
ELEVATOR GROUP CONTROL METHOD AND DEVICE THEREOF DESCRIPTION FIELD OF THE
INVENTION [0001]       The present invention relates to elevator group
control methods and control devices, and aims, in particular, to provide a
group control method and a group control device capable of efficiently
control the operation of the elevators in diversified traffic situations
and under a variety of specific conditions required for a group management
system. BACKGROUND OF THE INVENTION [0002] 



In general, the objective of operation control of conventional group
management systems is to reduce the average waiting time of passengers in
elevators by efficiently controlling the operation of a plurality of
elevators within a building.       Therefore, what the group management
system must truly evaluate in its control operation is that the waiting
time of passengers, including prospective passengers, and the significance
of waiting time of individual passengers should be basically considered to
be equivalent. However, a group management system has difficulty in
directly figuring out the  waiting time of individual
passengers.Accordingly, the control operation is conventionally performed
by evaluating the waiting time of a hall call as an alternative, that is,
evaluating a time period as waiting time from a hall call is registered
until an elevator arrives in response to the call. [0003]        Further,
when evaluating, a focus of the evaluation is placed on the waiting time of
a newly registered hall call as a target of assignment, and the waiting
time of individual hall calls is not treated equivalently. In addition, as
an assignment of a hall call affects, not only a call that has already been
made but also a hall call that is possibly made in the near future, it is
essential that the evaluation includes any hall call that may be made in
the future. However, even if a hall call that is possibly made in the
future is evaluated, an evaluation value for the call is usually treated
only as a correction term (e.g., Patent Publication 1). [0004] 



On the other hand, the conventional group management system is typically
based on an "immediate assignment method" which determines a car to respond
instantly upon registration of a hall call, and an "immediate prediction
method" of which announces an assigned car instantly at an elevator hall.
In a group management system employing the "immediate prediction method",
as any change in an assignment of a hall call that has  been made may cause
confusion among passengers waiting for an elevator, it is desirable not to
change the assignment if circumstances allow. Accordingly, the assignment
change is limited to a case satisfying specific conditions, such as
changing an assignment of a potentially long waiting hall call to a
different car (e.g., Patent Publication 2). [0005]        Further, the
conventional group management system is provided with controlling means for
moving a car to a random floor by assigning a pseudo call (virtual call) to
the car. However, such means are used only under limited traffic situations
such as distributed waiting during down peak and reference floor recalling
when people arrive before working hours (e.g., Patent Publication 3).
[0006]       Moreover, development of the conventional group management
systems has been promoted in the policy of reducing waiting time of the
hall call as much as possible with the application of artificial
intelligence technologies such as "fuzzy" and "neuron (e.g., Patent
Publication 4). CITATION LIST 



Patent Publication [0007] Patent Publication 1: Japanese Examined Patent
Publication No.  H06-62259 Patent Publication 2: Japanese Unexamined Patent
Publication No. 2006-124075 Patent Publication 3: Japanese Examined Patent
Publication No. H06-2553 Patent Publication 4: Japanese Unexamined Patent
Publication No. H08-225256 



SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0008]
As described above, what a group management system must truly evaluate in
its control operation is the waiting time of passengers including
prospective passengers. However, when the control operation is performed by
evaluating the waiting time of a hall call as an alternative as described
in Patent Publication 1, only the waiting time of a person who first
registers a hall call is evaluated when a plurality of waiting passengers
are present on one floor, and it is not possible to appropriately evaluate
the waiting time of a plurality of passengers waiting after this hall call.
In addition, unless considering all, not just a part, of the hall calls
(waiting passengers) that are possibly made in the future, the waiting time
of passengers as a result of control operation of a group management system
cannot be appropriately evaluated.  Consequently, in a traffic situation in
which waiting passengers are concentrated on a plurality of unspecified
floors, it is a difficult challenge to reduce long waiting periods by
adequately evaluating the waiting time and controlling the operation of
elevators. For example, if it is presumed that passengers are concentrated
only on a specific floor such as in the case when people arrive before
working hours in an office building, it is relatively easy to prepare a
control method suitable for such a traffic situation. However, it is
difficult to flexibly control the operation of elevators by appropriately
evaluating waiting time in complicated and diversified traffic situations
such as a case where the traffic is concentrated on a plurality of
unspecified floors. [0009]       Further, according to Patent Publication
2, an assignment is changed only when a specific event such as a long
waiting occurs. However, the "immediate prediction method" on which a
typical group management system is based may not be necessary in the first
place depending on the country or region the system is employed or on the
clients' view. In addition, immediate prediction is often not applicable in
the case in which a number of elevators in a group management system is
small. In such a case, while an assignment of a hall call can normally be
changed freely as long as the waiting time of passengers can be reduced if
only a little, as different evaluative criteria are used in 



an assignment of a hall call and an assignment change of a hall call, an
assignment change of a hall call is not exactly used to the best effect in
the reduction of waiting time of passengers. [0010]       Similarly, while
Patent Publication 3 is provided with the controlling means for assigning a
pseudo call (virtual call) to an empty car (car stopping without a
traveling direction) and moving the car to any floor, such means are still
used only under limited traffic situations such as distributed waiting
during down peak and reference floor recalling when people arrive before
working hours. Accordingly, although there is the possibility that waiting
time can be reduced by assigning a pseudo call in any traffic situation, as
different evaluative criteria are used in an assignment of a hall call and
an assignment of a pseudo call, an assignment of pseudo call is not exactly
used to the full extent in the reduction of waiting time at an elevator
hall. [0011]        Moreover, an acceptable degree of repetition of an
assignment change and an assignment of a pseudo call varies depending on
the group management specification, the elevator specification, the user
interface of an elevator hall, the use of the building, clients' needs, or
traffic situation, and it is difficult to perform group control to reduce
waiting time  of passengers while conducting an assignment change or an
assignment of a pseudo call at an adequate degree of repetition according
to various requirements and specific conditions. [0012] 



