection
control is evaluated based on such measured variables. Since
it is scarce that the number of persons in an elevator exceeds

5. a definite value in the state of a few hall calls as shown by
a case (a) of Fig.5, the elevator call duration period is the
elevator selecting evaluation béée. Then, since the number
of getting-on persons and the number of getting-off persons
are almost equal in the ordinary traffic flow in spite of many

10 hall calls as shown by a case (b) of Fig.5 and the number of
| persons in an élevator does not exceed a definite value also,
the elevator call duration period is the elevator selecting
evaluation base.
In case the number of hall calls is many and the number
15 of elevator calls is a few as shown by a case (c) of Fig.S5,
the riding time can be reduced by using the number of persons
in an elevator as the elevator selecting evaluation base.
Then, in case the number of hall calls is a few and the number
of eievator calls is many, the eievator call duration pefiod
20 is used as the elevator selecting evaluation base. Further,
in case the number of hall calls is many in a some measure and
the number of elevator calls is a few, the number of persons
in an elevator is used as the elevator selecting evaluation
base. Now, the'oufput of a weighing machine provided in an
25 elevator can be used in place for the number of persons in an
elevator.
By changing and replacing the elevator selecting

evaluation base corresponding to each operation situation in



Fig.ll shows a feature of an enbodinent in case a neural T m‘}ﬁﬁr edt 0
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changes can be realized.

Then, the elevator allocation control adapted to

5 operation situation at the moment of each hall call occurrence

gets possible. However, it probably occurs according to

circumstances that the frequent changes of the elevator

allocation control_methed cause the control unstable. In such

a case,'the unstable control can be avoided by memorizing the

10 history of the elevator selecting evaluations agd determining

an evaluation function so as not to derange the results of the
previous determinations of'an evaluation function.

Fig.6 is a flow chart of determining an evaluation

function after finishing an elevator allocation. A flow of a

15 main program is the_same as the flow shown by Fig.2(b).

Fig.6(a) shows a control process routine.'Affer a hall call

occurrence is detected at the step (201), en elevator

allocation is executed by using an evaluation function

determined in advance .to be used for the next hall call

20 occurrence, at the step (204). Then, such a situation as the

number of un-served hall calls is grasped at the step (202),

and an evaluation function is selected and changed based on

the grasped situations, at the step (203). Further, it is

checked whether such a change of the operation situations as

25 finishing of service for a hall call occur or not at the step

(401), and if the situation change occurs, the process goes

back_to the step (202) and an evaluation function is selected

and replaced.



out | i ne-of evaluation function sel ection based on the nunber 15 of hall
calls or its estimated value. Fig.15 shows a figure for explai.ning the
eval uation function selection in the case of using an additional factor of
. the nunber of_elevator calls. Fig.16 shows a constitution of an enbodi nent
In case the 20 eval uation functions are ¥escribed by a functional.

Fig.17(a) and 17(3#.sh0M5 figuris for_expl aining. an exanpl e of an
eval uati on functi %I ethe gtiBeshdrem @nshathii 68ldf LFCMFFEMARNtt n

Fro 10() " aseise Uit P o £V 4Ler “BrpPal RGeS Colin s the crrbica

~enbodi ment i £ 38§ ebhie ngYah Wd UL 1 2 tion corresponding to operation

situations in advance after the previous elevator allocation

5 as mentioned above, the response time from a hall call

occurrence to outpﬁtting a guidance of an allocated elevator

can be made stay within a predetermined range, which makes it
possible to use an instantaneous reservation method.

Fig.6(b) shows an example acfual execution way of an

10 operation program. In a main program, if a hall call
occurrence is detected, thé steps (204), (202) and (203) are
executed. And if the change of the operation situations is
detected, the process starts from the step (202) and goes back
to the main program.

15 Fig.7 is a diagram showing an embodiment having a
function of switching a control mode to a traffic flow mode
method. The group control apparatus 3 further has a traffic
flow mode determining part 37 and an evaluation function table
for each traffic flow mode .35. The tfaffic flow mode

20 determining part 37 deterﬁines which traffic flow mode applies
to the present traffic flow mode, and if a traffic flow mode
applying to fhe present traffic flow mode can be found, the
name of the found traffic flow mode is sent to the elevator
allocation control part 33. The elevator allocation control

25 part 33 selects an evaluation fﬁnction corresponding to the
traffic flow mode name sent from the evaluation function table
for each traffic flow mode 38 and determines an elevator to

serve the hall call. If the traffic flow mode determining part



Is determned by referring to a table storing the evalution functions
corresponding to each predeterm ned tine. 8 DETAI LED DESCRI PTI ON OF THE
EMBODI MENTS Enbodi nents are explained referring to drawings in the
following. Fig.1 shows t he whol e constitution of an enbodi nent by the

present invention. | nformation fr&m hall call buttons 101 to 10n .
are sent to a gall cal nfornatlon collecting part 31 2 oug control
apparatus 3 via S2R 2Rk %ﬂﬂ(ﬂ?ﬂ|§F§ﬁficTﬁé°WéWPdGaPPPlY ng td' Thé present

traffic flow mode, the purport is sent to the elevator
allocation control part 33. Then, after receiving the purport,
the elevator allocation control part 37 determines an elevator

5 to be allocated to an hall call based on an evaluation
equation determined in each hall call occurrence.

Fig.8 1is jé_ flow chart showing operations of the
embodiment héving the function of switching the control mode
to the traffic flow mode method. At first, if a hall call

10 occurrence is detected at the step (201), the traffic flow
mode determining part 37 judges whether there exists an
traffic flow mode prepared in the table, applying to the
present traffic flow mode, at the step (601). If there e#ists
an traffic flow mode prepared in the table applying to the

15 present traffic flow mode, the elevator allocation control
part 33 determines an elevator to serve the hall call by using
the corresponding evaluation function in the evaluation
function table for each traffic flow mode 38, at the step
(602). If an traffic flow mode prépa;ed in the table applying

20 to the present traffic flow mode does not exist, the steps
(202)-(204) are executed in the same process as shown in
Fig.2(a) and the elevator allocation is éarried out by using
an evaluation function determined in each hall call. By
determining an evaluation function before the next hall c¢all

25 occurrence as shown by Fig.4 in the elevator allocation, *he
response time from pushing a hall call button to receiving a
guidance of an alldcated elevator can be made stay within 'he

-predetermined range, which makes it possible to use an



i nformation collecting part 31 collects information on hall calls at each
floor, and an elevator information collecting 10 part 32 collects data of
el evator calls, Then. the two parts 31 and 32 send the collected
information to a traffic information collecting part 33. An el evator

al l ocation control part 34 decides an eleﬁﬁxw to serve an occurring hall

E%Iduity_i on | REEERFY ”attiﬁ"”rrg{s‘é?ﬁé%é’%ér i O 1SR R 2%%%&%31 F far
35 '

tabl e 36 bashi g Agtd dh oHE Sk, de FiE LAY ] RN EATACR) e O
col l ecting part 32:,5 gald ogat | gn fﬁi‘ﬂ%urﬁ]?gkj;%fgr es@ﬂbwoﬁﬁééééomsed for

si tuati ons. an éval uat’ exanpl es,
fol I ow ng explalnlng the switching of control modes. In such a time zone

5 as zone a, zone c, zone e and zone g shown in Fig.9, in which
the almost same traffic continues during a definite period,
it gives better efficiency and control continuity to use an
evaluation function of which the fitness is confirméd enough
by such means as simulation test, etc., in advance.

