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‘ELEVATOR SYSTEM BACKGROUND- OF THE | NVENTI ON 5 : The -present
invention relates té an elevator system in particular, it relates to a
gontrol systemwhich is effective for determ ning an optinum control mnethod
for group supervisogy control equi pment therefor. In prior art elevator
group supervisory cbntrols, 10 . It i.s known to be able to determ ne
control paranetérs by sinulation as ;éy%§5§m5§§béf-A Nos. 58-52162,.58-
63668. Further, - whén an increasi ng nunber of paraneters is required in
simul ation, the kndw edge engi neering -

BACKGROUND OF THE INVENTION

5 . The present invention relates.to an elevator
system, in particular, it relates to a éontrol systeh
which is effective for determining an optimum control
‘method for group supervisory control equipment therefor.

In prior art elevator group sﬁpervisory controls,
10 it is known to be able tb determine control parameters
by simulation as disclosed in JP-A Nos. 58-52162, 58-
63668. Further, when an increasing number of parameters
is required in simulation, the knowledge engineering
technology is utilized to cope with an increased number
15. of parameter sets, and determine an effecfive domain of
control parameters and.a search sequence for such
control parameters as disclosed in JP-A Nos.'3-18566'and
3-297769.
On the other hand, what is called here a control
20 method or control parameters include a variety of items
such as a dontrol parameter to be uéed mainly-fof
.pssignment_eValuatioﬁ that has been described as the
wait time control parameter; car drowding control
parameter and thé_like in the foregoing JP-A-No. 3-
25 297769, and a door-bpeh set parameter at each service
floor, as well as other control methods facilitating
ease of uéeLsuch as whether or not a reservation guide

for a particular service car should be displayed in both
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control paraneters include a vari2ty of itenms such as a contro
to be used mainly for assignnent evaluation that has been
as t divectienseof owe ramd pdewnes Bpul taneeuslni ngnd okie ol ike.

and the like in the foregoing JP-A-No. 3-
By way of example, with respect to this ease of use, 32

items therefor that can be alteréd through the user
command board ére described.in Hitachi Hyoron vol. 71,
No. 5, ppll5-122 (1989-5).

Furthér, with respect to the genetic algorithm for
probabilistic optimum value search means, its technique
is.disclosed, for example, in "Genetic Algorithm" edited
by Hiroaki Kitand (Sangyo Toshd; 1993-6).

The above-mentioned prior art methods are
effectivé, for examﬁle, in reducing the computing time
and the like so long as fhe number of parameters to be
adjusted is limited, or any effect of a parameter change
is predictable'even if the number of parameters
increases. Hdwever, when the number of parameters
indreases beyond a certain limit, a domain of parameters.
to be searched becomes enormously great, and its |
compufing time_to obtain a practical solution increases
accordingly. In addition, when use cpnditions or
associated constraints become versatile, the number of
their combinations becomes enorméus.tbo. In the case of
_gdbpting.the prior art knowlédge_engineerihg technology

' to limit a domain of search, it is necessary to acquire
enormous amounts of knowledge in advance corresponding
to such enormous numbers of combinations. fhe use
éonditions,'however, differ according to each_elevatqr,
therefore, it is too difficult to acquire all of these

enormous amounts of knowledge beforehand. Therefore,



25 297769, and a door-open- set paraneter at each service floor, as
well as other control nethods facilitating ease of use such as whether or
ot a reservation guide for a particular service car should be displayed in
bot h 2 directions of up and down sinultaneously, and the |like. By way of
exanmple, with respect to this ease of use, 32 itens therefor that can be

altered through the user :
since a heuristic search method using the knowledge

engineering technology cannot be applied, a lot of
simulations become necessary aé described above, in
consequence, increasing its computing time enormously.
5 - Thereby, it becqmes more difficult in practide to adapt
'effectively to follow any time-varying instance which
varies with time of the day, week, month or year.
- SUMMARY OF-THE INVENTION
The main object of the invention is to provide a
10 - parameter adjustment method énd an apparatus therefof
which can minimize a time required fof adapting to a
change in the use conditions due to.any time-varying
instance taking place in the operation of the elevator.
In order to solve the aforementioned problems
15 associated with the prior art, it is contemplated to
carry out a paramgter.search by means of a probabilistic
multipoiht simultaneous séarch method or é multipoint
“simultaneous séarch method using a genetic algorithm
that is a probabilistic multipoinf simultaneous search
20 method according to the invention.

It is also arranged to record a preceding search
result from which to be able to continue a subsequent
search in order to be able efficiently to follow time-
dependent chaﬁges.

25 ' | It is furthér arranged to evaluate whether any
search fesult obtained is practicai or not when
evaluation qonditions arelaltered ﬁithin a predetermined

- extent. For example, such an evaluation is performed by



conmand board are described in Hitachi Hyoron vol. 71, 5 No. 5,
ppl1l5-122 (1989-5). Further, with respect to the genetic algorithmfor
probabi | i stic optinmum val ue search neans, its technique is disclosed, for
exanple, in "CGenetic Algorithnt edited by Hi roaki Kitano (Sangyo Tosho,
1993-6). 10 The above-nentioned garior art nethods are
effective, for exanple, in reducing the conputing tinme and the |like so |ong
as the nunber of spavaattiensbyochengdpgst €dri exbimpilégdther nanpeef bgct of a
par amet er change is predictable even if the nunmber of paraneters
people waiting at each floor in a predetermined domaln._
In addition, it is contemplated to evaluate any
parameter whiCh has been obtained as a result of search
5 | and hhich has a top-ranking predetermined value under
the condition that its evaluation conditions are béing
altered within a predetérmined domain, so that a more
desirable parameter can be deterﬁined in accordance with
the result of evaluétion.

10 Learning.means learns ﬁse conditions of elevators.
Simulation means simulates an operation of elevators
using control parameters which have beén set by search
means undef any use conditions of elevators learned by
the learning meéns. |

15 | Search result memory means stores search results
acquired by the search méans.

_The”search means carries out a next search in
accordance with the result of a preceding search or the
results of'previbus searches that have been stored in

20 the search result memory means, then produces a best
value thereof to control method registration means.

« Operation control means carries out dperation_control of
elevators utilizing a contfol metﬁod or control
parameter from the contfol method.regiStration méans.

‘25 Since a new search is enabled to start using the results
of the previous searches, it is pOSSibie to determine an

appropriate control method in regard of an ihfluence

resulting from any time-dependent change within a



i5 I ncreases. However, when the nunber of paraneteré I ncreases
beyond a certain limt, a domain of paraneters to be searched becones
énornously great, and its conmputing tinme to obtain a practical solution
i ncreases accordingly. In addition, when use conditions or 20 :
associ ated constraints becone versatile, the nunber of their conbinations
becones enornous -too. In the case of adopting the prior art know edge
engi neering tecbmmcnypaliy|aﬁhowahianperﬂdﬁ:a&ammmeJt I S necessary to
acquire enornous anounts of know edge in advance correspondi ng 25 to
such enornous nunber & ofulddmpgiindt isdmul tEneause search method such as
genetic algorithm or the 11ke is used for the search
method of the search means, and a basic control method
5 stored in basic contfol memory means is called in any
time under a predetermined condition to be used in a
search so that any undesirable status can be prevented
from taking place which may limit.the result of search
to a 16calized.optimum-solution instead of a global
10 optimum solution due to application of the previous
séardh.results as they are. |
Verification means causes the simulation means to
simulate a céndidate best solution obtained by the
search means by altering the use conditions learned by
15 the learning'means within a predetermined domain, and
verifies a result of the simulation whether it will
still satisfy'a_requiredlperformance~or not, then,
stores the result into control method registration means
when verified to be satisfactory. Thereby,laﬁy control
20 method that is selected for an actual operation control
will be ensured not to deteriorate.its performance due
« to a very §méll cﬁangé in the use conditions or a minor
difference_from the actual use conditions. Thereby, a
robust control method can be obtained according to the
25 '_foregoing-approach of the invention which will be robust
or immune against very small changes.

In the case where the search means employs an

approach to obtain a best value through repeating



condi tions, however, differ according to each elevator, therefore, it is
too difficult to acquire all of these enornous anmobunts of know edge

bef orehand. Therefore, 3 since a heuristic search nethod using the
know edge engi neering technol ogy cannot be applied, a |ot of simulations
become necessary as described above, in condequence, increasing its
conputing time enornously.
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evaluation qf the genetic algorithm or the like, the
verification means may be adapfed to verify its result
by evalua£ing the use conditions that have been obtained
by the learning means once for every predetermined
cycles.to a certain extent such that a robust control

method which is robust against a minor change is

obtained in advance.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and merits of.the present invention
will be more clearly undersfood with referenée to the
accompanying drawings in which:

Fig. 1 is a schematic diagram illustrative of the
present invention; |

Fig. 2 is a schematic flowchért illusf;ative of
operational steps of the invention;

Fig..3 is a schematic flowchart indicative of an
instance of using é genetic algorithm according to the
invention;

 Fig. 4.illustrates more in detail an instaﬁce.of
using the genetic algorithm of the invention;

Fig. 5 iliustrates an instance of identifying and
verifying éome of the top ranking control methods;

?ig. 6 is an-example for verifying the top ranking
control method according to the iﬂvention;

Fig. 7 is a flowchart for verifying the top ranking

control methods;



é Thereby, it becomes nore difficult in practice to adapt
effectively to follow any tine-varying instance which varies with tine of
the day, week, nonth or year. SUVWMARY OF THE | NVENTI ON The mai n object of
the invention is to provide a 10 par anmet er adj ust nent nethod and an
apparatus therefor which can minimze a ting required for adapting to a
change in the use conditions due to any tine-varying instance taking place
in the operation of fFig.elBevist e flowchaddr for deoitvedulednaf @r emalili oned
probl ens 15 associated with the prior art, it is contenplated to
change in use conditions for every predetermined cycles;
Fig. 9 illustrates an instance of adding a basic
control method to be mixed at a certain ratio;,'
5 Fig. 10 is an embodiment of the invention for.
enabling the basic control method to be mixed;
Fig. 11 is a'fiowchart for allowing the basic
control method to be mixéd;
Fig. 12 is an example for performing a fuzzy
10 evaluation of the invention;
Fig. 13 is an example of the learning fesult tables-
of the invention;
Fig. 14 is an example of the search result tables
of the invention;
15 Fig. 15 is an example of the evaluation coefficiént
tables of the invention;
Fig. 16 illustrates an instance of using different
equations.for-respective floors and elevator cars:
Fig. 17 is one embodiment of the invention for
20 switching between respective search methods; and
Fig."18 is an example of the control method tables
~ of the invention. | |
| Fig. 19 is a schematic system diagram of still
another embodiment of the invention;
25 Fig.-20 is a schematic block diagram of the
.automatic adjustmeht unit of the invehtion;

Fig. 21 illustrates‘examples of control parameter

sets and its effective domain setting:



carry out a paraneter search by.means of a probabilistic multipoint _
si mul t aneous search method or a nultipoint sinultaneous search method using
& genetic algorithmthat is a probabilistic multipoint simultaneous search
20 nmet hod according to the invention. It is also arranged to record
a preceding search result fromwhich to begable to continue a subsequent
search in order to be able efficiently to follow tinme- dependent changes.
25 It i Fifgur t2%risara ahigegram :m&ildwdiere/\/raﬁt kel atamprargh result
obtained is practical or not when
gene setting;
Fig. 23 is a general flowchart of still another
_embodiment of the invention;
5 Fig. 24 is a flowchart of an initial value
generation subroutine of the invention:;
Fig. 25 is a flowchart of an operation subroutine
of the invention;
| Fig. 26 is a diagram indicative of a crossover
10 process of the invention:
Fig. 27 is a flowchart of a crossover subroutine of
the invention;
Fig. 28 is a flowchart of a select function of the -
invention;
15 Fig. 29 is a diagram indicative of a mutation
process of the invention;
Fig. 30 is a flowchart of a mutation subroutine of
the invention;
Fig. 31 is a flowchart of a catastrophe subroutine
20 of the invention;
Fig. 32 is a flowchart of an evaluation subroﬁtine
~f the invention; and
Fig. 33 is a flowchart of a distance measurement

subroutine of the invention.

. 25



eval uation conditions are altered within a predeterm ned extent. For

exanpl e,
for exanpl e,

donmai n.

such an evaluation is performed by 4 simul ation by changing,
t he nunber of people waiting at each floor in a predeterm ned
In addition, it is contenplated to evaluate any paraneter which has

been obtained as a result of search 5 9 and which has a top-ranking
predet er m ned val ue under
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PREFERRED  EMBODIMENTS

Figure 1 is a schématic block diagram indicative of
one embodiment of the invention. Hall call information
from hall call buttons 101-10n is seht through a
transmission 1ihe.2 to a hall call collection unit 31 in
a group supervisory control apparatus 3. Car information
such as car call from cér_call buttons 41-44 is sent
through car transmission lines 51-54 to car control
apparatﬁses 61-64, from which the car information
together with other car information is sent through car
tfansﬁiésion line 7 to car information collection unit
32 and assignment dontrol unit 33 both being provided in
the group supervisory control apparatus 3. Operational
data gathered in the hall call collection unit 31 and
the car information collection unit 32'is sent to a
learning unit 34, then is stored in a learning result
table 35. A search unit 36 carries out a search for an

optimum control method in reference to the learning

result table 35 by means of a probabilistic or

multipoint simultaneous search method. The search ﬁnit
36 sends a control method tentatively obtained to a
simulation unit 37, in which is executed a simulation
which simulates elevator operation under conditions
given from the leérhing result table 35 and using the
control method éent frdm the search unit 36, then the
result'of its simuiation is sent to the searéh'unit 36.

In reference to the result of simulation from'the



the condition that its evaluation conditions are being altered within a
predeterm ned donein, so that a nore desirable paraneter can be determ ned
fn accordance with the result of evaluation. 10 Lear ni ng neans
| earns use conditions of elevators. Sinulation neans sinulates an operation
of elevators using control paraneters whichithave been set by search neans
under any use conditions of elevators |earned by the |earning neans. 15
Search result nesipmlakdens unidr 87, st¢hecsenrshl upikic36i regehyst te seareh

eans. for a new candidate for an optimum control method to be
simulated further in simulation unit 37 in repetition.
When an optimum control method is established in the
5 manner as above, its result is sent to a search result
table 38 and an evalﬁation equation table 39,
respectively. The assignment control unit 33 specifies.a
specific elevator car to be assigned to a specific hai;
calllin accordance with the control method from the
10 evaluation eéuation table 39, contents of the hall call
collection unit 31 and the car information collection
uﬁit 32 as well as car destination information, then,
its result is sent to a car controller 61-64. In
response to this assignment signal, the car controller
15 61-64 is adapted to control a hoist 61-64 to put its
corresponding elevator car 91-94 in service for the
particular hall call.
Figure 2 is a schematic flow chart indidative of an
operational flow of one embodiment_of the invention.
20 First, the learning unit 34 gathers operational data and
stores them in the learning result table 35 (step 201).
« Then, the search unit 36 searches control methods in
accordance with the contents of the learning result
table 35 and the séarch result table 38 so as to specify
25 '.more than one candidate of control methods (step 202).
The more than’oné candidate of control methods
determined as'abdve'are Sént to simulation unit 37 (sfep

203), to simulate respective control methods thereof



The search means carries out a next search in accordance-with the result of
a preceding search or the results of previous searches that have been
stored in 20 t he search result menory neans, then produces a best

val ue thereof to control method registration neans. Operation control neans’
carries out operation control of elevatorslkilizing a control nethod or
control paraneter fromthe control nmethod registration nmeans. 25

Si nce a new seabMBflersparibrudarousearenditiagnshetesed| ip thet heapndngous

searches, it is possible to deternm ne an appropriate control nethod in
regaTd of an ianﬁﬁﬁEetable (step 204), thgg, gesults of their

simulation are sent to the search unit 36 (step 205).
The search unit 36 checks if a search complete condition
5 'is satisfied by examining whether or net each of their
results.has converged through simuiation, predetermined
requirements have been met,'and a predetermined number
of search has been conducted (step 206); then, if the
search COmplete condition is not satisfied, the flow
10 returns to the step 202, and if it is satisfied, one or
more control methods having excellent results are
entered into the search resﬁlt table 38 (step 207), then
the best eontrol method having the top rating is written
/into the evaluetion eguation table 39 (step 208). By way
15 of example, the_search result table 38 srores updated
control methods seleeted for respective time zones,
traffic volumes, and/or traffic flows. In response to a
hall call, the assignment control unit 33 conducts an
appropriate operational control to assign a particular
20 elevator car thereto and the like using the control
method written in the evaluation equation table'39 (step
« 209). After this flow is repeated for a predetermined
cycle to allow for a task ef proeeSSing to be able to
handle a day's volume or a predetermined traffic volume
25 or hall calls (step 210), it returns to the step 201 to
repeat searching of a new control method whieh is more
appropriate. A search processing in-step.202 after the

second search inclusive is adapted to refer to the



resulting fromany tinme-dependent change within a 5 practically
al l owabl e period of tinme. A nultipoint sinultaneous search nethod such as

genetic algorithmor the like is used for the search nmethod of the search
means, and a basic control nethod 5 stored in basic control menory
means is called in any tinme under a predeterm ned condition to be used in a

.contents of the search result tablé 38 as well.

