DESCRIPTION

ELEVATOR GROUP MANAGEMENT CONTROL APPARATUS AND ELEVATOR
GROUP MANAGEMENT CONTROL METHOD

Field

Embodiments of the present invention relate to an
elevator group management control apparatus and an elevator
group management control method.
Background

An elevator is usually provided as an elevator group
which includes a plurality of elevators, so that a plurality
of cars thereof is integrally managed as a group by an

elevator group management contrcl apparatus in some cases.

Summary

Embodiments of the present invention provide an elevator
group management control apparatus that is capable of
providing energy saving while maintaining the proper service
performance, thereby allowing the balance between the sexvice

performance and the energy-saving performance to be optimized.



According to a first aspect of the present invention,
there 1g provided an elevator group management control
apparatus for managing an elevator group including a
plurality of cars, the apparatus comprising: an actual value
aggregation unit configured to aggregate an actual response
time value that is an actual value of a response time
corresponding to a time from when a hall call is registered
to when the car responds to the hall call; a target setting
unit configured to set a target response time value that is a
target value of the response time; an operating time
adjustment unit configured to adjust an energy-saving level
so that the actual response time value aggregated by the
actual value aggregation unit converges to the target
regponse time value set by the target setting unit, the
energy-saving level representing the degree of energy saving
that affects the actual response time value of the elevator
group; and an operating time management unit configured to
create on the basis of the energy-saving level a car mask for
limiting a car able to respond to a call, whexein the energy-
saving level is set according to the number of cars in
operation per unit time, the number of cars in operation
being a parameter that can take a decimal value, when the
number of cars in operation is an integer value, the number
of cars in operation representing that the integer number of
the cars can be assigned, and when the number of cars in
operation is a decimal value, the number of cars in operation
repregenting a proportion of time that can be assigned in a
unit time interval.

According to a second aspect of the present invention,



there is provided an elevator group management control method
for managing an elevator group including a plurality of cars,
the method comprising: aggregating an actual response time
value that is an actual value of a regponse time
corresponding to a time from when a hall call is registered
to when the car responds to the hall call; setting a target
response time value that is a target value of the response
time; adjusting an energy-saving level so that the actual
response time value aggregated converges to the target
regponse time value set, the energy-saving level representing
the degree of energy saving that affects the actual response
time value of the elevator group; and creating, on the basis
of the energy-saving level, a car mask for limiting a car
able to respend to a call, wherein the energy-saving level isg
set according to the number of cars in operation per unit
time, the number of cars in operation being a parameter that
can take a decimal value, when the number of cars in
operation is an integer value, the number of cars in
operation representing that the integer number of the cars
can be assigned, and when the number of cars in operation is
a decimal vaiue, the number of cars in operation representing
a proportion of time that can be assigned in a unit time
interval.

According to the elevator group management control
apparatus described above, it i1s possible to provide energy
saving while maintaining the proper service performance,
thereby allowing the balance between the service performance

and the energy-saving performance to be optimized.

Brief Description of Drawings
FIG. 1 1s a block diagram illustrating the outline cf a
group management control apparatus according to an embodiment.
FIG. 2 1s a diagram illustrating an example of a record
of operation of a car created by the group management control

apparatus according to the embodiment.
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FIG. 3 i1g a diagram illustrating an example of a target
gsetting input screen used by the group management contrcl
apparatus according to the embodiment.

FIG. 4 is a diagram illustrating an example of an
energy-saving level setting table created by the group
management control apparatus according to the embodiment.

FIG. 5 is a time chart illustrating an example cf an
operating time schedule set by the group management control
apparatus according to the embodiment.

FIG. 6 is a time chart illustrating an example cf the
operating time schedule set by the group management control
apparatus according to the embodiment.

FIG. 7 is a flowchart illustrating an example of control
performed by the group management control apparatus according
to the embodiment.

FIG. 8 is a diagram illustrating an example of a car

mask created by the group management control apparatus
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according to the embodimsnt.

FIG. 9 is a diagram illustrating an example of the car
mask created by the group management control apparatus
accoerding to the embodimsnt.

FIG. 10 is a diagram illustrating an example of recorded
data managad by an operating time management unit of the
group management control apparatus according to the
embodiment.

FIG., 11 is 3 diagram illustrating an example of an
actual valus displaved by the group management control
apparatus according to the embodiment.

FIG. 12 is a block disgram illustrating the outline of a
group management control apparatus according to a variation.

FIG. 13 is a block diagram Lllustrating the outline of a

group management contrel apparatus according to a variation.

Description of Embodiments

iustrated in

l._a
,WJ

A group management control apparatus 1
FIG. 1 as an slevator group management control apparatus is
appiled to an elevator group management control system 100
wncluding an elevater group 2. The group management control
apparatus 1 provides efficient operation service by managing
the elevaltor group 2 as 2 group and the operation of a
plurality of cars 120, thereby improving service performance.