10 In such a traffic pattern transition time as the hatched
zones b, d and £, neither of the evaluation functiqns used
before and after the transition time fit to the transition
time. Then, in the traffic transition time or in case the
present traffic mode does not apply to any one of the assumed

15 traffic modes, it is preferable . to apply the elevator
allocation method of the present invention wherein an
evaluation function more adequately fitting to the transition
time is selected and replaced in éach hall call occurrence.

By the present embodiment, iﬁ case one of the previously

20 assumed traffic modes continues during a definite time, that
is, in the time zones a, c, é and g éhown in Fig.9, the same
efficiency and continuity of elevator control as the
conventional methods is secured by using evaluation functions
of which the effects are confirmed enough. Further, in the

25 traffic transition time or in case the present traffic pattern
deviates from any one of the assumed traffic modes, that is,
in the time zones b, d and f, the elevator control can be

improved by using an evaluation function fitting to operation



eval uation functions can be used, that is, the mninmumwaiting tine control
for a hall call ( selecting an elevator which firstly arrives at the hal
Wwhere a hall call occurs ), the minimization of the maxi mumwaiting time
control ( selecting 25 an elevator for which the maxinumwaiting tinme for
a hall call is mininum), the waiting timel@veraging control ( averagi ng one
around times of el vators é and so_on._Further Iuatlgn functions

can be made B tEﬂE grRglrneach Batt eFall, @ngft%ﬁa?ggi? FRFYIntTPEREemant

eval uation ngC%i%Qa%%ékgé%trgf for all day traffic flow can be also

secured.
Fig.10 is a diagram showing the cons_titufion of the
5 evaluation function deciding part to which a neural network
is appliéd. Information sent from the traffic information
collecting part 33 is stored in a memory of situations 351 as’
the present situation information. The stored information is
sent to the neural network 352. The number of the present hall

10 calls, the number of persons getting on and off during the
predetermined period, the number of elevator call occurrences
and so on are input to an input layer of the neural network
352, and the evaluation function number, to be used, is output
to an output layer as the results. In the embodiment, since

15 an evaluation function is selected by the neural network which
finished a learning,l the elevator control method by the
present invention can be accomplished even in case the
relation between an evaiuation function and an operation
situation is not quantitatively ébtained.

20 Fig.ll is a diagram showing the constitution of the
traffic flow mode determining part using a neural network for
determining whether the present traffic flow mode applies to
one_ of the presumed traffic flow modes ‘or not. The
constitution of the neural network 353 is the same as that of

25 the neural network in Fig.1l0, except determining whether the
present traffic flow mode applies to one of the presuned
traffic flow modes or not. In the embodiment, means for

selecting an evaluation function corresponding to an operation



on occasion in such. a change of operation situations as arrival at
destination, registration of a new elevator call, an occurrence of |ong
Waiting time, etc., not only after the 5 determ nation of allocation. By
preparing the_next evaluation function in a change of operation situations
or after the determnation of allocation, 2@ is not needed to judge the

traffic flow npde. Therefore, a group control of elevators, w thout judging
the traffic fggW%ﬁ‘é? 8 SRATAR I AFQIded 1 BY the B F?glimﬁé‘(‘feséér &ttgs

change 2, ContS Shall B b ASSBLIEEARED GRSR, hot R AR e fPCT Pl
but t , 5l1- 54_ el t I_nf ti t I SSI Lines, 61-64 tcol
e L R R R e e

which an evaluation function is prepared in advance, then the

5_ modeless allocation method for each hall call occurrence is

executed. Since a table for determiniﬁg the unknown traffic

flow mode is not necessary and not used, the unknown traffic
flow mode determination can be quickly accomplished.

Figs.12(a) and (b) are charts for explaining the flows

10 of operations in case an evaluation function is selected or
changed based on the number of un-served hall calls. The flows
of operations are the same as that in Figs.2(a) and 2(bf
except the step (202;1) at which the numbér of un-served hall
calls is used as the operation situation.

15 Since the number of un-served hall calls is one of the
indexes preciseiy représenting the relation among the number
of provided elevators, the traffic flow and thé present usable
capacity of elevators, an evaluation function to be dsed can
be determined by using the numbér of un-served hall calls.

20 Figs.1l3(a) and 13(b) are figures for explaining elevator
operations based on the number of un-served hall calls. The
number of un-served hall calls at an operation situation has
the following character. A time needed for a round-up énd down
can be used as the usable capacity of elevators, and it is the

25 time needed for going up and down and returning to the present
place. Then, the number.of persons which an elevator can
transport depends on the time needed for a roupd. However, the

time can not be obtained until an elevator goes up and down



15 notors, 91-94 w ndings, 111-114 cages, 121-124 counter weights and
131-134 floor indicators. Fig.2 shows a flow chart of an el evator control
et hod of the present invention. Fig.2(a) shows a control process routine.
I f an occurrence of hall call is detected at the step 20 (201), the
traffic information collecting part 33 co #lects such information on

operation situgtions as the present 03| I ons evat | | ogation
states of eIEV&tB?E“FBShQPItgﬁlp§esﬁ EuPtefte g?ﬁf%% gé?eng%rgeﬁfIEOtthe
ey o PoSERRREER. rRiaLE a8 e EAhPan S g an FA haPRLALL 0oma®
hen, 1 [‘gneg%@@{aggggfmgév% Pad il 1 o PAL tis35ch%ehﬁﬁbgr%fcnam@eéaws to
g
be served hereafter, and can be regarded as the time needed
S for one round hereafter if the number represents the time to
'be needed for going up and down hereafter. Therefore, the
treffic or the load which each elevator has to take in its
charge can be estimated based on the number.
For example, if the number of hall calls is a few as
10 compared with the number of available elevators, the waiting
time for a hall call can be decreaséd by selecting the
elevator for which the waiting time is minimal. On the other
hand, if the number of hall calls exceeds a definite value,
an evaluation of elevator allocation is executed as taking the
15 crowdedness in an elevator into account so es to equalize the
load of each elevator. Further, an elevator allocation control
fitting to the present operation situations is possible by
switching an evaluation function from one based on the waiting
time principal way to one based oe the load principal way, if
20 the hall calls in charge of each elevator exceeds the
predetermined value, or the difference in some measure OCCurs
in the number of hall calls in charge of each elevator.
Further, since the number of un-served hall calls shows
a phase of the present traffic situEtions and probably
25 corresponds to the present traffic flow, as shown by
Fig.13(b), the present 1load situations of elevators are
precisely grasped, and quick responses to changes of the

present traffic flow is also possible, by using the number of



operation situations of elevators based on the present 10 operation
situations at the step (203). Further, the elevator allocation control part
‘34 decides an elevator to be allocated to the occurring hall call based on
. the selected_evaluation function at the step (204). 5 Actual ly, the
detection of hall call occurrence (201) i32executed by a main program as
shown by of Fig.2(b).. And_ if a_hall call is detected, then the steps
(202) - (204) HPcsexyed: ballocAddfi-se, then the process goes back to the main

Figs.l4(a) and 14(b) are figures for ekplaining elevator
operations baséd on the number of hall calls during the
predetermined peribd or the estimated value of the number. As

5 shown by the figures, using the number of hail calls during
the predetermined period brings the same effects as using the
moving average of a traffic flow. In the case, the program
executes the selection or change of an evaluation function as
shown in Figs.l1l2(a) and 12(b) by using the number of hall

10 cails during the predetermined period in place of the number
of un-served hall calls. In the method of using the number of
hall calls during the predetermined period, the responses to
changes of traffic flow become slower as compared with the
method using the number of un-served hall calls, but the

15 smooth control continuity and the stable control can be
realized.