According td this embodiment of the invention, a.
significant time reduction can be attained in the search
time since the cumulative search results until the

5 preceding search alsd can be utilized by reference as
described above.

Figure 3 is a flowchart indicafive of én instance
of using a genetic algorithm, and Figure 4 is a diagram
illustrative thereof in detail. First, a predetermined

10 number of candidates are generated for a control method
by a random number or according to the learning results
in the learning result table 35 to be set as an initial
value (30l1). Each candidate control method is expressed
by a set of cbhtrol parameters as indicated in Fig.

15 _ 4(a). Here, for éimplification of explanation, the
candidate control method will be explained by way of
example of an instahce where six sets of candidate
contrél methods are provided. Then, simulation unit 37
is enabled to obtain results of simulation for

20 ~ respective operational controls using respective
candidate control methods (302), Respective candidate

acontrol @ethbds are ranked according to the results of
respeqtivé simulations (303). This sfep 303 corresponds
to evalﬁatidn ratingé of Fig. 4(c). Then, it is checked

25 whether the search complete condifion is satisfied or
hot_(304), if satisfied, any one of the candidate
control methods having satisfied is enteréd as a cdntrol

method into the search result table 38 and the



search so that any undesirable status can be prevented from taking place
which may limt the result of search to a |ocalized optlnunlso!utlop ]
i‘'nstead of a gl obal 10 : optimum sol ution due to application of the
previ ous search results as they are. Verification nmeans causes the .
sinmul ation neans to sinmulate a candi date beksi sol uti on obtained by the

; a he
h ns by alteri the use conditions |earned by }5 t
fgg;ﬁingeﬁeansyﬁVFhFﬁtggBrGSBPéiﬁPn§ébé§n§ﬁn£3Q5d.vsanﬁudate cesitirolof t he

Sl ation whet igbnbhs™ih! fh' LbpS3' rihki2gh Th boseP Thhe’ pance of Mot
satisfied the search complefe'ddndition are kept for
further processing (306). This step 306 corresponds to

5 _ selection of Fig. 4(d), Then, new céndidate control
methods to be examined in fhe_next stage are generated
thtoﬁgh crOsspver of associated parameters therebetween
and/or aiffering the combination of the parameters in
the candidate control methods that have been kept for

10 further processing (307). This step 307 corfesponds to
crossover processing of Fig. 4(e), 4(f5. Then,-through_
use of.a random number, part of parameters in the
candidate control methods is altered or transmuted
(308). This step 308 corresponds to a mutation

15 processing of Fig. 4(g). Then, the flbw returns to the
step 302 to répeat this subroutine.

The advantage of the multipoint simﬁltaneous Search
enabled by using the genetic algorithm of the invention
is capable of providing an.optimum control method which

20 - ~can be obtained within a short computation time
allowable in practice eVen if there are an increasing
Qnumber_of parameters that constitute the control method.

Ey way of example, in this.embodiment of the

invention, candidates for an optimum control methdd are
25 ' geﬁeratéd by using random numbers.o: according to the
learning'result in the learninglresult table 35 as

described above, however, such an optimum control method

can be obtained in a shorter calculation time by



stores the result into control nethod registration neans when verified to
be satisfactory. Thereby, any control 20 met hod that is selected for
an actual operation control will be ensured not to deteriorate its
performance due to a very small change in the use conditions or a m nor
difference fromthe actual use conditions.1%hereby, a robusthcopt[ﬁl met hod
can be obtained according to the 25 f or egoi ng approach o e

i nventi on whi cﬁ%qurw rsbhudte sontantife afydhestsearch sregultitabjes. 38 n the

case where the segrch means enpl oys an approdch to obtain a best val ue
“t hr ough repeatﬂﬁb%he subsequent sgarch or update candldgtes for an

-update optimum control method.

Figure 5 is a diagram illustrative of an instance
5 of verifying the céndidate control methods in the upper
ranking. chording to prior art methods such as the
hill-climbing method as shown in Fig. 5(a), in
particular, where a search domain and search sequence
may be limited by knowledge acquired, éince there holds
10 that continuity and linearity in the resultant controls
are éubstantially maintained against changes in the use
cohditions; there is ensuréd, to some extent, a
robustness for an optimum'controi method against any
small change in the use conditions that the resultant
15 control will not'defe:iorate. However, such robustness
or immunity of control paramete;s against small changes
is not guafanteed in the case of any probabilistic
multipoint simultaneous search, it is requifed further
to verify robustness of any control ﬁethod separately
20 that has been obtained as an optimum value or optimum
control method. For example, in the genetic algorithm as
-Shown in Fig. 5(b), assuming that points 2a, 2b; 2¢c, 24
of update_candidate control methodé are newly generated
- from'points 1a, lb, l1c, 14 of updafe candidate control
25 methods, it is very probable that a'point 24 of_a
control method is selected as an optimum value. In this
instance, the_parameters are represented by control

parameters, and any such control methods comprising such



6 evaluation of the genetic algorithmor the like, the verification neans
may be adapted to verify its result by evaluating the use conditions that
have been obtai ned by the |earning means once for every predeterm ned 5
cycles to a certain extent such that a robust control method which is
robust against a mnor change is obtained L& advance.
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control parameters often produce a significant effect
which is very sensitive to a change in the use
conditions. Therefore, it is contemplated that if a
learning result is to be given as a traffic flow as
shqwn'in Fig 5(c), é predetermined number of traffic
flows in which respective use conditions are altered to
some extent are generated, for example, by slightly
modifying an overall traffic volume while maintaining-l
overall ratios of traffic volumes between floors as
indicated in Fig. 5(d), or by changing respective ratios
of traffic volumes between respective floors as
indicated by Fig. 5(e), then under each of the
predetermined number of traffic flows thus generated
each corresponding control method being Simulated, and
the one that produces tne beét result of control is
adopted as an optimum control method. Here,_the méthod
for altering the use conditions includes incrementing or
decrementing of the traffic flows to some extent,
increasing/decreasing of the number of users to some
extent at respective floors as represented by Fig. 5(4)

and (e), and combination thereof. Further, the one that

sproduces the best control result described above

includes such nne that has a best average value in the

results of simulation for respective use conditions and

“traffic flows, a minimum difference between the best

value and the worst value or a minimum standard

~deviation, or a highest evéluation rating in the overéll

Jjudgment thereof.



BRIEF DESCRI PTI ON OF THE DRAW NGS 10 The advantages and nmerits of the

present invention will be nore clearly understood with reference to the
acconpanying drawings in which: Fig. 1 is a schematic diagramillustrative
of the 15 present invention; Fig. 2 is a schematic flowhart

“illustrative of operational steps of the imgention; Fig. 3 is a schematic
flowchart indicative of an instance of using a genetic algorithm according
to the Figure 6 is one embodiment of an instance of
verifying the candidate control methods in the upper
ranking according'to_the invention. In.accordance with
the contents of learning result tabie 35, search unit 36
5 generates verifying traffic flows by altering their use
conditions within a predetefmined domain, then registers
them in verification data table 310. Upon completion of
search, the seafch unit 36 simulates respective
candidate control methods in the upper ranking under
10 | respective traffic flows of the verification data table
310, then registers the control method that has. produced
the best result into search fesult table 38 and
evaluation equation table 39 respectively.
Figure 7 is a flowchart of a verification process
15 for verifying the control methods in the ﬁpper ranking.
A subroutine.from a step 701, in which verifying traffic
flows are generated using the contents of the learning
result fable 35 to a sfep 304, in which the search
complete condition is verified, is the same as that in
20 _ Fig. 3. Before a stép 305 for writing into the search
 result table 38 and evaluation equation table 39;
averifying traffic flpws'are read inlstep 702, then.in
step 703 respecfive confrol methods rated in the upper
ranking in the search resuit are simulated under
25 respective verifying tréffic flows. Then, the results of
such simglations are subjected to statistical processing
to obtain éverages, standard deviations and the like

(704). The best one is selected from these results in



éo invention; Fig. 4 illustrates nore in detail an instance of using
the genetic algorithmof the invention; Fig. 5 illustrates an instance of
Fdentifying and verifying some of the top ranking control methods; 25
Fig. 6 is an exanple for verifying the top ranking control nethod according
to'the invention; Fig. -7 is a flowhart forlnerifying the top ranking
control nethods; '
step 705. The subsequent flow is the same as that in
Fig. 3. |
According to this embodiment of the invention,
since the robustness of aﬂy control method to be updated
5 can be evaluated in advance, it becomes éoésible to
.select an optimum control method within a predete:mined
domain which is lees prone to deterioration in control
performance even if there occurs some change in the use
conditions, which normally introduces e significant
10 effect in consequence.
| Figure 8 is a flowchart for introducing a small
change in the use conditions once for every
predetermined cycles. Ih.order to ensure a robust
control method to be selected as descfibed ﬁith
15 - reference to Figs. 5, 6, 7, it is contemplated, not to
entirely rely on the verification of‘upper ranking
search results alone after the completion of search as
indicated in Figs. 5, 6, 7, but to caﬁse such that
respective traffic flows to be used in repetition are
20 altered slightly in advance thereby to allow only the
robust one that can withstand such changes to be
~Obtained as its search result. A subroutine down to a
step 308 is the same as in Fig. 3. In.the next step 308-
'l after each control method to be simulated'having been
25 generated, a verifying traffie flow in which a small
ehange‘is'introduced'with random numbers in reference to

the content of the learning result table 35 is generated

- to be used for simulation. A method for generating this



7 Fig. 8 is a flowhart for introducing a small change in use conditions

for every predetermned cycles; Fig. 9 illustrates an instance of adding a

basic contro

nmet hod to be nmixed at a certain ratio; 5 Fig. 10

is an enbodi nent of the invention for enabling the basic control nethod to

be m xed; Fig.

be m xed; Fig.

10

15

20

25

11 is a flowchart for allowl8g the basic control method to
%%a%%ignffég Lebgoasggrigrgkgglgf;géz¥s-the same as ih
Fig. 5. Then, the flow returns to step 302. The
subsequent steps to follow are the saﬁe as in Fig. 3.

According to this embodiment of the preeent
invention, a robust control mefhod stable against minor
ehanges in the use conditions can be advantageously
predetermined.

Figure 9 illustrates instapces.in which basic
control methods are introduced to be mixed in attempting
a divergent search for an optimum control method at a .
predetermined ratio; When a past search result is
substituted for a subsequent seareh_result as described
in reference to Fig. 2, a calculation.time for obtaining
-an optimum or practical best solution can be .
substantially reduced since an effective convergence of
probable solutions is expedited. However, let alone
provided that the multipoint simultaneous search hethod
is utilized, it may result in that probable or candidate
solutions gradually converge iﬁto a localized extremum

solution apart from a real optimum solution. In

particular, with reference to Fig. 9(a), fhere occurs

~Such an instance where a point x which was once a real

optimum solution and a point y which was once a
localized optimum solution, change as shown in Figs.
9(b) and (c) in eccordance with changes in the traffic
flows which represent changes in their use conditions
due to any time-dependent changes.'In the case where a

real optimum solution and a localized optimum solution



10 evaluation of the invention; Fig. 13 is an exanple of the
| earning result tables of the invention; Fig. 14 is an exanple of the

search result tables of the invention; 15 _ _ Fig. 15 is an exanple
~of the evaluation coefficient tables of the invention; Fig. 16 illustrates

an instance of using different equations fok9respective floors and el evator
cars; Fig. 17 is one enbodi nent of the invention for 20 swi tchi ng

betmeen_respectP§@ gggﬁgﬁ_ﬁptﬁ@dgpvgﬁ§ed, an@ where the past search
result is used as reférence,'its search tends to be
limited to an area designated by poihts i, j, k in the

'vicinity of point x, thereby failing to identifj a real
5 optimum solution. Therefore, it is contemplated
according to the invention suéh that_predetermined basic
| control methods designated by points P, 9 and r in Fig.
9(c) are caused to be mixed with currently avaiiable
search targets at a predefermined interval énd a .

10 ' pfedetermined ratio thereby to facilitate to identify a
real optimum solution within a predetermined domain even
under a changing use condition.

Figuré 10 is another embodiment of the invéntion
illustrative of an instance of causing some basic |

15 control methods to be mixed. This another embodiment of
the invention is the same as shown in Fig. l.except for
a basic control method table 311 the search unit refers
to when mixing the basic control methods.

Figure 11 is a flowchart for mixing the basic

20 control.methods. The steps therein down to 308 in which

part of parameters is crossed-over afe the same as in
«Fig. 3. After having crossed-over part of control

parameters, it is checked whether.or not a predetermined

number of cycles is repeated in step 308-2, if not, the

25 fldw returns directly to step 302, and if yes, the basic

~control methods are read out from the basic control

method table 311 to be mixed in step 308-3. The

subsequent steps are the same as in Fig. 3.



y

Fig. 18 is an exanple of the control nethod tabl-es of the invention. Fig.

"19 is a schematic systemdiagramof still another enbodi nent of the
i‘nvention; 25 Fig. 20 is a schematic bl ock diagram of the
automatic adjustnment unit of the invention; Fig. 21 illustrates exanpl es of

control paraneter sets and its effective dggain setting;
Advantageously, according to this embodiment of the
invéntion, it becomes possible to obtain a real optimum
solution while minimizing Ehé calculation time by
réferring.to the past search results.

5 With reference to Fig..lz; there is shown still
another.embodiment of the invention in which a fuzzy
evaluation is provided. In such an instance.where a
control method with an optimum value is obtained throﬁéh
a daily éea:ch routine, it is more likely that a fuzzy.

' iO evaluation allowing for a variety of solutions to be
included instead of an exclusively strict evaluation is
. more capable of providing an improvgd performaﬁce-of
followability in adapting to time-dependent. changes.
| Thereby, the search unit 36 at the time of evaluating
15 probable control methods in step 303 of Fig. 3; is
adapted to carry out a fuzzy evaluation utilizing a
fuzzy rule in fuzzy table 312 in the -drawing of Fig. 12.
Advantageously, according to this embodiment of the
inventibn, an improved follow-up capability to
20 ' adequately follqw any time-dependent changes cah be
achieved since a wider scope of solutions to select
~ therefrom are included. |
Figure 13 is an e#ample of the learning result
tables of the invention. In this example, traffic flows
25 " are divided into time zones of the day, and the numbers
of passengers getting on and off are recorded for
respective floors, and going—up and down directions,

however, it is not limited thereto, and it may be



é Fig. 22 is a diagramindicative of an exanple of gene setting; Fig. 23 is

a general

flowchart of still another enbodi nent of the invention; 5

Fig. 24 is a flowhart of an initial value generation subroutine of the

i nvention;
-invention;

Fig. 25 is a flowhart of an operation subroutine of the
Fig. 26 is a diagramindicative ¥ a crossover 10 process

of the invention;

10

15

20

25

recorded simply according to time zones.

-Figure 14 is an example of the search result table
of the inQention. This example indicates an instance in
which different éonfrol methods having different
evaluation coefficients are selected differently for
normal floors and specified floors. It is possible to

offer different éervices to different floors by adopting

~different evaluation coefficients for the particular

floor as above, and for particular zones or particular
elevator cars. However, since the number of parameters

in overall control methods increases greatly, it becomes

prerequisite to adopt a certain optimization method by

which a lafge number of control parameters can be
searched efficiently as proposed by.the invention.
Generation of a search table according to.this
embodiment of the inVentionlwill facilitate.an efficient
search of an optimum control method capable of aséigning
different services to différent fldors, elevator cars,
and spatial/time zones.

Figure 15 is an example of the evaluation

coefficient tables according to the invention. In this

~&xample, respective control methods and values of

parameters to be used therein are stored in accordance

~with respective traffic flows, however, it is not

limited thereto, and they may be stored in accordance
with time zones.
Figure 16 is a diagram illustrative of an instance

where different evaluation equations are used for



Fig. 27 is a flowchart of a crossover subroutine of the invention; Fig. 28
Is a flowhart of a select .function of the invention; 15 . Fig.
29 is a diagramindicative of a mutation process of the invention; Fig. 30
is a flowhart of a nutation subroutine of- the invention; Fig. 31 is a

fl omchart of a catastrophe subroutine 20 22 of the invention; Fig. 32

is a flomchart of an eval uati on subroutine
respective elevator cars and respective floors. In order

to provide a different type of service or alter
serviceability according to resbective floors or zones
as indicatéd in Fig. 16(a), or in Qrder to assign

5 different elevator.cars having different attributes to
respective floors'as'indicated in Fig. 16(b), it is
required to adopt different control methods having
different evaluation equations as indicated in Fig.
16(c) with respect to particular floors to be brbvided

10 with particular services and particular cars to be
assigned. In the dréhing of Fig. 16(a), a priority zone
is set between 42nd floor and 50th floor inclusive in
which a wait time has the higheét rating in evaluatiqn:
in thié pribrity.zone any wait time is controlled to

15 fall within 20 seconds or less while in the othef floors
it is controlled to be less than 30 seconds.