Here, the service performance refers to the performance
pertaining to the convenience of a user who uses the elevator
group 2. The service periormance can be expressed as, for
example, a walting time from when a user registers a hall
call by operating a hall iaoput device 160 provided in an
elevator hall 124 to when he/she gets in the car 120, a
riding time from when the user gets in the car 120 to when
he/she gets off the car, or a service time corresponding to
the waiting time and the riding time added together. This
service performance tends to be lmproved by shortening what

is called a response time, for example. Here, the response
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time corresponds to the time from when a hall call is
registered to when a car responds to the hall cell, or
typically the time from when the user registers the hall call
to when a door of the car 120 opens up. Eeceordingly, the
group management control apparatus 1 can improve the service
performance by basically determining the car 120 to which the
nall call is assigned such that the response time takes the
shortest time possible. Here, the hall call is an cperation
performed by the ussry to call the car 129 through the hall
input device 160. Moreover, the timing at which the door of
the car 120 opens may correspond to a timing at which the
door starts to open or a fiming at which the door is
completely open.

On the other hand, it is desired that such elevator
group management control system 100 achieve energy saving to
be environmentally friendly. The group management contreol
apparatus 1 of the present embodiment achieves energy saving
with a good prospect by setting an energy-saving target value
while maintaining the service perxrformance.

First, there will be described the elsvator group
managemant control Syétem 100 to which the group managsement
control apparatus 1 is applied. The elesvator group
management control system 100 includes the group management
contrel apparatus 1 and the elevator group 2, where the group
management control apparatus 1 manages the elevator group 2
a5 a group. The elevator group 2 includes a plurality of
elevators 3 such as elevators No. 1 to No. 4. Each of the
plurality of cars 120 of the elevators moves up and down a
hoistway to provide operation service to a plurality of
fioors such as first to 10th flecors. The group management
control apparatus 1 integrally controels the elevator group 2.
The group management controel apparatus 1 creates an operation
achedule for each of the plurality of cars 120 and transmits
the schedule to sach car contrel device 122 provided to sach

car 120.



Note that while four of the sglevators 3, namely the
elevators No. 1 to No. 4, are included in the elevator group
Z in the following descripticn, ths elevator group may
instead include three of the elevators 3 or five or more of
the elevators 3. The flocr receiving the operation service
igs not limited ro the first to 10th floors sither. Morsover,
four of the elevatcors 3 including the elevators No. 1 to Ne.
4 are simply referred to as the elevator 3 in the felilowing
description unless cotherwise noted.

Specifically, each elevator 3 includes the car 120 which
carries a passencger, the car control device 122, and the like.
Each elevatoer 3 is what i1s called a traction type elevabtor in
which the car 120 and a counter welight are connectied by a
main rope. EBach elevator 3 1lg provided with a common
elavateor hall 124.

Each car 120 includes a car input device {a car call
reglstration device) 120a, a car guide device 120b, a weight
detector 120c, and the like. The car input device 12Ca
registers a car call for z destination floor in accordance
with an operation input by a user. The car guide device 120b
includes a buzzer that can output a notification sound, a
speaker that can announce a variety of wvoice information, and
a display f(a display unit) thaet can display a variety of
display information, for example. The weight detector 120c
detects the carrving weight in the car 120. The carrving
welght detected by the weight detector 120c mainly represents
the weight of a user on board the car 120. The carrying
waight 1s alsco influenced by the weight of baggage carried by
the user but typically tends to fluctuate in accordance with
the number of users {(the number 0f passengers). The weight
detector 120c canp measure a lcaded weicht and an unloaded
weight by detecting the fluctuation of the carrying weight
while the door of the car 120 is open, for example. Here,
the leoaded welght zefers to the weight of & uszer who gets in

the car 120 on a certain floor. The unloaded weight refers
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to the weight of a user who gets off the car 120 on a certain
floor.

A user who gets in the car 120 from the elevator hall
124 on a certain floor inputs a destination floor by
operating the car input device 120a, for example. The car
input device 120z detects the input of the destination floor
by the user as a car call and performs car call registration
by transmitting car call information on the detectsd car call
Lo the group management contzol apparatus 1 through the car
control device 122. The car call information includes
information such as the destination floor input by the user,
an ldentification number (hereinafter referred to as a “car

umber” or a “Car ID” depending on the occcasicn) of the car
128, and a time of occcurrence of the car call.

In addition to the car input device 120a, the car guide
device 120bh, the welght detector 120c¢ and the liks, a
hoisting machine or the like that moves the car 120 up and
dowrn 1s electrically connected to each car control device 122.
Bach car control device 122 performs various controls
including moving the car 120 up/down and opening/closing the
door. Each car contrel device 122 is electrically connected
to the group management contrel apparatus 1 as well. Tach
car control device 122 controls each unit cof each car 120

according to the operation schedule of each car 120 receivad
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rom the group management control apparatus 1. Each car
control device 122 includes a microcomputer and a drive
circuit, the microcomputer having a CPU {(Central Processing
Unit), a ROM, a R&M, a backup RAM and an input/output port
unit that are mutually connected via & normal bidirectional
common bus, for example. The ROM (Read Only Memory) stores
in advance a predetermined control program or the like. The
RAaM (Random Access Memory) temporarily stores & computation
result of the CPU., The backup RAM sforss information such as
map data preparsd ln adrvance and specifications of the

corresponding elevator 3. Each elevator 3 can move Lo an
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arbitrary destination floor when the corresponding car
control device 122 controls each unit to move the car 120 up
and down the holstway.