Fig.1l5 is a figure for explaining operations by taking
an additional factor of the number of elevator calls into
account. Since taking the additiénal factor of the number of

20 elevator calls into account make it possible tq grasp the
traffic flow situations including also the destination of each
elevator call, elevator allocation more adequately fitting to
the present operation situations can be realized. For example,
when a hall call is represented by a triangle, and an elevartor.

25 call by a circle, in Fig.l5, bofh of the call patterns shown
by a figure (a)_whe;eih getting ‘on or off persons conver- >n
the top floor or the bottom floor and a figure (b) wherein

persons move almost on an average between floors, are



program In the main program the follow ng steps are 10 execut ed, that
I's, collection of elevator information (205), collection of information on
hall calls (206), calculation of arrival time of each el evator (207),
estimation of full up tinme of each elevator (208), cal culation of duration
period of each-hall call (209), calculati@3 of duration period of 15 each
el evator call 210) and changes of allocation reservation, etc.

t he conventi §RRF §F€$&FOPYOEEPaF?Bﬂ RREReER, 2% shown kY A fboures (Ry é§d

shown by Fig.3(a d into several tine zope or traffic f ow nodes
as shom% bng ) %heAﬁHti sgn “BGnPPoFiﬁﬁéﬁSHiﬁgegl55890F& ePned
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account, the call pattern shown by the figure (a) is

S represented by a figure (d), and the.one shown by the figure
(b) is représentad by a figure (e). Then, the both call
patterns are distinguished from each other, which realizes a
elevator control finely adapted to operation sitﬁations by
corresponding also to_eéch elevator call.

10 Fig.16 shows the constitution of the evaluation functioﬁ
deciding part in an embodiment in case the evaluation
functions are described by a functional. In a building of
which main traffic flow features are a converging on specific
floors, a scattering among floors or a moving between floors,

15 the relation between the operation situation and an evaluation
function fitting to the situation can be sometimes expressed
by a functional. In such a case, the evaluation functions are
described as a functional 354, and an evaluation function is
determined by substituting daté value of each operation

20 situatiqn stored in the memory of situations for variables of
the functional in each situation change. Then, the elevator
_allocation is executed by using the evaluation functions
determined in such a manner. Although the scope of using the
embodiment is restricted since such a functional can be

25 obtained only in a few buildings or traffic flows, the
constitution of the group control apparatus can be simplified
since one functional has only to be prepared for obtaining the

evaluation functions.



ment i oned det ermi nati on way of elevator control is common in a traffic flow
node al | ocation nethod and a tinme zone allocation nethod, and the sane
control nethod is carried out 25 in the same time zone. The control
met hods are used by using such a traffic flow nodel that the traffic flow
changes stepw se as shown by rectangles i24Fig.3(b). Then, any neans for
snoot hly changi ng el evator control way at the transition time of traffic
fl ow nodes is not Fd@ssilddraed andt B (dovshowerkaprégsc I ehheoevalatiods.
Therefore, nevertheless the traffic flow situation departs fromthe one to
whi ch t he function table. Combinations of operation situations are
prepared, and an evaluation function corresponding to each of
the combinations is determined in advance and described in the
5 evaluation function table. éy the method based on the table,
the-process from judgement of operation situations to elevator
allocation is quickiy executed although the scope of the
process is restricted within +the operation situations
described in the table.

10 Fig.1l8 shows the constitution of the evaluation function
deciding part in an embodiment in case the evaluation
functions are described b? membership functions. An evaluation
function for each term of operation situations to be judged
is described in the form of a fuzzy rule 355. Then, the

15 evaluation function 356 is expressed by logical add of

.conclusion parts of the pertinent fuzzy rules and output as
a function. The output function is the evaluation function, -
and fhe elevator allocation.control part_34_allocates an
elevetor by obtaining the coetrol value based on the

20 evaluation function. By the embodiment, since the evaluation
functions are prepared in the form of fuzzy rule, addition of
rules becomes easy.

Figs.19(a) and 19(b) are figures for explaining an
embodiment wherein the evaluation functions are determined at

25 the predetermined times and each evaluation function is
determined by referring to the table storing the evaluation

functions described at the predetermined times. Fig.lg(a)

shows the constitution of the group control apparatus of the



sel ected control nethod is applicable and the selected control 5 met hod

IS not adequate to the situation, the selected control nethod is used by

neglecting the linkage of controls before and after the transition tine.

And what ever._situation the actual-traffic flowis in, the conventional

control nethods select the present traffi @3l ow to one of the prescribed 10

traffic flow mdes and _use eval uation functi onding to
ter Bl ent sanapt
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on -t he nunbe
prepared for eaqh predetermined time zone, corresponding to

5 the number of hall ‘calls and elevator calls, as shown by
Fig.19(bf; and. an evaluation function for allocating an
.elevator for a hall call occurrence is determined based on the
time counted by the clock 39 and the evaluation function table
36. In fhe embodiment, since the good control continuity

10 before and after each switching of controi can be held by
setting an evaluatibn function in each time zone so that the
elevator cont;ol smoothly transits at the switching of control
while each evaluétion function can be set so as to correspond
also to-a specific operation situation, such a problem as a

15 long waiting time probably occurring at the.switching of
control can be prevented.

By the present invention, since the precise elevator
control fitting to the operation situation in each time of
hall call occurrence can be realized for each hall call, it

20 is possible to reduce the waiting time, the frequency of long
waiting occurrences, the crowdedness of each elevator, the
riding time and so on. Further, especially in the traffic flow
pattern transition time to which the conventional method using
an evaluation-function fixed to each time zone or traffic flow

25 mode can not correspond, the present invention can avoid the
unexpected passing of an elevator due to no vacancy and

considerably improve the operation performance of elevators.
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of persons getting on and off during the predeternmimed period, the number
of hall calls in charge of each elevihaﬁwﬂﬂheB@mnﬁﬁiapf el evator calls,

- etc. at every tine of hall call 20| ° _ ce an eval uation
function detesnined by such a way is o the actual traffic
flow situation, it is possible to contro e evat corresponding to the

present traffic flow situation, w thout using the cat egorl amuml H“Yv

nodes. 12 An exanpl e operation.way of the embodi ment H
' WHAT IS CLAIMED IS;

1. An elevator operation controlling method of determining

an elevator to be allocated in a hall call occurrence by using

5 an evaluation function, from a plurality of elevators,
comprising the steps of:

memorizing a plurality of said evaluation functions; and

selecting and using one of said plurality of evaluation

functions in each hall call occurrence.

10
2. An elevator operation controlling method of determining
an elevator to be allocated in a hall céll occurrence by using
an evaluation function, from a plurality of elevators,
comprising the steps of:

15 | memorizing a plurality of said evaluation functions; and

changing said evaluation function to be wused in
accordance with situations of elevator operations and traffic

demands, in each hall call occurrence.

20 3. An elevator operation controlling method using a group
control apparatus, said apparatus determining an elevator to
be allocated, from a plurality of elevators, comprising the
step of:

changing a method of determining an elevator to be nextly

25 allocated on at least one of situation changes of completion

of determining an elevator to be allocated and completidn of

elevator service to a hall call.