On the other hand, Fig. 16(b) indicates an instance
where different elevator cars with different attributes
are assigned to different service floors. In this

20 instance, the 10th floor has a priority in wait time,
_ while the 6th floor has a priority in car crowding. When
-,fhere arises a hall call on the 10th floor the priority
. of thch floor is a shortest wait timé, an elevator car
A in the vicinity of the 10th floor having the shortest
25 arrival time, will be assigned so.long as it is not
.fully'crowded. On the other hand, when there occurs a
hall call oﬁ the 6th floor the pfiority of ﬁhich floor

is less-crowding, an elevator car C which is less



of the invention; and Fig. 33 is a flowhart of a distance nmeasurenent
subroutine of the invention. 25 9 PREFERRED EMBODI MENTS Figure 1 is a
schenmatic bl ock diagramindicative of one enbodi ment of the invention. Hal

call information

10

15

20

25

23

crowded although it takes é longer time to arrive will
be assigned. In order to accomplish such a delicate u
éontrol.as above, it becomes necessary fo use a
plurality of evélﬁation equations as expressed in Fig.
16(c); in thch the number of control paraméters
fequired for a single traffic flow or a single time 2one
will become several times of éonventionally required
number of parameters, and its alterable combination will
grow in the number of several tens of thousands.
Thereby, it becomes prerequisite to employ such a
probabilistic search approach as utiliied in the preéent
invention.

Figure 17 is an embodiment of the invention
indicative of an instance for switching between the
search methods in the search means iﬂ accordance with a
control'method which has been set. Each control method
is set in control method setting table 313 by setting
unit 21 for.each traffic flow or time zone. Here, the
dontrol method'includes a normal control, energy-saving
control, a multi-objective control for 6ontrolling a

plurality of control targets such as a wait time, riding

~time, car-crowding and the like, and respective floor or

car controls, in which the number of parameters in
réspective control methods ranges from one, several, to
a ten.or more. In accordance with fhe control methods
stored in control method table 313, search method
switching unit 314 selects an approbriate search method

for search unit 36. With reference to Fig. 18 an example



5 fromhall call buttons 101-10n is sent through a transm ssion line
2 to a hall call collection unit 31 in a group supervisory control
apparatus 3. Car information such as car call fromcar call buttons 41-44
i's sent through car transm ssion lines 51-54 to car control 10

apparatuses 61-64, fromwhich the car infor2ation together wth other car
information is sent through car transmssion line 7 to car |nforn§tyon._
col I ection unit°8254GB g9BtgARAeAetbodt tablesi ts331buskrbtedy Wheni ded in

the group supervisory control apparatus 3. Operational 15 '. dqta
gathgredpin_EhenﬂﬁF?XcﬁPPrEBIPECPPoﬁnﬁﬁgY'givénd control using a single

parameter is set, the search unit 36 carries out its
search using a hill-olimbing'method 361. When a multi-

5 objective control method using a plurality of parameters
is set, a search by inference 362 is carried out. With a
heuristic search method, a parameter search is conducted
by using knowledge in knowledge base 362-1, as well as
by'defining a specific domain of parameters ahd the

10 sequences of siﬁulation by inférence unit 362-2. When a
control method requiring respective floor or car
controls in which the number of parameters exceeds ten
Oor more is.set, or when no search knowledge exists in
the knowledge base 362-1, a probabilistic search method

15 such as the genetic algorithm is employed.

Still another embodiment of the invention will be
described in the following with reference to the
accompanying figures 19 to 33.

First, on overall system configuration will be

20 described.

With reference to Fig. 19, there is shown a system

.configurationlof the still another embodiment of the
invention. | |
'.Group supervisory control apbaratus 1l is coupled to

25 car controller 2 via a communication line, through which
data indicative of such as positions, car-loading and
the like are transmitted from the car controller 2 to

group supervisory controllerll, and command data



the car information collection unit 32 is sent to a learning unit 34, then
is stored in a learning result table 35. A search unit 36 carries out a
search for an optimmcontrol nmethod in reference to the |earning 20
result table 35 by means of a.probabilistic or nmultipoint sinultaneous
search method. The search unit 36 sends a @dntrol netgod tent?t{yelth_ ]
obtained to a sj ation unit 37 in which is executed a sinulation I C
si mul at es eIevai%&i%% ¥ei0h ShdRragoRbeprever 2bloors, direehiensnefhe

[ ' i h ontrol nmethod sent fromthe search
Lﬁ?[nggg [ﬁ;ﬂlt?é§§g€i§§ gﬂg'%ﬁéngiﬁeeage transmitted from the group

supervisory controller llto the car controller 2 vice
versa. In response to such commands, car controller 2
5 controls an associated car 3. Further, the group
supervisory controller 1 is coupled to hall call buttons
4 as well.
Within the group supervisory cohtrollér 1, there-
are provided a learning unit 1-1, a saaréh unit 1-2, a
10 control method (or control-parameter) 1-3, and an
assignment control unit (group supervisory control unit)
1-4.
The leafning unit 1-1 carries out statistical
processing of'signals frém car controller 2, hall call
15 | buttons 4 or the liké,-then produces various dafa
- acquired by learhing. |
The control parameter (controlrmethod) 1-3
represents a data set of éontrol parameters for a
control mefhod to be used in actual group superviéory
20 céntrol, which have been generated through processing in
the automatié search unit 1-2 which will be described
« later. | |
The assignment control unit 1-4 operates elevator
car 3 using the control method (parameters) 1-3 ih |
25 - response to a request from users.
An operational method of control parameter sets in
the search-uﬁit (automatic:adjusting unit) 1-2 which

represents a main feature of the invention will be



result of its simulation is sent to the search unit 36. In reference to t he
result of sinulation fromthe 10 sinul ation upit 37, the search unit 36
repeats to search for a new candidate for an optimumcontrol nethod to be
simulated further in sinulation unit 37 in repetition. Wen an optinmum
control nethod is established in the 5 26 manner as above, its result

'S sent 10 a Segeeh 83 Un detail in the following. Other related
prior art as disclosed in JP-A No.3-297769 and the like
will be oﬁitted. |

Figure 20 is a schematic block diagram of the
5 search unit (automatic adjustment unit) 1-2.
The Searéh unit (automatic adjuStment_unit) 1-2
receives a learning data from the learning unit 1-1,
then transmits the control method 1-3 to the assignment
control unit 1-4.

10 . Within the search unit 1-2 there are provided a
main CPU 1-5, a parameters' effective domain data 1-6,
evaluation data 1-7, and evéluation CPUs 1-8.

The main CPU 1-5 executes major processiﬁg in the
search unit 1-2 as well as its memory management and

15 task management. |

Parameter's effective domain data 1-6 éorresponds
to. a control parametér data base, which stores an
effective domain or extent for the control parameters or
the like that may be covered in a particular building.

20 Genetic/evaluation data 1-7 is memory means for
stéring a plurality of control parameter sets |

« (hereinafter referred to as a gene), and the result of
evaluation theréof.

Evaluation CPUs 1-8 are dedicated_computers to

25 ' execute evaluation processiné of genes, which will be
detailed later. In the drawing of Fig. 20, the
~evaluation CPUs 1-8 are shown to be comprised of 3 sets,

however, the number thereof is not limited thereto, and'



table 38 and an eval uation equation table 39, respectively. The assignment
control unit 33 specifies a specific elevator car to be assigned to a
specific hall call in accordance with the control nethod fromthe 10

eval uation equation table 39, contents of the hall call collection unit 31
and the car information collection unit 3223s well as car destination

information, then, its result is sent to a car coptroller 61-64. In .
response to thi@a%sé?ﬁﬁn%ﬂ¥.%?@h%f,°fh%eEﬁrd%Eﬁﬂﬁbﬁge@nlﬁuantity 6f-64 is

adapted 1o conteplod DRISh 8 fad il pL2eSORLRSEo0" BfyS! evator car
91-94 in service tTor e 1 -

With reference to Figs. 21 and 22, data structures

of control parameters to be used in this embodiment'will
5 : be described in the following.

Fig. él illustrates respective control parameters
and their effective domains they may take.

Control method 1-3 for use in the group supeivisory
control comprises M'pieces (elements) of parameters,

10 each referred to as an area value, a ride coefficient,
bi-direcfional resefvations, or the like.’

Parameter's effective domain data 1-6 stores data
on a minimum value, a maximum value, and its indremental
or decremental step for each of M elements of

15 parameters. By way of example, the number of parameters
is designated to be M, which ranges from 30 to 50
normaliy, however, it is not limited thereto, and it may
take any number within the scope of the invention.

By way of example of Fig. 21, a control parametei

20 in the field of arealvalge is sﬁown to have a minimum
value of 0.0 and a maximum_valué.of 5.0, and changes

.étepwise therebetween by 0.1. Also, in the case of
ON/OFF type capable of_bi-directional'reservation, OFF
is assumed to be 0 and ON to be 1. .

25 : :The contents of this parameter's effective domain
.data 1-6 are set éccording to each service building. For
example, in such a building where the bi-directional

reservation is not included by the request of the user,



particular hall call. Figure 2 is-a schematic flow chart indicative of an
operational flow of one enbodi nent of the invention. 20 . First, the
I'earning unit 34 gathers operational data and stores themin the |earning
result table 35 (step 201). Then, the search unit 36 searches control

met hods in accordance with the contents of 28he |learning result table 35 and

the search result table 38 so as to specify 25 nore than one
candidate of cd®Y¢RIifetheRutenapiooadjustmentrintthe seerchndhiiet £sof

s deternined as above are sent to sinulation unit 37 (step
control method executég, the bi-directional reservation will be

nullified always by setting both the minimum and maximum
~values to be OFF (0) and incremental steps to be 0. In
5 addition, by arranging as above, M elements of parameter
items can be utilized commonly throughqut every
buildings under the same vendor's service without
requiring any particular amendment in its program with
respeét'to éach building- By way of example, a control
10 parametér set here refers to a set of data comprising
any respective data represented by any-respective
incremental sfeps described above. That is, with
reference to Fig,.21, a set of parameters is produced
‘having an area.value'of 0.0, a ride time of 0.0, al
15 crowding of 20,.‘.énd a bidirectional reservation of 0
is generated, and there is produced another set, for
example, having a arealvalue of 0.1, a ride time of 0.5,
a crowding of 25, ...and a bidirectional reservation 1,
respectively. |
20 "~ Figure 22 illustrates an example of defining a gene
which is represented as a set of control parameters.
- Each gene is a data arréy having different control
parameters of M (pumber'or types), and each data array
haying a different éombination thereof constitutes a
25 . control parameter (control method) set. This gene is
prepared in N sets which normally mounts to about 100.
For simplification‘of the following description, a

gene will be abridged to be gen, a gene at i-th



203), to simulate respective control nethods thereof under particul ar
use conditions stored in the learning result table (step 204), then,
Fesults of their sinmulation are sent to the search unit 36 (step 205). The
search unit 36 checks if a search conplete condition 5 is satisfied
by exami ni ng whether or not each of their pgsults has converged through
simul ation, predetermned requirements have been net, and a predetern ned

nunber occurrence to be gen (i), and a control parameter set at
J=th occurrence to be gen (i)(j). Thereby, with |
reference to Fig. 22, a combination at the second
occurrence of genes and at the third occurrence of
5 control parameter sets is expressed to be gen (2)(3)
which has a value of 75 By way of example, each value
in the control parameter-sets is defined randomly in the
initial stage. | | |
| In the next, the automatic adjustment in the search
10 operation of the invention will be described with
reference to Figs. 23 through'33.
- Since the group supervisory control is implemented
‘generally hy software in the microcomputer, each step of
automatic adjustment in the search operation will be
15 descrlbed by way of example of such 1mplementat10n
through software.

Figure 23 is.a general.flowchart 10 indicative of
automatic adjustment processing to be executed in the
search unit 1-2 of one embodiment of the invention.

20 The automatic adjustment processing is enabled by
an accumulation and modification of the learning data in
« the learning unit 1-1, or routinely enabled at a
predetermined time of the day. Further, the automatic
adjustment 6peration is started corresponding to a
25 particular traffic flow such as the morning rush hour,
lunch time and the like.
In step 10-1, it is"shecked whether or not a

control parameter set has been already produced, if not,



of search has been conducted (step 206), then, if the search conplete _
condition is not satisfied, the flow 10 returns to the step 202, and
if it is satisfied, one or nore control methods having excellent results
~are entered into the search result table 38 (step 207), then the best
contr8l nethod having the top rating is w30t en into the eval uation
equation table 39 (step 208) i of exanple, the search
result table 38 E?O?E%Puﬁﬁﬂ?eﬁ°c%%t pithel hvaluecgenevation subpeutine tine
zones, traffic %@Iune$ ﬁﬁnd/or traffic flows. In response to a hall cal

the assignment £ont?d Ye33 tRRCBEPR @Pes to an operation subroutine
| | 30.
Then, it advances to evaluation subroutine 80, and
5 at step 10-2, a cycle of process is ended.

Figure 24 is a flowchart of the initial value
generation subroqtine 20 more in detail.

The initial value generation subroutine 20
corresponds to the control parameter set generation

10 means of the invention.

Steps 20-1 and 20-5 relate to a loop processing for
genes in the number of N. Steps 20-2 and 20-4 relate to
a loop proceésing for control parameters in the number
of M.

- 15 In step 20-3, a control parameter value at i-th
occurrence of genes and at j-th occurrence of control
parameters is produced.

Here, an initial value of the control parameter is
aésumed to be produced by random number, and a function
20 rand (x,y,z) is assumed to produce any random_humber
betwéen the minimum value x and the maximum value y
~ which changes stepwise by z.
After completing each loop processing in steps 20-4
and 20-5, a distance flag (d_flag)'is reset to OFF state
25 ~ "~ in step 20-6, then in step 20-7, the subroutine returns
to the main program 10.
Figure 25 is a flowchart of the operation

subroutine 30 of the invention.



[ [ [ i cular 20 el evat or
appropriate operational control to assign a particul: _ _
cgf tﬁereto agd the like using the control nmethod witten in the eval uation

[ d for a
equation table 39 (step 209). After this flowis repeate _
p?edetern1ned cycle to allow for ‘a task of processing to be able to hardle
a day's volune or a predetermned traffic \g unme 25 or hall calls

hi ng of a new control
ot hod whl ¢h 15 ot eTapBRepr B3, Atsear ohopkadeaRmenerNtaboR1 S0AnER o1  Ne
second search 'ECLSS'(éef'lig?di‘EtSS o (r)g;*erw;gnt 216: is OFF, the flow
advances to a crossover subroutine 40 and a mutation
subroutine 60.
5 . If the distance flag (d_flag) is ON in step 36-1,
the flow advances to a catastrophe subroutine 70. |

Then; in step 30-2, the flow returns to the main
program 10.

Figure 26 illustrates a crossover process in the

10 crossover subroutine 40.

In this crossover process, a parent of control
methods is selected from the.currently available eontrol
methods (genes) of N. (L generation), and two types of
genes x and y are selected in accordance with a

15 predetermined rule suqh that a new generation gene (L+1)

| may be produced which inherits either value'pf the genes
X ahd y from its parent in its respective control
parameter arrays, and which may be utilized as a new
breed gene in the subseqﬁent search process.

20 - In this instapce, genes of the L* generatiqn in the
tnumber (N-1) excepting one which has the top-ranking
mevaluation is subjected to crossover processing in

repetition for their updating. In addition, by arranging
such that the best gene with the top-rating in

25 evaluation has the most probable chance of being

selected in the descendant generation (L#l) it is

ensured that an improved gene having potentially a

better quality is utilized in the L+1 generation.



éﬁbggPhggtso?fihgeiﬁSZLfPoLesglgléﬁ?#?cggtaflﬁglLedﬁgf?oglggntgetgifalned
i'n the search tine since the cunul ative search results until the 5
~ preceding search also can be utilized by reference as descrlbed above.
Figure 3 is a flowhart indicative of an in32ance of using a genetic
algorithm and Fi gure 4gulrse %7dli?sgraanglowchart of the crossover
subroutine 40 of the invention.
The crossover subroutine 40 corresponds to the
control parameter set crossover means. .
5 ' In step 40-1, a current generation gene (gen) is
copied to a work array tmp. Thereby, the current
'generation gene becomes tmp, alloWing a next generation
gene to be produced in gen.
Steps 40-2 and 40-10 represent a loop process for
10 updating genes from the second occurrence to N-th
occurrence. As will be.described later, since the genes
(gen) are arranged in such an order that the one with
the best evaluation result comes firsf, then one with
the second best result, to.be followed by ones with
15 decreasing results, thereby, in step 40-2, the best
rating gene is excluded from update processing thereof,
to ensure the best rated gene identified at rhis instant
to be utilized in the search of the next generation.
In step 40-3, one of-genes of N is selected by a
20 | _ function (select) which will be explained later, and its
number is designated to be x. Likewise, in step 40-4,
~ another one is selected the number of which is
designated to be y.
Steps.40-5 and 40-9 corresponds to a loop process
.25 for the control parameters of M. |
| In step 40-6, a value 0 or 1 is generated randomly.

If its value is 0, in step 40-7, a control parameter gen

(1)(j) at i-th occurrence of genes and at j-th



-

il lustrative thereof in.detail. Firrst, a predeterm ned 10 nunber of
candi dates are generated for a control method by a random nunber or _
éccording to the learning results in the learning result table 35 to be set
as an initial value (301). Each candi date control method is expressed by a
set of control paraneters as indicated in B3. 15 4(a). Fbre,-for._

. - : : i i1l be
xpl 2l ned by wafCERLERRREI e ForonRTDAS paNEReRhERG 181 Kanend o band dat .
O et P0ds R LM e T b homean e (kS (S oCg L0 oPtain
results of si muF4PPEATHER 3

' | occurrence of the présent generation genes and at j-th

- occurrence. On the other hand, if its value is 1 in step
5 40-6, in step 40-8, gen (1)(J) is substitﬁted by a
éontrol pérameter tmp (y)(j) at y?th row of the'present
generation genes and at j-th occurrence.
When a loop process from step 40-5 to step 40-9 is
completed, at ieast one new breed gene is produced which

IQ _ inherits either x or y for a value of each control
parameter thereof from its pareht. |

Further, when a loop process from step 40-2 to step
40-10 is completed, the genes of (N-1) excepting the
best rated gene are updated by crossover proceésing.