The elevator hall 124 is provided on each elevator
stopping floor (the first te 10th floors in this case) at
which the car 120 can langd. FEach elevater hall 124 is
provided with a hall input device {a& hall call registration
device) 160, a hall guide device 170, and the lLike. The hall
input device 164 registers a hall call for a destination
direction {(up or down} in accordance with an operation input
Iww a user. The hall guide device 170 includss a buzzer that
can outpub a notification scound, a speaker that can announce
a variety of voice information, and a display (a display
unit) that can display a variety of display information, for
axample.

B user on a certain floor inputs a desired destination
direction by coperating the hall input device 160 in the
elevator hall 124 on that flocr, for example. Specifically,
the nall input device 160 1s provided with an up butbton and a
down button so that the user presses a button (the up bhutton
or the down button) according tce the desired destination
directicon. The hall input device 160 detects the input of
the destination direction by the user as a hall call and
parforms hall call registration by transmitting hall call
information on the detected hall call to the group managemsant
control apparatus 1. The hall call information includes
information such as a time of occurrence of the hall call, a
fioor on which the hall call is made, and a direction {up or
down} of the hall call.

Note that a call input from the car input device 120a is
hereinafter sometimes referred to as the “car call” and a
call input from the hall input device 160 as the “hall call”

in order to distinguish the two.

P

The group management control apparatus is electrically

a
connacted to each car control device 122, the hall input
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devige 160, and the hall guide device 170 to perform various
controls.  The group management control apparatus 1 manages
the elevator group 2 as & group by mutually commpnicating and
transferring information such as a detection signal, a drive
signal, and a control command with sach car contrel device
122. Upon receiving the hall call information from the hall
input device 160, the group management control apparatus 1
selects and determines the car 120 to be respending to the
hall call from among the plurality of cars 1zZ0. The group
management control apparatus 1 creates and updates an
operation zchedule of an assigned car, and transmits the
schedule to the corresponding car control device 122. The
group management control apparatus 1 includes a microcomputer
and a drive cireulin, the microcomputer having a CPU {Central
Processing Unity, a ROM, a RAM, a backup RAM and an
input/output port unit that are mutually connected via a
normal bidirectional common bus, for exampie. The ROM (Read
Only Memory) stores in advance a predetermined control
program or the like. The RAM (Random Access Memory)
temporarily stores a computation result of the CPU. The
backup RAM stores information such as map data prepared in
advance and specifications of the elevator 3.

Note that the operation of sslecting the car 120 to
respond to the hall call 1s hereinafter sometimes referred to
as “assignment” and the selescted car 120 as the “assigned
car”.

The group management contrcl apparatus 1 includes a

rour managemant controller 130, an operating time contyroller
3 s g

h

140, and a display controller 150 in terms of a functional
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concept. The group management controller 130 typically
performs an assignment process of assigning the hall call to
any of the cars 120. The operating time controller 140
typilcally sets warious control parameters that are used when
the group management controiler 130 perfcrms assignment. The

group management controller 130 of the present embodiment
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manages the operation of the plurality of cars 120 on the
basis of & car maszk created by an operating time management
unit 144 of the operating time contrceller 140, as is
described below. The display controeller 150 contrels the
display or the like of the car guide device 120b and the hall
guide device 170.

The group management centroller 130 includes, in terms
of a functional congept, a car status recording unit 131, an
assigning car selecter 132, a car operation controller 133, a
mask management unit 134, and thes like.

The car status recording unit 131 continuously collects
car informaticn on sach car 120 from each car contrcl device
122. The car information lnecludes information on the car 120
in operation such as a position, a direction of movement, an
open/closed state of the door, and weight data. The weight
data includes the loaded weight and the unloaded welght on
each floor as described above. The car Iinformation further
includes cperating power consumption pertaining to the
operation of the car 120, for example. Here, the car status
recording unit 131 integrates these pileces of car information
to create the record cof cperaticon. An example of the recoxd
of operation created by the car status recording unit 131 is
Lilliustrated in PIG. 2 to be described below,

f00247

The assigning car selector 132 racelves the hall cal
information from the hall input device 160 and assigns the
car 120 which is to respond to the hall call. A wvariety of
approaches can be aemployed as a method of sassignment. The
assigning car selecteor 132 can use the method of assignment
in which, for example, a predetermined evaluation function is
used to calcoculate a predicted value of the regponse time for
sach car 120 on the basis of the status of ths car at the
rime of assignment so that the car 120 with the smallest
predicted value is assigned as the assigned car. Hers, the
respeonse time typically corresponds to a time interval from

G
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when the hall csll is generated to when the car 120 responds
o the hall ¢all, namely, ©o when the car 120 arrives at a

ficor where the hall call is generated and copens the door.

e

he car operation contreller 133 creates the cperation
schedule of each car 120 on the basis of the assignment
result by the assigning car selector 132, an unresponded hall
call, an unresponded car call, and the like. Here, the
unresponded hall call and the unresponded car call refer to
the hall call and the car call that are not yet responded,

I
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spectively. The car operation controliler 133 transmits the
operation schedule of each car 120 to the corresponding car
contrel device 122.