” This Sheet Has Been Replaced

invention is explained. In the follow mnumur'et hod or\reduc.l\q\
average waiting tinme under the conditi fic flom/ ases
fromthe light state to the crowded: 5 state, is descri W@

state that the nunbers of hall calls ,and.ekgvator.calls me a l
by a case (a) of Fig.4, the average itin LASEDan beljr educed by "

~selecting an gl evapgr qugy éég%éé o&ﬂ?éég%éigartgf

n o] e
the hall call occurring s $h en, the mo t1me

arrival at thegjfhgos, O&hageihahh san%ua%iap ﬁsf§¥ca i8ehsehi pg &gegya}bgn

base in the light state that the nunbers o Is and el evat or

are a few as Ehoémebﬁtbhetﬁaﬁé Eilo%Btéhgtﬁ al Ralihecatate that crowdedness
begins and the nunber of hall calls increases as shown by a case (b) of

5 5. An elevator operation controlling method using a group
control apparatus, said apparatus determining an elevator to
be allocated, from a plurality of elevators, comprising the
steps of:

preparing control methods according to each one of
10 patterns of traffic demands, traffic flows and time zones;
judging whether a present traffic state applies to one
of said patterns of traffic . demands, traffic flows and time
zones;
Qsing said prepared control methods if said present
15 traffic state applies to said one of said pattern; and
executing one of selection, generation and change of an
elevator control method in each hall call occurrence if said
present traffic state does not apply to any one of said
pattern. -
20
6. An elevator control apparatus for controlling a group of
elevators, comprising:
control method determining ﬁeans for executing one of
selection, generation and change of a method of determining
25 an elevator to be allocated, based on the number of hall caiLs

.occurring during a predetermined period.



.

. is Sheet Has Been Replaced

15 Fig.4, alnost all elevators hav chapge.aLLg@Qx_ﬁLﬂ_iEEb
a situation, further allocation to ajmml“!ﬁﬁumi g hall, call

el evator already having hall call n affectg uﬂm

for the already reserved hall calf. Then, for redUC|ng t ”ﬂ'ﬂ'
time in such a 20 traffic situdtion, H¥28%Shetterllto al locate" ad’eﬁevator
to the occurring hall call by using a mnimzing maxi rumwaiting tine

nmet hod which can take account of the waiting time for the already reserved
hall call. Then, in the case, ﬁ]nIHIZIng t he HBX|n¥n1ma|t|n time for hal

calls in chafge ofPeac@t@YakRK or OPETALLON hCORELA LING o] SHRATF R uEPFoN
b Inth te,that th b th t d.hall
calts | rerrfekPRshife BB, CaBERLTTRG, 28 Blsunter Bp bA,ShI858 0eingRng

hall call occurrence, from a plurality of elevators,

5 comprising:
information collecting means for collecting and storing
information on hall calls and elevator calls; and
evaluation function deciding means for determining an
evaluation function used for allocating an elevator to a
10 nextly occurring hall call, based 6n said information stored
in said information collecting means, results of elevator

allocation and present elevator service situations.

15

20



by s

the load in char ge of each—ﬂ—evator that is, .the stopping 13 tines of
each el evator during a round- u a '

rder to reduce—theround-up
and down time of each el evat ‘the transport @SHEEVHRHTM&&%W each

el evator can be secured, H, Ieads to reduce t hgEpMGE Ng
the 5 case, mnimzing t he estl mat ed average=ttme—cfF—a r ”ﬂgm
is the el evat I [ si nce
TROELSING ELFTXPORS
to estimate aﬂ?{)@ﬁdﬂilﬁ)Agﬂ Pﬁﬂl iQn real \h?me and to control the

el evat or .aI I ogg&,gett{ﬁsgfis&las&#&

An evaluation function used to ‘the nextly occurring hall
call is determined based on resuits of previous elevator
allocation az:xd present situations of traffic demands and
traffic flow. The determination of the evaluation function is
carried out on occasions in such an operation situation change
as érrival of an elevator at the destination floor,
registration of a new hall ca'll, a occurrence of long waiting
time and so on, besides after determining elevator allocation.
By 'using such elevator operation control method wherein it is
not necessary to judge a traffic mode, by preparing the nextly
used evaluation function after determihing elevator allocation
or in the éha_nges of traffic situations, it is further not
necessary to change a elevator control method according to
traffic slow modes or time zones, which realizes a modeless

group control of elevators.
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estimated round-up and down tirne, averaging the load in charge 10 of each
el evator, that is, the stopgfFrg—tres—ot—each-¢| evat Mg a round-up
and down, is the el evator sq| éciS BYEEV HASHEENN Dapshéet H B‘eqrmﬂwi%é

base.

case, in the state that the {j nter REPLAGEDNg el gvators bﬂlﬁﬂﬂlﬁmﬂm rt .as
shown by a case (d) in Fig. 4  that i ,:§ﬁ€=§ﬁ‘valled ja [
occurs, the intervals anong elevatori/a e adj usted equal r reducing the
average waiting time. Therefore, in the case, equalizing the intervals -
anong-el evators is the el evator selecting evaluation base. - As expl ai ned

above, if such a operation situation as the 20 hal | -call nunber, the
I nterval s anong el evators ‘and so on changes as shown by the cases (a), (b),
- (c) and (d), the o
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control for reducing the average waiting tine can be reatized-by-selecting
one of mnimzing the waiting tine, mnimzing the nmaxiThsShiglsipl l{eilme,
averagi ng the | oads and equali zing 25 thqr_:i:m—_ef:!taiz&g awﬂmi aced 55
the el evator sel ecting eval uati on base. Nejt lrpmis ghEETTONT W E Ing a
riding .time is explained in the follfy@gg. Si nce ReaLAabI in an
|

14 ordinary elevator are the el evato Siscia eriod and the nunber-
of persons in an elevator, the el evator selection :

FIG. 2(a)
o

2
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control is evaluated based on such neasured vari ab+Warce

that the nunber of persons in an elevator exceeds fys sl Ll te value in

the state of a few hall calls as shown by a casg (ﬁ) It ! IST | evat or

call duration period is the. el evator sel ecti ng \Xa1j il ﬁ ﬁ;_ I'lifen,: since
) ¥ XM sons are

t he nunber of getting-on persons anccia*lll”% nunber || of :
al nost equal in the ordinary traffi win sprte of many 10 . hall calls
as shown by a case (b) of Fig.5 and the nunber of persons in an-el evator -
does not exceed a definite value also, the elevator call duration period.is

the el evlator selecting evaluation Pasel In case the nunber of hall cal{ls is
many and the nunber 15 of el 8&atdr cﬂilgs |g a few as @own by ag:ase (c)-
of Fig.5 o LW
; 3 & =
- = o oc Lug —t 0 '.- E
. oS - L) (WN] Ty a0 iMoo -
v W S a o A O NS
= = & LoD o oo
=] =] - e L wLdo ®©
L 2 . ©c o SOOI -
s < o o= s =4
& oA e < W W= "~ S
= =~ oo 8o _ ~
WL - =5 =0 . -
o o =] =
< =20 20 o
o o= X we w=E <
Bao S5 b= To TO o
=D = ' —® ~O
- e b= : <
=0 Z0 oo : <
= = w0 : > un
WS ws - & <
—® O = =] = b=
. \ < = S —oe” =
I i 13 Cu=E as 3
H - <O o -
! o — = oI o
. o
bt wJ= X
m IT<D m
- - A
o o
< ot x oo < o
. " N uJ : AL TN e ——— -y o
o o
1 2= it
= Lo T -~
z T S =
b= : o
S o>
o (EN] xro 2
S ox
S bt S
< o
Iy LOoOo e
o ow:\- S
o < Z
S - S
- ) =)
= o
< e <
o~ oS =~
, —O
o = o
S <

