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el evator, and in particular to an irrprov‘ed group managenent contr Metdhod
for an el evator capable of decreasing an average waiting time and a waiting
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an elevator, and in particular to an improved
group management control method for an elevator capable of decreasing an average
waiting time and a waiting generation probability by selecting and servicing an
optimum car for a 'passenger. and an improved allocating method for a group
management system of an elevator capable of performing allocation and control by
considering a current hall call as well as a future hall call, by introducing a genetic
algorithm which is known to be highly efficient in a system with a large search space

to an allocation algorithm.

2. Description of the Conventional Art

When a call by a passenger is generated in a waiting floor group (hereinafter,
called a hall call), a group management system of an elevator evaluates various
situations regarding éach car's location, operating speed, direction, open/close state
of a car door, and a number of passengers, etc., thus allocating an optimum elevator
car for a certain situation to the hall call, and servicing the allocated car to the hall
call generating floor.

Such a group management system should satisfies various objects such as
shortening a waiting time, decreasing an allocation failure probability, that is the
elevator car passes without stopping at an allocated floor due to the full capacity of

the car, decreasing congestion in the car, re_ducing a power consumption, etc. In



When a call by a passenger is generated in a waiting floor group
(hereinafter, called a hall call), a group nanagenent system of an el evator
eval uates various situations regardlng‘fach car's location, operating
speed, direction, open/close state of a‘car door, and a nunber of
passengers, etc., thus allocating an optlnun1elevator car for a certain
situation to the hall call, and servicing the allocated car to the hal

call generating floor. Such a group managenment system shoul d
satisfies various objects such as shortening a waiting tinme, decreasing an
allocation failure probability, that is the elevator car passes w thout
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el evat or fdetersened)careqalfendylalloeated, the group management system evaluates a newly
generated hall call, and allocates an elevator car which is in an optimum condition
for achieving the dbjects. However, since a transport demand varies momentarily,
the group management system may be able to achieve the above objects when
properly adapting to a change of the transport demand. Accordingly, the group
management system shouid allocate the elevator car by considering the current hall
call as well as a2 futgre hall call. |

Since such a group management system has |imitati6n in accomplishing a
satisfying performance by a traditional controlling operation due to its complexity, an
artificial intelligence method such as a fuzzy theory, an artificial neural network
theory is introduced thereto.

Figure 1 is a block diagram illustrating an allocating apparatus of a
conventional group management system of an elevator. As shown therein the
allocating apparatus of the conventional group management system of an elevator
includes a hall button controller 11 for controlling a hall button installed at a
passenger waiting ﬂc_aor. a car controller 12 for controlling an operation of an elevator
car, and a group management control unit 13.

The group management control unit 13 includes: a information collecting unit
13A for collecting various information from the hall button controller 11 and the car
controller 12; a statistics unit 13B for collecting statistics of the collected information;
a transport kind characteristic discrimination unit 13C for comparing a current
transport state to several predetermined transport kind patterns and selecting a

corresponding one; an estimate transport kind generating unit 13F for generating an



determ ned) are already allocated, the group nmanagenent system eval uates a
newly generated hall call, and allocates an elevator car which is in an
optimum condition for achieving the objggts. However, since a transport
demand varies nonentarily, the group nanagement system nay be able to

achi eve the above objects when properly adapting to a change of the
transport demand. Accordingly, the group managenent system should allocate
the el evator car by considering the current hall <call as well as a future
hal | call. Si nce such a group managenent systemhas limtation in
acconplishing a satisfying performance by a traditional controlling
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a fuzzy theory, an artificiral neural networ eory Is Introduced thereto.

Figure 1 Vaialé){@ﬁkpéﬁtmm%/'éaézhtéléﬁé'w @fime), lzpdatd, 'HhdPBPAifEpeTt Rind? an
conventional group managenent system of an el evator. As shown therein the
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el evator includes a hall button controller 11 for controlling a hall

but t on i nef 4he atatat starghdns ghgeestimate transpodrkind ganerating runit d8F13andothe
Contr ol upBtistics Bata base 13E; And an allocatingisontraling untt 13D for Blocaing and
controlling the elevator car based from the above information.

The operation of the thusly constructed group management system will be
described with reference to Figure 2 which illustrates an operating state of the
elevator.

The informat.ion collecting unit 13A obtains data related to passenger
information such as a number of embarking/disembarking person by each class of
a floar and a direction by applying various sensors installed in each car, and
receives a condition of each car (opening/closing of a daor, a location of the car, a
direction of the car, etc.) from the car. controller 12.

The transport kind characteristic discrimination unit 13C  compares
predetermined characteristics of transport kinds or characteristics of the transport
kinds stored in the statistics data base 13E to a current transport kind, and
determines which transport' kind corresponds to the current transport kind. On the
basis of characteristics of the determined transport kind, the allocating/controlling
unit 13D becomes a'ble to control the elevator car storing a control algorithm suitable
for characteristics of each transport kind.

The statistics unit 13B collects characteristics of current data received from
the information collecting unit 13A and the transport kind characteristic discrimination
unit 13C by each character of the time, the data, and the trahsport kind, and

continuously renews data in the statistics data base 13E, thus enabling the group



The group managenent control unit 13 includes; a information collecting

unit 13A for coltecting various information fromthe hall button controller
11 and the car controller 12; a statistigs unit 13B for collecting :
statistics of the collected information; ™ a transport kind characteristic
discrimnation unit 13C for conparing a current transport state to severa
predeterm ned transport kind patterns and selecting a correspondi ng one;

an estimate transport kind generating unit 13F for generating an

3 estimate transport kind; a statistics data base 13E for storing data
related with various transport kinds by each class of a tine, a date, and a
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number of embarking/disembarking passengers by each floor and direction) of a
future transport kind on the basis of the data and the characteristics of the transport
kind stored in the statistics data base 13E, and the current transport kind stored in
the transport kind characteristic discrimination unit 13C.

The estimate data-generating unit 13G generates various estimate data such
as an estimate arrival time of the elevator car, an estimate number of passengers
using the elevator car, an estimate car stopping probability, a floor at which a car
call is generated on the way of 2 hall call service, etc. based from the future
transport kind and the current state of the elevator car. |

The alocatiné/controlling unit 13D allocates an elevator car on the basis of
the current state of the elevator car, a current transport kind. and the estimate data,
and performs various controlling operations such as a distributed control, an
integrated service control, etc..

The operation of the conventional apparatus will now be described. with
reference to Figure 2. |

Figure 2 illustrates various kinds of situations of a building where there are
19 floors and 4 elevator cars. '

As shown therein, a hall call of an upward direction is newly generated on a
16th floor while eac-h of the elevator cars is 'servicing a previously generated hall
call, and first and second elevator cars are ascending, and third and fourth elevator
cars are descending. In order 'to make a simplie description, supposing that one of
the first and second cars is allocated to the hall call on the 16th floor, an estimate

hall call generation probability of the upward direction which may be generated at



controlling the el evator car based fromthe above information. The

operation of the thusly constructed group nmanagenent systemw || be
described with reference to Figure 2 whigch illustrates an operating state
of the elevator. The information collecting unit 13A obtains data

related to passenger information such as a nunber of

enbar ki ng/ di senbar ki ng person by each class of a floor and a direction by
appl yi ng various sensors installed in each car, and receives a condition
of each car (opening/closing of a door, a location of the car, a direction
of the car, etc.) fromthe car controller 12. The transport kind
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ki nd. The statistics unit 13B collects characteristics of current

data r ecethardthirathver.tHere, the estimate arrival tieie f(t) can be bbtainsd bywet foldwing t
ki nd charactet(istic di scrim nati on :
equation:

f(t)= a time when an elevator car arrives at a hall call generatfng floor + W *
. (an estimate hall call generation probability of the upward direction * the time

required for each stop of the elevator car)

wherein, W is a weighting factor for determining. how many data of the
estimate hall call should be used for allocating the elevator car. Here, suppose that
Wis 0.5.

when the time required for an elevator operation between each floor is 2
seconds, and when the time for each stop of the elevator car is 10 seconds, f1(t),
an estimate arrival time of the first car, and f2(t), an estimate arrival time of the

second car, are respectively obtained by the following equations.
f1(t) = 14"2+10*°W*(0.4+0.2+0.1+0.1+0.2+0.2+0.5+0.4 +0.8+0.6
+0.7+0.3+0.5) = 28+5*5 = 53 seconds

f2(t) = 8*2+10"W*(0.5+0.4+0.6+ 0.7+0.3+0.5)
= 16+5*3.8 = 35 seconds



unit 13C by each character of the tinme, the data, and the transport kind,
and continuously renews data in the statistics data base 13E, thus
enabl i ng the group ' 4
managenment systemto properly corresponésto t he change of the transport

ki nd. The estimate transport kind generating unit 13F conputes

I nformati on (the nunber of enbarking/di senbar ki ng passengers by each floor
and direction) of a future transport kind on the basis of the data and the
characteristics of the transport kind stored in the statistics data base
13E, and the current transport kind stored in the transport kind
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synthetic evaluation function, the allocation Is not carried out only by the estimate
arrival time. However, since a method for applying the hall call to the allocation is
as same as the above-described method, and an estimate hall call generation
probability is predetermined at a certain value and uniformly applied to such an
allocation method, several problems are occurred as foliows.

A distance between a hall call generated floor and a car takes the greatést
part in the allocation. Therefore, in determining a car for servicing, even though the
estimate hall call generation probability at each floor is changed, the change may not
affect on allocating the second car. ,

Alsa, when a first section is from an 8th floor to the 16th floor, and when a
second section is from-a 2nd floor to a 7th floor, applying the estimate hall call

.generation probability of the upward direction in the first section to both of the first
and second cars means that both of the first and second cars are allocated with
respect to all fufure hall calls, which is logically inconsistent. That is. the estimate
hall call generation probability applied to the first car should not be applied to the
second car.