The mask management unit 134 designates the car 120 to
be & candidate for the assigned car when the assigning car
selector 132 performs the assignment. NWot all the cars 120
can be the candidate for the assigned car. In other words,
the mask management unit 134 designaies tThe car 120 which has
a restriction te respond to the hall call (the car 120 that
cannot be assigned) when the assigning car selector 132
performs the assignment. In & case where a control is
performed to limit the candidate for the assigned car on the
uppar floors and the lower floors, for example, the mask
management unit 134 manages information on whether or not the
hall cail and the car call on sach floor can be assigned to
each car 120. The mask management unit 134 then considers
the car 120, to which the hall call on that Fflocr can be
assigned, as the candidate and selects the assigned car from
the candidate when assigning the hall c¢all, for example. The
mask management unit 134 of the preasent embodiment designates
the car 120 tco be the candidate for the assigned car on the
hasiz of the control parameter such as mask information that
iz transmitted from the operating Cims controller 140 to be
described balow.

Subsequently, the operating time controller 1490

calculates, as an actual value pertaining to the elevator
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group 2 managed as a group, the number <f persons on beard,
an average response time, and the operalting powser consumptlon
in a predetermined fixed time interval preset from the record
of operation. The operating time contrcoller 140 compares the
calculated actual value with a rreset snergy-saving target
wvalue and changes an coperating time control parameter {a
parameter to control the operating time) on the basis of the
comparison rasult. The operating time controllier 140
rhereafiter creates an operating time schedule of each car 120
from the changsd operating time control parameter, converts
*he schedules into the mask information, and transmits the
information to the mask management unit 134. Here, the
predetermined Ifizxed time interval corresponds to an energy-
saving unit time interval and may be simply referred to as a
“unit time interval” in the following description. The unit
time interval is a unit time interval used in adijusting the
level of energy saving and may be set at will. While a 30~
minute lnterval Ls adopted in tThe descoription, for examples,
the unit time interval may be a five-minute interval, a 16~
minute interval, or a &0-minute interval as well,.

Specifically, the cperating time controlier 140 includes,
in terms of the functional concept, an actual valus
aggregation unit 147, a target setting unit 14Z, an operating
time adijustment unit 143, the operating time management unit
144, and the like.

The actual value aggregation unit 141 aggregates an
actual group management performance value in sach unit time

interval from the car status recording unit 131. The actual

3

value aggregation unit 141 aggregates an actual response Lime
value that is an actual value of the reszponse time from when
the hall cail is reglstered to when the car 120 responds to
the hall call., In the pressnt embodiment, the actual value
aggragation unit 141 aggregates at least an average actual

response time valu

®

Az}

as ths actual wvalue (actual group

management performance value) pertaining to the elevator
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group 2 managed as a group, the average actual response Lims
value being an average value of the actual response tTine
value of the gar 120 in =ach preset unit time interval. Here,
the actual value aggregation unit 141 may further aggregatse,
as the actual value pertaining to the elevator group 2, an
actual value of the number of users in each unlt time
interval and an actual operating power gonsumption value in
each unit time interval. The actual value of the number of
users refers te the actual walue of the number of persens who
uses the elevator group 2. The actuzl operating powser
consumption value refers te the actual value of the power
consumed when the elevator group 2 1ls cperated. The actual
value aggregation unit 141 reads the record of cperation from
the car status recording unit 131 to create and store actual
aggregation data as the actual value pertaining to the
elevator group Z con the basis of the record of operatiocn.
FIG. 2 is a disgram illustrating an example of the
record of operation created by the car status recording unit
131, The car status recording unit 131 records data asg
illustrated in FIG. 2 once a predetermined action (Action)
occours in each car 120. The predetermined acticn here
includes adding a hall call (Add Hall Call), deleting a hall
call (Delete Hall Call), starting the up/down run (Start Run),
stopping the up/down run (Stop Run), opening the door {(Door
Open), and closing the door (Door Clesed), for sxample. Here,
the addition of the hall call is an action of registering a
new hall call in response To the operation of the hall input
device 160 by the user. Ths deletion of the hall call is an
action of deleting the hall call thaet is already responded
when any of the cars 120 responds to the hall call registeread
by the opsration of the hall input device 180 and arrives at
the floor on which the hall call 13 made. Moreover, the datsa
to he recorded includes a time (time {seci) at whigh the
predetermined action ocgurs, a hall call ID number (Hall

Call), the direction of movement of the car 120/the direction
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of the hall call (Directicn), a floor at which the car 120
starts/stops the up/down run and a floor at which the hall
call is added (At Flocori, a car call ID number (Car Call), a
destination floor (To Floor}, the loaded weight (Load Welight),
the unloaded weight {Unload Weight), and the cperating power
consumption {Energy [kWhl). Note that the operating power
consumption is the power consumed when operating the car 120
and is recorded every predetermined period of time (such as
every 30 seconds in this case), for example.