FIG. 3(a)
FIG. 3(b)



the riding time can be reduced by using the nunber of :

el evator as the el evator selecting eval uation b"Séhhfhﬁﬂﬁmh&mQéﬁﬁw&he
nunber of hall calls is a few and the nunber of jlel many, the
el evator call duration period 20 Is used as tfhie jl\immmﬂﬂﬂg i ng

eval uation base. Further, in case thgqgunber of 'hall-"cCa y in a
sone neasure and the nunber of elevator calls is a few, the nunber of
persons in an -elevator is used as the el evator sel ecting eval uati on base.
Now, the output of a weighing machine provided 'in an 25 el evator can be
used in place for the nunber of pdrsons qn an el evator. By changi ng and
replacing the el evator selecting gvad uatijon base corresponding to each
operation situation in 2
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15 every tine of hall call occurrences, tor

."allocation control adapted to operation situation chanqgﬁsﬁ i; E reallzed

Then, the elevator allocation control adapted to 5 et
the nonment of each hall call occurrence becomes po ﬂm
probably occurs according to circunstapnges that the fre f the
el evator allocation control nethod cause the ntrol to becone
unstable. In such a case, the unstable control can be avoi ded

FIG. 4
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by nmenori zi ng the hi story of the el evator selecting eviﬂggﬁw ons a
"determ ning an eval uation function which best fits. the

preferably avoids the elevator allocation control

is a flow chart of determi ning an eval uation functlon

el evator allocation. A flow of a 15 ngigprogram i $.t he sane as Iow
shown by Fig.2(b). Fig.6(a) shows a control process routine. After a haII_

call occurrence is detected at the step (201), an elevator allocation is
executed by using an evaluatlon function determned in advance to be used

for the next hall at the step (204). Then, such a
situation as the ndéié gﬁ §5ﬁ2ed hall calls is grasped at the step
(202),
Y
K _ ~(201)
DETECT HALL CALL OCCURRENCE
— (204)
ALLOGATE ELEVATORS BASED ON
EVALUATION FUNCTION
Y - (202)
GRASP HALL CALL SITUATION SUCH AS
THE NUMBER OF UN-SERVED HALL CALLS
y (203)
Ve
SELECT OR CHANGE EVALUATION FUNCTION :
y
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NO X ),(202)

GRASP HALL GALL SITUATION SUCH AS
THE NUMBER OF UN-SERVED HALL CALLS




and an evaluation function is selected and changed
“situations, at the step (203). Further, it is chec dﬂMﬂﬁeﬁﬁ& acf%hange
of the operation situations as 25 finishing of s al
occur or not at the step (401), and if the situati E Iﬁﬁ (E

process goes back to the step (202) a7? gn evaluat| ected
and repl aced. 16 Since the tine ﬂ m a hall caII occurrence
determ nation of an elevator to be allocated can be reduced

FIG. 7
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by sel ecting an eval uation function corresponding to operation situations
“in advance after the previous elevator allocation 5 as nentioned above,
the response tine froma hall call occurrence to out uttlng a gui dance: of

an allocated el evator can be nmade stay within a pr d 1 dBwaR cmmhlch
makes it possible to use an |nstanta&ﬁgﬁ reservaonn
a

shows an exanpl e actual execution wa an 10

main  program if a hall ~call occurrence is detected, the steps (204)
(202) and (203) are executed. And if the change of 'the operation situations
I's detected, the process starts fromthe step (202) and goes back to the

mai n program 15 E;g.? Is a diagram show ng an enbodi nent having
2 FIG.
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function of switching a control node to a traffic fl ow node nethod. The
group control apparatus 3 further has a traffic-Hownode—determni-ng part
37 and an evaluation function-table for each traffjctd Ay W The
traffic flow node 20 determ ning part 37 dete ‘m 'c flow
node applies to the present traffic flI node, nd IH ﬂEfIOM/nDde
applying to the present traffic floﬁ/n%le can be f of the
found traffic flow node is sent to the el evator aIIocatlon control part 33.
The el evator allocation control 25 part 33 selects an evaluation function

corresponding to the traffic fl ow node name sent fromthe eval uation
function table for each traffic fl ow node 38 and determ nes an el evator to

serve the hall call. Ifgthe traffic fl ow node determ ning part
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17 37 can not find any traffic fl ow node applyi ng t"mlstsh@tmrsesa:ﬂte lhdedf f i C
fl ow node, the purport is sent to the el evator al part 33.
Then, after receiving the purport, the el evator part 37
determnes an elevator 5 to be allocated to an haI cal d on an
eval uation equation determ ned in eaqg@g call ‘occurrence. F| g.8is a

fl ow chart show ng operations of the di ment havi ng the function of
switching the control node to the traffic fl ow node nethod. At first, if a

hal |l call
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10 occurrence is detected at the step (201), the traffic—towrbde
" determining part 37 judges whether there eX|stsiaﬁsmkﬂhéB&mﬁ&Bmk@Dde

prepared in the table, applying to the present tr t the

step (601). If there exists an traffic f|OM/nDde bl e

applying to the 15 present traffic flow node, tion
s

control part 33 determ nes an eIevatdﬂAiQserve the haII caII I ng the
correspondi ng eval uation function in the eval uation function table for each
traffic fl ow node 38, at the step (602). If an traffic flow node prepared

in the table applyi to thedrresent traffic fl ow node does not exist,

in
the steps (202)- (Zﬁg ?E{ad in the same process as shown in Fig.2(a)
and the el evator a Bi o S

ried out by using

y (201)
Ya
DETECT HALL CALL OCCURRENCE
¥ - - (202-1)
COUNT THE NUMBER OF UN-SERVED |
HALL CALLS
y — - (203)
SELECT OR CHANGE EVALUATION FUNCTION
' y (204
ALLOCATE ELEVATORS BASED ON
EVALUATION FUNCTION

FIG. 12(b)
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an evaluation function determned in each hall call. By determning an

- evaluation function before the next hall call 25 occurrence as shown by

Fig.4 in the elevator allocation. the response tinme frompushing—a hall
call button to receiving a guidance of an allpocated 6h6¥@&8§:ﬁ@3 be made
stay within the predeternined range, which njKeesShes aee to use in

18 instantaneous reservation nethod.42/19 he case, “ﬁ “ﬂ%m&ﬁ mai n

programis the same as the fl ow shown by Fig.2(b). ) [ gure of

traffic fl ow nodes used for

FIG. 13(a)
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expl aining the switching of control nodes. In such ne zone as zone a,

zone ¢, zone e and zone g shown in Fig.9, in which mﬁrafflc

continues during a definite period, it gives better caontrol

continuity to use an eval uation function of which thed on7|rned
I

enough by such neans as sinul ation tﬁ§§ tc., in advance
such a traffic pattern transition ti 43 the hatcﬁeﬁ~fenes—b d and!f

neither of the evaluation functions used before and after the transition
time fit to the transition tine. Then, in the traffic transition tine or in
case the present -traffic node does not appIy to any one of the assuned 15

traffic nodes, it 1is preferable app el evator allocation
met hod of the present invention wher i&

THE NUMBER OF HALL CALLS.
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eval uation function nore adequately fitting to the transition tine is
sel ected and replaced in each hall call occurrence By the present

enbodi mént, in case one of the previously 20 Chhis SReed HaS BOR REpslaced
continues durlng a definite tine, that is, in the t-me and g
shown in Fig.9, the sanme effici ency iAqgontinuity of mm HE" | as
the conventional nethods is secured y using eval I on whi ch

the effects are confirnmed enough. Further, in the 25 traffic-transition
time or in case the present traffic pattern devi ates from any one of the
assuned traffic nodes, that is, igFI tigtf%ones b, d and f, the elevator
control can be inproved by using Wwon function fitting to

operation
| upP
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19 situations in each hall call, and the eff|C|ency |nprove elevator
-control for all day traffic flom/can be al so secured. - mﬁ agram
showi ng the constitution of the 5 eval uation funcflon

which a neural network is applied. Information sent?