In addition, when the second car is allocated to hall calls generated in the first
section and the hall call generated at the 16th floor, a time for servicing the hall call
at the 16th floor is ir;creased, while a serviceability with respect to the hall call in the
first section is improved.

On the other hand, when considering the service for the future hall call, it is



the current state of the elevator car, a current transport kind, and the
estimate data, and perforns various controlling operations such as a

di stributed control, an integrated servi ge cont rol, etc. The
operation of the convent i onal apparatus will now be descrl bed with
reference to Figure 2. Figure 2 illustrates various kinds of

situations of a building where there are 19 floors and 4 el evator cars.
As shown therein, a hall call of an upward direction is newy generated on
a 16th floor while each of the elevator cars is servicing a previously
generated hall call, and first and second el evator cars are ascendi ng, and
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situation, each estimate arrival time of the first and
hall call generation probability in the second section is smaller than that in the first
section. In order to consider the above aspect, a probability of a future generated
hall call, that is an estimate hall call genération probability, should be considered,
however it is difficult to consider the above-described matters in the conventional
apparatus.

Also, after an allocation to the previously generated hall calf is deiermined.
an allocation to future hall call should be considered as well. For example, after it
is determined that the second car is allocated to all of the estimate hall calls in the
first section, and the third car is allocated to the hall call in the second section, it
should also be considered which car will be allocated to a newly generated hall call.

In addition, a method for allocating a car by an evaluation function (@) is
applied as an algorithm which searches an optimum solution by considering various
current and future states of each elevator. Here, the current states of the elevator
are a current Io_cation of the elevator, an opera'tion direction of the elevator, an
operation speed of the elevator, and a number of passengers, and hall call and car
call which are previously alldcated. etc., and the future states of the elevator are an
estimate number of passengers, an estimate arrival time of a car for servicing a hall
call, a probability for which the car stops on other floors while servicing to a fioor at
which a hall call is generated, and a location of the elevator at a predetermined time,

etc..



second cars with respect to.a hall call at a the floor which is not
allocated yet is obtained, thus allocating an el evator car of which an
estimate arrival tinme is faster than tige other. Here, the estimate arrival
time f(t) can be obtained by the foll owm ng equation: f(t)y=a time
when an el evator car arrives at a hall call generating floor + W (an
estimate hall call generation probability of the upward direction * the
time required for each stop of the el evator car) wherein, Wis a
wei ghting factor for determ ning how many data of the estimate hall cal
shoul d be used for allocating the elevator car. Here, suppose that Wis
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value obtained by considering congestion of a Kth car and long-term waiting
probability of a Kth car. |

When a hall call is newly registered, an allocation of the new hall call is
evaluated on the basis of the evaluation function (®), and a car having the smallest
evaluation value is allocated as a result of the evaluation. However, such a method
is may not appropriately consider the estimate hall call, thereby being not capable
of responsibly adapting toc the change of the transport kind.

Accordingly, in order to allocate an optimum car by synthetically considering
various future states using the conventional apparatus, the estimate hail call should
be evaluated by additionally considering an estimate hall call generation probability
which varies dependent upon the above-described situations.

However, to consider the estimate hall call generation probability. an estimate
hall call with respect to each floor, an estimate hall call to an operational direction

. of each car, etc. _should additionally be considered, whereby a solution may not be
obtained within a predetermined time since computation volume of the conventional

apparatus is rapidly increased, and a serviceability of the elevator may not be

dropped due to inefficient computation.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a group

management control method for an elevator which generates an estimate transport



40.7+0.3+0.5) = 28+45*5 = 53 seconds f2(t) = 8*2+10*W (0. 5+0. 4+0. 6+
0. 7+0. 340. 5) = 16+5*3. 8 = 35 seconds
6 The estimate arrival tinme of the first car to a 16th fl oor,

which is obtained from the above equat igon is 53 seconds, and the estimte

arrival time of the second car to the 16th floor is 35 seconds.
Accordingly, a hall call which is not allocated yet is allocated to the
second car having the faster estimate arrival tinme. O course, in a

kind by using an estimating means, computes a future hall call generation probability
by each floor and direction on the basis of the estimate transport kind, and applies
a genetic algorithm to an allocation based from a value of the future hall call
generation probability, thus capable of servicing an optimum car to a passenger.
To achieve the above objects, there is provided a group management control
method for an elevator which includes: a first step for dividing a domain of a building
into predetermined sections to be suitable for various states of transport demand,
and computing a number of future hall calls which will be generated in each section;
a second step for obtaining a future hall call generation probability on the basis of
an estimate number of passengers in accordance with a result obtained in the first
step, and setting up future hall call genération floor and direction based from said
probability according to pre_determin'ed rules; a third step for adopting the result
obtained from the first step as base data, obtaining an evaluation vaiue of eaf:h car
by using a synthetic evaluation function, and selecting more than two cars which
have an evaluation value of a high priority according to the predetermined rules; and
a fourth step for receiving a result obtained from the second step and the allocated
cars selected in the third step, aﬁd selecting one car which is regarded as an
optimum car to be allocated by applying the genetic algorithm thereto.
Additional advantages, objects and features of the invention will become more

apparent from the description which follows.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the detailed

description given hereinbelow and the accompanying drawings which are given by



synthetic evaluation function, the allocation is not carried out only by
the estimate arrival tinme. However, since a nethod for applying the hal
call to the allocation is as sane as t?@ above-descri bed net hod, and an
-estimate hall call generation probabilitfy is predetermned at a certain
value and uniformy applied to such an allocation nethod, several problens
are occurred as foll ows. A di stance between a hall call generated
floor and a car takes the greatest part in the allocation. Therefore, in
determining a car for servicing, even though the estimate hall cal
generation probability at each floor is changed. the change may not affect
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shoul d not be applied to the
igure 2 is a diagram illustrating an operational situation of an elevator in
order to describe an operation of the conventional apparatus;

Figure 3 is a block diagram illustrating an allecating apparatus for a group
management system to which a group management control method for an elevator
according to the present invention;

' Figure 4 is a detail block diagram illustrating a hall call generation probability
generating unit, and an allocating/ contralling unit in Figure 3;

Figure 5 is a signal flow chart of a genetic algorithm which is applied to the
method according to thé present invention; '

Figure 6 is a table illustrating an example of an evaluation function according
to the present invention;

Figure 7 is a table illustrating an example of a prabability of selecting a parent
car according to the present inveniion;

Figure 8 fs a diagrarh ilustrating a genetic synthesis process;

Figure 9 is a diagram illustrating a mqtation generating process;

Figure 10 is a diagram illustrating an operational situation of an elevator
applied to the method according to the present invention;

Figure 11 is a table in which a solution according to the present invention is
encoded to a genetic type;

Figure 12 is a graph illustrating a weight of an estimate hall call according to

a time interval between each floor;



second car. In addition, when the second car is allocated to hall
calls generated in the first section and the hall call generated at the

16th floor, a tinme for servicing the haklk call at the 16th floor is

i ncreased, while a serviceability with respect to the hall call in the
first section is inproved. On the ot her hand, when considering the
service for the future hall call, it is

7 - nore proper for a third car to service the hall calls generated in

the second section and for the first car to service the hall call on the
16th fl oor although the estinmate

Figure 13 is a table illustrating expectations of an estimate arrival time:

Figure 14 is a flow chart illustrating computation of an evaluation value of the
genetic algorithm applied to the method according to the present invention:

Figure 15 is a table illustrating an operational situation of a tempararily
allocated floor;

Figure 16 is a table illustrating an example of an allocation. suitability
according to the present invention;

Figure 17 illustrates a car allocated to a hall call which is newly generated:

Figure 18 illustrates an incomplete genetic sample according to the situation
illustrated in Figure 10;

Figure 19 is a table illustrating a car which may not be allocated according to
an arrival time; | |

Figure 20 illustrates a complete genetic sample; and
Figure 21 is a diagram illustrating an evaluation value of the genetic sample

in Figure 20.

DETAILED DESCRIPTION OF THE INVENTION

The operation and effect of a group management control method of an
elevator according to the present invention will now be described with reference to
Figures 4 to 25.

. A genetic algorithm applied to the mefhod according to the present invention
is suitable for a system which a vast search space, and a rough explanation thereof
is as follows.

The genetic algorithm is a theory introducing evolutionism to solve the



arrival tine of the first car is slower than that of the second car, since
the estimate hall call generation probability in the second section is
~smaller than that in the first sectiongsln order to consider the above
aspect, a probability of a future generated hall call, that is an estinmate
hal | call generation probability, should be considered, however it is
difficult to consider the above-described matters in the conventi onal

appar at us. Al so, after an allocation to the previously generated
hall call is determned, an allocation to future hall call should be
considered as well. For exanple, after it is determ ned that the second
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opti mum sol ution by considering various current and future states of each

el evat or. process siich aspaeent gers synthésishmutdtiorageneratior, natuvalr ssiéctioncott a on
of the elevator, an operation direction of the elevator, an operation speed
of the el e'aaeaawe groeaetcunber of passengers, and hal | cal | and car call
whi ch are previously allocated, etc., and the future states of the el evator
are an A parent gene is selected among several samples (initial values) for which an
actual solution for the problems are expressed in a genetic type in accordance with
a predetermined method, and a new offspring gene is produced by synthesizing
selected parent genes or generating a mutation, and a new generation is
continuously generated by synthesizing the offspring and initial gene (population or
sample), thus selecting a gene héving a biggest evaluation value 'after a
predetermined generation is passed, and considering information of the gene as an
optimum solution to the corresponding problems.
In order to obtain a solution using the genetic aigorithm, two prior operations
should be performed as follows.
First, the solution should be expressed in a genetic type which is shown
below. That is, the solution may be formed in a bit type as shown in Example 1, or

a natural number type as shown in Example 2, or a real number type.