PIG. 2 iliustrates that the car 120 (the car 120 of the
elevator No. 1) with & Car ID = 1 is empty on the first floor
and then moves to floors in the order of the first floor, the
seventh floor, the ninth fioor, the fifth floor, the first
floor, and the 10th floor. The stop at sach of the seventh,
fifth, and 10th flcors is made in response to the hall call,
while the stop at each of the ninth and first floors is made
in response to the car call. Here, the Car ID is the
identification number that is set to each car 120 as
described abowve. The Car ID is given to each car 120 such as
the Car ITh = 1 fo the car 120 of the elevator Ne. 1 and a Car
ID = 2 to ths car 120 of the elevator No. 2 in order to be
able to distinguish the car 120 of each elevator. The car
status recording unit 131 records the loaded wesight {(load
Weight) and the unloaded weight {(Unload Welght) at the start
of each up/dewn run {(Start Run), on the basis of the change

in the carrying weight of the car immediately before the car

@
o
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stops and lmmediately after the car staris moving or
fioor., FIG. Z illustrates that the weight of 135 kg is
loaded on the seventh flocor at time {time) = 18, and the
welght of 13% kg is unloaded on the ninth fleoor at time
(Limg) = 31, for exampls.

From the record of operation recorded by the car status
recording uwnit 131 as Zllustrated in FIG. Z, the actual value
aggregation unit 141 aggregates the average actual response

time wvalue of the car 120 in every unilt time interval, ths
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actual value of the number of users in every unit time
interval, and the actual operating power consumphtlion valus in
every unit time interval.
Here, the actual response time value can be
call {Add
{Delets Hall

cally},

defined as

the Hall Call}

time from the addition of the hall

until the deletion of the hall call Calil)

The

for

each hall call ID number {(Hall for example.

actual value aggregation unit 141 can calculate the average

actual rasponse time value in every unit time interval by

calculating the average value cof the actual response time

value {such as an arithmetic mean}) in svery unit time

interval. Note that it is preferred for the actual value

aggregation unit 141 to not incluvde, in the calculation of

the average value in the unit time interval, a hall call ID

number with no hall call being
interval for which the average
it is

caloulated. Contrarily,

generated in the unit time
actual response btime value is

preferred for the actual value

aggregation unit 141 to calculate the average value in the
unit time interval from the preceding time interval with

regards to a hall call ID number with no hall call being

added in the unit time interval for which the average actual
response time value is calculated.
The actual value aggregation unit 141 can further

calcuylate the actual value of the number of users in every

unit time interval as follows. That is, Tthe actual wvaluse

aggregation unit 141 find

o

the sum of the lcaded weight (Load

Weight) as the number of users getting in the car in the

unit

time interval, divides the sum by a preset estimated weilght

per person {(such as aboub &5 kg}, and rounds off the cutcome.

The actual value aggregatio it 141 can thus calculate the

jw]

ks
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actual value of the number of ussrs in every unit time

interval by finding the sum of the number of users estimated

aforementionaed manner in @ach unit tims interval.

Moreover, the actual value aggregaticon unit 141 can

calculate the actual operating power consumpiion value in

1}'
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every unit time interval by finding the sum of the operating
power consumption (Energy {kWh]) that is recorded every
predetermined time in each unit time interval. Here, the
operating power consumption that is recorded in the record of
operation can take the value nmeasured by a watt-hour meter
installed in sach car 120, for example. When such watt-hour
meter 1s not provided, the actual value aggregation unit 141
may calculate the actual operating power consumption valus in
every unit time interval as follows. That is, the actual
value aggregation unit 141 calculabtes an estimated operating
power consumpticn valus with a predetermined slsctric energy
calculation formula by using the distance travelled, the
direction, and the carrying weight ©f the car in a single run
from the start cof the up/down run (Start Run) to the stop of
the up/down run {(Stop Run) from the rescoxd of operation or
the like illustratesd in FIG. 2. The actual valuse aggregatlon
unit 1431 then calculates The actual operating powsr
consumption value 1n every unit time interval con The basis of
the calculated estimated operating power consumpticn value.

The actual value aggregation unit 141 aggregates for all

rt

he cars 120 the average actual response time value in every

&

nit tims interval, the actual value of the number of users
in every unit time interval, and the actual operating power
consumption valus in every unit time interval., The actual
value aggregation unit 141 thereafier fransmits the
sggregated averags actual response time valuse in evary unit
time interval, the aguregated actual value of the number of
users in every unlt time interval, and the aggregated actual
operating power consumption value in every unit time interval
to the operating time management unit 144, which then
registers the values.