Furthermore, when it is intended to reduce the waiting time of a hall call
as much as possible with applying artificial intelligence technologies as
described in Patent Publication 4, while a highly advanced control can
provide some effects, this also increases complexity and size of the
system, making the system a black box. Therefore, it is difficult to
respond to tasks such as adding a new control function within a limited
development period, in addition to the problems as described above, and it
is extremely difficult to analyze, explain, and adjust a problem in the
control even if it is pointed out. MEANS OF SOLVING THE PROBLEMS [0013]
The present invention has been made in order to address the various
problems described above, and to provide an elevator group control method,
including: placing a plurality of elevators in service for a plurality of
floors; calculating an evaluation index for a newly made hall call; and
selecting and assigning the best suited car to the hall call based on the
evaluation index, wherein a waiting time expectation value of all
passengers on all floors for each direction either that have  already
occurred or that is expected to occur within a predetermined time period is
taken as the evaluation index, the waiting time expectation value being the
expected value the sum or the average of the waiting time. [0014]
Further, according to the present invention, other than the assignment of
the new hall call is performed using the waiting time expectation value as
the evaluation index, an assignment change of a hall call or a pseudo call
assignment to an empty car is performed based on the same evaluation index
every predetermined time period or at the same time with the assignment of
the new hall call. 



[0015]       Moreover, according to the present invention, the waiting time
expectation value is calculated by using an estimated value of the
passenger arrival rate on each floor and for each direction, an estimated
value of hall call occurrence rate for an entire group, and an estimated
time of arrival for each car, for each floor and in each direction. Effects
of Invention [0016]        According to the present invention, employing a
method of stochastically evaluating the waiting time of passengers, instead
of the waiting time of a hall call as in a conventional  example, allows
appropriate evaluation of a bias of the passenger arrival rate on each
floor and the waiting time of prospective passengers, and it is possible to
reduce the waiting time of passengers as originally desired in complicated
and diversified traffic situations. [0017] 



Further, according to the present invention, as the evaluation of the
waiting time of a hall call is not necessary, it is possible to evaluate a
situation as needed even when there is no new hall call. Therefore, the
same evaluation index (waiting time expectation value of the all
passengers) can be applied in a versatile manner for controlling means
other than means for assigning a hall call, that is, an assignment change
of a hall call or an assignment of a pseudo call to an empty car that is
stopping without a traveling direction, and thus it is possible to
facilitate optimization of the control as a whole. [0018]       Moreover,
according to the present invention, when the group management system does
not employ the immediate prediction, by constantly and effectively
utilizing an assignment change of a hall call without restricting to a
limited traffic situation, it is possible to reduce the waiting time of
passengers. [0019]         Furthermore, according to the present invention,
by constantly and effectively utilizing a pseudo call assignment without
restricting to a limited traffic situation, that is, by moving an empty car
that is stopping without any traveling direction to an appropriate position
as needed, it is possible to reduce the waiting time of passengers. [0020]
Further, according to the present invention, a degree of repetition of an
assignment change or a pseudo call assignment can be adjusted according to
diverse needs and specific conditions that vary depending on individual
buildings, and it is possible to reduce the waiting time of passengers
under adjusted conditions. 



[0021]       Moreover, according to the present invention, a group control
method based on a unified evaluation index of the waiting time of
passengers can be realized, and consequently it is possible to simplify the
control structure as compared to the group control to which conventional
artificial intelligence is applied. Therefore, it is possible to facilitate
addition of a new control function, and to easily analyze, explain, and
adjust a problem in the control when it is pointed out. BRIEF DESCRIPTION
OF DRAWINGS  [0022]        Fig. 1 is a diagram showing an entire
configuration of a group management system of elevators according to a
first embodiment of the present invention.        Fig. 2 is a diagram
showing a relation between the position of a car and a call for explaining
the estimated arrival time of the car.        Fig. 3 is a table
illustrating one example of a table for estimated time of arrival according
to the present invention. 



Fig. 4 is a main flowchart showing an entire procedure according to the
first embodiment of the present invention.        Fig. 5 is a chart showing
a variation in the estimated time of arrival of each car at one station
position.        Fig. 6 is a chart showing a part of Fig. 5 by dividing the
shaded region.        Fig. 7 is a flowchart explaining a specific procedure
of the new hall call assignment process in Step S2 in Fig. 4.        Fig. 8
is a flowchart explaining specific steps of the waiting time expectation
value calculation process for all passengers at all station positions in
Step S24 in Fig. 7.        Fig. 9 is a part of a flowchart explaining
specific steps of the waiting time expectation value calculation process
for all passengers at a station position "s" in Step S204 in Fig. 8. Fig.
10 is a part of the flowchart explaining specific  



steps of the waiting time expectation value calculation process for all
passengers at a station positions in Step S204 in Fig. 8.         Fig. 11
is a part of a flowchart explaining specific steps of the hall call
assignment change process in Step S4 in Fig. 4.         Fig. 12 is a part
of the flowchart explaining specific steps of the hall call assignment
change process in Step S4 in Fig. 4.         Fig. 13 is a part of the
flowchart explaining specific steps of the hall call assignment change
process in Step S4 in Fig. 4.          Fig. 14 is a part of a flowchart
explaining specific steps of the pseudo call assignment process in Step S5
in Fig. 4.         Fig. 15 is a part of the flowchart explaining specific
steps of the pseudo call assignment process in Step S5 in Fig. 4.
Fig. 16 is a part of the flowchart explaining specific steps of the pseudo
call assignment process in Step S5 in Fig. 4.         Fig. 17 is a part of
a flowchart showing steps of a process of assigning a new hall call and
changing the assignment according to a second embodiment of the present
invention. 