15 Then, in step 40-11, the crossovar subroutine
returns to the main program 30. Fig. 28 is a flowchart
of the select function which is used in the crossover
process.

It is desirable in the crossover process that the

20 higher rated genes are adapted to have a more
significant'effecf on the descendant generation.

~ Thereby, genes rated from the 1lst to a™ are adapted such
that those having a value nearer to 1 has a higher
p;obability’of selection, and those having a value

25 ' 'nearer to a™ has a lower probability of selection
through subjecting to a square function.

In stepISO—l, a random fractién of number greater

than 0 and less than 1 is produced stepwise by 0.1/a,



20 respective operational controls using respective candi date
control methods (302). Respective candidate control methods are ranked
dccording to the results of respective sinulations (303). This step 303
corresponds to evaluation ratings of Fig. 4(c). Then, it is checked 25
whet her the search conplete condition is sa@4 sfied or not (304), if
satisfied, any one of the candidate control nethods having satisfied is
entered as a coWhigh #st kbeni aguared.search result table 38 and the

In Step 50-2, a value obtained in step.50¥1 is
multiplied by (a-0.1), and to which is added 1. Then, in
Step 50-3, an integer part of the result is téken.

5- In step, 50-4, it is examined whether the value

obtained is greater than (a) or not, and if greater, (b)
is substituted.by (a) in-step 50-5.

In step 50-6, the value (b) produced as above is
returned to the crossover subroutine.

10 An expected value of probability of being selected
according to the select function, fo: an instance when
the number of genes N=100, is approximately 10 % for the
top—rankiné gene, approximately 4 % for the second-
ranking gene, 0;7 % for the 50th ranking gene, and

15 approximately 6.5 % for the 100th ranking gene.

Figure 29 illustrates a mutation process in the
mutation subroutine 60 according to the invention.

In this mutation'process} any gene string (or
_array) may be selected randomly from the group of gene

20 ‘strings in the number of N, then a certain portion of

| the coﬁtrol parameters in the'seleCtéd gehe string is
~ altered by a random number to breed a new3géne string
whigh may be utilized in the subséquent processing.
Figure 30 is a flowchart of the mutation subroutine

25 60 of the inventioh.

'The mutation subroutine 66 corresponds to the

control parameter set mutation means.



13 evaluation equation table 39 (305). Candidate control nethods in the
upper rankings in case they have not. satisfied the search conplete

condition are kept for further processing (306). This step 306 corresponds
to 5 sel ection of Fig. 4(d). Then, new candidate control methods to
be exanm ned in the next stage are generated% hrough crossover of associated
paraneters therebetwgen and/or differing the conbination of the paraneters
in the candidate coﬁgFﬁpsnﬁ?hbdénﬁhép‘ﬁaVGIQGQntReptlbop process for

incurring a mutation in a predetermined number of gene
strings (c) among N pieces.of gene strings. In the case
of'gene strings N=100, this vaiue c=5, for example.

5 In step 60-2, an_x-th occurrence gene string is
selected randomly from a group of the 2nd occurrence
gene string to the N-th occurrepcé gene string.

Steps 60-3 and 60-6 are a loop process for
incurring a mutation in a predetermined number of
10 control paraméters (d) among M pieces of control
parameters. In the case of control parameters M=50, this
value d=2, for example.
In step.60—4, a y-th occurrence.controi parameter
is selected randomly from M pieces of control
15 parameters.
| In step 60-5, a control parameter gen (x)(y) which
occurs at x-th gene string and y-th control parameter is
updated by a random number in accordance with the
parameter's effective domain data 1-6.
20 Then, in step 60-8, the flow returns tq'the main
program 30. Figure 31 is a flowchart of the
=« catastrophe subrbutine 70 of the invention.
The catastrophe subroutine 70 corresponds to the
control parameter set regeneration means. |
25 ' A principal coﬁcept underlying this catastrophe
| subroutine will be described below.
When the automatic adjustment in the search process

is repeated many times, it often occurs that most genes



10 further processing (307). This step 307 corresponds to crossover
processing of Fig. 4(e), 4(f). Then, through use of a random nunber, part
df paranmeters in the candidate control methods is altered or transnuted
(308). This step 308 corresponds to a nutation 15 processing of Fig.
4(g). Then, the flowreturns to the step 388 to repeat this subroutine. The
advant age of the qgltipoint si mul t aneous search enabl ed by using the

genetic al gori tHRDIER e | iRARRewFrated apeound ofome AMOthmy extogtumuin
contr ol met hod m;’)haitczpalz Odistributciagn bJ'.Gn oéoﬁg Idnoen?aﬂl tcr:fl. ncc?nszbg{ tpgggrﬁg:::;sl o
tinme
due to repetitive crossover processing. In such an
event, the mutation process attempts to.disperse the
5 genes to a wider extent, however, the more potent thel
extremum is, it is more difficult to disperse.

It is, howéver, more likely that an optimum value
exists other than sﬁch an exfremum within the_globél
domain defined thefefor, or that the optimum value may

16 change or shift within the domain along with changes in
the use conditions in the building. Any tendency to
concentrate around extrema aé above will limit a
Capability of arriving at an optimum value by means df
the probabilistic mﬁltipoint search approach.

15 - Thefefdre, when the genes tend to diétribute
unevenly, the remaining genes except for tob—ranking
predetermined number of genes are regenerated thereby to
solve the problém associated with fhe uneven
distribution of genes.

20 The catastrophe subroutine 70 ékecutes the same
processing as the initial value generation subrdutine

;for gené strings from e-th_occurrehce to N-th occurrence
gene strings exéepting (e-l) pieces of gene strihgs in
step 70-1. In this instance, when N=100, e=4, for

25 example. |

Herginabove, the_opération subroutine 30 and its
respective subroutines have been described with

reference to Figs. 25 to 31.
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al l owabl e in practice even if there are an increasing nunber of paraneters
that constitute the control nmethod. By way of exanple, in this enbodi nent
of the invention, candidates for an optinmumcontrol method are 25
generated by using random numbers or according to the learning result in
the learning result table 35 as described &ve, however, such an optimm
control nethod can be obtained in a shorter calculation tinme by
: Lastly, the evaluation subroutine 80 of the
invention will be described in the following.
Figure 32 ié a flowchart of the evaluation
subroutine 80.
5. ' . The evaluation subroutine 80 corresponds to the
control parameter set selection means.
Steps 80-1 and 80-5 are a loop process for
processing N pieces of gene strings.'
"In step 80-2, an'i-tﬁ'control parameter set gen (i)
10 is set in the simulator,'then in step 80-3, it is
simulated using the traffic flow data acquired by
learning, then, iﬁ step 80-4, its resuit éuch'as a wait
time and the like is stored in daf (i). |
In this éubroutine, steps from .80-1 to 80-5 are
.15 processed in parallel by means of a plurality of
evaluation CPUs. |
In step 80-6, genes (gen) and result (dat) are
sorted to be'arranged in the order from the top-ranking
to lower ranking with respect to the result (dat), then,
20 ~ its distance is measured in subroutine 90.
Finally, gen(1l) which is-a'control parameter set
.thét haé a best rating in the evaluation is set as a
control method 1-3 to be used actually in the group _
supervisory controller 1-4. |
25 - Figure 33 is a flowchart of the distance
'meaSurement subroutine 90_of the invention.

The distance measurement subroutine 90'corresponds

to the difference measurement means.



14 referring to the contents of the search result table 38 in the
subsequent search for update candi-dates for an updat e optimum contr ol
method. Figure 5 is a diagramillustrative of an instance 5. of
verifying the candidate control nethods in the upper ranking. According to
prior art methods such as the hill-clinbingaethod as shown in Fig. 5(a),
I n-particular, where a search domain and search sequence nmay be limted by
know edge acquired, §nn§§epheﬁelhostkl@arxablesthahnGOﬁtamelty and
Ilnearlty in the resultant controls _

initialized.

Steps 90-2 and 90-10 are a loop process for
- processing control parameter eléments of M.
5 In step 90-3, a minimum value min(j) and a maximum

value max(j) of a control parameter at J-th occurrence

are compared. If they differ, the flow advances to a

process of step 90-4 through step 90f9.

In step 90-4, where when it is indicated that its

10 minimum value and its maximum value differ, a value 1 is
added to counter v which represents the effective number
of control parameters that allow effective changes in
the. building.

Steps 90-5 and 90-9, and steps 90-6 and 90-8 are

15 double loop processes for processing each distance
between respective genes of N.

In step 90-7, a distance between j-th control
parameter in i-th occurrence gene string and j-th
control parameter in k-th occurrence gene string is

20 normalized by a distance between its maximum value and
minimum value, and its resultant absolute value is added

- to a distance variable w.

When the process down to step 90-10 is completed, a
sum of distances between respective genes currently

25 ' available is obtained in a distance variable w. Further,

a maximum value of distance becomes vN(N-1)/2 from the

effective control parameter number v.



N

are substantially maintained agai nst changes in the use conditions, there
Is ensured, to sone extent, a robustness for an optimum control nethod

dgai nst any small change in the.use conditions that the re§ultant 15
control will not deteriorate. However, such robustness or imunity of
control paraneters against small changes iggnot guaranteed in the case of
any pr.obabilistic nultipoint sinultaneous search, it is required further to

verify robustness ofImnytepra0-oll s hogh separesgatiie distanéeﬁ‘tfﬁi‘s_ been
obtai ned as an optimum val ue or opti num control nethod. For exanple, in t he
genetiC algoritbﬁﬁwﬁﬁn corresponding genes is compared with a value
obtained by ﬁultiplying a maximum distance value vN(N-
1)/2 by a predetermined value f. When the sum of
5 respective distances (w) between corresponding genes is
smaller than the value thus obtained, the distance fleg
d_fleg is set ON state ih step 90-12, and when it is
greater, d_flag is set OFF state in step 90-13. In this
embodiment, the_predetermined value £=0.1, for example.
10 : The following advantages and merits have been.
accomplished according to this embodiment of the
iﬂvention.
By providing the pafameter effective domain data of
- the invention, program and data structures that can.be
15 shared in common throughout any types of service
buildings have been designed and developed. Further, by
simply modifying only a portion of the paraﬁeter
effective domain data, any specific setting of control
method appropriate to any specific service building ean
20 be readily implemented.
| Fﬁrther, by'pfoviding the plurality of evaluation
*CPUs, the automatic adjustment time is capable of being
shortened substantially. _ |
Still further, by providing the catastrophe process
25 that can be enabled in accordance ﬁith the distances
between respecfive eontrol paramefer sets, the automatic
adjustﬁent in'the search process is ensured hot to

terminate at a local minimum or extremum which is not
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shown in Fig. 5(b), assum ng that points 2a, 2b, 2c, 2d of update candi date
control nethods are newly generated from points la, 1lb, 1c, 1d of update
candi date control 25 nmet hods, it is very probable that a point 2d of
a control nethod is selected as an optinumvalue. In this instance, the
paraneters are represented by control paradeters, and any such control
nmet hods conpri sing such: 15 :
optimum in the global domain. Further, it is also
possible to prevent any inferior controi parametere.
(genes) or inferior results to be inherited to the
descendant generation through the automatic adjustment
5 _ in the search process by means of the crossover,
mutation and catastrophe processes of the invention
without'affecting genes haming the best value currently
available. | | '
According to_this embodiment of the invention, it
10 is possible to determine parameters by any prior art
search method when the prior art search method is judged
to be adequate to optimiie these parameters, as well as
to minimize the calculation time required for
calculation thereof, and further to ensure a high
15 performance controi capability similar to or greater
than the prior art.to be achieved..
According to the present invention, it has become
possible to pro&ide for a parameter adjustment method
and an apparatus therefor which can reduce the time
20 required for adapting to any changes in use conditions

due.to any time-dependent changes, and adjust control

~ parameters and the like in a time allowable in practice.



' i gni fi ffect which is very
control paraneters often produce a significant e i ch
sensitivg to a change in the use conditions. Therefore, it is contenpl ated

[ [ [ [ ffic flowas 5
that if a learning result is to be given as a traff _ _
shown in Fig 5(c), a predeterm ned nunber of traffic flows in which f
respective use conditions are altered to safe extent are generated, for

' i i fyi ' i | ume whil e maintai ni ng
exanple, by slightly, nodifying an overall traffic vo ~mai .
ove?gll rati os @ga%rQFfPéa Bednds:bet ween floors as 10 indicated in

i ' i ' ' f traffic volunmes between
Fig. 5(d), or by changing respective ratios of t
respective floors asf' An elevator system having a plurality of

elevator cars, hall call bﬁttons provided on each floor,
and an elevator-group-éupervisory contrOl apparatus for
5 ' controlling said plurality of elevator cars in response
to call signals frbm said hall'call'buttons and car call
signals, characterized by comprising:
use condition colléction means:for gathering
info:mafion on use conditions of elevator cars;

10 learning méans for learning said use conditioﬁs

and/or elevator car operational results;
| search means for searcﬂing an optimum control
method in accordance with said use conditions acquired
by said learning means or said operational results;

15 - simulation means for simulating an eievator
operation utilizing a learning result acqui#ed by said
learning means in order to verify a control method that
has been searchea by said search means; and

search result memory means for storing search
20 results obtained by said search means, wherein
said search means is adapted to search a néw and
=~ better contrbilmethod in accordance with previous search

results stored in said search result memory means.

25 2. An elevator system having a plurality of
elevator:cars, hall call buttons provided on each floor,
and an elevator group supervisory control apparatus for

controlling said plurality of elevator cars in response

AW



I ndicated by Fi'g. 5(e), then under each of the predeterm ned nunber of
traffic flows thus generated each correspondi ng control nethod being

simul ated, and 15 the one that produces the best result of control

i s adopted as an opti mum control nethod. Here, the nethod for altering the
use conditions includes increnmenting or dectZnenting of the traffic flows
to sone extent, increasing/decreasing of the nunber of -users to sone 20

extent at respe®Pi ¢alil sdgnads frpmeseddehaly Eadl bSudtomsd apd) caandall

conbi nation thereof. Further, the one that produces the best control result
descri bed aboveSignals, characterized by comprising: ' '

use condition collection means for gathering
information on use conditions of elevator cars:;
5 ' learning means for learning said use conditions
and/or elevator car operational-results;
search means for searching an optimum control
method in acdordance with said use conditions acquired
by said learning means or said operational rasults; and
10 o simulation means for simulating an elevator |
operation utilizing a learning result acquired'by said
learning means in order to verify a control method that
has been searched by said search means; wherein
said seafch means enables a plurality of control
15 methods to be simulated simultaneously for verification

by means of the simulation means.

3. An elevator system according to claims 1 or 2
wherein said search means comprises a genetic_algorithm
20 for searching for a plurality of control methods through
steps of seleation, crossover and mutatiqn;
4. An elevator system_according to claims 1,.2 or
3 wherein said simulation means is arranged to simuiate
25 a predetermined number of control methods in higher
fatings in evaluation thaf have been obtained by said
search meaas, during the simulation the contents of

learning acquired by said learning means corresponding

L




I ncl udes such one that has a best :average value in the results of

simul ati on for

respective use conditions and 25 - traffic flows, a

n ni mum di fference between the best value and the worst value or a mnimm
standard deviation, or a highest evaluation rating in the overall judgnent
t her eof . 16 Figure 6 is one enbodi ment 4B an instance of

10

15

20

25

thereto being altered within a predetermined extent, and
the result of simulation being judged by'said search

method.

5. An elevator 5yétem according to claim 4
Qherein a criterion of judgment for judging the
simulation results by said search means is a statistical
value such as an avérage, standard Aeviation,.worst

value, best value and the like.

6. An elevator system having a blﬁrality of
elevator-cars, hall call buttons provided on each floor,
and an elevatof group supervisory control apparatus for
controlling said plurality of elevator cars in response
to call signals from said hall call buttons and car call
signals, characterized by compriSing:

use condition collection means for gathering_
information on use conditions of elevator cars:;

learning means for learning said use conditions
aﬁd/Or elevator car operational results, or both
thereof; |

- search means for searching an optimum control
method in accordance with said use conditions acquired
by said learning means or said operational results;

simulation means for simulating an elevator
operation utiliziﬁg a learning result écquired by said
learning means in order to verify é control method that

has been searched by said search means; and

A



verifying the candi date control nethods in the upper ranking according to
the invention. In accordance with the contents of |earning result table 35,
search unit 36 5 generates verifying traffic flows by altering their
use conditions within a predeterm ned domain, then registers themin
verification data table 310. Upon conpl eti @ of search, the search unit 36
sinmul ates respective candi date control nethods in the upper ranking under
10 ' respect.i veSEREFhi Eesndfismemoryemeensf foant ssardngaseach 310, then

registers the contrgol nethod that has produced the best result into search
regult t abl e 38rgﬁ39ts obtained by saig search means, wherein

said simulation means is adapted to alter the use
condition within a predetermined extent to be used in a

5 simulation of a control method which has been selected
by said search means uponerepetition of a predetermined

cycle of simulation.