Example 1:gene 1 (000011110101000010 1)

Example 2: gene 2 (1 234 6 21 16 79 66 33 52 14 6 32 0)

Second, an evaluation function which may evaluate each gene should be
developed. In fact, information required in the gene algorithm is only the evaluation
function which evaluates whether or not the solution is accurate. That is, one of the

advantages of the genetic algorithm is that there is no need to have a mathematical



estimate nunmber of passengers, an estimate arrival time of a car for

servicing a hall call, a probability for which the car stops on other
floors while servicing to a floor at i.h a hall call is generated, and a
| ocation of the elevator at a predetermned tine, etc.. [err]
8 wherein [err] is an evaluation function of a Kth car, [err] is

a weight value, and x[err] is an evaluation value of an estimate arrival
time with respect to each hall call when considering |ocation and stop
probability of the Kth car, and X/ err] is an evaluation

modeling for a system.

A gene which has an excellent evaluation value obtained by the evaluation
function may multiply more than a gen which has a poor evaluation value. That is,
the evaluation function serves as the natural selection in a natural phenomenon.

To apply the thusly obtained solution to a reality, decoding the solution which
is expressed in the genetic typé to information in the present state.

Figure § is a flow chart illustrating the genetic algorithm. First, a temporary
solution is generated among possible solutions as samples of 2n units (SA1). The
2n samples are respectively evaluated by the evaluation function, and a parent of
n unit is generated (SA2,SA3). Here, thé parent is generated in proportion to each

- evaluation value of -the solution. Namely, by increasing a probability for which a
solution having an excellent solution becomes tl'.1e parent, and decreasing a
probability for which a solution having a poor solution becomes the parent, the
parent gene comes to have a higher probability to- have the excellent evaluation
value than the sample gene on average.

There are various methods for generating the parent, however the methad
shown as follows is generally applied.

Suppose fhat the evaluation value in accordance with each of five solutions
is obtained as shown in Figure 6, when solutions (No.1-No.5) for a problem are
expressed in the bit tybe, and the solutions are respectively evaluated by the

. evaluation function.

In this case, a probability for which each individual is selected as the parent.
is as shown in Figure 7. On the basis of the probability, five parents are selected.
According to selected parent gene of n unit, a new solution (an offspring) is

generated by a genetic synthesis as shown in Figure 8, or the mutation generation



val ue obtai ned by considering congestion of a Kth car and long-termwaiting

probability of a Kth car. When a hall call is newy registered, an
atl ocation of the new hall call is eval ul%ed on the basis of the eval uation
function ([err]), and a car having the smallest evaluation value is

all ocated as a result of the evaluation. However, such a nethod is nmay not
appropriately consider the estimate hall call, thereby being not capabl e of
responsi bly adapting to the change of the transport kind.

Accordingly, in order to allocate an optimum car by synthetically
considering various future states using the conventional apparatus, the
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crossing over each gene of a solution 1 ‘010010’ and of a solution 2 111111’ as
shown in Figure 6.
As shown in Figure 8, mutation generating process generates temporary
elements '000’ of a gene which does not have their parents, and produces a new
gene, that is the offspring, '010111".
The thusly generated offspring is evaluated by the evaluation function (SA13),
and the evaluation value of n unit is selected in the order of .an evaluation value by
putting in order of an evaluation value of the offspring and an evaluation value of a
solution population, the initial sample, and an offspring is generated by selecting a
parent of n unit from the elected element of n unit.
The above process is repeated for a predetermined number, for thus obtaining
a gene, which ha_s the best evaluation value among genes which remain to the end,
as the solution. _ _
In order to applying the genetic algorithm to an allocation alg.orithm, the
conditions shown as follows are should be satisfied.
First, a solution according to an allocating operation should be encoded to the
genetic type.
Second, an evaluation function for evaluating the solution should be needed.
Third, since an accurate solution can be obtained within a short time when an

initial sampling is appropriate, an algorithm capable of properly selecting an initial



Accordingly, it is an object of the present invention to provide a group
managenent control nethod for an el evator which generates an estinmate
transport 15 9 ki nd by
using an estimating neans, conputes a future hall call generation
probability by each floor and direction on the basis of the estinmate
transport kind, and applies a genetic algorithmto an allocation based
froma value of the future hall call generation probability, thus capable
of servicing an optinumcar to a passenger. To achi eve the above
objects, there is provided a group managenent control nethod for an

el evat or vy sihd cﬁMQE a first step for dividing a domain of a building
into predetern1n sec i'ons to be suitable for various states of transport

demand, and CERUHH, Hh E'he”b%@é’rof Qbitighs evalltibd 87 the eVHiGaliM }uncgon, there

generated in each seéctl
should be prov:ded a method for selecting a parent which is necessary to generate

an offspring. Fifth, there is needed an algorithm which properly synthesizes
parent genes to correspond to the aliocation algorithm and generates a mutation.

A method for satisfying those five conditions will be described as follows with
reference to a situation as shown in- Figure 10.

As shown in Figure 13, suppose that a number of floors is 12, and four
elevators are provided in a building.

A shown in Figure 10, an estimate hall call generation probability by each
floor and direction is previously deterfnined, and a 9th floor upward hall call and a
5th floor downward hall call are previously allocated in a 2nd car and a 4th car,
respectively. A_ 1st car is ascending to an 11th floor where a car call (a passenger
presses a button of a desired floor inside the ¢ar) is generated, and a 3th car is in
a stop motion after completing all services. In the above situation, a 1st floor upward

hall call is generated.

Encoding a solution to a genetic type

ngure 11 is a table in which a solution according to the allocating operation
is encoded to the genetic type. Here, there are three individuals, a, b, and ¢, and a
number written on a same line as each individual indicates a car number.

A rectangular thick solid line indicates a previously allocated floor and a car
number allocated to the floor. Here, a 9th floor upward hall call is assigned to the

2nd car, thus a number '2’ is shown, and a 5th floor downward hall call is assigned



a second step for obtaining a future hall call generation probability on
the basis of an estinmate nunber of passengers in accordance with a result
obtained in the first step, and setting.H? future hall call generation
floor and direction based fromsaid probability according to predeterm ned
rules; a third step for adopting the result obtained fromthe first step as
base data, obtaining an evaluation value of each car by using a synthetic
eval uation function, and selecting nore than two cars which have an

eval uation value of a high priority according to the predeterm ned rul es;
and a fourth step for receiving a result obtained fromthe second step and
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BRI EF DESCRIaikad. OF THE DRAW NGS The present invention wll becone
nore fully understood fromthe detail ed description given herei nbel ow and

t he acconpanyi n§s hawnrigFigiriect wkeryintempréting genetic information of an individual
'a’ indicated as "1431234222400233- 42313443", the 1st car is allocated to a 1st
floor upward hall call which is not allocated, and the 4th car is allocated to a 2nd
floor upward estimate hall call, and the 1st car is allocated to a 3rd floor upward
estimate hall call.

When an individual 'b’ is selected as a final solution according to the present
invention, the 4th car will be allocated to a 1st floor upward hall call. That is, the 4th
car is an actual solution, and a future hall call is allocated to remaining floors and
direction, namely a car corresponding to an indicating number will be alloéated to an
expected hall call. _

On the other hand, according to the conventional synthetic evaluation
function, when there are four cars as the above example, a maximum number of
cases is four, that is allocating the 1st upward hall call to the first, second, third, or
fourth car.

However, since the genetic algorithm searches an 'obtimum crossover metl:xod
among various possible crossover methods, setviceability of a hall call which Will be
generated in near future is also considered, and a car which is determined to have

the best among possible solutions is allocated.

An_evaluation f_unction for evaluating a gene of each solution and a method
for evaluating the same



10 way of illustration only, and thus are not limtative of the
present invention, and wherein: Figure 1 is a bl ock diagram
itlustrating an allocating apparatus forrf conventi onal group nmanagenent
system of an el evator; Figure 2 is a diagramillustrating an
operational situation of an elevator in order to describe an operation of
t he conventi onal apparatus; Figure 3 is a block diagramillustrating
an allocating apparatus for a group nanagenment systemto which a group
managenent control method for an el evator according to the present

I nventi on; Figure 4 is a detail block diagramillustrating a hal
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eval uat i onbésisaf it sqaihetidisvaiuadiohfansti@sent i nventi on; Figure 7 is
a table illustrating an exanple of a probability of selecting a parent car

T oser o ne 5 aenet o ormt hesi e o rmate hall Eab yehefation FroBaBAT esch car
i 11 ustrat i AgesPqativaly difiergah prebability js applied to each different car. The estimate hall
call generation probability is a praobability which a hall call is generated within 1
minute in general. Since each time for which the first and second cars service to a
6th floor as shown in Figure 10 is different, it is not proper to allow an identical
evaluation value to the first and second cars in accordance with 0.4 of the estimate
hall call generation probability of a 6th floor upward direction as shown in Figure 10,
That is, since the 2nd car passes thréugh the 6th fioor within a short time, the
probability, which the 1st car will service the estimate hall call of the 6th floor upward
direction, is higher than the probability which the 2nd car will service.
Accordingly, a weight according to an estimate arrival time (t) is separately
computed by each éar with réspect to the estimate hall call. Figure 12 illustrates a
function of the estimate arrival time and the estimate hall call generation probability.
Here, the weight is a value of each car, floor, and direction, the value ranges from
0 to 1. Here, the value ‘0’ means that the estimate hall call generation pr:;:bability will
not be considered, and the value '1' means that a value of the estimate hall call will
be included in the evaluation function as it is.
Second, it is a method for computing the estimate aﬁival time which becomes
the basis of all evaluations. Since the hall call generation probability means a
generation probability to the letters, when the estimate arrival time is computed on

the basis of a generation probability, the estimate hall call may be generated or not

in reality. Therefore, the estimate arrival time should be computed by considering



Figure 10 is a diagramillustrating an operational situation of an el evator

applied to the nethod according to the present invention; Figure 11
i5 a table in which a solution accordinqiio the present invention is
encoded to a genetic type; Figure 12 is a graph illustrating a

wei ght of an estimate hall call according to a tinme interval between each
floor; Figure 13 is a table illustrating expectations of
an estimate arrival time: Figure 14 is a flow chart illustrating
conput ati on of an evaluation value of the genetic algorithmapplied to the
met hod according to the present invention; Figure 15 is a table

i Ilustrati pgrics Si@st’drisonal situation of a tenporarily allocated floor;

According to the present invention, a concept of an estimate waiting time is
introduced to the estimate arrival time, and thus the estimate hall call generation
probability is applied to the allocating method.