Fig. 18 is a part of the flowchart showing steps of the process of
assigning a new hall call and changing the assignment  according to the
second embodiment of the present invention. Fig. 19 is a part of the
flowchart showing steps of the process of assigning a new hall call and
changing the assignment according to the second embodiment of the present
invention. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS [0023] 



First Embodiment        In general, the car position in a group control
cannot be judged only by a floor level, the traveling direction of the car
should be included in the judgment. Therefore, in the description
hereinafter, the term "station position" is used as a concept for
expressing the stop position of a car including both floor and direction to
simplify explanation. [0024]       Now, one embodiment of the present
invention will be described with reference to Fig. 1 through Fig. 16.
Fig. 1 is a diagram showing an entire configuration of a group management
system of elevators according to a first embodiment of the present
invention. Here, the description is given taking an example in which three
elevator cars including a first car to a third car are controlled as a
group. However, it should be appreciated that the number of the elevators
is not limited to three. [0025]         Referring to Fig. 1, reference
number 11 represents an elevator control device configured to perform
elevator control operation of the first car, reference numbers 12 and 13
similarly represent elevator control devices configured to perform elevator
control operation respectively of the second car and the third car, a
reference number 20 represents a hall call registration device that is
common to all elevators and configured to register a hall call, and a
reference number 30 represents a group control device configured to control
the operation of the elevators as a group while communicating with the
elevator control devices 11-13. 



[0026]       Reference number 31 represents passenger arrival rate
estimating means configured to estimate a passenger arrival rate at a
station position. The passenger arrival rate estimating means estimates the
passenger arrival rate using a conventional method such as, for example,
stochastic estimation of the passenger arrival rate based on learned data
relating to a time period during which no hall call is made by presuming
the arrival of a passenger who uses an elevator to be Poisson arrival. It
is also possible to correct the passenger arrival rate according to
variations in a number of car calls and a live load of a car. [0027]
Reference number 32 represents hall call occurrence rate  estimating means
configured to estimate the rate of occurrence of hall calls in an entire
group. This also can be easily obtained using a conventional method such as
division of the number of hall calls occurring per a predetermined time,
this time period is based on a short-term learning or a long-term learning
by the predetermined time. [0028]       Reference number 33 represents car
arrival time estimating means configured to estimate time at which each car
can arrive at each station position, and it is possible to use various
methods of conventional hall call waiting time estimation as the method to
estimate the time of arrival. However, while estimation of waiting time for
a single entire loop of car is sufficient in the conventional hall call
waiting time estimation, as the present invention is also required to
estimate waiting time of prospective passengers, it is necessary to
estimate waiting time fora single entire loop and a half considering a
farthest car call that is set off from an assigned hall call on a back side
as shown in Fig. 2, and to estimate for two entire loops and a half at
maximum, considering the necessity of estimating waiting time of passengers
that may occur after responding to all the calls that can be assumed.
[0029] 



One example of a table for estimated time of arrival produced by the car
arrival time estimating means is shown in  Fig. 3. Here, while calculation
is made by assuming that time required for a car to travel a single floor
is 2 seconds and that the time required for a car to make a single stop is
10 seconds to simplify an explanation, traveling time and such are
calculated based on learned data of group management in practice. [0030]
Referring back to Fig. 1, a reference number 34 represents waiting time
expectation value calculating means configured to stochastically calculate,
as a general evaluation index, an expectation value of a sum or an average
of the waiting time of all the passengers (including passengers that have
already appeared) estimated to appear at all of the station positions
within predetermined time (hereinafter, the expectation value of the sum or
the average of waiting time is simply referred to as a waiting time
expectation value). A concept and a method of calculation of the waiting
time expectation value of all passengers will be described later. [0031]
A reference number 35 represents hall call assigning means configured to
evaluate a newly registered hall call taking the waiting time expectation
value as an evaluation index, or holistically in conjunction with other
evaluation indices, and to assign the call to the best suited car. The hall
call assigning means performs an assignment process every time a new 



hall call is made. [0032]       A reference number 36 represents hall call
assignment changing means configured to change an assignment of a hall call
that has been assigned based on the waiting time expectation value. The
hall call assignment changing means calculates, every predetermined time,
the waiting time expectation value assuming that the assignment is changed,
compares the calculated waiting time expectation value with the waiting
time expectation value before the assignment change is made, and performs
the assignment change of the hall call if a difference between the two
values satisfies a predetermined condition. [0033]        A reference
number 37 represents pseudo call assigning means configured to assign a
pseudo call to an empty car based on the waiting time expectation value.
The pseudo call assigning means calculates, every predetermined time, the
waiting time expectation value assuming that a pseudo call is assigned,
compares the calculated waiting time expectation value with the waiting
time expectation value before the assignment of a pseudo call is made, and
assigns a pseudo call to the empty car if a difference between the two
values satisfies a predetermined condition. [0034] A reference number 38
represents learning means  



configured to perform statistical processing of data received from the
elevator control devices 11-13 and the hall call registration device 20 and
accumulates the data. The learning means is configured by, similarly to
those used in conventional group control, such as short-term learning means
for learning about current traffic situation, and long-term learning means
for learning about traffic situation in each time period on weekday,
weekend, or the same day.        A reference number 39 represents
communicating means configured to communicate with each of the elevator
control devices 11-13. [0035]        Next, a procedure of an elevator group
control method according to the present invention of the above
configuration is described with reference to flowcharts in Fig. 4 through
Fig. 16.       Fig. 4 is the main flowchart of the entire procedure,
showing that the assignment process is performed every time when a new hall
call is made, and a hall call assignment change process and a pseudo call
process are performed every predetermined time. This procedure is
constantly and repeatedly performed. [0036]        First, in Step Si, it is
determined whether or not a new hall call is present, and if present,
awaiting time expectation value of all passengers at all station positions
is calculated  