The target setting unit 142 sets the energy-saving

F Y

target value for the elevator group 2. The energy-saving
target value 1s set 1in advance by a bullding manager ©f a

builiding in which the elevator group management control
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system 100 is provided or a system administrator thereof in
accordance with the level of energy saving reguired. The
target setting unit 142 sets as the energy-saving target

ue that 1s a target value of

et

value a target response time va
the response time. In the present embodiment, the target
setting unlit 142 sets as the energy-saving target value an
average targel response time value that is the target value
ocf the average actual response time value in severy unit time
interval. The average target response time value typically
corresponds to the response time during which it is allowsad
to make the user walt for the sake of prioritizing enargy
saving until the time reaches the target wvalue. Roughly
speaking, the group management control apparatus 1 of the
present embodiment increasss an energy-saving lavel to bs
described and aims for further energy saving when the average
actual response time value in every unit time interval has a
lesway to reach the average target respeonse time value. On
the other hand, the group managemant control apparatus 1
decreases the energy~saving level and atteampts o ensure the
service performance when the averags actuzl response tine
value In every unit time interval has no leseway to the
average target response time wvalue. The targst setting unit
142 can set the energy-saving target value by a variety of
methods.

As a first setting method, the target setting unit 142
may directly set the average targel response Time valus,
which is set arbitrarily by the adminisirator or ths like
through an input device, as the energy-saving target value.
In this case, a different wvalue may be sst as the average
target response time value in accordance with a time pericd
of the unit time interval. That is, the average target
response time value may take a different value in each time
pericd such as Z0 seconds in early morning and late at nlght
and 30 seconds during the day.

Ag a second setting method, the target setting unit 142
16



may calculate an allowable average target response time value
and set this valus as the energy-saving target valus, the
allowable average target response time value being calculated
on the bkasis of a target operating power consumption
reduction rate (%) per day that is set arbitrarily by the
administrator or the like through an input device, for
example. Here, the target coperating power consumption
reduction rate per day can be represented as [{the actual
operating power consumption value per day - a target
operating power consumption value per day)/the actual

operating power consumphion value pe

a1

davyi x 100, for example.

r

In this case, the targst setting unit 142 calculates a target
operating power consumption value on the basis of the actual
operating power consumption value per day on a reference day
with no energy saving implemented and the presst targst
operating power consumptlon reducticn rate per day, for
example. The target setting unit 142 then sets the allowable
average target respconse time value such that the actual
operating power consumption value in every unit time intexval
aggregated by The actual value aggregation unit 141 converges
to the target operating powsr consumption value. The group
management control apparatus 1 in this case makes adjusiment
of the energy-saving level in every unit tTime interval by
increasing or decreasing the average target response time
value. Note that the aforementioned reference day may be
determined by a variety of methods such as the administrator
or the like specifving an arbitrary day as the reference day,

or the first day of each month being set a

n

the reference davy.
Moreover, the wvalue aggregated by the actual valus
aggregation unit 141 or, for example, an average value in one
waak may be used z2s The actual cperating powser consumption
value per day on the reference day with no energy saving
implemented. Furthermore, it is determined that the actual

operating power consumpticon value 1s convergent to the targset



operating power consumption value not Jjust when the actual
operating power consumption walue = the target operating
power consumption value. The target setting unit 142 may
determine that the actual operating power consumption wvalus
is convergent to the target operating power consumption value
when conditional Expression (1) below is satisfied, for
example. In conditional Expression (1), P represents a
preset allowable error.

lActual operating power consumption valuse - targetl
operating power consumption valuel < P {1}

Broadly spezaking, the first setiing method is a method
of specifying the allowable limit of the service performance
and aiming for energy seving wiithin that limit. On the other
hand, the szecond setting method is & method of dirsctly
specifying the achievement rate ol energy saving and not
providing 2 limit to the service performance.

Note that the operating time controller 140 of the
presant embodiment changes the energy-saving level in every
unit time interval, dynamically changes the operating time of
the car, and performs contrel such that the average actual
response time value equals the average target response time
value, as described below. At that time, the operatring time
controllier 140 can set in advance a time period during which
gnergy saving 1s not implemented, thereby avoiding the risk
of degrading the service performance during that time period.
The fime pericd during which energy saving 1s not ilmplemented
is registered at will of the administrator or the like
through an input device, for example. The administrator or
the like may register a plurality of time pericds., In order
to prevent degradation of the service performance during the
sxpected busy tims period when people come to work {(such as
8:00 to %:00) and leave work (such as 17:00 to 18:00), for
examplea, the time pericd may be reglistered as a time periocd

during which energy saving is not implemented.

18



Here, FIG. 3 1s a diagram illustrating an exampls of a
carget setting input screen used by the target setiting unit
142. The input screen illustrated in FIG. 3 is displayed on
a display unit of the input device, for example. FIG. 3
illustrates that ths energy-saving target value is set by ths
aforementionad second setting method where the operating
power consumption reduction rate per day is set to 10%, and
a reference power consumption date used for compariscn is set
to the first day of sach month. Note that FIs. 3 illustrates
the case where each of the time periods from 8:00 to 2:00 in
the morning and 17:00 to 18:00 in the evening 1s regilstered
as a non energy~saving time period (& time period during
which energy saving is not implementad).