Obtaining expectation of the estimate waiting time will be described with
reference the accompanying drawings. Here, for the convenience of computation,
the weight of the hall call generation probability is fixed as 1.

According to a solution 'b’ as shown in Figure 11, floors for which the 4th car
should service are 2nd, 3rd, 5th, and 7th floors (when the downward direction is
considered) each of which Is circled, and a downward stop probability of each floor
is 0.4, 0.3, 1.0, and 0.6, respectively.

Figure 13 iilustrates the expectation of the estime;te arrival time by considering
all the situations which may be generated in reality. As shown therein, T (true)
indicates a case where the estimate hall call is actually generated, and F (false) is
a case where the estimate hall call s not generated in reality. A 'F' generation
probability is "1 - a'ﬁall call generation probability” with respect to corresponding
floor and direction. |

A generation probability of each case is a probabiiity for which a hall call of
each floor may be generated or not, as shown in Figure 13. Since a 5th floor
downward hall call is a hall call which is previously allocated to the 4th car, only T
is-existent in the expectation computation, that is the call of each floor is always
generated.

Now, the estimate arrival time to each case will be described.

When the hall call of each floor is generated, a car stopping number is four.

Therefore, a delay time according to each stop is 40 seconds, a time required for



Figure 16 is a table illustrating an exanple of an allocation suitability

according to the present invention; Figure 17 illustrates a car

atl ocated to a hall call which is nemﬁy_ﬁgnerated; Figure 18

il lustrates an inconpl ete genetic sanpl e Taccording to the situation

Il lustrated in Figure 10; Figure 19 is atable illustrating a car

whi ch may not be allocated according to an arrival tineg, Fi gure 20
illustrates a conplete genetic sanple; and Figure 21 is a diagram
illustrating an eval uation value of the genetic sanple in Figure 20.

DETAI LED DESCRI PTI ON OF THE INVENTICN The operation and effect of a
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evol utionismto solve the
estimate arrival time), and a value of the expectation becomes the expectation of the
estimate arrival time, when the 4th car is allocated to all downward hall call which
are generated at the 2nd, 3rd. 4th, and 7th floors. On the basis of the thusly
obtained estimate arrival time, other evaluation is estimated on control objects of a
general group management, such as decreasing a long-term wai.ting probability, an
average waiting time, and a service. error. |

Third, it is an evaluation value computation method. The operation t;or the
method will be described with reference to Figure 14. |

As shown therein, a gene is interpreted, thereby determining which car is .
allocated to which floor and direction in a first step (SB1). The process will be
described according to an example of the genetic individual ‘b’ as shown in Figure
1.

In accordance with the individual gene 'b’, floors to which the 1st car is
temporarily allocated are 2n6 and Sth floors in the upward direction, and 6th, 8th,
and 12th floors in the downward direction. Figure 15 is a table illustrating an
operational situation of each temporarily all.ocated car to each floor. Here, ‘0’ is
indicated at a floor which will be allocated to each car.

In order to obtain the estimate arrival time according to each estimate hali call
and previously allocated hall call, a service priority of each car with respect to'an
allocated floor should be determined .(SB4). For example, the allocation priority of

the 1st car is an upward 2nd floor -— an upward 5th floor -—~ a downward 12th floor

-— a downward 6th floor.



12 probl ens occurred in the conventional art, and is applied as a

nmet hod for solving the problens when it is difficult to obtain an accurate
solution due to conplexity of the problqﬂ§. According to the evol utioni sm
a dom nant gene is generated through process such as parent gene synthesis,
mut ati on generation, natural selection of a recessive gene, etc.. A
parent gene is selected anong several sanples (initial values) for which an
actual solution for the problens are expressed in a genetic type in
accordance with a predeterm ned nethod, and a new offspring gene is
produced by synthesizing-sel ected parent genes or generating a mutation,
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estimate arrival time of the 1st car which is upward to a 5th floor in an operational
situation as shown in Figure 10, all of possibilities which may occur should be
obtained. Hers, the possibilities are two cases, that is whether or not a 2nd upward
hall call is generated. Because, the floors, temporarily allocated to the 1st car in the
upward direction, are 2nd and 5th floors. |

On the basis. of the evaluation function, an evaluation is performed to the

thusly obtained estimate arrival time. The evaluation function has a same logic frame
as the synthetic evaluation function in the equation (1). A value evaluated by the
evaluation function is not accumulated, but is multiplied by a generation probability
of each hall call and, thereby being accumulated, thereby becoming the evaluation

value which is proportioned to the hall call generation’ probability.

An accumulated evaluation value = an evaluation value + a hall call
generation probability * ( a value of an evaluation function by each car, direction, and
floor)......(2)

Here, the evaluation is performed to all hall calis and cars, and a value of the
accumulated evaluation value is considered as an evaluation value of a

corresponding gene.

Selecting a solution as an initial sample population

In order to apply the genetic algorithm to the allocation algorithm, the third



shoul d be performed as foll ows. First, the solution should be
expressed in a genetic type which is showmn below That is, the solution
may be formed in a bit type as shown inzl.fxarrpl e 1, or a natural nunber type

as shown in Exanple 2, or a real nunber “type. Exanpl e 1: gene 1(0
000111101010000101 Example 2: gene 2 (1 2 3 46
21 16 79 66 33 52 14 6 32 0) Second, an eval uation function which

may eval uate each gene shoul d be devel oped. In fact, information required
in the gene algorithmis only the evaluation function which eval uates
whet her or not the solution is accurate. That is, one of the advantages of

tlge genem) ' 8?#’%’3 W&%ﬁ@{}é {B%tn?étﬂﬂég id B B&teRRHd WRichAS o WINSEBbletfd as
the initial sample population among various solutions. Since a method for selecting
the sample is affected to a time from which a value of the evaluation function
becomes accurate, that is a convergence time, the initial sample should be selected
carefully.

According to the present invention, the above .matter is solved by using the
evaluation value of the conventional synthetic evaluation function. Generaily, each
car is evaluated by synthesizing a state of each car, floor and direction of a new hall
call, and a future hall call, etc., and a car having a smallest evaluation value is
allocated to a corresponding hall call.

In fact, even though the evaluation function of the group management is
determined at any type, values of cars which comparatively have an evaluation value
in a high priority are about the same. -

However, determining which car, among the cars which comparatively have an
evaluation value in a high priority, will be allocated controls efficiency of each
~ algarithm,

Accordingly, the above-described fact should be consider in the method for
obtaining the initial sample according to the present invention.

That is, an -evaluation value of each car is computed by using the
conventional synthetic evaluation function, and by applying the evaluation value the
genetic algorithm obtains a probability which will be selected in a same method as
Figure 7. A car of n unit, which will be allocated to flcor and direction corresponding
to a hall call which is not allocated, is selected by using the obtained probability.

The method for obtaining the initial sample will be described as an example

of an operational situation of an elevator as shown in Figure 10.



A gene whi ch has an excell ent eval uation val ue obtai ned by the eval uation
function may multiply nore than a gen which has a poor eval uation val ue.
That is, the evaluation function serves ?% the natural selection in a

u

nat ural phenonenon. To apply the sly obtained solution to a
reality, decoding the solution which is expressed in the genetic type to
information in the present state. Figure 5is a flow chart

illustrating the genetic algorithm First, a tenporary solution is
generated anong possi bl e solutions as sanples of 2n units (SAl). The 2n
sanpl es are respectively evaluated by the evaluation function, and a parent
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When three allocation candidate cars are selected out of four cars, the -1 stcar

is excluded, and the operation is carried out in an allocation candidate car selecting

~ unit 55 as shown in Figure 4. A probability corresponding to a value of each of the

three allocation candidate cars is obtained, and a sample is generated by each

probability. When a new hall call is an 1st floor upward hall call, a car allocated to

the new hall call is selécted 10 times according to the probability, as shown in
Figure 17.

Here, it should not be overlooked that the 1st car is not allocated to the 1st
floor upward hall call. Since a number of a car which is at the 1st floor in the upward
direction is an actual number of a car which will be allocated, obtaining the car
number according to the Synthetic evaluation function by using the probability forms
the foundation of which the genetic algorithm quickly obtains an accurate soiution.

Since other car may not be allocated to each hall which is previously
allocated, a car number which is already allocated to each hall call is recorded in a
space of floor and direction of the previously generated hall call. In addition, suppose
that a car having a car call is allocated to an estimate hall call in an identical

direction generated at each car call generated floor.



According to selected parent gene of n unit, a new solution (an offspring)
IS generated by a genetic synthesis as shown in Figure 8, or the nmutation
generati on 2 14 as shown
in Figure 9 (SAll, SA12). -The_gené?ic synthesis is occurred by
substituting other part for a part of a genetic arrangenent at a fixed
probability, that is the nutation generation, or by crossing over each

el enents of two respective genes. For exanple, as shown in Figure 8,
an offspring 1 '010111' is generated by crossing over each gene of a
solution 1 '010010" and of a solution 2 '111111' as shown in Figure 6.

As shown 1n Fi oA¢crding ! e’ SHuaBBAELEhOINRRFiES% 9672k e faTMSr L an
11th floor car call and is in the upward direction up to the corresponding floor.
suppose that the 1st car is allocated to an 11th floor upward estimate hall call. In
addition, since the 2nd car is previously allocated to a 9th floor upward hall call, and
thus ‘2’ corresponding to the 2nd car is recorded in a 9th floor upward box, suppose
that the 3rd car is allocated to a 12th floor downward estimate hall call. Also, since
the 4th car is previously allocated to a 5th floor downward hall call, '4' corresponding
the 4th car should be recorded in a 5th floor downward box. According to the
situation shown in Figure 10, an incomplete genetic sample is shown in Figure 18.