in Step S2, and the hall call is assigned to the best suited car based on a
result of the calculation. Further, separately from the assignment of the
new hall call, every time a predetermined time passes (Step 53), the
current waiting time expectation value of all the passengers and the
waiting time expectation value assuming that an assignment change is
performed, are compared in Step S4, and the assignment change is performed
if a difference between the two values satisfies a predetermined condition.
Similarly, the current waiting time expectation value and the waiting time
expectation value assuming that a pseudo call is assigned to an empty car
are compared in Step S5, and the assignment process of a pseudo call is
performed if a difference between the two values satisfies a predetermined
condition. Details of these processes will be described later. As described
above, according to the first embodiment, the waiting time expectation
value of all the passengers is calculated when a new hall call is made and
every predetermined time, the assignment change of a hall call and the
assignment of a pseudo call to an empty car, in addition to the assignment
of a new hall call are performed based on the same evaluation index every
predetermined time so that the value is as small as possible, that is, so
that the waiting time of all the passengers is reduced. [0037] Here, before
describing the details of the processes, an  idea of the waiting time
expectation value of all the passengers at all of the station positions as
a general evaluation index and how to calculate this value according to the
present invention are described.       First, when evaluating the waiting
time of all the passengers, how to evaluate arrival time of an empty car
(car stopping without a traveling direction) must be considered. Unless the
arrival time of an empty car can be appropriately evaluated, it is not
possible to obtain a general evaluation index that can be applied to every
traffic situation. In particular, as the pseudo call assignment control is
in principle performed for an empty car, it is important to appropriately
evaluate the arrival time of an empty car. [0038]        However, there are
many uncertain elements regarding a time point and a direction at and in
which an empty car starts traveling, and it is not possible to estimate the
arrival time of an empty car to each station position in the same manner as
a traveling car. For example, when a hall call is made at one station
position in the future, the empty car may have responded to a different
hall call and may not be present at an original position. Therefore, based
on a hall call occurrence rate and the number of cars in an entire group, a
probability P(t) that an empty car is present at an original position in a
standby state is expressed as an exponential function of time t in  



equation 1 listed below, and it is assumed that the empty car can arrive at
any station position in response to a call from this station position if
the car is in the standby state, and that the empty car is removed from
evaluation targets when the car is not in standby state. [Equation 1] P(t)
exp a: A hall call occurrence rate per car        In this manner, by
expressing the standby probability of an empty car in an exponential
function, and using this in the calculation of the waiting time expectation
value, as will be described later, it is possible to stochastically
evaluate an influence of the presence of an empty car to the waiting time
of prospective passengers although in a simplified manner. [0039]
Next, the calculation of "the waiting time expectation value of all the
passengers expected to occur within predetermined time T" at one station
position is described by schematizing as shown in Fig. 5.        Fig. 5 is
a graphic chart showing variation in estimated time of arrival of each car
at one station position, in which a horizontal axis represents time and a
vertical axis represents the estimated time of arrival. Here, the chart
shows that the first car is always traveling within the time T, and passes
once  



by a station position as a target. The chart also shows that the second car
currently stops as an empty car, and that the third car is currently
traveling but stops at time t4 and becomes an empty car. [0040]        In
Fig. 5, the waiting time expectation value of all the passengers is
obtained by the integration of the shaded area and multiplication of a
passenger arrival rate A. However, when there is an empty car present
closer than a traveling car, the expectation value of the waiting time is
calculated assuming that this empty car responds at the probability P(t)
expressed by the equation 1.       Regions in the shaded area are divided
by time that satisfies conditions as listed below.  (a) Time at which
estimated time of arrival of the traveling car becomes equal to estimated
time of arrival of the empty car.  (b) Time at which the traveling car
becomes an empty car in a stopped state.  (c) Time at which the traveling
car arrives at the target station position. [0041] 



As the region divided in this manner shows a simple shape as shown in Fig.
6, it is possible to perform integral calculation easily, and to obtain the
waiting time expectation value of all the passengers that occur in a time
period  represented by the divided region.        For example, the waiting
time expectation value of all the passengers in a region Es shown in Fig. 5
can be obtained by equation 2 listed below. [Equation 2]  ,P(t) +(0 (1-
P(0)(t - t4)) - P(t))2)d  



As: A passenger arrival rate at the station position s [0042]
Similarly, where a number of empty cars that can influence the waiting time
of passengers at a station position as a general target is m, a waiting
time expectation value Ez of all the passengers in time periods ta-tb can
be obtained by equation 3 listed below. [Equation 3]  wkP(t)(P(t)) I)  (w
o- (t - t4)) (1 - P(t))'" at          wb: Estimated time of arrival at time
ta of a car that arrives at a target station position in the shortest time
out of all traveling cars 



wi, w2, ...: Estimated time of arrival of cars whose estimated time of
arrival at target station position is shorter than wo out of empty cars,
where wi, w2, ... are in ascending order of estimated time of arrival.
In this manner, by summing up the waiting time expectation values of the
passengers obtained for the respective regions, a waiting time expectation
value Es of all the passengers that appear at a station position s within a
predetermined time T is obtained by equation 4 listed below. [Equation 4]
n: A number of divided regions [0043]       It should be noted that there
must be a single passenger at hall call registration if a hall call has
already been made at this station position, and it is possible to ignore
the presence of an empty car until a car assigned to this hall call
arrives. Therefore, the waiting time expectation value of the passengers in
this case can be obtained by equation 5 listed below. 



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



ET is "the waiting time expectation value of all the passengers at all the
station positions" used as a general evaluation index in the group control
method according to the present invention. [0044]       Based on what has
been described above, the steps for calculating the waiting time
expectation value of all the passengers at all the station positions, and
the procedure for assigning a new hall call based on the result of the
calculation are described with reference to flowcharts in Fig. 7 through
Fig. 10. [0045]        Fig. 7 is a flowchart explaining a specific
procedure in Step S2 in Fig. 4, showing the steps for calculating the
waiting time expectation value of all the passengers at all the station
positions assuming that a new hall call is tentatively assigned to each
car, and assigning the new hall call to a car whose waiting time
expectation value is the smallest.  [0046]       First, in Step 521, the
initial value of a variable eval representing the waiting time expectation
value is set to be the maximum value, and based on Step S22 and Step S27,
the process between these steps is repeated for all of the cars. 