information collecting part 33 is staésgl na ne r s 351 as
the present situation infornmation. ored inf |s sent _toJf he

neural network 352. The nunber of the present hall caIIs the nunber
of persons getting on and otf during the
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predet erm ned period, the nunber of elevator call occurrences and so on are
i1nput to an input layer of the neural network 352, and The—ewvaluation
function nunber, to be used, is output to an out put ayﬁms@, he resurts-
In the enbodi nent, since 15 an eval uation functi nTIS qﬂh&;
neural network which finished a Iearﬂézg the el ev. t0r
the present invention can be acconpl % even in

an eval uation function and an operation situation is not quantltatlv

tvveen

obt ai ned. 20 Fig.ll is a dlagranlshomnng the constitution of the
traffic fl ow node determ ning network for determning
whet her the present traffic fI Eu %o one of the presuned
traffic fl ow nodes or not.
' 36
CONDITION OF EXECUTION FUNCTION USED TO ALLOCATION |
HALL CALLS:FEW, WAITING TIME MINIMIZING
ELEVATOR CALLS:FEW CONTROL
REDUCTION | HALL CALLS:MEDIAL, MAXIMUM WAITING TIME
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_ 36
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constitution of the neural network 353 is the same—as—that—of 25 the
neural network in Fig.10, except determ ning mhetheﬁmgﬂﬂamﬁeﬂﬁqummﬂﬁflC
fl ow node applies to one of the presuned traff"i;$lo In the
enbodi nent, neans for selecting an eval uation 4(}“5 g to an
operation 20 situation is separately providgd. _ |nent it
is judged by the neural network that17A49present tJaffIC flom/nnde does not

apply to one of the assunmed nodes to each of . whi ch an eval uation function
is prepared in advance, then the
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5 nmodel ess al l ocation nethod for each hall call occurresee—is executed.
Since a table for determning the unknown traffic fl oy noge s BeaRe laced
necessary and not used, the unknown traffic flow no 8 ' an be
qui ckly acconplished. Figs.12(a) and (b) are chartsi or“‘“ﬂmm u “e
flows 10 of operations in case an qggtq¢ption func%ﬂon _ ed or.
changed based on the nunber of un-served 'hall calls.=The flows of
operations are the same as that in Figs.2(a) and 2(b) ‘except the step
(202-1) at which the nunber of un-served hall calls is used as the

operation situation. |15 Since the punper of un-served hall fcalls is
one of the indexes prijggiisel copresenting the relation anong the nunber of
provi ded el evators, th‘Q\tr figp flquEand the] present usable
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capacity of elevators, an evaluation function to be used can be determ ned
by using the nunber of un-served hall calls. 20 Figs.13(a) and 13(b) are
figures for explaining el evator operations based on_the nunber of Un-served

hal | calls. The nunber of un-served hall calls =a s BeenRieflatad | ON
rjoun| . _ can be
i's t eeded

has the follow ng character. A tine needed for

used as the usable capacity of el evat B s1,9 and it

for going up and down and returning to the pres pl ace. Then, the nunber
of persons which an el evator can transport depends on the tine needed for a
round. However, the time can not be obtained until an el evator goes up and
down
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21 and reéeturns to the present place.
relate to the response tine for each hal
calls is the nunber of hal

al |

regarded as the tine needed 5
represents the tine to be needed for 90|ng up and

Ther ef or e,

for one round hereg

‘Furt her,
cal

charge can be esti mated based on the’ ndnber

hal |
el evat ors,
t he

calls is a few as 10

conpared with the nunber of avallable

the time does not directly
| . The nunber of un-served

= —n

B3

the maltlng_tlne for a hall caIIlcan be decreased by selectihg
3
S
: - 36
| HALL CALL * EVALUATION FUNCTION TABLE
- —toi| INFORMATION
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| SMALL AMOUNT |  FUNCTION FOR -
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nunber of hall calls exceeds a definite val ue, E%Q“ IefT sfeeal gvat or
allocation is executed as taking the 15 crowde AL Bg;agm @*t rinto

account so as to equalize the l'oad of each elevaljiqr, FukEhBRt H¥NY, lilevat or ,
al l ocation control fitting to the pregent operat| o sifia t4-ans ssi bl e
by ‘switching an eval uation function fromone based on the waiting tlne '
_ principal way to one based on the |oad pr|n0|pal way, if 20 t he hal | _
calls in charge off=g el eyatQr exceeds the predetermned val ue, or the
difference in sonefi uredcc@s in the nunber of hall calls in charge of
‘each el evator. Further, since the nunber of un-served hall calls shows a
phase of  the present. trafflc S|tuat|ons and probably

el evator for which the waiting tirme i's mnimal. On _the. QLhegzgaﬁd;%lf t he

2

DETECT HALL GALL OCGURRENCE :
' . 202
' e
GRASP HALL CALL SITUATION SUCH AS

THE NUMBER OF UN-SERVED HALL CALLS

-+ - 203
'SELECT OR CHANGE EVALUATION FUNCTION |
3 — - 204

ALLOCATE ELEVATORS. BASED 0N
EVALUATION FUNCTION

FIG. 2b

A - 208
COLLECT ELEVATOR INFORMATION [~
— Y 205
COLLECT HALL CALL INFORMATION
— 3 _ - 207
CALCULATE ARRIVAL TIME | -
- I AN N 208 | — | - 202
B e o W |
———— THE NUWBER OF
r_ 209 | | UN-SERVED HALL CALLS
.wmmmwmmmmmmF | : 1
T oo | | SELECT OR cHaNeE S
. 210 | | EVALUATION FUNCTION
g —————
: 7 - | ALLOCATE ELEVATORS |5
| —YES | | BASED ON EVALUATION
< IS HALL CALL DETECTED 2 = >—— | FUNCTION
MmN — —

~ CHANGE RESERVATIONS ETC o
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the predeterm ned period brings 'the 'sane effegt Vi ng '
average of a traffic flow In the case, the piflo %Féﬁ% éﬁk%ke?ﬂn sel ection
‘or change of an'eval uation function as shown r\% CidP. ikmgaigggnd 32(b) by
usi ng. the nunber of hall 10 calls during th§ e ety A RS wardi od i n
pl ace of the nunber of un-served hal§4 calls. In the method of using the.
“nunber of hall calls during the predeterm ned period, the responses to-
changes of traffic flow becone slower as conpared with the nethod using t he
nunber  of un-served hall calls, but«thesdS smooth control continuity and
the stable control can be realized.] Fig.15is a figure for explaining
oper ati ons by taklng an addltlonal fegtor pf the nunber of elevator calls
into ' :

EVALUATION FUNCTION F
ALLOCATION TO PRESENT

HALL CALL

=

FIG. 3¢

FUNCTION BASED ON RECOGNIZED

SITUATION

DETERMINATION OF EVALUATION

(=

THE NUMBER OF ELEVATOR

CALL OCCURRENCES
DURING PREDETERMINED

THE NUMBER OF PERSONS
PERIOD

- GETTING ON AND OFF

PRESENT SITUATION
THE NUMBER OF ‘HALL CALLS

IN CHARGE




account. Since taking the additional '‘factor of the nunber of 20 el evat or
calls into account nake it possible to grasp the tgatfe—How st Hons
i“ncl udi ng. al so the destination of each el evator ca IBEF&IA@EME& 55 c tlon
“nore adequately fitting to the present operation s tuaz

realized. For exanple, when a hall ca | is represeft ? - trraﬂdl and
an el evator. 25 call by a circle, ifl Fig.15, bot the cal T patterns
shown .by a figure (a) wherein gettlng on or off persons convertion the top

floor or the bottomfloor and a flguF/G) \M&I’EI n persons ~nove al nost  -on
an average between floors, are :