Now, the incomplete 10 genes may properly be completed, and one of
methods therefor is to generate a random number within a car number (1st - 4th
cars) and to record a proper number, or intention of a deviser is included to the
methad.

In the method according to the present invention, is suggested to include the
intention of the deviser in order to obtain a quick and accurate solution.

As a first suggestion, even though a car operates at a maximum speed which
is physically pos~sible. a corresponding car is not temporarily allocated, that is a
corresponding car number should not be recorded a blank, in a section where a
service is impossible within 50 seconds, or in a section (a .ﬂoor and a direction)
having a high service impossibility. Therefore, when the genetic algorithm is
performed, an accurate solution can be quickly obtained.

As an example of the situation as shown in Figure 10, supposing that an
operational time of each car between each floor is 2 seconds, and 10 seconds are
required at each stopping floof, when an arrival time of each car (A shortest arrival

time on the basis of the current situation) is computed, a box in which a time is more



el ements ' 000" of a gene which does not have their parents, and produces a
new gene, that is the offspring, '010111'. - The thusly generated

of fspring is evaluated by the evaluatioQiLMmtion (SA13), and the

eval uation value of nunit is selected in the order of an eval uation val ue
by putting in order of an evaluation value of the offspring and an

eval uation value of a solution population, the initial sanple, and an

of fspring is generated by selecting a parent of n unit fromthe el ected
el ement of n unit. The above process is repeated for a predeterm ned
nunber, for thus obtaining a gene, which has the best eval uation val ue
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capabl e of properly selecting an initial '
allocated to a hall call of a floor which is adjacent to the said floor. That is, as shown
in Figure 18, when the 2nd car is allocated to a 9th floor upward hall call, the 2nd
car is also allocated to an 8th floor hall call and to a Sth floor hall call.

Generally, when a car, which is previously determined to service an objective
floor, is allocated to a hall call of a floor adjacent to the objective floor, one car takes
charge of the hall calls of neighboring floors, thus energy consumption is reduced,
and the cars are evenly distributed for servicing.

Accordingly, a corresponding car number is registered in an estimate hall call which
is adjacent to a pre\}ious allocated hall call.

However, when a corresponding car number is excessively registered to hall
calls of neighboring floors, a single car is too much loaded, thus main performance
of the group management system, such' as the long-term waiting probability, is
deteriorated. Therefore, appropriate range selection of floors according to a transport
situation is requifed. |

In addition, temporary allocation is performed in a type of which a car

continuously services neighboring floors (when random numbers are generated,

there is a high probability that a number has identical numbers in neighborhood)

Figure 20 illustrates the incomplete genetic sample in Figure 18 has been
completed. As shown therein, a car having a circled number as shown in Figure 19

is not temporarily aliocated to an estimate hall call of corresponding floor and



15 sol ution popul ati on. Fourth, on the basis of solutions
eval uated by the evaluation function, there should be provided a nethod for

sel ecting a parent which is necessary to ?enerate an of f spri ng. Fifth,
~there is needed an al gorithm which properly synthesizes parent genes to

correspond to the allocation algorithmand generates a mnutati on. A

nmet hod for satisfying those five conditions will be described as follows

with reference to a situation as shown in Figure 10. As shown in

Fi gure 13, suppose that a nunber of floors is 12, and four elevators are

provided in a building. A shown in Figure 10, an estimate hall call
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solution to a genetic type
thereof is excluded.)
Accordingly, samples are produced by reflecting the intention of the deviser,

thus obtaining samples having dominant genes as many as possible.

Selecting a parent gene among produced samples

For a method of selecting a parent gene among the produced samples,
according to the method of the present invention, the samples are evaluated by the
evaluation function acﬁording to the method as shown in Figure 14, for thereby
generating a parent' gene. If evaluation values of gene samples (a-j) are as shown
in Figure 21, the parent gene is selected by a probability which is in inverse
proportioned to the evaluation values. In an example of Figure 21, a probability that
'a’ will be selected as a parent gene is three times as much as that of 'b’.

A method of selecting a parent gene among samples and a method of
selecting samples are about the same. However, when selecting samples, each
value of the samples is proportioned to a value of the synthetic evaluation function.
Also, the parent gene is selected on the basis of an evaluation value computed by
including an estimate call hall, a previously allocated hall call, and a hali call which

is not allocated, which are generated by each floor and direction as described above.

Generating an offspring



Figure 11 is a table in which a solution according to the allocating
operation is encoded to the genetic type. Here, there are three

i ndividuals, a, b, and c, and a nunmber wggtten on a sane |ine as each

i ndi vidual indicates a car nunber. A rectangul ar thick solid line

I ndi cates a previously allocated floor and a car nunber allocated to the
“floor. Here, a 9th floor upward hall call is assigned to the 2nd car, thus
a nunber '2' is shown, and a 5th floor downward hall call is assigned

16 to the 4th car, thus a nunmber '4' is marked. In addition,
allocations to a 12th floor wupward hall call and to a 1st downward hal
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parent genes and producing a mutation adopts a general method performed by the
genetic algorithm, however there are several facts which must be observed.

.Floor and direction which are previously allocated should not insert other car
number, except a corresponding car number. In other words, an initial value of the
previously allocated. floor and direction is continuously maintained. In addition, a
number of a car, which is adjacent to a car which is previously allocated and is
allocated to a hall call having a same direction as an operational direction of the
previously allocated car, should not be changed, thus reflecting the intention of the
deviser.

A value of a hall call, which is not allocated and generated according to an
evaluation value of the evaluation function in the early stage. should not be changed.
For example, when changing a value of a car number aliocated to the 1st floor
upward hall call as shown in Figure 20, a convergence time of an evaluation value
of a solution becomés very slow, thus system stability is dropped off. Maintaining a
value means discrimination of the evaluation function with respect to an allocation
is considered. .Accordingly. an erroneous operation of the genetic algbrithm is
prevented.

Lastly, in genetic synthesis and mutation generation, a car number is not
recorded to floor and direction which correspond to an allocation prohibition area
computed by each car.

After generations are produced as many as a predetermined number according
to the above description, a gene having an optimum evaluation value is selected by
evaluating a last ge:l'aeration and a sample which becomes a basis of producing the

last generation.



"a' indicated as "1431234222400233- 42313443", the 1st car is allocated to
a 1st floor upward hall call which is not allocated, and the 4th car is
allocated to a 2nd floor upward estimtyg; hall call, and the 1st car is
allocated to a 3rd floor upward estinmaté 'hall call. When an ,

i ndividual 'b' is selected as a final solution according to the present

i nvention, the 4th car wwll be allocated to a 1st floor upward hall call.
That is, the 4th car is an actual solution, and a future hall call is
allocated to remaining floors and direction, nanely a car corresponding to
an indicating nunber will be allocated to an expected hall call.

the ot her Thad.a 88 datigspohdinighto eofloemand naldireptivhef iz hallatalbhigh is not
function, when there are four cars as the above exanple, a maxi num nunber
of cases dllecéted is alloaatadstozhe dhall icallgThéallacated panisdigtarrined|ds amoptimum
first, second, third, or fourth car. However, since the genetic

al gori t hmeaeawbiehsisa the pnesiu suitakle s forethembal oeall whieh vier nelu 8ligealedp when
crossover nethods, serviceabjlity of a hall call which will be generated
in near fREOFEErgAUEe AN e SHUAHANS: car which is deternined to have

the best anong &’fd?t?én%?, 38 | etslcﬁgesd Ia%oele,l 8 ?&t&d c¢omputing operations are required

in applying the genetic algorithm to the allocation. Also, when there are many floors
and cars to be computed, computation congestion may be occurred. Therefore,
according to the present invention, it is suggested to have a method in which a
building is divided by each section and each direction, and an estimate hall call
which becomes a representation of each section is applied to the allocation, and the
operation thereof is dascribed as follows.

Step 1: A building is divided in to several sections by a location and a
direction, and a probability that a hall call is generated in each section, that is the
hall call generation probability, is computed. The computing operation applies mean
values of the hall call generation probability, which are generated by each floor and
direction.

Step 2: To apply the hall call generation probability computed by each section
to the allocation.. assumption which will be as follows is provided. That is, suppose
that hall calls which are generated in a certain section are only generated in

- predetermined floors of the corresponding section. For example, a floor which has
the largest number of estimate passengers among floors of the section is determined
as a representative floor of the corresponding section, and the representative floor
only generates a hall call, thus reducing an entire number of genes and reducing
computation volume consumed for the allocation.

As described above, the method according the present invention obtains the



An eval uation function for evaluating a gene of each solution and a nethod
for evaluating the same 17
To appropriately include the estimte hablg cal | generation probability in
the evaluation function, the three subjects described as follows are
considered on the basis of the synthetic evaluation function.

First, when applying an estimate hall call generation probability to each
car, a respectively different probability is applied to each different car.
The estimate hall call generation probability is a probability which a hall
call is generated within 1 mnute in general. Since each tine for which
the first haidcalbgendratisnsprobability; processashtid ball call ganaratiom pFolability, @nd s
different, it is not proper to allow an identical evaluation value to the
first and ‘apnliesca cesultant ta e genelic algarithm. Whish is fkaowst ionbe dighly efficient in

a system with a large search space, thereby capable of decreasing an average
waiting time and a waiting generation probability, and providing a high-quality service
to passengers.