In Step S23, a table for estimated time of arrival for a case in which a
new hall call HC is tentatively assigned to an "i" car is generated for
each car as shown in Fig. 3. Then, in Step S24, the waiting time
expectation value of all the passengers at all the station positions,
assuming that the hall call is tentatively assigned to the "i" car, is
calculated based on the generated table for estimated time of arrival
(detailed steps will be described later), and stored as variable e. [0047]
In Step S25, the variable e is compared with the variable eval. If e<eval,
a waiting time expectation value e at this time is substituted for the
variable eval, and a car number "i" is substituted for "car" in Step S26.
Similarly, Step S23 through Step S26 are repeated for all of the cars, and
the smallest value out of the waiting time expectation values of all the
passengers at all the station positions assuming that the new hall call is
tentatively assigned to the respective cars is stored as eval, and the car
that is tentatively assigned at this time is stored as "car". Then, in Step
S28, the new hall callHOis actually assigned to the "car" car whose waiting
time  expectation value is the smallest. [0048]       Next, a specific
procedure in Step S24 for calculating the waiting time expectation value of
all the passengers at all the station positions, assuming that the new hall
call is tentatively assigned to one car, is shown in the flowchart in Fig.
8. 



[0049]       First, in Step 5201, the initial value of the variable ET
representing the waiting time expectation value of all the passengers at
all of the station positions is set to be 0. In Step S202, the hall call
occurrence rate shown by equation 1 is obtained as a, and based on Step
S203 and Step S206, the process between these steps is repeated for all
station positions. Specifically, in Step S204, the waiting time expectation
value of all the passengers at the station position s is calculated as Es,
and in Step S206, the value obtained by adding Es to ET is newly stored as
ET by updating. In this manner, Step S204 and Step S205 are repeated for
all of the station positions, and the waiting time expectation value of all
the passengers at all the station positions, assuming that the new hall
call is tentatively assigned to one car, is obtained as ET. Then, in Step
S207, the value of ET is returned to Step S24 in Fig. 7 and substituted for
e. [0050]         Next, a specific procedure in Step S204 for calculating
the waiting time expectation value of all the passengers at one station
position s is shown in flowcharts in Fig. 9 and Fig. 10. The procedure is
divided into two flows at a connecting sign G for convenience sake.
First, in Step S251, a passenger arrival rate at the station position s is
obtained as X, and in Step S252, the predetermined time T (e.g., about 60
seconds) is divided into a plurality of time periods that can be subjected
to the integral calculation of the waiting time expectation value, as
described with reference to Fig. 5. In Step S253, a number of the divided
time periods is taken as n, and in Step S254, the initial value of Es is
set to be 0 and the initial value of ta is set to be the current time.
[0051] 



Then, based on Step S255 and Step S269, the process between these steps is
repeated for all of the time periods. Specifically, in Step S256, the end
time of a time period z is set to be tb, and in Step S257, it is determined
whether or not the time period z is a leading time period. If the time
period z is the leading time period, then, in Step S258, it is determined
whether or not there is a hall call at station position s. If there is no
hall call at station position s, only the passengers that possibly appear
within the predetermined time are considered, and the waiting time
expectation value is  calculated based on equation 3. Then, the process
proceeds to Step S259. [0052]       In Step S259, the estimated time of
arrival of a car that can arrive at the station position s in the shortest
time out of all cars with a traveling direction during the time period z is
substituted for 140. In Step S260, arrival time of all cars whose estimated
time of arrival at the station position s is shorter than w0 out of cars
without any traveling direction during the time period z is substituted for
wi-wm in ascending order, and the number of the cars is substituted for m.
Then, in Step S261, based on equation 3, the waiting time expectation value
Ez during time period z is calculated. [0053]       On the other hand, if
the time period z is the leading time period in Step S257, and if there is
a hall call at the station position s in Step S258, the passengers that
have already appeared are considered, and the waiting time expectation
value is calculated based on equation 5. Then, the process proceeds to Step
S262.        In Step S262, a car to which the hall call at the station
position s is assigned is taken as "acar". Then, hall call occurrence time
at the station position s is taken as ta in Step S263, estimated time of
arrival of the "acar" car at the station positions is taken as tb in Step
S264, estimated time of arrival 



hcwt is obtained based on the difference between ta and tb in Step 5265,
and the waiting time expectation value Ez is calculated during time period
z based on equation 5 in Step S266. [0054]       Then, in Step S267, the
value obtained by adding Ez obtained in Step S261 or Step S266 to the
original value of Es is newly taken as Es, and in Step S268, tb is newly
stored as ta by updating. In this manner, the steps from Step S256 to Step
S268 are repeated for all of the time periods, and the waiting time
expectation value Es of all the passengers at the station position s is
obtained. Then, in Step 5270, the value of Es is returned to Step S204 in
Fig. 8, and newly stored as Es by updating. [0055]       The above
described is the new hall call assignment process taking the waiting time
expectation value of all the passengers at all the station positions as the
evaluation index.       Next, the hall call assignment change process that
is performed every predetermined time is described similarly by taking the
waiting time expectation value of all the passengers at all the station
positions as the evaluation index. [0056] 



Fig. 11 through Fig. 13 are flowcharts explaining specific steps of the
hall call assignment change process in Step S4 in Fig. 4. The process shown
is divided into three flows  at connecting signs C and D for convenience
sake. In this process, the waiting time expectation value of all the
passengers at all of the station positions, assuming that an assignment of
a hall call that has been performed to one car, is changed to a different
car is calculated, the calculated waiting time expectation value is
compared with the waiting time expectation value before the assignment
change, and the assignment change is performed if a difference between the
two values satisfies a predetermined condition. [0057]       First, in Step
S401, the current table for estimated time of arrival is generated for each
car, and the generated tables are stored as Tab. In Step S402, the current
waiting time expectation value of all the passengers at all the station
positions is calculated based on the tables for estimated time of arrival,
and stored as eval0. The calculation steps of the waiting time expectation
value of all the passengers in Step S402 is the same as the process in Step
S24 in Fig. 7 as described above, and therefore an explanation is omitted.
In Step S403, the initial value of the variable eval representing the
waiting time expectation value when the assignment change is performed is
set to be the maximum value. [0058]       Then, based on Step S404 and Step
S415, the process between these steps is repeated for all of the station
positions.  