7. An elevator system according to claims 1, 2
10 ahd 3 wherein said search means utilizes a fuzzy

evaluation in judgment of said simﬁlation results.

8. An.elevator system according to claims 1, 2
and 3 further comprising basic control method register
15 means for fegistering basic control methods in advance,
wherein said simulation.means is adapted to execute a
simulation in which any basic conﬁrol method stored in
said basic control method register means may be added to
an ongoing control method under verification under a

20 * . predetermined condition.

n 9. An elevator system according to claims 1, 2
and 3 wherein said control method includes a different
evaluation equation for each service floor and elevator

25 car.

10. An elevator control system according to claims

1l or 2, wherein said search meahs further comprises:

* [ L N S *
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eval uation equation table 39 respectively. Figure 7 is a flowhart of a
verification process 15 for verifying the control nethods in the
upper ranking. A subroutine froma step 701, in which verifying traffic
flows are generated using the contents of the learning result table 35 to a
step 304, in which the search conplete conggtion is verified, is the sane
as that in 20 Fig. 3. Before a step 305 for witing into the search

result table 38 and corsizol iparagiiir Get Jdrardiotemdatdedr affic flows
are read in step 702, then in step 703 respective control nmethods rated in
t he upper generating a plurality of control parameter sets each .
| being a different combination of the plurality of
control parameters; -
5 control parameter set selection means fof
evaluating said plurality of control_parameter sets and
selecting an appropriate control parameter set suitable
for use in an actual group supervisory control; and |
at least control parameter set crossover means for
10 selecting a pair of control parameter sets from said
plurality of control parameter sets each being a
different combination of the control parameters, and.
performing a crossover between any control parameters
corresponding each other between said pair of control
- 15 paraméter sets; or
| control parameter set mutation means for selécting
any. one of saiﬁ plurality of control ‘parameter sets each
being a different combination of the control parameters
- and altering a portion of the control parameters in the

20 set thus selected.

-~ 11. Aﬁ elevator control system according to.claims
1, 2 or 3, further comprising:
- difference measurement means'ﬁor measuring a
25 ' difference between respective said plurality of control
parameter sets eadh being a different combination of the

control parameters; and

mm
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ranking in the search result are sinul ated under 25 _respective
verifying traffic flows. Then, the results of such simlations are
subj ected to statistical processing to obtain averages, standard devi ations
and the like (704). The best one is selected fromthese results in 17
step 705. The subsequent flow is the sane as #Bhat in Fig. 3.

cont;ol parameter set fegeneration means for
.regenerating the control parameter sets excepting for a
predetermined number of top ranking control parameter
set(s) when a measured difference is smaller than a

5 predetermined wvalue.

12. An elevator control system according to claims

1, 2, 10 or 11, furthér comprising control parameter
defiﬁing data base fo: storing a domain of control

10 parameters definable in a building which utilizes the
elevator group supervisory control system, wherein said
control parameter set genération means, said control
parameter set mutation means, said confrol parameter set
regeneration means are characterized by producing

15 respective control parameters within the definable
domain of the control parameters stored in said control

-parameter defining data base.

C—_—
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According to this enmbodi ment of the invention since the rofjuitigess:. of anyﬂﬁ:ﬂ
control method to be updated 5 : can be evaluated in a vanceRE#EA-
beconmes possible to select an optimum control nethod within
domain which is |l ess prone to iﬁgyloratlon in control performance even if

there occurs sonme change in th RACTH @ iTEHEs | Dﬁ?ﬁ:&:‘{ﬂfga:c:gmgﬂgﬁ)d?g?s a
significant 10 ct.in conseguence. :

in?roducing a smal | %hé%%gm?ﬁefh383gﬁgﬂﬁﬂg ?PBﬁgaEHﬁeaP6r1§§em9th°d
predeterm ned Cygl&Spedf 8£9§£dé8 $H§gﬁecgnrg9gn1ficantly reduce a time

required for adapting to any change in use conditions

5 | resulting from any time-dependent changes, and adjust
control parameters within a time practically allowable.
Operation déta are stored in learning result table 35,
and search unit 36 searched for a candidate suitable for
an appropriate control method in reference to the résult

10 6f learning through the multipoint simultaneous search
method. The search unit 36 sends a control method thus
obtained to simulatiqn unit 37 for Simulating an
elevator operation utilizing the result of learning and
its control method, then the result of the simulation is

15 réturned to the search unit 36, which repeats searching
for a new candidate for a more appropriate control
‘method in reference to the result of simulation.

[Selected Drawing: Fig.1]
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control nmethod to be selected as described with 15 T

% f Bﬂlsmﬁr%as
Figss 5, 6, 7, it is contenplated, not to entirely rely on

he vemgﬁug@éd on

al

~of upper ranking search results alone after the conpl eti on tFSemch—=as-

i ndicated in Figs. 5, 6, 7, but to cause such that respective trafflc fl ows
to be used in repetition are 20 altered slightly in advance thereby
to allow only the robust one that can wthstand such changes to be obtained
as its search result. A subroutine down to a step 308 is the sane as in

Fig. 3. In the next step 308- 1 af achgcontrol nmethod to be sinul ated
havi ng been F’G h’
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25 generated, a verifying traffic flowin which a snaTF=eh@ng£:i;;__*___
i nt roduced with random nunbers in reference to the content off THi8 SHEETMHATIBEEN

result table 35 is generated to be used for sinulation.

generating this
in RFig. 5 Then,

18 traffic flowto be used in simulation IS
the flow returns to step 302. The subsequent steps to

follow are the sane as in Fi?:jti 2?

( START )
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Te
GENERATE CANDIDATES FOR | -(202)
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203
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According to this enbodi nent of the present 5 I nve

control nethod stabl e agai nst m nor changes in the use cormﬂﬂéﬁﬁEEbhAsaEEN
advant ageously predeternmined. Figure 9 illustrates instandes_i nRERL8GEDasi c |

control nethods are introduced to be mxed in attenpting 10 a

di vérgent search for an optinumcontrol nethod at a predeternined ratio.
When a past search result is substituted for a subsequent search result as
described in reference to Fig. 2, a calculation tine for obtaining an

opti mum or practical best solution can be

FIG. 3

START |
- (301)

GENERATE INITIAL
CONTROL METHOD

h 4

SIMULATE ACCORDING TO | (302
LEARNING RESULT ~(302)

. T
- 303
RANK ACCORDING TO - (303)
SIMULATION RESULT

(304)

YES

IS
SEARCH QCOMPLETE

805) (306)
ENTER INTO SEARCH KEEP TOP-RANKING
RESULT/EVALUATION CONTR
EQUA. TABLES OL METHODS
_ 3
(307)
GENERATE OTHER CONTROL I~
STOP - METHODS BY CROSSOVER
308
TRANSMUTE PART OF ~(308)
PARAMETERS BY MUTATION
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15 substantially reduced since an
sol gtions is expedited. However, let alo
si mul t aneous search nmethod is ut|I|zed

effective converge
ne provided that th
it may result in th

aeiI9SHRED PAR! BEEN
nul tREFUATED

candi date sol utions gradually converge into a |localized extremum 20

sol dtion apart froma real optimm sol ut

to Fig. 9(a),
a real optinum solution and a ygzw; 22
sol ution, change as shown in F 25

lon. In particular,

b

with reference

there occurs such an instance where a point x which was once
s once a |localized optinmm

(b) and (c) in accordance
with changes in the traffic :

ASSIGN | WAIT TIME | RIDE TIME ASSIGN | WALT TIME [ RIDE TIME .

METHOD | COEFFI. COEFFI. METHOD | COEFFI. COEFFI.

FIG. 4(b) FIG. 4(e)
' J
prEnpdsIne [ EERERRRFR
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- FlG. 4(c)
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3rd RANK [ele[f[c[o[e]olblc] ]
4th RANK [bjc]ile[b]a[a[c]d[a]
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FIG. 4(d)
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fl ows which represent changes in their use conditions due t off amS SHEET HAS BEEN
ti mp- dependent changes. In the case where a real optinum sol {iti on RERLACED

| ocal i zed optimum sol ution 19 are caused to be reversed, amd were the-
past search result is used as reference, its search tends to be limted to
an area designated by points'i, j, k in the vicinity of point x, thereby
failing to identify a real
' )
v
&
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: d 2| <.
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—

- 3

=3
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FIG. 5(b)

EVALUATION VALUES
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5 optimum sol ution. Therefore, it is contenplated ac’o*@F Q- tie
I nvention such that predeterm ned basic control nethods desijgn %8‘ HAS BEEN
points p, gand r in Fig. 9(c) are caused to be mixed with du /-ACED
avail abl e search targets at a predetermned interval and a 10
predetermned ratio thereby to facilitate to identify a real optinum
solution within a predeterm ned donmai n even under a changi ng use condition.
Figure 10 is another enbodi ment of the invention illustrative of an

I nstance of causing sone Qgsic 15 control nethods to be mxed. This

anot her enhodi nent of “
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t he |nventf0n is the same as shown in Fig. 1 except'for a biashgs eAeET MAS BEEN
nmet hod table 311 the search unit refers to when m xing the aSIC:ﬁEpuﬂUHD

met hods. Figure 11 is a flowchart for m xi ng t he basic 20
nmet hods. The steps therein down to 308 in which part of paraneters |s
crossed-over are the sanme as in Fig. 3. After having crossed-over part of

control paraneters, it is checked whether or n redet erm ned nunber of_
cycles is repeated in step 308-2, if not, the l flom/returns
*met’hods are reéad out

directly to step 302, and if yes, the basic conht

fromthe basic control
. START

(
GENERATE A VERIFICA- |
TION TRAFFIC ELOW

¥

(
GENERATE INITIAL VP~
CONTROL METHODS

701)

301)

hd

A 4

SIMULATE ACCORDING TO |-(302)
LEARNING RESULT

¥ (303)
RANK ACCORDING TO |~
SIMULATION RESULT

(304)
YES _

IS
SEARCH %9MPLETE

(702) 1
™ READ A TRAFFIC FLOW
FOR VERIFICATION

(703) y KEEP TOP RANKING
SIMULATE WITH A CONTROL METHODS
VERTFICATION TRAFFIC T

FLOW :
T GENERATE OTHER CONTROL
METHODS BY CROSSOVER
STATISTICAL PROCESSING . T
OF SIMULATION RESULT
TRANSMUTE PART OF

(705) R PARAMETERS BY MUTATION
~ SELECT BEST RESULT

(305)~_ y
ENTER_INTO-SEARCH

RESULT/EVALUATION

EQUA. TABLES

|

(3086)

),(307) .

(704)

 ~(308)
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met hod table 311 to be nixed in step 308-3. The subsequent s
sane as in Fig. 3. 20 Advant ageously,
the invention, it becones possible to obtain a real

according to this e
opti mum

T

mnimzing the calculation tine by referring to the past search results.
Wth reference to Fig. 12, there is shown stil

FIG. &

)

301
GENERATE INITIAL (301)
CONTROL METHODS
SIMULATE ACCORDING TO 302
LEARNING RESULT - (302
3
303
RANK ACCORDING TO - (303)
SIMULATION RESULT
(304
IS )
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(305)__ .
ENTER INTO SEARCH KEEP TOP RANKING |~
RESULT/EVALUATION CONT
RESULT/EVALY ROL METHODS
GENERATE o:LER CONTROL ™ ~(307)
STOP METHODS BY CROSSOVER
'
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TRANSMUTE PART OF - (308)
PARAMETERS BY MUTATION
T
_ 308-1
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L
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anot her enbodi ment of the invention in which a fuzzy. eval uaf|i driSiSHEET HAS BEEN
provi ded. In such an instance where a control nethod with afl opti RERLAGEDE

is obtained through a daily search routine, it is nore |ikel'ythat atozzy ———
10 - evaluation allowing for a variety of solutions to be included

I nstead of an exclusively strict evaluation is nore capable of providing an

| mproved perfornmance of fol ljowability in adapting to tinme-dependent

changes. Thereby, the sea_rcr‘ unit 36 at the time of evaluating 15

probabl e r ol t hpds démn |step 303 of Fig. 3, is adapted to carry out a
fuzzy evﬁié;_i O%l Zing 3 -
_ y _

EVALUATION VAL

—
CROWDING COEFFI.

- FIG. 9(b)

EVALUATION VALUES

FIG. 9(c)

EVALUATION VALUES

—
CROWDING COEFFI.
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fuzzy rule in fuzzy table 312 in the drawing of Fig. 12. AdNanii9eressHAS BEEN

accaording to this enbodi nent of the invention, an inproved fol | ovREM.ACED
capability to 20 adequately foll ow any tinme-dependen
achi eved since a wi der scope of solutions to select therefromare included
Figure 13 is an exanple of the learning result tables of the invention. In
this exanple, traffic flows 25 are divided into tine zones of the
day, and the nunbers of passengers getting on and off are recorded for
respective floors, and ggjng-up and down directions,

\.\
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however,
according to tinme zones. Figure 14
of the invention. This exanple ind
control nethods having different 5
selected differently for normal fl
to

it is not limted thereto,

and it may be 21 rec

Is an exanple of the sea

i cates an instance in whi
eval uation coefficients are

oors and specified floors. It is possible

FIG. 11

YES

_ J,(301)
GENERATE INITIAL
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offer different services to different floors by adopting di
eval.uation coefficients for the particular floor as above,
particul ar zones or particular .10 el evator cars. Ho
nunber of paraneters in overall control nethods increases greatly, it
becenmes prerequisite to adopt a certain optimzation nmethod by which a

| ar ge nunber of control paraneters can be searched efficiently as proposed
by the invention. 15 Generation of a search table according to this
enbodi ment of the inventiog will facilitate an efficient search of an
optimum control nethod capabl e of assigning
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different services to different fl oors, elevator cars, and 'paHEESHEHWmMC‘BEENﬁH

zones. 20 Figure 15 is an exanpl e of the eval uatlj on cReEPLACEBNt

tabl es according to the invention. In this exanple, respecti R

met hods and val ues of paraneters to be used therein are stored in
accerdance wth respective traffic flows, however, it is not 25
limted thereto, and they may be stored in accordance with tinme zones.
Figure 16 is a diagramillustrative of an instance where different
eval uation equations are used for
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22 respective elevator cars and respective floors.
different type of service or alter serviceability according t
floors or zones as indicated in Fig. 16(a),

I n order ¢

or in order to as

b THISOSHIERS 1WAS BEEN
p r es BEPLAGED

STgm 5

different elevator cars having different attributes to respective floors as

I ndi-cated in Fig.
havi ng

st

CANDIDATE C
CANDIDATE B NT
CANDIDATE A | NT
ASSIGN METHOD [ MIN-MAX ASSIGNMENT
Jorua, | ALT_TIME COEFFL. .0
FLOORS | RIDE TIME COEFFL. 0.8
CROWDING COEFFL. 1.2 NT
AREA COEFFL. 0 NT
ASSIGN METHOD | MIN-MAX ASSIGNMENT
FLOOR | WALT TIME COEFFL. 2.0 1
1T
FIG. 15
LUNCHTIME TRAFFIC
EVENING RUSH HOUR TRAFFIC NT
NORMAL TRAFFIC | NT
'ASSIGN METHOD [ MIN-MAX ASSIGNMENT
WAIT TIME COEFFL. 1.0
FLOORS | RIDE TINE COEFFL. 0.8
CROWDING COEFFL. 1.2 NT
AREA COEFFI. 0 NT
| ASSIGN METHOD [ MIN-MAX ASSIGNMENT |  |—
PLOOR | WATT TIME GOEFFL. 2.0 L
L

16(b), it is reun?Gto"\z?pt di fferent control nethods
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‘different evaluation equations as indicated in Fig. 16(c) Wit i SfT fiAs BEEN

particular floors to be provided 10 with particul ar serV|ceﬁEpnﬂc
particular cars to be assigned. In the drawing of Fig. 16(a) t=a=p

zone is set between 42nd floor and 50th floor inclusive in which a malt
time has the highest rating in evaluation: in this priority zone any wait
time is controlled to 15 fall within 20 seconds or less while in the

ot her ro
hand, Fig

[ trolled to be | ess than 30 seconds. On the other
a;é;' Jiéﬁ{n tJjes an i nstance where different elevator cars with

different G 7 b
PRIORITY FI 6{ )
ZONE
A B C

5OF - | | |

UPPER | WALT TIE: - ooool 88 ||

S FLOORS LESS THAN 208. légg%
A9F -
: 10TH FLOOR:
MF WAIT TINE V| ¥
PRIORITY
MIDDLE
FLOORS _
| [ warT TIve: 6TH FLOOR:
21F ' LESS THAN 30S. LESS-CROWDING aK;
PRIORITY
20F
\\\LOW
FLO
9F
2F '

s2F LOBBY

FIG. 16(c)

10TH FLOOR (WAIT TIME PRIORITY)
®10 = 10 x WAIT TIME + 1 x CROWDING + ++---

6TH FLOOR (CROWDING PRIORITY)
$6 = 1 x WALT TIME + 10 x CROWDING + «----

NORMAL FLOORS
¢ =1 x WAIT TIME + 1 x CROWDING + «----
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are assigned to different service floors. In this 20 THISSKEET HAS BEEN
10th floor has a priority in wait tine, while the 6th floor