Although the preferred embodiment of the present invention
has been disclosed for illustrative purposes, those skilled in the art will appreciate
that various modifications, additions and substitutions are possible, without departing

from the scope and spirit of the invention as recited in the accompanying claims.



hall call generation probability of a 6th floor upward direction as shown
in Figure 10. That is, since the 2nd car passes through the 6th fl oor

wthin a short tinme, the probability, j&h the 1st car will service the

estimate hall call of the 6th floor upward direction, is higher than the
probability which the 2nd car will service. Accordingly, a weight

according to an estimate arrival tine (t) is separately conputed by each

car with respect to the estimate hall call. Figure 12 illustrates a

function of the estimate arrival tinme and the estinmate hall call generation
probability. Here, the weight is a value of each car, floor, and direction,
t he val ue Vggﬁggsﬁlgih%g g:to 1. Here, the value '0' neans that the estinate

hal | call atron probability will not be considered, and the value '1'
means that a value of the estimate hall call will be included in the
eval uation function as it is. Second, it is a nethod for conputing

the estimate ary,ivalA tgrgapwhandgémentesntrdiembtiodsforanadievatonl carhprsing: Si nce
the hall call generation probability neans a generation probability to the
letters, when tafirststeprfdralividingvadotriaire of a uilding into predetesminadi sectibng to
generation probability, the estimate hall call @rr;aj be generated or not in
reality. Hesufableforvadoas states of anspart demandsanrd computiag apurekensf future
considerin 18

r?all calls which will be generated in each section;

a second step for abtaining a future hall call generation probability on the
basis of an estimate number of passengers in accordance with a result obtained in
the first step, and determining floor and direction for which a hall call is generated
based from the said probability according to a predetermined rule; |

a third step for adopting the result obtained from the first step as base data,
obtaining an evaluation value of each car by using a synthetic evaluation function,
and selecting more than two cars which have high evaluation values according to the
predetermined rules; and |

a fourth step for applying a genetic algorithm to allocation candidate cars
selected in third step and to a result obtained from the second step, thereby

selecting one car which is regarded as an optimum car to be allocated.

2. The method of claim 1, wherein the fourth step comprises a sub-stop
for encoding an allocation type to a genetic type by which a previously allocated hall
call is taken charge of a car which is allocated to the said hall call, and one car
among cars which are controlied in a group management is temporarily allocated to
a hall call and an estimate hall call which are generated by a floor and a direction

“according to a predetermined rule.

T
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various situations. According to the present invention, a concept of
an estimate waiting tinme is introduced to the estimate arrival tine, and
thus the estimate hall call generation P4 bability is applied to the

al I ocati ng met hod. bt ai ni ng expectation of the estimate waiting
time will be described with reference the acconpanying draw ngs. Here, for
t he conveni ence of conputation, the weight of the hall call generation
probability is fixed as 1. According to a solution 'b' as shown in
Figure 11, floors for which the 4th car should service are 2nd, 3rd, 5th,
and 7th floors (when the downward direction is considered) each of which is

and 0.6 ?22;)28??32?‘“’6%‘%3*“% & @%’_ﬁi%%&hgﬁ%_ﬁ?g@ 3o Llbres 2sbosftepe
Gener at et S/ Batid En Rt dafiipia oy, seiethig B dlBeadf baRaBte s by | .
estimate Nghly ¢ %yﬂtﬁéﬁ&bv&iubifioﬁ%géﬁﬁrﬁ%nqaﬁgsiﬁnﬁb?‘@@agﬂgb?a'gt ARTBLBALP, the

estimate cal " I's not generated in reality,; neration

pr obabi | i t¥rrb§poriding 3o Bl &l WhizRng hat adeated i prbpoitionet iwith 86 Rii6Eation
correspondi ng floor and direction. A generation probability of each
case i s aspitathintyi ofidachf allocationlcandidaté canl | of each floor nmay be generated
or not, as shown in Figure 13. Since a 5th floor dowward hall call is a
hall call which is previously allocated to the 4th car, only T is existent

in the expectation conputation, that is the call of each flqor is always
gener at ed. 4. Novhet methed phslaima3, whareinthe sub-gaprcqmrises f) stage for

descri bed'generating a gene so that a car previously allocated to a hall call of a certain fioor

can be temporarily allocated to an estimate hali call of a floor which is adjacent to

the certain floor.

5. The method of claim 4, wherein the stage comprises a sub-stage for
reducing a number of genes by temporarily allocating a same car, which is allocated
to a hall call of a certain floor, to estimate hall calls of floors which are adjacent to
the certain floor to which the said car is allocated, and changing a number of floors

to be controlled according to a transport situation.

6. The method of claim 1, wherein the fourth step comprises a sub-step
for computing an estimate arrival time when generating a gene, and excluding a car
of which the estimate arrival time is more than a predetermined time from a genetic

code.

7. The method of claim 1, wherein the fourth step comprises a sub-step
for evaluating a gene by applying expectation of an estimate arrival time and a

evaluation function.

-
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When the hall call of each floor is generated, a car stopping nunber is

four. Therefore, a delay tinme according to each stop is 40 seconds, a tine
required for 1 19

operating between each floor is 2 seconé%, and a nunber of floors is 7,
thus the total tine required is 14 seconds. Accordingly, the expectation of
acase 1is 0.072 (14 + 40) = 3.888. Thus, 38 seconds is the expectation
(an expectation of the estimate arrival tinme), and a value of the
expectati on becones the expectation of the estimate arrival tinme, when the
4th car is allocated to all downward hall call which are generated at the

cotimte arrivd i s RBH G AR whEPER Be i sH clmrRbF ifustep o
gr ggggir f‘: fcgtr Q%Ecﬁf?d‘%g‘ﬁg%ﬁv ca'By &preBabififSWhithid PRSdrBbRbdAb! A ¢klection
sui,tability of a gene.

S. The method of claim 1, wherein the fourth step comprises a sub-step
for allocating a car which corresponds tc a hall call, which is naot allocated, by

interpreting a gene having the highest evaluation value.

10. The method of claim 1, wherein the fourth step comprises a sub-step
for simplifying a genetic form by obtaining an estimate hall call of each section and

computing the genetic algorithm.

11. The method of claim 1, wherein the fourth step comprises a sub-step
for generating a new gene by changing a genstic order or by inserting a new number

arrangement into a gene of the parent car.

12, The method of claim 1, wherein the fourth step comprises a sub-step
for allocating a gene which has the highest evaluation value by which operations of
enceding an allocation type to a genetic type, generating a new gene by using the
encoded génetic type, and -again selecting a parent car by selecting a gene having
the best evaluation value are repeatedly performed for a predetermined number of

times.

13. The method of claim 1, wherein the fourth step comgprises a sub-step

for obtaining expectation of an estimate arrival time by considering the estimate

—_—
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average waiting time, and a service error. Third, it is an eval uation
val ue conputation nethod. The operation for the nethod wll be described
with reference to Figure 14. As siwwn therein, a gene is
interpreted, thereby determ ning which car is allocated to which floor and
direction in a first step (SBl). The process will be described according to
an exanple of the genetic individual 'b'" as shown in Figure 11. - I n
accordance with the individual gene 'b', floors to which the 1st car is
tenporarily allocated are 2nd and 5th floors in the upward direction, and
6th, 8th, and 12th floors in the downward direction. Figure 15 is a table

I11ustrat Eﬂﬂi%nﬁ’é’%ﬁﬁlib@n@ eVafUded e q¥necaith teypeet as id Yutaré ot egll emd to
re, (0] IS

each fl oor. indicated at  a floor which will be allocated to
each car. considerin? RllchdPoskibilitieisai N the estimate arrival time according to
each estimate hall call and previously allocated hall call, a service

priority of each car with respect to an allocated fl oor should be
determ ned (SB4). For exanple, the allocatjon priority of the 1 st car is
an upward 2nd fihoor Ther mthacholigaim d , sthereindbe fpurth jstép camprings @ sut-teP oor
[err] a downward 6th fl oor. ) . -
for obtaining each weight of an estimate hall call generation probability by
considering current location and direction of each car and of an estimate hall call
generation probability by each floor and direction, and addihg the weight to an

estimate hall call.

.
N g



20 In a step 7 (SB7), the expectation of the estimate arriva
time of each floor, is obtained. Here, the expectation of the estimte
arrival time is obtained at each floor as descri bed above. For exanple, in
order to obtain the expectation of the estimate arrival tine of the 1st car
which is upward to a 5th floor in an operational situation as shown in
Figure 10, all of possibilities which may occur should be obtained. Here,
the possibilities are two cases, that is whether or not a 2nd upward hal

call i s georouPe®ANAGEMENT CONTROLO WeHODE FOR Hiidvardl ocated to the 1st
car in the upward direction, are 2nd and 5th floors. On the basis. of

t he eval ualABSTRACTIOP THEDISCLOSURE is perforned to the thusly obtained
estimate arrival tinme. The evaluation function has a same |logic frane as

the synthetic evaluation function-in the equation (1). A value eval uated by

the evaluation function is not accunulated, but is nultiplied bﬁ_a

gener ati on probdivel prasest inariionarelates| 1o sawicingiar 687 toed mallacalliimizagealp

t hereby becom ng the eval uation val ue which is proportioned to the hal

cal | gener Managementaystemwhich controls g phiralitnaf slevatessnstalled in @dpuilding. 4,

eval uation value + a hall call generation probability * (a value of an,

eval uat i on SFHR ManRasMegentrl %%ﬁﬁ’gé‘?ﬁ an el '??‘Eﬁ%‘)'"”.g tﬁ@zF)" esent invention
is capable of decreasing an average waiting time and a waiting generation
probability by selecting more than two cars having high evaluation values after
evaluating each car using a synthetic evaluation function, and allocating one car
which is regarded as an optimum car for servicing by applying a genetic algorithm

which is known to be highly efficient in a system with a large search space.