Specifically, in Step S405, it is determined whether or not there is an
assigned hall call at the station position s. If there is an assigned hall
call, the assigned car is taken as "acar" in Step S406. [0059]
Further, based on Step S407 and Step S414, the process between these steps
is repeated for all of the cars from the first car. In Step S408, it is
determined whether or not the "i" car is the "acar" car. If the "i" car is
not the "acar" car, that is, not the car assigned for the station position
s, it is determined whether or not the "i" car can service the station
position s in Step S409. Then, if the "i" car can service, in Step S410, a
table for the estimated time of arrival, assuming that the assigned car for
the station position s is tentatively changed to the "i" car, is generated
as shown in Fig. 3, and in Step S411, the waiting time expectation value of
all the passengers is calculated based on the generated table for estimated
time of arrival, and stored as variable e. The calculation steps of the
waiting time expectation value of all the passengers in Step S411 is
performed in the same manner as the process in Step S24 in Fig. 7 as
described above, and therefore an explanation is omitted. [0060]
Then, in Step S412, the value of e and the value of eval are compared, and
if e is smaller, e is newly stored as eval  by updating, and the car number
"i" of the assigned car at this time is stored as "car". Subsequently, the
same process is repeated for all of the cars in Step S414, and then for all
the station positions in Step S415, and the minimum value out of the
waiting time expectation values, assuming that the assignment change is
performed, is stored as eval, and the car to which the assignment is
changed to this time is stored as "car". 



[0061]       Then, in Step S416, it is determined whether or not a
difference between the current waiting time expectation value eval0 (before
the tentative assignment change) and the minimum value eval after the
tentative assignment change is greater than the set value ReasParaml
Further, in Step S417, it is determined whether or not the reduction rate
of the waiting time expectation value (a value obtained by dividing the
difference between the current waiting time expectation value eval0 and the
minimum value eval after the tentative assignment change by eval0 and then
multiplying by 100%) is no smaller than the set value ReasParam2. If the
reduction rate is no smaller than the set value, in Step S418, the
assignment of the hall call at the station position s is changed to the
"car" car, and the hall call assignment change process is terminated.
Specifically, in this example, in order to prevent unnecessary confusion
due to the assignment change, the assignment change  is performed only when
the waiting time expectation value of all the passengers at all the station
positions decreases by an amount of the set value or more and when the
reduction rate is no smaller than the set value. [0062]       Next, a
pseudo call assignment process that is performed every predetermined time
is described similarly by taking the waiting time expectation value of all
the passengers at all the station positions as the evaluation index. 



Fig. 14 through Fig. 16 are flowcharts explaining specific steps of the
pseudo call assignment process in Step S5 in Fig. 4. The process shown is
divided into three flows at connecting signs E and F for convenience sake.
In this process, the waiting time expectation value of all the passengers
at all of the station positions assuming that a pseudo call at one station
position is tentatively assigned to an empty car is calculated, the
calculated waiting time expectation value is compared with the waiting time
expectation value before the tentative assignment, and the pseudo call
assignment is performed if a difference between the two values satisfies a
predetermined condition. [0063]        First, in Step S501, the current
table for estimated time of arrival is generated for each car, and the
generated tables are stored as Tab. In Step S502, the current waiting time
expectation value of all the passengers at all of the station positions is
calculated based on the tables for estimated time of arrival, and stored as
eval0. The calculation steps of the waiting time expectation value of all
the passengers at all of the station positions in Step S502 are performed
in the same manner as the process in Step S24 in Fig. 7 as described above,
and therefore an explanation is omitted. In Step S503, the initial value of
the variable eval is set to be the maximum value. [0064]       Then, based
on Step S504 and Step S513, the process between these steps is repeated for
all of the cars from the first car. Specifically, in Step S505, it is
determined whether or not the "i" car is an empty car. If the "i" car is an
empty car, based on Step S506 and Step S512, the process between these
steps is repeated for all of the station positions s.        In Step 8507,
it is determined whether or not the "i" car can service the station
positions. If the "i" car can service, in Step S508, a table for estimated
time of arrival assuming that a pseudo call at the station position s is
tentatively assigned to the "i" car is generated as shown in Fig. 3, and in
Step S509, the waiting time expectation value of all the passengers is
calculated based on the generated table for estimated time of arrival, and
stored as the variable e. The calculation steps of the waiting time
expectation value of all the passengers in Step S509 are performed in the
same manner  



as the process in Step S24 in Fig. 7 as described above, and therefore an
explanation is omitted. [0065]        Then, in Step S510, the value of e
and the value of eval are compared, and if e is smaller, in Step S511, e is
newly stored as eval by updating, and the car number "i" of the assigned
car at this time is stored as "car" by updating. Subsequently, the same
process is repeated for all of the station positions, and then for all of
the cars, and the minimum value out of the waiting time expectation values
assuming that the pseudo call assignment is performed is stored as eval,
and the car to which the pseudo call is tentatively assigned is stored as
"car". [0066]       Then, in Step S514, it is determined whether or not the
difference between the current waiting time expectation value eval0 (before
the tentative pseudo call assignment) and the minimum value eval after the
tentative pseudo call assignment is greater than the set value
PseudoParaml. Further, in Step S515, it is determined whether or not the
reduction rate of the waiting time expectation value (a value obtained by
dividing the difference between the current waiting time expectation value
eval0 and the minimum value eval after the tentative pseudo call assignment
by eval0 and then multiplying by 100%) is no smaller than the set value
PseudoParam2. If the reduction rate is no smaller than the set value, in
Step S516, the pseudo  call at station position s is assigned to the "car"
car, and the pseudo call assignment process to an empty car is terminated.
Specifically, in this example, similarly to the case of the assignment
change, in order to prevent unnecessary movement due to the pseudo call
assignment, the pseudo call is assigned only when the waiting time
expectation value of all the passengers decreases by the set value or more
and the reduction rate is no smaller than the set value. [0067] 



Second Embodiment        According to the first embodiment, the assignment
of a new hall call is performed at a different timing from the assignment
change of the hall call or the assignment of a pseudo call. However, the
two processes can be performed at the same time. [0068]        Fig. 17
through Fig. 19 are flowcharts showing a specific procedure for assigning a
new hall call and changing an assignment of a hall call at the same time.
The process shown is divided into three flows at connecting signs A and B
for convenience sake.        This process is an example in which the
waiting time expectation value of all the passengers at all of the station
positions assuming that a new hall call is assigned to each car is compared
with the waiting time expectation value of all the  passengers at all of
the station positions assuming that the assignment of an assigned hall call
is changed to a different car at the same time, and the new hall call
assignment and the assigned hall call assignment change are performed at
the same time if a difference between the two values satisfies a
predetermined condition. The process is performed when a new hall call is
made. 