The operating time adjustment unit 143 makes an
adjustment of the average actual responss time value by
adiusting the operating time cof each car 120 from the actual
group management performance value and the ensrgy-saving
target value. The operating time adjustment unit 143 makes
an adiustment of the operating time of sach caxr 120 by
adiusting the energy-saving level in every unit time interval.
The operating tims adjustment unit 143 makes an adliusiment of
the energy-saving ievel such that the actual response time
valus aggregated by the actual value aggregation unit 141
convaerges Lo the target response time value set by the target
setting unit 14Z. Mere specifically, the operating time

adijustment unit 143 makes the
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the energy-saving

level in evervy unit time interval such that the average

actual response time value in every unit time interval

g

agyregated by the actual value aggregation unit 141 convergss
to the average target response time value set by the targst
setting unit 142. As a result, the operating time adjustment
unit 143 makes adjustments of the operating time of esach car
120 as well as the average actual response time value in

avary unit time Interval.



First, there will be described a case where the ensrgy-

saving target value is set by the first setting method, that

o

iz, where the average target response time value is set
directiy.

In this case, the operating time adjustment unit 143
ralatively decreases the energy-saving level in the unit tinme
interval when the average achtual razsponse Lime valug in svery
unit time interval aggregated by the actual valus aggregatiocn
unit 141 is larger than the average target response time

ar
e set by the target setting unit 142. On the other hand,
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operating time adiustment unit 143 relatively increases
the energy-saving level in the unit time Interval when the
average actual response time value in every unit time
interval aggregated by the actual value aggregation unit 141
is smaller than the average ftarget response time value set by
the ftarget setting unit 14Z. Accordingly, the operating time

adjustment unit 143 makes the adiustment of the snergy-saving

j =

evel in every unit time interval such that the average
actual response time valus in every unit time interval

converges te the average target response time value.

3

@

Here, the definiticn of the snergy-saving level will bhe
cdescribed. The energy-saving level is an ilndex representing
the degree of &nergy saving implemented by the slevator group
2. The degree of energy saving affects the actual response
time value described above in the way that the relatively
higher the degree of energy saving, the relatively longer the
aforementioned actual response tims value tends to be. Here,
the energyv-saving level represents the degree 0f energy
saving in every unit time interval. The energy-saving level
is then set such tThat the relaztively higher the level, the
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relatively hicher the degree of ener

e energy-saving level iz set such that the
relatively higher the level, the relatively smaller the
actual operating power consumption valus.

The snergy-saving level in the present ambodiment 1s
20



determinad according to at least the number of cars 120 in
operation. As illustrated in FIG. 4, for example, the
gnergy~-saving level is defined such that the number of cars
in operation are decreased as The lavel gets hicher in order
from an ensrgy-saving level zero (Level 0} at which all the
cars are in operatbtion, an energy-saving level one {Level 1},
an energy-saving two (Level 2}, and so forth. The level
table illustrated in FIG. 4 iz created in advance by
reflecting the intention of the administrater, for exzample.
As a result, the energy-saving level is set such that the
relatively higher the level, the relatively smaller the
number of cars in operation and the actual operating power
consumption value as well as the relatively higher the degree
of energy saving.

FIG. 4 illustrates the level table where four of the
cars 120 are provided in total. In the level table
iillustrated in FIG. 4, four of the cars are in operaticn at
the energy-saving level zero {Level 0) which, in other words,
corresponds Lo a state where no enerngy saving is implenented.
Seven levels, including the energy-saving level zero {Level
0}y up to a level at which one car is in operation, are
defined in the level table illustrated in FIG. 4.

Here, the energy-saving level is determined 1in
accordance with the number of cars 120 in operation and a
pitch, in corder to be able to divide the levels into smaller
levels. The number of cars 1Z0 in operetion that defines the
energy-saving level is an average number of cars in operation
per unit time and can be represented as a parameter which can
take a decimal value. The number of cars in operation takes
a value (four cars in this case! according to the total
number of cars 1Z0 in the elevator group 2 at the lowest
gnergy-saving lavel, namely, the energy-saving level zero
{Level 0), and the value gets smaller each time the energy-
saving level is raised from the lowast level. Here, the

number of cars in cperation decreases by 0.5 car each time
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the energy-saving level 1s ralsed by one level. When the
number of cars in operation takes an integer wvalue, that
number of cars is to be assigned, meaning that the lnteger
number of cars can be assigned. On the other hand, ths
number of carsg taking a decimal value indicates the
proportion of time that can be assigned in the unit time
interval. Moreover, the pitch ls a numerical value specified
when the number of cars in operation takes the decimal value.
The pitch is a parameter pertaining to a switch interval
between a state where a predetermined cer 120 responds to a
call and & state where the predetermined car does not
rasponds to the call. That i1s, the pltch represents the
number of repetitions of switching between the assignable and
unassignable states of the predetermined car 120 during the
unit time interval.