(Fig. 5)



Here, the evaluation is perfornmed to all hall calls and cars, and a val ue
of the accunul ated eval uation value is considered as an eval uati on val ue of
a- correspondi ng gene. Sel ecting a solution as an initial sanple

popul ati on In order to apply thﬁmgenetic algorithmto the

all ocation algorithm the third

21 situation which should be satisfied is to determ ne which solution
will be selected as the initial sanple popul ati on anong vari ous sol utions.
Since a nethod for selecting the sanple is affected to a tine_fromwhich a

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

value of the evaluation funmction becqoes. accurate, that is a convergence
time, the initial sanpf% shoul d bq%selected careful ly. !
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According to the present invention, the above matter is solved by using the
eval uat’i on val ue of the conventional synthetic evaluation function.
Generally, each car is evaluated by synthesizing a state of each car, floor

and direction of a new hall call, and 22;1 ture hall call, etc., and a car
having a smal |l est evaluation value is I"Scated to a correspondi ng hall
cal | . In fact, even though the evaluation function of the group

managenent is determ ned at any type, values of cars which conparatively
have an eval uation value in a high er\MTC% about the sane. However,
determ ni ng which car, anong the cars |\ . aratively have an

eval uation value in a high priorityCONVENTIONAL ABtat ed control s efficiency

of each algorithm Accordi ngly, the above-described fact should be
consider in the nethod for obtaining the initial sanple according to the
present invent UPWAHB“' I siHAL ©Alwatifon vhl ue|of gach gar is
conputed by us Qﬁ}:gpm/mi ONNHISHNI]ENOT | g &l Ppt2 org Bungtd pn, and by
appl yi ng the eNMYuat RROBABIEITHALLOCATEDal gorit hm obtains a probability
which will be = : N unit, which
will be allocatedSto|floor and djrection corfespohd?ndg td a hall call
which is not a I'qgat Ed,QI2 sel ec ed by usingtfthe pbtaiined |pfdbability.
The net hod f or jebiafi-Rg-TRemiiifui-ad S‘;GGPJ—QHL-‘-‘—' be—agsc+-Hbe-aSs an exanpl e
of an operatiohall7si JuaQidn of an el eAtor a§ shon i} Figure 10.
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15 0.5

14 0.3

13 0.7

2 0.8 SECTION 1

A 0.8

10 0.4

9 0.5

8 0.2

7 0.2 ' ‘

6 0.1 \V}

S 0.1

SECTION 2

4 0.2

3 0.4

2 0.5

1 0.7 o

-CAR CALL

«HALL CALL OF DOWNWARD DIRECTION
-HALL CALL OF UPWARD DIRECTION
+HALL CALL WHICH IS NOT ALLOCATED
.DESCENDING CAR

. ASCENDING CAR
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22 A 1st upward call hall is a fact which should be firstly
solved. A problemis which car is allocated to the 1st upward call hall.
Fi'rst, according to the conventional allocation nethod, each car is

eval uated by the synthetic eval uation fgggsion in a way of judging an
allocation suitability with respect to t 1st upward hall call. Since
eval uation value has a small value as a car becones suitable for the

al l ocation, the evaluation value should be encoded to the allocation
suitability, and a valya . Qf_the suitabilit
the value of the syjtalility is

an

- —— W= e = — S~ - [y

val ue. Wier t hriee al I@cati on ¢ e cars are serecred qut (of
four cars, the 1st &arlis excPuddd, aad|thg g@gration.is carried quttin an
al l ocation candi date car seleckLﬂg urgt dg;shomn M Figure 4. A 1
probability cop%eepeﬁdﬂng—%e—a~¥ﬁlug f cﬁ=d§ t he ree aIIocation:
candi date carsjis obtailned, and g 3@l ¢*T éﬁerat ed by each protabi:lity.
When a new hal lj call is an 1st fllog Appard Yabl ¢all, a car allogated to
the new hal |l cal®¥ rs~3el ected 10 |tigeS rrrgi‘ﬁg g the .probabilitly, ias
shown in [ (33 JE W '
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Fi gure 17. Here, it should not be overlooked that the 1st car is.not
allocated to the 1st floor upward hall call. Since a nunber of a car which
is at the 1st floor in the upward direction is an actual nunber of a car
which will be allocated, obtaining the %ﬁr nunber according to the

synt hetic evaluation function by using § probability fornms the foundation

of which the genetic algorithm quickly obtains an accur atfe ution.

Since other car nmay not be allocated to each hall which ils g)avi ously

al located, a car number which is already allocated Lp eagh fall call is
recorded in a space of floor and direction of the pf-ev‘r‘ot'slggenerat ed hall
call. In addition, suppose that a car having a car call |is | ocated to an
estimate hall call in an idengd cal direction generated et%g';\:h car call
generated fl oor. M oo | 23
According to the situation as shown in Figure 10, since tTngfIst car has an
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11th floor car call and is in the upward direction up to the correspondi ng
suppose that the 1st car is allocated to an 11th fl oor upward
since the 2nd car is previously allocated
corresponding to the 2nd car
that the 3rd car is
since the 4th

fl oor,

estimate hall call. In

to a 9th floor upward hal
I's recorded in a 9th floor upward box,
allocated to a 12th fl oor downward estimate hal
car is previously allocated to a 5th fl oor downward hal
the 4th car should be
situation shown in

correspondi ng
According to the

cal l

sanple is shown in Figure 18.

addi ti on,

and

Now,

iBoose
FifR

call. Also,

call, '4

n a 5th fl oor downward box.
an inconplete genetic

the inconplete 10 genes may

refor is to generate a random

properly be conpl eted, and one of net
nd to record a proper nunber,

nunber within a car nunber (1st - 4th

or intention of a deviser is included to ¢ he nethod. SA1 In the nethod
according to the present inverTIl ﬁﬁ? 0 Illnckude the intention
of the deviser in order to obpaj N;Fpﬁé ﬁiléacéwe sol uti on. As

a first suggestion, even though a car opgrates at a maxi speed which is
physi cal |y possible, a corresj ! T rapi |y allocated, that
IS a correspondi ng car nunber sh¥d Ybé’#"(iu @gg bl ank, in a section
where a service is inpossible|wUNCRION seconds_ aor iln a section (a floor
and a direction) having a high service inbosshbility. Thegpfore, when the

genetic algorithmis GENE OF n SELECT

SA4
7

INITIAL VALUE=1, LOOP=0

Y A5
@u 12

N SA7
7
SORT GENE AND OFFSPRING
BY EVALUATION VALUE
] SAB
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perfornmed, an accurate solution can be quickly obtained. As an
exanpl e of the situation as shown in Figure 10, supposing that an
operational tine of each car between each floor is 2 seconds, and 10
seconds are required at each stopping EL or, when an arrival time of each
car (A shortest arrival tinme on the bas %% the current situation) is
conputed, a box in which atine is nore

24 than 50 seconds is circled as shown in Figure 19. Here, when
generating the random nunbers, an est mﬁhﬁ call corresponding to a
circled floor and direction should b e ed so that a corresponding
car i.s not tenporarily allocated. As a second suggestion, a car
allocated to a hall call of a certain floor is also allocated to a hal
call of a floor which is adjacent to the said floor. That is, as shown in

Figure 18, when the 2nd car is allocated to a 9th floor upward hall call,
the 2nd

SOLUTION (INDIVIDUAL) | EVALUATION VALUE
NO.1 (010101) 6
NO.2 (111111) 3
NO.3 (111000) 9
NO.4 (000011) 12
NO.5 (000000) 1

FIG.7

SOLUTION (INDIVIDUAL) PARENT SELECTION PROBABILITY
NO.1 6/(6+3+9+12+1)=0.19

NO.2 3/(6+3+3+12+1)=0.1 |
NO.3 9/(6+3+9+12+1)=0.3

NO.4  12/(6+3+3+12+1)=0.39

NO.S 1/(6+3+9+12+1)=0.03




car is also allocated to an 8th floor hall call and to a 9th floor hal

cal | . Cenerally, when a car, which is previously determned to
service an objective floor, is allocated to a hall call of a floor adjacent
to the objective floor, one car takes ?ﬂg%ge of the hall calls of

nei ghboring floors, thus energy consunp is reduced, and the cars are
evenly distributed for servicing. Accordingly, a corresponding car nunber
is registered in an estimate hall call which is adjacent to a previous

al l ocated hall call. However, a gorrespondi ng car nunber is
excessively registered to hall call é&borlng floors, a single car is
t oo nuch | oaded, thus nmmin performance of The group management system
such as the long-termwaiting probability, is deteriorated. Therefore,
appropriate range selectlon of floors according to a transport situation is
required. | fr—aodtt renporacy-—allocation 1s perforned inl a type of
whi ch a car contipuously E ing floors (when randony nunbers
are generated, there is g H\Eg% ﬁ%%l iy that a nunmber has identi cal
nunbers i n nei ghbpr hood) 20 illustrates the inconp|ete
genetic sanple in|Figure| 18 has been conpleted. As shown therein} a car
having a circled punber s _shown 1n Elgure 19 is not tenporarilyjallocated

to an estinmate hall call corxesponding fl oor and
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25 direction, and a car nunber of a floor adjacent to a previously
allocated floor is registered with a nunber as sane as a car nunber of the
previously allocated floor. ( Since the 3rd car in the stop notion, having
no hall call or car call for servicing, )@ able to service to any floor and
direction within 50 seconds, the corrputgtlon t hereof is excluded.)
Accordingly, sanples are produced by reflecting the intention of the

devi ser, thus obtaining sanpl es havi ng dom nant genes as nany as possi bl e.
Sel ecting a parent gene anong er (@ i@ es For a met hod of

sel ecting a parent gene anong th gr ] sanpl es, according to the nethod
of the present invention, the sanples are evaluated by the eval uation
function according to the nethod as shown in Figure 14, for thereby

FLOOR| up | DOWN [ CALL || #1| # 2 #_3 #4
12 0.0 | 0.3 o m

1w | o0zl 07 o

10 | 01| 08

9 1.0 | 0.7 A

g | 08 | o N
7 0.5 0.6

6§ | 04 | 03

s | o1 |10 1] \V,
4 0.2 | 0.1 |

3 |o1| o3

2 | 03| 04 Wl

1 1.0 | oo | A

‘CAR CALL

*HALL CALL OF DOWNWARD DIRECTION
*HALL CALL OF UPWARD DIRECTION
THALL CALL WHICH IS NOT ALLOCATED
: DESCENDING CAR

: ASCENDING CAR

. STOPPING CAR

B Db Je




generating a parent gene. |If evaluation values of gene sanples (a-j) are as
shown in Figure 21, the parent gene is selected by a probability which is
in inverse proportioned to the evaluation values. In an exanple of Figure
21, a probability that "a" will be sele #@9 as a parent gene is three timnes

as nmuch as that of 'b'. A et hod sel ecting a parent gene anong
sanpl es and a net hod of selectlng sanples are about the sanme. However, when
sel ecting sanples, each yaroe pf—the Janptey TS proportioned to a val ue of
t he synthetic evaluation functipn— ANsq, the|parenf gewe|is selected on the
basi s of an eval uation value copputed Ry 1 ncljudi ngfan estjimate call hall, a-
previously allocated halllcall,afd T Qal ® call™whilch*Ts]not allocated,
whi ch are generated by eath flobr_gqg cirgptionﬂgs deggribed above.
Generating an of fspring 26
A nmet hod of generating an offsp[iug of Ja pextt gepedat \gn by synthesi zing
parent genes and produci ng a nutetrer—gadoptste—gerera—agt hod perforned by
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genetic algorithm however there are several facts which nust be observed.
Fl oor and direction which are previously allocated should not insert other
car nunber, except a correspondi ng car nunber. In other words, an initial
value of the previously allocated f|00ﬂ)?§d direction is continuously

mai ntai ned. I n addition, a nunber of a CA ; which is adjacent to a car
which is previously allocated and is allocated to a hall call having a
sanme direction as an operational direction of the previously allocated car,
shoul d not be changed, thus reflecting the intention of the deviser.