[0069]        First, in Step S601, a variable evalA representing the
waiting time expectation value, assuming that a new hall call is
tentatively assigned and a variable evalB representing the waiting time
expectation value, assuming that the assignment change is performed at the
same time with the tentative assignment of the new hall call, are
respectively set to be maximum values, and based on Step S602 and Step
S617, the process between these steps is repeated for all of the cars.
Specifically, in Step S603, a table for estimated time of arrival assuming
that a new hall call HC is tentatively assigned to an "i" car is generated,
and then, in Step S604, the waiting time expectation value of all
passengers at all station positions is calculated based on the generated
table for estimated time of arrival, and set as a variable e. The
calculation steps of the waiting time expectation value of all the
passengers in Step S604 are performed in the same manner as the process in
Step S24 in Fig. 7 as described above, and  therefore an explanation is
omitted. [0070]       Then, in Step S605, the value of e and the value of
evalA are compared, and if e is smaller, in Step S606, e is newly stored as
evalA by updating, and the car number "i" of the tentatively assigned car
at this time is stored as "acarA" by updating. [0071]       Subsequently,
based on Step S607 and Step S616, the process between these steps is
repeated for all hall calls AHC that are assigned to the tentatively
assigned car Specifically, in Step 5608, it is determined whether or not HC
and AHC are calls made on the same floor, and if not med on the same floor,
based on Step S609 and Step S615, the process between these steps is
repeated for all cars "j". The reason why it is determined whether or not
HC and ANC are calls for the same floor here is not to consider a hall call
that is made on the same floor as a new hall call, but as a target of the
assignment change when assigning the new hall call, because performing the
assignment of a hall call and the assignment change on the same floor at
the same time may confuse waiting passengers when a hall call in an
opposite direction has already been registered on the floor on which the
new hall call is made. 



[0072]        Then, in Step S610, it is determined whether or not i=j. If
iOj, in Step S611, a table for the estimated time of arrival  assuming that
HC is tentatively assigned to the "i" car and the assignment of AHC is
tentatively changed to the "j" car is generated. In Step S612, the waiting
time expectation value of all the passengers at all station positions is
calculated based on the table for estimated time of arrival, and the
obtained value is set as the variable e. The calculation steps of the
waiting time expectation value of all the passengers in Step 3612 are
performed in the same manner as the process in Step 324 in Fig. 7 as
described above, and therefore an explanation is omitted. [0073]        In
Step S613, the value of e and the value of evalB are compared, and if e is
smaller, in Step S614, e is newly stored as evalB by updating, the
tentatively assigned car "i" assigned to HC is stored as "acarB" by
updating, and the car whose assignment is tentatively changed to AHC is
stored as "rcarB" by updating. The tentatively assignment change is
repeated for all the cars in Step S615, and for all of the hall calls AHC
in Step S616, and the minimum value out of the waiting time expectation
values assuming that the tentative assignment of the new hall call is
performed at the same time as the tentative assignment change of the
assigned hall call is stored as evalB, the tentatively assigned car at this
time is stored as "acarB", and the car whose assignment is tentatively
changed is stored as "rcarB".  [0074] 



Furthermore, this process is repeated for all the cars in Step 5617, and
the minimum value out of the waiting time expectation values assuming that
the tentative assignment of the new hall call is performed is stored as
evalA, and the tentatively assigned car at this time is stored as "acarA".
In Step S618, it is determined whether or not the difference between evalA
and evalB is greater than the set value ReasParaml. Further, in Step S619,
it is determined whether or not the reduction rate of the waiting time
expectation value (a value obtained by dividing the difference between
evalA and evalB by evalA, and then multiplying by 100%) is no smaller than
the set value ReasParam2. If the reduction rate is no smaller 



than the set value, HC is assigned to the "acarB" car in Step S620, and the
assignment of AHC is changed to the "rcarB" car in Step S621. Moreover,
when even one of Step S618 and Step S619 is not satisfied, HC is assigned
to the wacarA" car in Step S622, and the assignment of the assigned hall
call is not changed. Specifically, in this example, in order to prevent
unnecessary confusion due to the assignment change, the assignment of a new
hall call and the assignment change are performed at the same 



time only when the waiting time expectation value of all passengers at all
of the station positions decreases by the amount of the set value or more
and when the reduction rate is no smaller than the set value, and only the
assignment of a new  hall call is performed when not. [0075]       While,
in this example, the case in which the assignment change is performed at
the same time with the assignment of a new hall call is described, it is
also possible to perform the assignment of a pseudo call to an empty car at
the same time with the assignment of a new hall call, instead of or along
with the hall call assignment change. 