A

7 1ST2ND3RD 1sz ZND3RD  1ST 2ND 3RD  1ST 2ND 3RD
CAAYVY O AAYVY AAV A AV
® [olof 7 |o|of |7 |o|@] || N
6F | 6 | [al |e6F | B |6F
5F | st | |a| |sFY|] | [SF ||
LEA| || | 4FA V| 4F |A|] | V| 4F
IF | Vi3 vi3F | | |V]3F
2 o|2F |Al | |2F |a]| |V|2Fv|
1F F [T (o] 1 |
' ‘a b - _C' _ : d
[CJ:ELEVATOR  A:HALL CALL
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ANV A AV A AV
of|o fololt I |o©
N | ol | Yal||v
A lal 1 al |alv AlY
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23 represented by the sane pattern as shown by a frgure (c)
both can not be distinguished fromthe other ongs
of ‘el.evator calls is taken into account,
figure (a) is 5 represented by a.figure (d),
~figure (b) is represented by a figurege).
di sti ngui shed from each ot her,

whi ch

IREPLACBMENT ISHiBETh
10 t he %rzemmomsby

ot-h..cal l----pa

the c
a
Thei

realizes Vat or—cont ot

and one of the

| factor
the

t he

terns are

I nely

adapted to operation si tuations by corresponding al'so to each el evator
Fi g. 16 shows the constitution of the evaluation function

call. 10

deciding part in anFjﬁ
descri bed by a funcfi: o |

Y%?

al

A— 01
DETECT HALL CALL OCCURRENCE 2
S - 204
ALLOCATE ELEVATORS BASED ON
EVALUATTON FUNCTION
S y _ 202
GRASP HALL CALL STTUATION SUch &V
THE NUMBER OF UN-SERVED HALL CALLS
. . 203
SELECT OR CHANGE EVALUATION FUNCTION |
/" DOES SITUATION CHANGE ? YES
COMPLETION OF SERVICE, ETC. o

NO

201

FIG. 6 b

i

IS HALL CALL DETECTED ?.

: YES -
. |

NO

y

a case the eval uation functions are
uilding of

-ALLOCATE -ELEVATORS
EVALUATION FUNCTIONBA__SED N

204

401 |

<

DOES SITUATION CHANGE ?

COMPLETION OF SERVICE, ETC. -
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NO

202

AS
CALLS

- 203
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-V\:hICh main traffic flow features are a converging on specific floors, a
scattering anong floors or- a noving between floors, 15 _the relation

"between the operation situation.and an eval uati-ea=fant q;gﬁg@n g to the
situation can be sonetines expressed by a func |REP&4AC‘=I" ( -

situation stored in the menory of situations f -
functional in each situation change. Then, the el evator allocation is
executed by using the eval uation functlons deternmined in such a nenner.
Al t hough the scope of using the embodi ment is restri cted si-nce such a
functional can be 25 obtained only in a few buildings or traffic flows,

t he’ F/G 7 _

3

T R ———
- L EVALUATION FUNCTION TABLE
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[T

constitution of the group control apparatus can be si| qﬁlAeéwﬁﬁ@ﬂghéyﬁei .
functional has only to be prepared for obtaining the gva tiqﬂﬂ( I offis.
et BC tabl

24 Figs.17(a) and 17(b) show exanpl es of the eval uatipnfyubcki’on tabl e,
Conbi nati ons of operation situations are prepared, ang—an-ev _
function corresponding to each of the gonbinations is deternined in advance-
and described in the 5 evaluation function table. By the nethod based on -
the table, the process fromjudgenment of operation situations to el evator

FIG. 8
A

N
Ld

) 4

DETECT HALL CALL OCGURRENCE

),_201

| _<<:: IS THE TRAFFIC FLOW MODE  \NO

PRESCRIBED? /" | W

601 ~ | YES GRASP HALL CALL SITUATION SUCH AS |
. y THE NUMBER OF UN-SERVED HALL CALLS
"ALLOCATE ELEVATOR BASED ON EVALUATION —
FUNCTION FOR EACH PRESCRIBED TRAFFIC |
FLOW WODE |  SELECT OR CHMMGE EVALUATION

2~ | . w3 ———

| 204~ ALLOCATE ELEVATORS BASED ON
| EVALUATION FUNCTION

FIG. 9

— THE NUMBER OF PERSONS
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- THE NUMBER OF PERSONS
~ GOING DOWN
A

711
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al l ocation is quickly executed although the scope of|t _ { Sye e
restricted within the operation situations described i‘:‘r?ib'tl"ﬁ'(g:‘52 a eghﬁ‘:i%l
- “Fig.18 shows the constitution of the evaluation func |&5321QCHARn§95part
an enbodinment in case the evaluation functions - descrihod-by
nenbership functions. An evaluation gunction for each term of operation.

" situations to be judged.is described'in the formof a fuzzy rule 355. Then,
the 15 ~evaluation function 356 is expressed by |logical add of o
- conclusion parts of the pertinent fuzzy rules and output as a function. The-
output function is the evaluation function, and the el evator allocation :
control part 34 all ocatls’s an elevator by obtaining the control value based
on the .- B~ L _ '
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20 eval uation function. By the enbodi nent, since the—evai of-f

are prepared in the formof fuzzy rule, addition of uRE&JHEmﬂHEBSEBEy'

Fi gs.19(a) and 19(b) are figures for explaining an.e

eval uati on functions are determ ned at 25 t he predgth

each evaluation function is determ rid by referrlngW~“— "h——nb-- Fh

t he eval uation functions described at the predeternned tines. F|g,19(a)
2
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-enbodlnent and S the same as that shown by Fig. 7 except a clock 39 for

zone, correspondlng to 5 the nunber of haII cali.
shown by Fig.19(b), ‘and an ‘eval uation function fo J?OCat
for a hall call occurrence is: deterntﬂéd based on the '

-y t he

clock 39 and the evaluation function table 36. In.the enbodlnent “since the:"

good control continuity 10 before and after. each swi t chi ng of control can
‘be held by setting Lon function in each time zone so that the

el evat or control W;EZ!ﬁs gg at the switching of control while each: -
eval uati on function as to correspond

Y

- v — - 201
DETECT HALL CALL OCCURRENCE [ f
3 — . 202-1

COUNT THE NUMBER OF UN- SERVED v
HALL CALLS

. '
_ . , 203
SELECT OR CHANGE EVALUATION FUNCTION - |
v — 204
ALLOCATE ELEVATORS BASED ON |/
EVALUATION FUNCTION

:<<:: IS HALL CALL DETECTED ? ;:>*f"""t

200~ N0

- - 202-1
COUNT THE NUMBER OF UN-SERVED |
- HALL CALLS -

— ‘jri — | 203
SELECT OR CHANGE EVALUATION FUNCTION ,
ALLOCATE ELEVATORS BASED ON
EVALUATION FUNCTION _

| —— d




al so to-a specific operation situation, such a problemas_a 15 . _long

‘waiting time probably occurring at the swtching %4ggf
prevented. By the present invention, since the pr ,P§§Eéﬁgvtﬁ? ol
fitting to the operation situation in each tine of haII2c3JMAR) ___________ ce can .’
‘be realized for each hall call, it 20 | S possi bl I s 'ting

~time, the frequency of l'ong maltlng oH%urrences t he crowdedness -of . each -
el evator, .the riding tine and so on. Further, espeC|aIIy inthe traffic

: flom1pattern transition time to which the conventlonal met hod using an _
eval uation function fixed to each tinme zone or traffic flow 25 node can -
not correspond, the present invention can avoid the unexpected paSS|ng of

an eIevator due to no vacancy and/:](; 15? é?