A value of a hall call, which is not allocated and generated according to
an evaluation value of the evaluation function in the early stage, should.
not be changed. For exanple, when changing a value of a car nunber
allocated to the 1 st floor upward hall call as shown in Figure 20, a
convergence tinme of an evaluation value of a solution becones very sl ow,
thus systemstability is dropped off. Maintaining a value neans

di scrimnation of the evaluation function with respect to an allocation is
consi dered. Accordingly, an erroneous operation of the genetic algorithmis

prevent ed. Lastly, in genetic synthesis and nutation generation, a
car nunber is not recorded to floor and direction which correspond to an
al l ocation prohibition area conputed by each car. After generations

are produced as nmany as a predeterm ned nunber according to the above
description, a gene having an opti num eval uation value is selected by

FIG.12
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eval uating a | ast generation and a sanple which becones a basis of
produci ng the .l ast generation. .

27 Thus, a car, corresponding to a floor and a direction of a hal
call which is not allocated, is aIIocate,Iﬂ1 o the hall call. The allocated
car is determ ned as an optinmum car whi &6 s the nost suitable for the hal

call which is not allocated, when considering current and future

si tuati ons. Additionally, as described above, a | ot of conputing
operations are required in applying the genetic algorithmto the

al l ocation. Also, when there are many floors and cars to be conputed,

conput ati on congesti on ng +-8 Thersfore—macepairgqt 0 t he present
invention, it is suggestdd touvhaveia nmethpd itn which aj bdgilding is divided
by each section and each direcdion,| and a1§§sggrq§e &a| ko gall| whi ch becones
a representation of each sect@nls gppEa‘icgtr:g ag & tli®r, and the
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operation thereof is described as follows. Step 1: Abuilding is
divided in to several sections by a location and a direction, and a
probability that a hall call is generated in each section, that is the hal
call generation probability, is conputegd, ghe conmputing operation applies
mean values of the hall call generatio /ﬁ obability, which are generated
by each floor and direction. Step 2. To apply the hall cal
generation probability conputed by each section to the allocation,
assunption which will be as follows iﬁEbIgz}dﬁP. That is, suppose that hal
calls which are generated in a certain*s om-are only generated in
predeterm ned floors of the correspondi ng section. For exanple, a floor
whi ch has the | argest nunber OfJEEEEgEDe passengers anong floors of the

section is determ ned as a repr ve floor of the correspondi ng
section, and the representative flopr only generatesggthal | call, thus
reduci ng an entire nugb‘ef f Erf g tonput ati on vol une
consuned for the allo ati&%.Nﬁ NT %ﬁ‘s Nbed fBove, the net hod
according the present invention obt fli ns the SB2
28

CAR_NUM=1,FLOOR_NUM=0,K=1|—"

CAR_NUM<ENTIRE
NUMBER OF CAR

SB4
DECIDE SERVICE PRIORITY |

OF CAR(CAR_NUM) WITH
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héll call generation probability, procésses the hall call generation
probability, and -applies a resultant to the genetic algorithmwhich is
Known to be highly efficient in a systemwith a |arge search space,

t her eby capabl e of decreasing an averag%#I iting time and a waiting
generation probability, and prOV|d|ng 1%ﬁ: quallty service to

passengers. Al t hough the of the present
i nvention has been disclosedifo .+I+ustra()ve purpcses, those skilled in
the art will appreciate that |val-eus—Feei-datHerst—aedi ti ons and
substitutions are possible, wifthput Tepar]ing ff @it hd scope and spirit of
the invention as reC|ted in the fCCOdeny Mg CT o 6%
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VWhat is clainmed is: 1. A group managenent control nethod for an

el evator, conprising: a first step for dividing a domain of a

buil ding into predeterm ned sections to be suitable for various states of
transport demand, and conputing a. nunber future hall calls which will be
generated in each section; a secdh step for obtaining a future hall

call generation probability on the basis of an estimate nunber of
passengers in accordance with a result obtained in the first step, and
determning floor and direction for which a hall call is generated based
fromthe said probability ac o§| g (o a predgterni ned rul e; athird

step for adopting the result okt al ned RomBhe & rist step as base data,
obtai ning an eval uation valu cachl ear t? yseng| a synthetic eval uation
function, and selecting norq ghap 't Xat shwhi &k have” hi gh eval uation
val ues according to the predgt &ni ned Rl T dn a fourth step for
applying a genetic algorithmifta-allgc tgm gardgj e cars selected in third
S
a

step and to a result obtaine go"n?h ecand t’_;ep, t her eby sel ecting one
car which is regarded as an gp& num cprot 3$e B ocat ed. 2. The
nmet hod of claim1, wherein theoprth ge)ﬁorpﬁ»ses a sub-stop '
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K

-for encoding an allocation type to a genetic type by which a previously
al l ocated hall <call is taken charge of a car which is allocated to the
said hall call, and one car anong cars which are controlled in a group
managenent is tenporarily allocated to 1§rGfll call and an estinmate hal
call which are generated by a floor and rection according to a
predeterm ned rul e. ' 30

3. The met hod of CI@.L_EJ__'I__mﬁerﬂin the fourth step conprises sub- st ep
for generating an inifti dleggneti 5 t he alll ocati ¢on

candi date cars by udi n§—the—sy-rihetd ; A—aRd—as$i gni ng a
tenporary allocation {caf,—-Goerres | which is| not

al l ocated, in proport|i ofred—wth Ty qgf—each
al | ocation candi date |caj.— 2
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4. The nethod of claim 3, wherein the sub-step conprises a stage for
generating a gene so that a car previously allocated to a hall call of a
certain floor can be tenporarily allocated to an estimate hall call of a
floor which is adjacent to the certai q floor. 5. The met hod of
claim4, wherein the stage conprises a S stage for reducing a nunber of
genes by tenporarily allocating a sane car, which is allocated to a hall
call of a certain floor, to estimate hall calls of floors which are

adj acent to the cert IJiWI tpw T the—Ssgrdcar 1 s [ 1 pcated, | and
changi ng a nunber of| floors  to| Be|dBrt FlI"d Bccs? ¢ifid td| S tr@hkport
situation. 6. [ The nefhofl off cl4rmil, mhefeirn the¢ fqurth step
conprises a sub-steg for_conputlinglanlestiipntlie arrival ltiop wHen fenerating
a gene, and excluding f~care of {which |t he|estjimate drrijval |[tine i§ nore
t han a predeterm neq t He—eomp—geretirc—tote: 7 Fre—ret hod of
claim1, wherein thq feltth step conpr|i se$ a [sub} st ¢p
o
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for evaluating a gene by applying expectation of an estimate arrival tinme
and a eval uation function.

31 8. The nethod of claim 1, wherein the fourth step conprises
a sub-step for selecting a parent car ¥r@*probability which is

proportioned to a selection suitabilit a gene 9. The net hod
of claim1. wherein the fourth step conprlses a sub-step for allocating a
car which corresponds to pret-tr-cat— iy FsoTgt—atty 1 by
interpreting a gene having the |hi ghedt aluatuor val ue.
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" 10. The nethod of claim1, wherein the fourth step conprises a sub-step
for sinplifying a genetic formby obtaining an estimte hall call of each
section and conputing the genetic algorithm 11. The net hod of
claim1l1, wherein the fourth step conpri a sub-step for generating a new
gene by changing a genetic order or by i f‘%rti ng a new nunber arrangenent

into a gene of the paremnt T2 e_[ernod pr_qgrarjm 1] wherein
the fourth step conp;li Sé r Il Bchtl hd”q Qeh& Which™has t he
hi ghest eval uati on val ug I Ons_o e1c'§C|'p)g an arl,’l ogat ion type
to a genetic type, gener Thie By Tsj Bb!t ehcdded lgebetic
type, and again selecfir Al gy,,se,l,,ec;..; hgnd @ehewnax] ngy {he best
eval uation val ue are fej e—Het pt-edaterfirae—rmer of
times. 13, [Thd i pr,| where| ANtlhe | Surjth istep
conprises a sub-step | fqr optar Mg [EXPECT U op_0OY _aAf- eS| T gt e arrijval tinme
by consi dering the est i far e il el A R el A el St
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32 arrival tinme applied to evaluate the gene with respect to a future
hall call and considering all the possibilities. 14. The net hod of
ctaim1l1, wherein the fourth step conprises a sub-step for obtaining each
wei ght of an estimate hall call generati probability by considering
current |ocation and direction of each1ggﬁ;and of an estimate hall cal
generation probability by each floor and direction, and adding the wei ght
to an estimate hall call.
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