[0076] Other Embodiments       It should be appreciated that, while in the
above embodiments, the difference and the reduction rate from the current
waiting time expectation value is compared with a set value as criteria for
performing the hall call assignment change and the assignment of a pseudo
call, such set value is not required to be a fixed value. The value can be
set to be any value according to the group management specifications and
conditions of the building; for example, the set value regarding the
assignment change can be set to be closer to 0 when the immediate
prediction is not performed, and the hall call assignment change is
performed if there is possibility of improvement in the waiting time
expectation value if only a little, or the set value regarding the pseudo
call assignment can be set to be a greater value when energy saving is
considered to be important, and standby operation using a pseudo call is
performed only in a situation in which it is expected to reduce the waiting
time to a large extent. [0077]       Further, in the above embodiments, as
the waiting time expectation value of all passengers at all the station
positions is taken as the general evaluation index, it is not necessarily
possible to assign a car that can arrive in the shortest time to individual
hall calls, and there is a case in which the car can pass without
responding to a hall call. In such a case, if the group management system
is provided with only a hall lantern as a guiding device in the elevator
hall, then there is no problem as waiting passengers cannot see whether or
not a car passes by without responding to the hall call. However, in the
case that the group management system is provided with a hall indicator
indicating the floor at which the car is currently in as the guiding device
in an elevator hall, the waiting passengers at the elevator hall can see
the car passing without responding to the hall call. Further, a car passing
without responding to the hall call can also be recognized in the case in
which doors at the hall has a window. Therefore, in a group management
system of such specifications, there is a problem where the waiting
passengers seeing the car passing without responding to the hall call may
feel that their requests are unduly ignored or that the passengers are
given a low priority, and thus dissatisfy with the group management system.



[0078]        In order to address such a problem, it is possible to provide
means for converting the car passing without responding to the hall call
(including changing the direction of an approaching car) contrary to the
expectation of the waiting passenger as a penalty value into waiting time.
For example, where the time of passage of the car is tp and the time at
which the hall call is serviced by the car is ts, the penalty value can be
calculated by equation 7 listed below. [Equation 7] Penalty Value =
A+B(ts-t) [0079]        Here, A is an invariable for converting customers'
dissatisfaction with passage of the car into time, and B is a coefficient
representing dissatisfaction of the customers that increases in proportion
to the time elapsed after the passage. Further, ts and tp can be obtained
in the table for estimated time of arrival described above.        In the
case in which the waiting passengers can recognize the passage of the car
due to installation of the hall indicator or such, the evaluation can be
made by adding the penalty value to the waiting time expectation value of
all the passengers as the general evaluation index according to the present
invention, 



or comprehensive evaluation can be performed by further adding other
evaluation indices. [0080]        In addition, the present invention is not
limited to the above embodiments, and various modifications can be made
without departing the spirit of the present invention. REFERENCE MARKS IN
THE DRAWINGS [0081] 11-13 Elevator Control Device 20Hall Call Registration
Device 30Group Control Device 
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39Communicating Means  CLAIMS     1. An elevator group control method,
comprising: placing a plurality of elevators in service for a plurality of
floors;       calculating an evaluation index for a newly made hall call;
and       selecting and assigning the best suited car to the hall call
based on the evaluation index, wherein       awaiting time expectation
value of all passengers on all floors for each direction, either that have
already occurred or that is expected to occur within a predetermined time
period is taken as the evaluation index, the waiting time expectation value
being the expectation value for the sum or the average of the waiting time.
2. The elevator group control method according to claim 1, wherein 



every predetermined time, the waiting time expectation value assuming that
an assignment change of a hall call that has already been assigned is
performed, is calculated, and        the assignment change is performed if
a difference between the calculated waiting time expectation value and the
waiting time expectation value, before the assignment change, satisfies a
predetermined condition.           3. The elevator group control method
according to claim 1, wherein       every time a new hall call is made, the
waiting time expectation value, assuming that the new hall call is
assigned, and the waiting time expectation value, assuming that an
assignment change of a hall call is performed at the same time with the
assignment of the new hall, are calculated, and       the assignment change
of the hall call is performed at the same time with the assignment of the
new hall call if the difference between the two waiting time expectation
values satisfies a predetermined condition.        4. The elevator group
control method according to one of claims 1 to 3, wherein        every
predetermined time, the waiting time expectation value, assuming that a
pseudo call is tentatively assigned to an empty car, is calculated, and 



the assignment of the pseudo call is performed if the difference between
the calculated waiting time expectation value and the waiting time
expectation value before the tentative assignment satisfies a predetermined
condition.        5. The elevator group control method according to one of
claims 1 to 3, wherein         every time when a new hall call is made, the
waiting time expectation value, assuming that the new hall call is
assigned, and the waiting time expectation value, assuming that a pseudo
call is tentatively assigned to an empty car at the same time with the
assignment of the new hall call, are calculated, and       the assignment
of the pseudo call is performed at the same time with the assignment of the
new hall call if the difference between the two waiting time expectation
values satisfies a predetermined condition.        6. The elevator group
control method according to one of claims 2 to 5, wherein the predetermined
condition is adjustable.        7. The elevator group control method
according to one of claims 1 to 6, wherein 



the waiting time expectation value is calculated using an estimated value
of a passenger arrival rate on each floor and for each direction, an
estimated value of a hall call occurrence rate of an entire group, and the
estimated time of arrival of each car, for each floor and in each
direction.        8. An elevator group control device capable of placing a
plurality of elevators in service for a plurality of floors, calculating an
evaluation index fora newly made hall call, and selecting and assigning the
best suited car to the hall call based on the evaluation index, the device
comprising:       waiting time expectation value calculating means
configured to calculate the waiting time expectation value of all
passengers on all floors for each direction either that have already
occurred or that are expected to occur within a predetermined time period;
and       hall call assigning means configured to assign the new hall call
based on the waiting time expectation value.       9. An elevator group
control device capable of placing a plurality of elevators in service for a
plurality of floors, calculating an evaluation index fora newly made hall
call, and selecting and assigning the best suited car to the hall call
based on the evaluation index, the device comprising:       waiting time
expectation value calculating means configured to calculate awaiting time
expectation value of all passengers on all floors for each direction either
that have already occurred or that are expected to occur within a
predetermined time period;       hall call assigning means configured to
assign the new hall call based on the waiting time expectation value; 



hall call assignment changing means configured to perform an assignment
change of a hall call based on the waiting time expectation value; and
pseudo call assigning means configured to assign a pseudo call to an empty
car based on the waiting time expectation value. 