S a REPLACED
in car crowding. Wien there arises a hall call on the 10th fl '
priority of which floor is a shortest wait time, an elevator car Ain the
vicknity of the 10th floor having the shortest 25 arrival time, wll

be assigned so [ong as 1t 15 ot rurry-crowet—or e orher—tramd—when
there occurs a hall calJl on the 6th floor the [ [ ' [
_ _ _ ( _priorite p-r—-wrrrm chét:.loor i's
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23 crowded although it takes a longer tine to arrive will be é%ﬁ$§¥§gTHW$BEEN
order to acconplish such a delicate control as .above, it becjnes :

to use a plurality of evaluation equations.as expressed in Fig. 5
16(c), in which the nunber of control paraneters required for a single
traffic flow or a single time zone will becone several tines of

conventional ly required number fﬂlf?eum7zgs, and its alterabl e conbination

wi | '

) ’{313
TRAFFIC FLOWS CONTROL METHODS
MORNING TRAFFIC - NORMAL/ENERGY-SAVING CONTROL
EVENING TRAFFIC MULTI-OBJECTIVE CONTROL

NORMAL TRAFFIC FLOOR ATTRIBUTE-BASED/CAR ATTRIBUTE-BASED CONTROL

LUNCHTIME TRAFFIC | FLOOR ATTRIBUTE-BASED/CAR ATTRIBUTE-BASED CONTROL

J . | —4"—\__/\_

FIG. 19

_ ' 1
(11 £1-2 | GROUP SUPERVISORY
CONTROLLER -
LEARNING UNIT SEARCH UNIT
(14 | £1-8
ASSTGNMENT CONTROL ’
CONTROL UNIT METHOD

<

CAR
CONTROLLER

HALL CALL
BUTTON
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grow in the nunber of several tens of thousands. 10 TF{..ﬁQgHEEt HAS .)L:EN\
becones prerequisite to enploy such a probabilistic search approachemsACED
utilized in the present invention. Figure 17 is an enbodi mentt=ed—t-te—=

i nvention indicative of an instance for swi tching between the 15

sear-ch methods in the search neans in accordance with a control nethod

whi ch has been set. Each control nethod is set in control method setting °

table 313 by setting unit 21 for each traffic flow or tine zone. Here, the
control nethod includes a nornal F?Hol Zﬁr gy- savi ng '
SEARCH UNIT
| | {1-5 fl-6 ),1 -1
LEARNING RESULT | | PARMETER'S 1 | eener1c oata
_ MAIN CPU EFFECTIVE EVALU. DATA
DOMAIN DATA )
D4 EVALUATION EVALUATION EVALUATION
CONTROL METHOD CPU Py CPU
-8 g M-
1 2 - 3 M
. CROWDING | ... BIDIRECTIONAL
PARAMETERS | AREA COEFFI. RIDE COEFFI. COEFFL RESERVATION
min 0.0 0.0 20 OFF (0)
max 5.0 2.0 80 ON(1)
step 0.1 01 5 1
T




control targets such as a wait tinme, riding tine, car-crowdi anchgﬁmc.i;n
| i ke, and respective floor or car controls, in which the nu
paranmeters in respective control nethods ranges from one, sever aI to 25
a ten or nore. In accordance with the control nmethods stored in control
nmet hod table 313, search nethod switching unit 314 selects. an appropriate
search nmethod for search unit 36. Wth reference to Fig. 18 an exanple

FIG. 22

NO. OF CONTROL METHODS:M

20 control, a nulti-objective control for controllinglapgraETtyoafzEN u

A
v

4 | gen[1][1]=1.2 |gen[1]12]=0.0 | gen[1][3]=35 | :----- gen[1] [M]=1
o | Lot 023 Tomt =14 | qenfa =15 -] onl2l -
GENES:N

¥ | gen|N] [1]=5.0 gen[N] [2]1=0.3 | gen[N] [3]=40 | <+ev-- gen[N] [M]=0

FlG. 23

\ 10
START
N0/ ARE INITIAL CONTROL \YES
METHODS PRESENT ? /

\10-1

A 4 _ A 4

INITIALIZE |}~20 OPERATE ~30
P I

A 4

EVALUATE  ||~80
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D

24 of such control nmethod tables is illustrated. Wien a nor MaFHISSSHEET 1945 BREN
ener,gy-saving control using a single paraneter is set, the $fear chRERLACSH
carries out its search using a hill-clinmbing nethod 361. Wh _

objective control method using a plurality of paraneters is set, a search
by rnference 362 is carried out. Wth a heuristic search nethod, a
paranmeter search is conducted by using know edge in know edge base 362-1,
as well as by defining a specific donain of paranmeters and the

FIG. 24
( INITIALIZE)/ 20 .

¥ 20-1
1 to N d

Fori

P

' 20-2
Forj = 1 to M d

!1 ; 20-3
gen[i] [j1=rand (min[j], max[i], step i)}~

h 4

~NO _ 20-4
——<C j LOOP COMPLETE ? 5

next
NO 1YES 20-5
L— < i LOOP COMPLETE ?
next ::}f_
lYES 20-6
d_flag = Off d

RETURN 20-7
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10 sequences of sinmulation by inference unit 362-2.
met hod requiring respective floor or car controls in which t
parameters exceeds ten or nore is set, or when no search kn
in the know edge base 362-1, a probabilistic search nethod 15 such
as the genetic algorithmis enployed. Still another enbodinent of the

i nvention will be described in the following with reference to the
acconpanying figures 19 to 33. First, an overall systemconfiguration wll

be 20 : descri bed. |
FIG. 25
( OPERATE 30

NO YES
d flag On ?
\~30-1 -

CROSSOVER CATASTROPHE

I
60
MUTATION |I©

p{hés—il | . LJT_LN

v

( RETURN }4‘30~2

FIG. 26

gen[x] [1] gen[x] [2] | -+---- '_ gen[x] [G] | ------ gen[x] [M]

genlyl [11 | genlyl (3] |------ genlyl [i] | ++---- gen[y] [M]
TWO GENES gen[x], genly] ARE SELECTED

|

NO, OF GENERATION : L+1

~gen|[x] [1] genly] [2] | ------ gen[z] [z+1] | ------ gen[y] M]

PRODUCE A GENE[i] FOR EACH PARAMETER WHICH INHERITS A VALUE EITHER
x OR y FROM A PARENT
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Wth reference to Fig. 19, there is shown a system configur i1e4is @HEEN@IAS BEEN
stil.l another embodi ment of the invention. G oup supervVisoryjcont IggPLACED
apparatus 1 is coupled to 25 car controller 2 via a ¢
|l ine, through which data indicative of such as positions, car-I|oading and
the-like are transmtted fromthe car controller 2 to group supervisory
controller 1, and command data _

FIG. 27
(:CROSSOVER Y40

tmp[i] [j] gen[l][J]
(i=1 to N;j=1 to M)

¥
40-2
Fori =2 to N d

40-1

P
y 40-3 .
x = select (N) d
‘ .
40-4
y = select (N) d
v — - 40-5

-Forj =1 to M

NO
I--<<:: rand 0, L - T >

| \v\ -

40-7__ w6 | 408

‘gen[i] [§]1=tmp[x] [j] : gen[i] [i]=tmp[y] [i]
|
NO y 40-9
.
j LOOP COMPLETE ?
next‘\‘ ::57’_
YES
NO y 40-10
iy :Sf
i LOOP COMPLETE ?
next‘\‘ . .YE
S

Y 40-11
( RETURN r
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. . S
o : ) : : ,
25 indicative of such as stop-over floors, directions of ope qﬁh€ LR LBesey |
| i ke are transmtted fromthe group supervisory controller 1jjto %#¥N§§9 ‘
controller 2 vice versa. In response to such conmands, car c Llax >
controls an associated car 3. Further, the group supervisory controller 1

I's coupled to hall call buttons 4 as well. Wthin the group supervisory
controller 1, there are provided a learning unit 1-1, a search unit 1-2, a
10 control nethod (or control parameter) 1-3, and an

- 50-1
b = {rand(0,1,0.1/a)}2
l b0-2
b=x@0.)+ [~
y 50-3
b = int(x) d '
NO Y 50-4
—< b>a? >
vYES ' 50-5
b=a d

C RETURN(b):)~—5o—6
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assignnent control unit (group supervisory control unit) 1-4§ +[{i§ sHegf MARBEEN
uni't, 1-1 carries out statistical processing of signals frompgar CogpiACED
2, hall call 15 " buttons 4 or the like, then produces | :

acquired by |l earning. The control paraneter (control method) 1-3 represents
a data set of control paraneters for a control nethod to be used in actua
group supervisory 20 control, which have been generated through
processing in the automatic search unit 1-2 which will be described

gen[x] [M]
gen[x] [M]

[
f'\<
x |
2| &
o + | 0| weom
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| ater. The assignment control unit 1-4 operates el evator car THEi@ﬁEéPﬁASBEEN
control nethod (parameters) 1-3 in 25 response to a rdguest REFQKCED
users. An operational nethod of control paraneter sets in thd-seateh—

(automatic adjusting unit) 1-2 which represents a main feature of the
I nvention wll be 26

FIG. 30

(' OPERATE MUTATION )60

3 60-1
Fori =1toc d

! J;so—z

x = rand(2, N, 1) -

l  60-3
Forj = 1 to d d

ji | ~60-4

y = rand(1, M, 1)

Y 60-5
‘gen [x] [yl =rand (min[y], max [y], step[y]) d

NO_— l 606
L 5 LOOP COMPLETE 2 >

next
1YES
60-7
i LOOP COMPLETE ?
next ::Sf) '
"YES

~ ( RETURN )~-60-8

\
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described in detail in the followng. Oher related prior artl #ISdSEdTOSASIBEEN |
in JP-A No.3-297769 and the like will be omtted. Figure 20 ifls a sBRBhACER
bl ock diagram of the 5 search unit (autonatic adjust 12
The search unit (automatic adjustnment unit) 1-2 receives a | earning data
fromthe learning unit 1-1, then transmts the control method 1-3 to the
assi gnnent ‘control unit 1-4. 10 Wthin the search unit 1-2
there are provided a nmain CPU 1-5, a paraneters' effective domain data 1-6,

FIG. 31

(' OPERATE CATASTROPHE :)-7o

: 70-1
Fori = e to N 4

R
Y 70-2
Forj =1 to M d

1i - - - ),70-3
gen[i] [j]1=rand(min[j], max [i], step[il)
NO 1

. ' 70-4
§ LOOP COMPLETE 2 :j;"

next
YES
NO | v - 70-5
i LOOP COMPLETE 2 5
next ™ '
YES

RETURN 70-6
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eval uation data 1-7, and evaluation CPUs 1-8. The main CPU 1
maj Qr processing in the search unit 1-2 as well
t ask managenent.

-and 15
corresponds to a control

domain or extent for the control
in a particular building. 20
menory neans for storing a plurality of control

Paraneter's effective donain
par anet er data base, which stores an effective
paranmeters or the |ike that may be covered

TeisSe8WEEEHAS BEEN

as its mermrJ! manafEPLACED

T I-0

Genetic/evaluation data 1-7 is

referred to as a gene), and the result of

FlIG. 32
(' EVALUATE )~-80
!

paranmeter sets (hereinafter

next

_80-1
Fori = 1 to N d
!i ' - 80-2
GENERATE A PARAMETER -
SET gen[i] AT NO. i
7
80-3
SIMULATE d
—3

RECORD THE RESULT IN
dat [i]

-804

SUPERVISORY CONTROLLER

L 80-5
i LOOP COMPLETE ? ::ST/
YES
y -80-6
REARRANGE RESULTANT
gen, dat IN THE BEST
RANKING ORDER 1
Y 90
MEASURE A DISTANCE
v 807
SET A PARAMETER SET
} gen[1] IN GROUP

RETURN 80-8
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eval uation thereof. Evaluation CPUs 1-8 are dedi cated conputergHFUS JAEQ%BEEN

exegut e eval uation processing of genes, which will be detail qd_Lat
the drawi ng of Fig. 20, the evaluation CPUs 1-8 are shown to be conprised
of 3 sets, however, the nunber thereof is not Iimted thereto, and 27

may *have any nunber of sets dependi ng on quantity of

FIG. 33

(' MEASURE THE DISTANCE )~-90

- 90-1
w=0:v=0 d
v
90-2
Fori =1toM |
>
) A 4 i NO
min[i] #max[j] ? S
< ~ A~ 90-3
'YES 90-4
v=v+1 d
v
90-5
Fori = 1 to N-1 &
L 4 - 90-6
Fork = i+1 to N d
gl 5 90-7
w=wtabs ((gen [i] [i]-gen[k] [i]1)/ (max [i]-min[i]))
—
NO 90-8
/
k LOOP COMPLETE ?
next N ::;“’
1YES
NO - 90-9
~C_ i LOOP COMPLETE 2 S
next
NO- YES‘f
<
LOOP COMPLETE ?
next N >~90—10
YES .
YES - Y NO .
— wCN(N-1)/2) X F 2 >—l |
90—12\“\ ! . \“\90r11 ;,90—13
d_flag = On . o d_flag_= off
‘ |

_ RETURN }~90-14
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cal culati-on and required performance of CPUs. Wth refereng
and 22, data structures of control paraneters to be used in
wif 5 be described in the following. Fig. 21 illust
control paranmeters and their effective domains they nmay t ak!

RE?LE&:E 3?#‘%57
' Bhfss. 0B NGV 1995

method 1-3 for use in the group supervisory control conprises M pieces

(el enents) of paraneters, 10 each referred to as an
ride coefficient, bi-directional reservatilons, or the Iike.

effective domain data 1-6 stores di:?c; 7

al’ug, BE
Ejsa bEhco

| 53 34 35
s 1 3
o[ LEARNING LEARNING
- HALL CALL UNIT RESULT TABLE
COLLECT -
) UNIT | 36 I
S SEARCH SIMULATOR
UNIT
= - [ SEARCH RESULT
CAR ;33 TABLE
INFORNATION y
COLLECT UNIT || L[ ASSToNMENT EVALUTION |39 358
- +i| CONTROL UNTT EQUA. TABLE
-3 | GROUP SUPERVISORY
CONTROLLER
L7 |
! 6 ! 62 ' 63 ] 64
CAR OOR ] o S o
_51_\7' CONTROLLER | ('] CONTROLLER CONTROLLER CONTROLLER
52~ 53~ 54~
-éﬂ.)n
81 82 83 84
91 |
02 p (92 | 93 (Sh
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on a mni mum val ue, a maxi num value, and its.increnental or jd AR rer |
step for each of Melenents of 15 paraneters. By way o?égganpt"gh’Q sET

nurber of paraneters is designated to be M which ranges fr(nb§Q ) &CNOV]Q% ‘
normal Iy, however, it is not limited thergto, and it may take—any-gugber™ """ '
Wi thin the scope of t he inventi on. By mayibf exanpl e of Fig. 21hm__QQD1LQl

par anmeter 20 in the fi value is shown to h *nuql SN
val ue of 0.0 and a maxi hnum va , and changes stepw s W%her an

by 0.1. Also, in the case of CN/CFF type capabl e of bi-direc

e——e .

reservation, OFF
' ( START )

nd
\ 4

COLLECT TRAFFIC FLOW DATA |~ 201
I
GENERATE CANDIDATES FOR |- 202
A CONTROL METHOD
‘ Y - 203
SEND CANDIDATES TO
SIMULATOR
y - 204
SIMULATE ACCORDING TO
LEARNING RESULT
¥ _ ~ 205
ﬁﬁ¥9 THE RESULT TO SEARCH.

IS
SEARCH QPMPLETE

- 207
ENTER INTO SEARCH RESULT
TABLE
L - 208
WRITE INTO EVALUATION
EQUA. TABLE

EXECUTE CONTROL ACCORDING | - 209
E8UA NTENTEOF EVALUATION
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I's assuned to be O and ONto be 1. 25 The contg
paranmeter's effective domain data 1-6 are set according to éﬁWhﬁ%ﬁMﬁNJSHEET
buifl di ng. For exanple, in such a building where the bi-dire tlonqlz Ng
reservation is not included by the request of the user, 14 th """"
‘automatic adjustnment in the search unit is executed, the bi * gctrtonal
reservation wll be

| THIS SHEET 15 BEEN
REPLACED

3

FIG. 3

GENERATE INITIAL ¥V
CONTROL METHOD

301

o
d

A 4

SIMULATE ACCORDING TO |- 302
LEARNING RESULT

L 303

L
RANK ACCORDING TO
SIMULATION RESULT

YES IS
SEARCH ?COMPLETE
ENTER INTO SEARCH KEEP TOP-RANKING o
RESULT/EVALUATION CONTROL METHODS
EQUA. TABLES

T
- 307
GENERATE OTHER CONTROL
STOP METHODS BY CROSSOVER
L 308
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PARAMETERS BY MUTATION

This Sheet Has Been Reﬂlaced




nul l'ified always by setting both the m ni rum and maxi num val|l®EPLACERENTFISHEET u

(O0) and incremental steps to be 0. In 5 addi tion, by arrani&g :
hADN. 19%5..
Ty

above, Melements of paraneter itens can be utilized commonl|y Dater;
every buildings under the same vendor's service w thout requ=+rg

particul ar amendnent in its programwth respect to each buil ===
of exanple, a control 10 par aneter &et here refers tollariBSHEETdHIHBEEN
i ncr cRBPLACED :

.conprising any respective data senpye j any respective
st eps descri bed above. That is,% r ?e to Fig. 21, a

paranmeters i s produced

METHOD | COEFFI. COEFFL. METHOD | COEFFI. COEFFL.