8 THE NUMBER OF — | TIME NEEDED FOR ONE.
7 UN-SERVED HALL CALLS- | =—| ROUND HEREAFTER -
6 | I [ | -

5 . .
a | PRESENT TRAFFIC FLOW | o |

W] — _ <
3 & |
2| EVALUATION FUNCTION | — | DETERMINED ALLOCATION
1 BASE HEREAFTER — | METHOD FOR HALL CALLS

" ONE ROUND

- TIME

" FIG 13 b
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FLOW

- = THE NUMBER OF
PERSONS GOING UP
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10:00 11:00 - 12:00 13:00 14:00
| - TIME




An el evator operation controlling method using a gr uﬁtEbMQ$MF“5QEa S
for determning an el evator 'to 5 be all ocated forn| a hagl @ﬁMlﬁ@Ecur ence
froma plurality of elevators, by using an eval uati gnP#@RttTon,an " |
eval uation function being an algorlthﬂgfor -determ nimg; _according.to a
plurality of .paraneters, which of elevators to aIIocate to said haII cal

10 occurrence, conprising the steps of :

FIG. 14 a

con5|derably i nprove the operation per formance of eIevaFE%s———4;f1 t% 1.
t

THE NUMBER OF HALL CALLS
DURING PREDETERMINED
PERIOD

Ol

'MOVING AVERAGE OF
TRAFFIC FLOW

B>

= N W U, O0N, ~,
i r 1 1 1+t 1 1

ONE ROUND
TIME

FIG. 14 b

PRESENT MOVING AVERAGE
OF TRAFFIC FLOW .
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preparlng and nenorizing a plurality of said evalua en-funet SRS

collecting information on the present positions of hREEﬂEﬁEMENE&ﬁEEI.'

al l ocation states of the elevators to 15 previoug| hall Cagﬁi at e
epatof?.. rﬁg

rate of occurrence of hall calls, states of the nu

each el evator, selecting an evaluatifg function fro

vJ.

=)

“eval uati on, functlons whi ch best fits the hall 20 cal | denmand accordi ng - |

~to the present group el evator operational situation as deternined by the

i nformation collected and al |l ecati-ng an el evator to answer sald hal | call,
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on said selected evaluation function. 25 2. = An el evator operation
controlling nethod according to claim1l wherein an ¢vargatt+oroHctHon
tetermning an elevator to be next allocated is changBEPWHEEMENEFHEBEC
at | east one situation change. the 30 = situation hangg gqqﬁ( 183009
conpl etion of the determ nation of anqglevator to bg Bete Geat-ed--t-0-a--hal
call and conpletion of elevator service to a hall caff.—— 3. AT erevator
- operation controlling nethod according : ' '
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to claim1, further including the step of deter

presently used eval uation function or to continu §§p£h¢gm5wmshﬁEns d
eval uation function, 5 by nonitoring group el gvator opera%gafs :
situations and traffic fl ow change situations of pggggngdﬁ .............. '
el evat or operation controlling netmﬁﬁemcord|ng tle—pne—af—ctarrs—1, 2 and
3, wherein said execution of 10 one of sel ection, generation and change -
of an evaluation function is carried out based on the nunber of hal | caIIs
occurring during a predeternined period. S. An el evat or operation
controll'ing nethod according claims 1 to 4, wherein |n sai d
_present group el evator . operatlféﬁltm(& and traffic flow : .
' —— — : 36
~ CONDITION OF EXECUTION FUNCTION USED TO ALLOCATION I
HALL CALLS:FEW, - WAITING TIME MINIMIZING
| ELEVATOR CALLS:FEW CONTROL
'REDUCTION | HALL CALLS:MEDIAL, MAXIMUM WAITING TIME
?EMEAITING ELEVATOR CALLS: MEDIAL - MINIMIZING CONTROL
HALL CALLS:MANY, | ~ STOP TIMES AVERAGING
ELEVATOR CALLS MANY CONTROL
HALL'CALLS:FEW._- ' CONTROL OF ELEVATOR CALL
_ ELEVATOR CALLS:FEW DURATION TIME
REDUCTION — +
OF RIDING | HALL CALLS:MANY, CROWDEDNESS CONTROL
TIME - ELEVATOR CALLS:FEW S o

F/G 77 b

_ — — 36
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eituations, each el evator is allocated, based on said evaluatlon functlon
sel ected as an optimal one for each haII call. 20
| BEREAGHGENT BHEET

“tontrol nmethod according to any one of the above

sel ection of an eval uation function for determninifg_a gpgeﬁgéq$§6
allocated is carried out based on theggnunber of hgiPetes. %"

during a predeterm ned period. 7. el evat or operattomn contrortry

met hod substantially as any one enbodi nent herein described with reference
to Figures 1 to 19. 30
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Caim7 An el evat or operation ‘controlling
and controlling an elevator to be allocated in a
a plurality of elevators, conprising: informatio
-col lecting and storing information on hall caIIs‘ ;

eval uation function nenorizing nmeans fgr nenoriz p ‘T?aluatlon
- functions for deternmining an el evator to be allocated; and evaluatlon
function selecting neans for selecting an eval uation function from said
menori zed eval uation functions used for allocating an elevator to a nextly

‘occurring hall call, based on said information stored in said information
-l
(=]
= o
o |
— =
= |3
o.
o (4>
- ] &=
p— bt
< ~N
=t
(=] = . . . . .
— ] =
= . . . . .
. —
L - . . . . ®
(2]
= LLl
=
| _— i
S | -
= | o
(&) =
-_= o]
=2 | -
u. bt
<C
=
wm
. )
L > =2
< . <g
. 1) =
Q . . ) . .
T~ S w |
_—e | 2
< LLJ o . . . . .
. >0 | =
. . w=
Q9 |=22|5
=
N
-
- <
med =
< | . . . . .
oo
Sl LL . . . . .
SN o T B o
— = [ ] . . . . .
<D | =
= .
O
=
(=2 = (== 20 - I e ]
(=] (=] (=) — -
(o] N N ™~ ™
Lé.l - - -— — -— .
~ RS U YRR
— = < (= (= (==
(o] o wn (= (=} .

1
11
11
12
12




collecting means, results of el evator allocation and pr

service situations. Claims8 . ' An eIevato1ﬁﬁﬂhm@EMEmwsHEEr
an

apparatus according to claim6, wherein said selection
“function for deternmining an el evator to be allocated i s|| Qate:
on the nunber of hall calls occurring during a predeter

zﬁﬁwt@s ed

||\JU

METHOD AND APPARATUS FOR CONTROLLING ELEVATORS
Abstract of D1sc105ures

An evaluation function used to the hextly occurring hall
.call is determined based on results of previous elevator
allocation arid, present situations of traffic demands and
traffic flow. The determination of the evaluation funetien'is
carried out on 6ccasions in such an operetibn situation change
.V-as arrival of an. elevatof at the destination floor,
registration of a new hell call, ateccurrence of:long waiting
- time and so on; besides after determining elevator allocation.
By using such eélevator operatipn contfol method wherein it is
not necessary tO'judge a traffic mode; by preparihg'the'nextly
used evaluation ftmstion' after determining elevator allecation
or in the changes of traffic situations it is further not
necessary to change a elevator control method according to
traffic slow modes or time zones, which realizes a modeless B

group control of elevators.

Figure 1