" v

ASSIGN | WAIT TIME | RIDE TIME \l ASSIGN | WALT TIME | RIDE TIME S

FIG. 4(b) FIG. 4(e)
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havi ng‘an' area value of 0.0, aride tinme of 0.0, a 15

BEPACERERT sHEET

20, ... and a bidirectional reservation of 0 is generated, .
produced anot her set, for exanple, having a area value of 0| at@-'u aeNﬂVnm

of 0.5, a crowding of 25 ...and a bidirectional reservatiople— T o
respectively. 20 Figure 22 i IP_ustrat es an exanpl f defining

a gene which is represented as a set of control paraneters. ,legéq_| "‘aBEEN |
data array having different contrql daramaters of M (nunber ¢r typﬁé LA&@ :

each data arra in di § f er entcqnbi §tign fhereof const
&
FIG."5(a <
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25 . control paraneter (control nethod) set. This gene m%;gf€g§F§ﬁ=Fﬁ====:

N sets which normal |y nounts to about 100. For sinplificatiad LAGEMENT SHEET

f'ol'l owi ng description, a gene will be abridged to be gen, a gene a@&q
1'

29 occurrence to be gen (i), and a control paraneter set at
to be gen (i)(j). Thereby, with reference to Fig. 22, a cowolnatlon at tne__

second . -
6 THIS SHEET 11AS BEEN
- REPLACED
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paraneter sets is expressed to be gen (2)(3) which has a va

way of exanple, each value in the control paraneter sets is %Lhne
randomy in the initial stage. In the next, the automatic a :
search 10 operation of the inventiop will be described :

reference to Figs. 23 through 33. Since thé gro sor TAS BE
i npl ement ed generally by software in the m'crocﬁlgigr, ach tep %‘%’LACED EN
automatic adjustnment in the search operation wll be
STARTI
701

GENERATE A VERIFICA-
- TION TRAFFIC FLOW

I
301
GENERATE INITIAL V
CONTROL METHODS

e
ad

A 4

SIMULATE ACCORDING TO |- 302
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— T - 306
703 ~, KEEP TOP RANKING
SIMULATE WITH A CONTROL METHODS
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15 . descri bed by way of exanple of such inplenentati
software. Figure 23 is a general flowhart 10 indicative o
adj'ust ment processing to be executed in the search unit 1-
enbodi nent of the invention. 20

The automatic

i {_th nmant

MRESIACEIRENT SHEET
autonmati c
mite orf®. 2. NOV 1995

............

ettt

processing is enabled by an accunul ation and nodification of the |learning _

data in the learning unit 1-1,

corresponding to a 25
rush hour,

or routinelyg enabled at a
of the day. Further, the automatic adjustment operation is
particular traffic fl ow such i

FIG. &

p@@&ﬂﬂﬁ"
. he l

ThAGED,

GENERATE INITIAL
CONTROL METHODS

301

v

SIMULATE ACCORDING TO
LEARNING RESULT
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v
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| unch time and the I|ike. In-step 10-1, it

i's checked whet her QEPESéE@gETSHEET

control paraneter set has been already produced, if not, 30 t
oes to an initial value generation subroutine 20, and if yes h
g g V9D0aie 0. NAY. 1095 .

goes to an operation subroutine 30. Then,
subroutine 80, and

it advances to eval-tati-on

THIS SHEL 145 BEEN
REPLACED

)
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FIG. 9(c)
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5 .- at step 10-2, a
fJowchart of the initial
initial value generation
set generation 10

to a | oop processing for
relate to a | oop process

cycl e of process is ended. Figure
val ue generation subroutine 20 nor QF
subroutine 20 corresponds to the c Qﬁﬂ J

means of the invention. Steps 20-1

genes in the nunber of N Steps 20 b 204 oo oo

‘hép?. %FM:E;;'? %ET

ing for control parameters in the nlings seksM-E53zEN
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occurrence of genes and at j-th occurrence of control para
produced. Here, an initial value of the control paraneter ils ass
produced by random nunber, and a function 20 rand (
to produce any random nunber between the m ninmum val ue x a

val ue y which changes stepwi se by z. Afterlgonpleting each_loop processing

I n steps 20-4 and 20-5, a distance flag Sereset tg¢ ﬁﬁg 8. a0 —=
in step 20-6, then in step 20-7, the suﬁﬁne74urns t ojft he S?—‘%t'/&@@? ‘Fﬁ‘
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Figure 25 is a flowhart of the operati S heep NSt PPSHEET
t hecked whet her {h&HtR St&Ce S | BEEN([dfll ag)
31 In step 30-1, i is c oy A&)zgﬁlﬂva]%

OFF. Wen it is OFF, the flow advances a cPBBLAGER subriplitpaae:. £ LaNdValddd

D
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x and 'y fromits parent in its respectiv
which may be utilized as a new breed gen
20 ° In this instance,

nunber (N-1) excepting one which has th
subj ected to crossover processing in repetition for their updatlng I'n
addi tion, by arranging such that the bestl4gene with the top-rating in 25

eval uation has the nost pr obabl e chanc
generation (L+1), it is ensured that a

é&&%ﬁ%ﬁ@%&
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t he HErCEgener af
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fl owchart of the crossover subroutine 40| ofH8REEAER PHHY [[TIREPLAGEMENTSHEET

subroutine 40 corresponds to the control |lpar arfRR A crogisover rua?nﬂgvm
In step 40-1, a current generation gene (gen) is copied to| DR -l 1@y vesnesesenr

better. qual i ty Is utilized in the L+1 gefi =372 Ft ‘Eﬂ FT s

t np. Thereby, the current
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gener ati on gene becones tnp, allow ng ?ﬁgg gnfg'
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to be-util |21ﬁdsue¢1Ha§mee§ ae&a of t he next generation. In ste hq ’%”Eb@mq‘f‘

genes of N | }l!lnuwe“ﬂﬂﬂmp function (sel ect) \/\ﬂi
expl ai ned | at nmber is designated to be x. Likegse,.
40p4 anot her ed the nunmber of which is design D(%gétor% N@\P]QQS

Steps 40-5 and 40-9 corresponds to a | oop process 25 for the control

araneters of M In step 40-6, a value O or 1 is ge.nerfatedr o
\F;al ue is 0, in step 40-7, a control parangger gen (i)(j) at '@{ﬂ%@s%@“ :
of genes and at j-th F/G 78

TRAFFIC FLOWS ) CONTROL METHODS
MORNING TRAFFIC | NORMAL/ENERGY-SAVING CONTROL
EVENING TRAFFIC MULTI-OBJECTIVE CONTROL
NORMAL TRAFFIC FLOOR ATTRIBUTE-BASED/CAR ATTRIBUTE-BASED CONTROL
LUNCHTIME TRAFFIC | FLOOR ATTRIBUTE-BASED/CAR ATTRIBUTE-BASED CONTROL
e p— \/_-\-
~—1
;1-1 A51-2 GROUP SUPERVISORY
- CONTROLLER
LEARNING UNIT SEARCH UNIT
fl"A l {]-3
ASSIGNMENT - CONTROL
CONTROL UNIT METHOD

i

o
L
CAR

CONTROLLER

1L
& _,"’... =B,
HALL CALL

BUTTON




33 occurrence of control paraneters is caused to be sﬁbstit’"‘t i ]
control parameter tnp (x)(j) at x-th occurrence of the presgn ¢é‘2ﬁer"éﬁ'\ﬁq'“" |
genes and at j-th occurrence. On the other hand, if its val %altes OZnNayqssﬁ

5 40-6, in step 40-8, gen (i)(j) is substltutedb
paranmeter tnp (y)(j) at y-th row of the present generatlon ﬁggpq and at .
j-th occurrence. | 18 THIS SHEET HAS s,__n g
F/G 20 REPLACED }.
SEARCH UNIT
;]—2
{1-5 fl-S ),1-7
LEARNING RESULT PARAMETER'S 1 | GeNETIC DATA
MAIN CPU EFFECTIVE EVALL. DATA
i DOMAIN DATA ’
Jot 1t EJI
¥ |}
\4 EVALUATION EVALUATION EVALUATION
CONTROL METHOD CPU CPY CPU
| | g -8 -8
1 2 3 M-
PARMMETERS | AREA COEFFL. | RIDE COFFL | CRMONC et
min 0.0 0.0 20 OFF (0)
max 50 2.0 80 ON(1)
step 0.1 0.1 5 1
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When a | oop process fromstep 40-5 to step 40-9 is conplete p@,s,_dmgi,\,-pa%m
new breed gene is produced which 10 I nherits either or y f

val'ue of each control paraneter thereof fromits parent. Fu tdméiﬂvﬂemtﬁgs
| oop process fromstep 40-2 to step 40-10 is conpleted, thelgenes

excepting the best rat ed gene are updated by crossover proc —.10....
Then, in step 40-11, the crossover subroutine returns to thEmg,.@E 9“}.”_\, .

30. Fig. 28 is a flowhart of the select funcibon which is Msed igedieen i

NO. OF CONTROL METHODS:M

crossover process.

&

v

4 | gen[1][1]=1.2 }gen[1][2]=0.0 | gen[1][3]=35 | ---:-- gen[1] [M] =1

o o | Leen2 =43 gen(2] [2)=1.4 | gen[2] [31=75 | -+-e++ | genl2] =1
* GENES:N

¥ [genNI [11=5.0 |genN] [2]=0.3 | gen[N] [3]=40 | -+++-- gen[N] [M] =0

' FIG. 23

' 10
START
N0/~ ARE INITIAL CONTROL \YES
METHODS PRESENT ?
' 101

INITIALIZE |20 OPERATE  [|~30
T

EVALUATE ﬂ~so
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It is desirable in the crossover process that the 20 h AE@HENTSHEET
genes are adapted to have a nore significant effect on the de cen&

gerieration. Thereby, genes rated fromthe 1st to ath are adap S YE _Nb t 40
t hose having a value nearer to 1 has a higher probability of 0

t hose having a val ue 25 nearer to [err] has a |ower probability of L
sel ection through subjecting to a square function. In step 50 qom,. o
fraction of nunmber greater than 0 and Iesagﬂmunl i s produced é?ﬁ%ﬁf %? %BLL'N
0.1/ a, U Eé e

FIG. 24
( InITIALIZE )" 2

l 20-1
Fori =1 to N d

.V
: 20-2
1 to M d

Forj

P

. - 20-3
' genlil [i]=rand(min[j], max[j], step [i])|”

} _
—l)< i LOOP COMPLETE ? }’20 )

next
NO 1YES 20-5
i LOOP COMPLETE ?
next ::jg—
"YES 20-5
d_flag = Off d

. RETURN 20-7
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multiplied by (a-0.1), and to which is added 1. Then, in st

34 mthh-is then squared. In step 50-2, a val ue obt ai ned in E¥@gL§8E&EN?SHEET
i nteger part of the result is taken. 5 In step

exam ned whet her the value obtained is greater than (a) or £
In step 50+

PRODUCE A GENE[i] FOR EACH PARAMETER WHICH INHERITS A VALUE EITHER
x OR y FROM A PARENT

This Sheet Has Been R

L] i

greater, (b) is substituted by (a) in step 50-5. e_MaLue_mNMw”,
(b) produced as above is THIS SHEET HAS BEEN |
21 REPLACED ]
(" OPERATE  )~30
v
NO YES
d_flag:0n ? >—
\~30-1
40 70
CROSSOVER CATASTROPHE
v
60
MUTATION [}
v
RETURN 30-2
gen[x] [1] gen[x] [2] [ ------ gen[x] [i] [ +e---- gen [x] [M]
genlyl [1] | genlyl[2] |[------ genlyl [i] |-+ gen[y] M]
TWO GENES gen|x], gen[y] ARE SELECTED
NO, OF GENERATION : L+1
gen[x] [1] genly] [2] | :----- gen[z] [z+1] | ------ genly] M]




returned to the crossover subroutine. 10 An ex
probability of being selected according to the select functifon, for
i nstance when the nunber of genes N=100, is approximtely 1 %mﬂ.l.rm\{.‘lsgs_,__

t op-ranki ng gene, approximately 4 % for the second- ranking®=
- the 100t h

t he 50t h ranking gene, and 15 approximately 0.5 % fo _:T

ranking gene. Figure 29 illustrates a nutﬁ I on process in t1q}mygﬁggpnAgBEEN (

subroutine 60 according to the invention. this nutation |proceHEpLABED l
1

gene string (or array) nmay be selected randomy fromthe gr

FIG. 27
( CROSiOVED~ 40

.7 r- 11 r40— |
tmp [i] [i]=gen[i] [j]
i=1 to N;j=1 to M
¥
40-2
Fori = 2 to N d
4 03
x = select (N) d
¥
40-4
y = select (N) d
'
40-5
Forj = 1 to M d
g
YES . NO
[—< rand(0,1,1) =07 >— |
- N\~ no : -
40 7\v\ _ | | 40-6 ! ),40 8
gen[i] [i]1=tmp [x] [j] gen[i] [j]=tmp[y] [i]
L
NO . 2 40-9
iy :S“
j LOOP COMPLETE ?
next‘\‘* |
YES
NO Y 40-10
T .
i LOOP COMPLETE ?
next ™\ j:ST’
YES
: 40-11
RETURN
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20 . strings-in the nunber of N, then a certain portion $¥1¥W€‘Cﬂﬁffur—~
paraneters in the selected gene string is altered by a rando & t@QEMENTSHEET/

breed a new gene string which may be utilized in the subsequgn f
Figure 30 is a flowhart of the mutation subroutine 25 ogﬁgﬁghﬂﬁggiu'

I nvention. The nutation subroutine 60 corresponds to the confrol par ameter =

set nutation neans. | |
| THIS SHEET HAS BEEN ||
23 REPLACED “

y - 50-1
= {rand(0,1,0.1/a)}2
l 50-2
b=x(a-0.1)+1 4
Y 50-3
b = int (x) d
NO L 50-4
< b>a? S
! YES £0-5
b=a d

‘.
(' RETURN(b) )~-50-6
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35 Steps 60-1 and 60-7 relate to a | oop process for incurri figREFFAGEMENT SHEET

a predeterm ned nunber of gene strings (c) anong N pieces o ene o
I'n-t he case of gene strings N=100, this value c=5, for exa |aate5032ﬂmgm

In step 60-2, an x-th occurrence gene string is sel ected randgomy TToma
group of the 2nd occurrence gene string to the N-th occurre e string.

Steps 60-3 and 60-6 are a |oop process fos,incurring a nutaflifys! -
pr edet er mi ned nunber of 10 control—i-%ar aneters (d) anpng ?ﬁ&%ﬁ)@tm
control .

gen[x] [M]
gen[x] [M]

TR N ]
seoesee

L+1

|

gen[x] [y]
NO. OF GENERATION

NO. OF GENERATION:L
SELECT THE GENE AT NO. x
rand (min [y], max [y], step[yl])
ALTER THE CONTROL PARAMETER AT

NO. y WITH A RANDOM NUMBER

gen[x] [1]
gen[x] [1]

~ This Sheet Has Been Reﬂlaced
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paraneters. In the case of control paranmeters M=50, this valf =

exanple. In step 60-4, a y-th occurrence control paraneter ijs E%#%QT%ﬁMTSHc
randomy from M pi eces of control 15 : paranmeters. In M@v M
control paraneter gen (x)(y) which occurs at x-th gene stri

control paraneter i s updated by a random number in accordance mnth the
paraneter's effective domain data 1-6. 20 Then ~sLep~ﬁQd8%____,
the flowreturns to the main program 30. 25Figure 31 is a /I ITousBaLL; @fhﬁgggm

REPLACED

FIG. 30

(" OPERATE MUTATION )~-60

l 60-1
Fori =1 toc d

*i -60-2

x = rand(2, N, 1)

v 60-3
1 to d d

Forj

" 60-4
y = rand(1,M, 1) i

l 60-5
gen [x] [yl =rand (min[y], max [y], step[y]) d

!

NO 60-6
j LOOP COMPLETE 2 >
next
lves
NO 60-7
1 LOOP COMPLETE 2 >
next
YES

RETURN 60-8
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cat astrophe subroutine 70 of the invention. The catastroph REﬁLKDEMEW?&QFET
corresponds to the control paraneter set regeneration meang.

A principal concept underlying this catastrophe subroutine vmété ﬂe2 NBV ]95

descri bed bel ow. When the automatic adjustnment in the sear
repeated many tinmes, it often occurs that nobst genes 36

26 THIS SHEET HAS BEEN ||
— ' REPLACED |

FIG. 31

(' OPERATE CATASTROPHE  )~T0

i

' - 70-1

Fori = e to N

‘_’__II

1,-70-2

Forj =1 to M

1i ' ¢ 70-3

genli] [i]=rand (min[i], mex [il, step [i])
NO l 70-4
L 5 LOOP COMPLETE 2 >

next
IYES
NO 70-5
L i LOOP COMPLETE ? >
next : :
| ves

( RETURN }r~70-6

T



ARERLACEMENTISHEETN

Ssove S&aRJ-
ooend) 2. 01 W

----------------------

tend to be concentrated around sonme potent extrenmumin sg
in the domain of control parameters due to repetitive crg
I nsuch an event, the nutation process attenpts to disper
genes to a w der extent, however, the nore potent the exty
nore difficult to dlsperse It is, however, nore likely t
val ue exi sts other than such an extrenum\Mtrnn t he gl oba 'ﬂﬂQ@%ﬁE¢QWQ]%tN i
therefor, or that the optinum value my 187 change fpr shidgpicep n
t he donaln along with changes in the use conditions int '

..w-.-....—.---—----— -----

tendency to
FIG. 32
( EVALUATE )~80
¥

80-1
Fori =1 to N d
. .
. v f80-2
GENERATE A PARAMETER
SET gen[i] AT NO. i
L 80-3
SIMULATE d
v — -80-4
RECORD THE RESULT IN
dat [i]
' T
NO 80-5
i LOOP COMPLETE? S
next !
lYES |
-80-6
REARRANGE RESULTANT
gen, dat IN THE BEST
RANKING ORDER
y 90
MEASURE A DISTANCE
y -80-7
SET A PARAMETER SET
gen{1] IN GROUP
SUPERVISORY CONTROLLER |

RETURN 80-8
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concentrate around extrema as above\MII
an opti num val ue by neans of the probabi

15 - Th

remai ni ng genes except for top-ranking pr
regenerated thereby to solve t he probl em

proceSS|ng as thef:AE;

distribution of g
executes the sane

erefore, when the ge

enes.

St

nes

ITH§ BHEET HpsIBEEN

tend 1O

eterm ned nunbe
ociated with the uneven
trophe subroutine 70

ue generation subroutine for

REPBACEMERY sfieeT
arch approach.

Daxe VN2 NQY. 1905,

50|nt.

gene strings frome-th occurrence to N-th occurrence

(: MEASURE THE DISTANCEA:)~—90

90-1
w=0 ;v=20 d
y 90-2
Forj =1 to M d
>
A 4 . NO
min [j] #max [j] ?
<<:: A~90-3
YES 90-4
v=v+1 d
y 90-5
Fori = 1 to N-1 &
gl
90-6
Fork = it1 to N d
f' }»90-7

w=wtabs ( (gen [i] [j]-gen[k] [i])/ (max [i]1-min[i]))

v

k LOOP COMPLETE ?

90-8
>

lYES

90-9
i LOOP COMPLETE ? S

YES

YES

i LOOP COMPLETE 2 > .

YES y
—< wC(WN(N-1)/2) X 2

NO

90-12
N M g0-11
d_flag = On ' d_flag = Off
o |
RETURN }~90-14
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(T fill ]



<

gene strings excepting (e-1) pieces of gene strings in step 70-

i -Ré#?.AbEM%NT SHEE

I nstance, when N=100, e=4, for 25 ~ exanpl e. Hereinabove,

opération subroutine 30 and its respective subroutines have be dggescDQoNng ]
wth reference to Figs. 25 to 31. 37 Lastly, the evaluation e

80 of the :

ELEVATOR SYSTEM
ABSTRACT OF THE DISCLOSURE

A parameter adjustment apparatus and its method
have been provided which can significantly reduée a time
required for adapting to any change in use conditions
resulting from any timé-dependent'changes, and adjust
control parameters within a time practically allowable.
Operation data are stored in learning result table 35,
and search unit 36 searched for a candidé&e suitable for
an appropriate control method in reference to the result
of learning through the multipoint simultaneous search
method. The search unit 36 sénds a control method thus
obtained to simulation unit 37 for simulatiné an
elevator operation utilizing the result of learning and
its control method, then the result of the simulatiqn is
returned to the search unit 36, which repeats searching
for a new candidate for a more appropriate control
method in reference to the result of simulation.

[Selected Drawing: Fig.1]



fhvention\MII
the eval uati on subroutine 80. 5
corresponds to the control

80-2, an i-th contro
sinulator, then in step 80-3,

be described in the following. Figure 32 is

The eval

paraneter set selection neans.
80-5 are a | oop process for processing N pieces of gene str

paranmeter set gen (i) 10
it is S|nulated using the traffic fl ow data

uati on

i

Ry
%"Srn S‘?Eg 1995

g é’\é’lgéHEET

is set in the

acquired by learning, then, in steﬁ80 4,1its result such as a wait
31
5
g3 53 3
_” L ol 55??"“6 LEARNING
(— BALL | RESULT TABLE
2 UNIT 36 ' ;37
53 SEARCH SIMULATOR
UNIT
— | SEARCH RESULT
CAR 33
NFORMATION s et
COLLECT UNIT ASSTGNMENT EVALUATION | _39 )
CONTROL UNIT FQUA. TABLE 38
‘ 32 GROUP SUPERVISORY
CONTROLLER
L7
1 61 7 ! 64
wm 2 83—t
N ) oo CAR CAR
59~ | CONTROLLER | CONTROLLER f" CONTROLLER | {1 -CONTROLLER
52~ ~ ~
_é 10 53 54,
81 82 83 gL,
91
102 p ;92 ;93 594
9 41 o o |
I.d 9 4 t.z 43 U}u.
() 0 (-] g




time and the like is stored in dat (i1). In this subroutine,
te 80-5 are 15 processed in parallel by neans of a p
eval uation CPUs. In step 80-6, genes (gen) and result (dat)

be arranged in the order fron1the t op- ranélng to | ower ranki

to the result (dat), then, |ts stance is neasured in subroutlne

90. Finally, gen(l) which Isa’:IZEFr araneter set that has a best rating
rol

in the evaluation is set as thod 1-3 to be used actually in the
( START )

group
y

A

COLLECT TRAFFIC FLOW DATA |~ 201
Iy _
GENERATE CANDIDATES FOR |- 202
A CONTROL METHOD
L - 203
SEND CANDIDATES TO
SIMULATOR J
Y 204
SIMULATE ACCORDING TO
LEARNING RESU
Y 205
Ve
SEND THE RESULT TO SEARCH
UNIT

IS
SEARCH QPMPLETE

Vg 207

‘ .
Ve 208

EXECUTE GONTROL ACCORDING | - 209
TO CONTENT OF EVALUATION :
EQUA. TABLE

NO

HAS
A PRESET.CYCLE BEEN
REPEATED ? 210

YES




' superviéory controller 1-4. 25

di st ance neasurenent subroutine 90 of the invention.

Figure 33 is a

'S d}c's W%‘EEA&EBIENLFI\I%?{EET

nmeasur enent subroutine 90 corresponds to the difference neasubgﬁgpo'ﬁqyﬂ§ﬁﬁs
38 In step 90-1, work variables wand v are initialized. e AR :

FIG. 3

D

'GENERATE INITIAL
CONTROL METHOD

301

<

g

A 4

SIMULATE ACCORDING TO
LEARNING RESULT

- 302

v

RANK ACCORDING TO

303

SIMULATION RESULT

YES

304

-305~\~\

IS
SEARCH ?COMPLETE

ENTER INTO SEARCH
RESULT/EVALUATION
EQUA. TABLES

KEEP TOP-RANKING
CONTROL METHODS

v

GENERATE OTHER CONTROL
METHODS BY CROSSOVER

v

TRANSMUTE PART OF

306

307

308

PARAMETERS BY. MUTATION




- Steps 90-2 and 90-10 are a | oop process for processing contr
In step 90-3, a mninmum val ue m
parameter at j-th occurren

etements of M 5
maxi nrum val ue max(j) of a control
conpared. If they differ, the flow advances to a process of
t hrough step 90-9.
m ni nrum val ue and its maxi nrum val ue differ,
whi ch represents the effective

effective changes in the buil difnd\¥.

In step 90-4, where whgn it is indicated that
a value 1 is added to.counter v
r %caﬂrol paranmeters that allow

! l?@ﬁ! ENT SHEET
n(j) and a
jooaté 0.1 0EC ... |

i00-00

t its 10

WAIT TIME
COEFFI.

ASSIGN
METHOD

RIDE TIME
COEFFI.

ASSIGN
METHOD

WAILT TIME
COEFFL.

 RIDE TIME
COEFFI.

1st
2nd
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4th

Sth
6th

ist
2nd
3rd
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Steps 90-5 and 90-9, and steps 90-6 and 90-8 are 15 iTClEWTSHEET
processes for processing each distance between respective ggnes 0

step 90-7, a distance between j-th control paranmeter in i-t Eg@ec_y___‘r._ ikl 19%
gene string and j-th control parameter in k-th occurrence geae—strling 'S~ L
normal i zed by a distance between its maxi nrum val ue and m ni num val ue,

and
its resultant absolute value is addeq to a distance variable w Wen the

process down to step 90-10 is com@bet ed, @, sum of di stances between
respective gen rretl C
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25 avai l able is obtained in a distance variable w Fu t
maxi mum val ue of di stance becones VN(N-1)/2 fromthe effectiye c&ﬁ#inNTSHEET
par amet er nunber v. 39 In step 90-11, a sumof respective ;ﬁgal&:asBEﬁl)lBBS _

bet ween corresponding genes is conpared with a val ue obt ai neflBye———
mul tiplying a maxi num di stance value VN(N- 1)/2 by a predeterm ned val ue f.
When t he sum of
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5 respective di stances (w) between correspondi ng gen
the distance flag d flag is s
dflag is set OFF state |nD§t1éepmq BEC
t he predeterm ned val ue f=0. 1,
The foll ow ng advantages and nerits have [feen acconpllshed accordlng to
By provi di ng

arappter effective
program and data ;@turz that can be 15

t han t he val ue thus obtai ned,

step 90-12, and

In this enbodi nent,

t hi s enbodi ment

donmi n data of the invention,

when it is greater,

of the invention.

for exa

shared in conmmon throughout any types of service

702 -

G

RER-AEEEN,

GENERATE A VERIFICA-
TION TRAFFIC FLOW

701

v

GENERATE INITIAL
CONTROL METHODS

301

”

g

\ 4

SIMULATE ACCORDING TO
LEARNING RESULT

- 302

v

" RANK ACCORDING TO
SIMULATION RESULT

303

YES

l

READ A TRAFFIC FLOW
FOR VERIFICATION

IS
SEARCH QQMPLETE

703 ~

v

SIMULATE WITH A
VERIFICATION TRAFFIC
FLOW

KEEP TOP RANKING
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bui | di ngs have been desi gned and devel oped. Further, by si
gnly a portion of the paraneter effective domain data, any
of control method appropriate to any specific service build
be readily inplenented.. Further, by providing the plurality
CPUs, the automatic adjustment tinme is capable of being shortened
substantially. Still further, by providing t he catastrophe process 25
that can be enabl ed in accordance with the di stances between respective

control parameter sets, the automatic
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adjustnment in the search process is ensured not to term nat

ni ni mum or extremum which is not 40 optimumin the gl obd| RFEKACEMENT SHEET

Further, it is also possible to prevent any inferior contr ar fyep PYEC 1995
(genes) or inferior results to be inherited to the descend Pgﬁéﬂerabrenamn;
t hrough the automatic adjustnent 5 I N9t he. search process by neans of
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mut ati on and cat astrophe processes of the invention wi t hout | . gg S,
having the best value currently avail able. According to thi E%§ﬁ§§|€%§ﬁ¥¥§°c
the invention, it 10 is possible to determ ne paraneljgis
prior art search nmethod when the prior art search nethod is
adequate to optim ze these paraneters, as well as to mnimze the

calculation tine required for calcul ation thereof, and further to ensure a

hi gh 15 performance control” capabil@ty simlar to or greater than.
the prior art to be achigved. -
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According to the present invention, it has beconme possibl e {oOREPOAMCEMENDSHRET
paranmet er adjustnment nethod and an apparatus therefor which can.rgduzeqhgixs
time 20 required for adapting to any changes in use gobDatet.l.Bn&. ehie N
to any time-dependent changes, and adjust control parameter
inatine allowable in practice. 41 Whaklis claimed is:
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1. An el evator systemhaving a plurality of elevator cars,
huttons provi ded on each floor, and an el evator group super
apparatus for 5 controlling said plurality of elevat
response to call signals fromsaid hall call buttons and car
characterized by conprising: use condition collection neans for gatherlng
I nformati on on use conditions of elevator cars; 10 -l earning
means for |earning said use conditi'ons and/Zor el evator car oper at i onal
results; search neans for ggarching an optinmum contro
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met hod in accordance with said use conditions acquired by s
means or said operational results; 15 si nmul ati onf neans for
sinmul ati ng an el evator operation utili zing a learning result QQQUIﬂea Bﬁc EBE

| REPERCEMERT SHEET

crd

said learning means in order to verify a control method that

searched by said search neans; and search result nenory neans for storing
search 20 resul ts obtained by saidygearch nmeans, wherein said search
nmeans i s adapted to search a new anhd better control method in accordance

Wi th previous search results stored in said search result nmenory neans.
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25 2. An el evator system having a plurality of .GRMGBMMQHEET

hall call buttons provided on each floor, and an el evator grgup s \ﬁéaq
control apparatus for controlling said pjgrality of elevator dhmsiigi ........... Qﬁi",

response 42 to call signals fromsaid hall call buttons afe~ear—e
;ggﬂglfhgcharacterlzed by.conpr|5|?g:/Eg{;%on’z;lon col I ection means for
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i nformation on use conditions of elevator cars; 5 REPLACEMENT SHEET
means for |earning said use conditions and/ or eI evat or car operatlonal
results; search means for searching an optinum control net Qﬁxté“ &c}:cﬂ&ﬁam,
Wi th said use conditions acquired by sai d | earni ng neans o

operational results; and 10 si mjlsati on means for si rrul ating an
el evator operation utilizing a |earning result acquired by said |earning
means in ordemﬁ géy control " nethod that has been searched by said
search neans; ai® search neans enables a plural ﬁ/ of contr ol
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15 met hods to be sinulated sinultaneously for verifil]

RERPAC N
aof the sinulation neans. 3. An el evator system according{fo cﬁ ?%EF%&'E? i
wherein said search nmeans conprises a genetic al gorithm 20 _ 'prDE 1935
searching for a plurality of control h‘gs t hrough steps eYal
crossover and nutation. 4. An el evat or stem according to cl ai ns 1, 2 or
3 wherein said §inulation neans 1s arranged to sinulate 725 a
predet er mi ned nyinber of control nethods in higher rat®nfs {n Jevaguat|on
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| ear ni ng acquifed by said | earning nmeans corresponding 111Q4fITT TITTET
111111111111111 43 thereto being altered within a predeta#ﬁfhé@hgﬁﬁ§mﬂEET

and the resutt of simulation being judged by said search ngthod.
5. An el evator system according to claim4 wherein a critf 1""8n‘of~7DECl395

j udgment for judging the
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sinmulation results by said search neans is a statistica
st andard devi ati on, worst val ue,

aver age,

best val ue and t hd
hal

An el evator systemhaving a plurality of elevator cars,
provi ded on each fl oor,

cal |

and an el evator group superV|sory a:
for controlling said pIurallty of elevator cars in response 15
signals fromsaid hal

cal |

butt ons ‘and1gar cal
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information on use conditions of elevator cars; |earning megneesiCEMENTSRSET
said use conditions 20 and/or el evator car operationfll results, or
both thereof; search nmeans for searching an optinmum control nﬁ@otﬂﬂnﬂ&[}
accordance with said use conditions acquired by said |earni 2
operational results; 25 3 simul ati on neans for sinulating an

el evator operati.on utilizing a learning result acquired by said | earning
means in order to verify a control nethod thaighas been searched by said

searchn neans; an F/G 22
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44 search result nenory neans for storing search results o
sear.ch neans, wherein said sinulation neans is adapted to
condition within a predeterm ned extent to be used in a 5
of a control nethod which has been selected by said search
repetition of a predeterm ned cycle of sinulation.
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7. An el evator system according to clains 1, 2 10 {
said search neans utilizes a fuzzy evaluation in judgnent of

4. .
simul ation results.

further conprising basic contro
regi stering basic control
I s adapted to execute a sinmulation in which any basic control
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9.
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An el evator systemaccording to clains 1, 2 and 3 wher
met hod i ncludes a different evaluation equation for each sqf
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generating a plurality of control paraneter sets each bei n{
conbi nation of the plurality of control paraneters; 5
paraneter set selection neans for eval uating said pIurallt

ReRLAdEN
Iy f'{’* %v

paraneter sets and sel ecting an appropriate control parametes—sei S 5ﬁFﬁ”j
for use in an actual group supervisory control; and at |east control
paranmeter set crossover neans for 10 selectlng a pair of control

paranmeter sets from said pIurallty “of contggpl paraneter sets each being a
di fferent conbination of the control paraneters, and
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perform ng a crossover between any control paraneters correg pﬁ@ﬁu&ﬁgﬁpsw&a
ot her between said pair of control 15 paraneter setsjf or CﬁF r
paranmeter set nutation nmeans for selecting any one of said 3|leité‘L.;.._?_ EC 1995
control parameter sets each being a different combination of=he-—conirgl™" "~

paranmeters and altering a portion of the control. paraneters in the 2
set thus selected. 11. An elevator contégl system according to clains 1, 2
or 3, further conprising: differente nmeasurenment neans for neasuring a
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"set(s) when a neasured difference is smaller than a 5 HuptdggﬁﬂyaﬁgﬁtET
val ue. 12. An el evator control systemaccording to clainms 1} 2, 10 or 11,
further conprising control paraneter defining data base for $)‘aQ3r lﬂ\d eDEC ]995

domai n of control 10 paramet ers” definable in a buil
utilizes the el evator group supervisory control system \/\herel n sal d
control paraneter set generation nmeans, said control paranmeter set nutation
nmeans, said control paraneter set regener2# i on neans are characterized by
produci ng 15 respective control paraneters within the definable
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