Now, there will b= described more specifically the
relatlonship between the number of cars 120 in operation and
the pitch that define the energy~saving level, with reference
to FIGE. 5 and 6. Bach of FIGS. 5 and & has a horizontal
axls representing a time axis £ and a vertical axis
representing ON/OFF. Here, the unit time interval is set to
60 minutes as an example. In PIGS. 5 and €, an “OW”
indicates that z hall call may be assigned (assignable},
while an “OFF” indicates that a hall c¢all may not be assigned
{unassignable} .

FIG. 5 illustrates a cases where the number of cars in
operation equals 3.5 cars and the pitch =sguals 1. In this
case, three of the cars 120 are constantly in the assignable
(ON) state, whersas the remalning one car 120 is unassignable
(OFF) during the latter 30 minutes. In such case, the number

that can b
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of cars in operati

P

T assigned in the unit time
interval equals four cars in the first 30 minutes and three
cars in the latter 30 minutes, meaning that 3.5 cars ars in
operaticn on average.

On the other hand, FIS. illustrates a case whare the
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nunber of cars in operation eguals 3.5 cars and the pitch
egquals &. In this case, three of the cars 120 are constantly
in the assignable (ON)} state, whereas the remaining one car
120 repeatedly switches between the assignable state (CN) and
the unassignable state {OFF) every five minutaes for six times
during the unit time interval. In this case as well, thse
number of cars in operstion during the unit time interval
equals 3.5 cars on average. This does not necessarily mean
that the predetermined car 120 stops right at the point when
the car 120 switches from the assignable state te the
unassignable state. The car 120 operates until any user in
the car gets 0ff the car and stops after there is no user in
the car 124. In this case, the car 1Z0 responds to &ll hall
calls and car calls and stops upon detecting that the
carrying weight of the car is zero,

In each energy-saving level, the pitch number as
described above 1s not required when the number of cars in
cperation aquals an integer {such as three cars) because the
elaevator always operates with that number of cars during that
time periocd. On the other hand, in =ach energy-saving level,
the ON/OFE schedule is determined as described abowve by
specifying the number of ON/OFF switches during that time
period according to the pitch numbar when the number of cars
in operation takes the decimal value. That is, the group
management control apparatus 1 can set the pattern of the
ON/OFF operating time schedule of the car 120 in various ways
in each unit time interval by appropriately setting the two
parameters, the number of <¢ars in operation and the pitch, in
each energy-saving level, The group managemsent control

apparatus 1 ¢

jass

n set the pattern of the CN/OFF operating time

schedule of the car 120 by setting in advancge the level table
of the energy-saving level as illiustrated in FIG. 4. The

group management ceontrol apparatus 1 sets the operating time
scheduls such tThat the car 120 stops for z longer period of

time lLittle by little as the energy-saving level is raised
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from the energv-saving level zero with no energy saving
implemented, thereby increasing the degres of enérgy saving.
Furthermore, the group managemsnt controel apparatus 1 can
make a minor adiustment of energy saving by setting the
energy-~saving level to the smaller levels as described above.
At this time, as illustrated in FIG. &, the group management
control apparatus 1 can restrain the service performance from
changing greatly during the unit time interval by relatively
increasing the pitch number and freguently switching the
number of cars in cperation betwsan the four cars and the
three cars during the unit time interval.

Note thatft the predetermined car 120 switching between
the agsignable (0N} and unassignable (0OFF) statess as
described above mey be set by the adminisirator or the like
in advance ¢r sslected according to the status of =ach car
120.

Next, a method of adjiusting the energy-saving level by
the operating time adiustment unit 143 will be described.

The operating time adiustment unit 143 performs group
management control at the unit time interval and then reads
the average actual response time value during the unit time
interval in the time pericd aggregated by the actual value
aggregation unit 141 and the average target response time
value set by the target setting unit 142, for example. Thsn,
the operating time adjustment unit 143 compares the average
actual response time value during the unit time interval in
the time period with the averags target response time value.
The operating time adjustment unit 143 relatively dscreases
the energy-saving level in the unit fLime interval when thse
average actual response time value ls larger than the averzge
target response time value. The operating time adijustment

anit 143 relatively increases the snergy-saving level in the
unit time interval when the average actual rssponss time
value is smaller than the average target rasponse time valus.

Here, the coperating time adiustment unit 143 changes the
Z
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energy-saving level in every unit time interval by one level
a day, for example. That 1z, when the average actual
respense time value in the unit time interval during a
certain time period is larger than the average target
response time value, the operating fime adijustment unit 143
decreases the energy-saving level in the unit time interval
of the corresponding time period on a next day by one level.
Whnen the average actual response time value in the unit time
interval during a certain time period is smaller than the
average target response time value, on the other hand, the
operating time adiustment unit 143 increases the energy-
saving level in the unit time interval of the corresponding
time pericd on a next day by one level. Note that, taking
any changes and the like into account, the operating time
adjustment unit 143 may be configured to nct changs the
energy-saving level when the difference between the average
actual response time value and the average target response
time value falls within & preset allowable difference & {zuch
as three seconds). The operating time adijustment unit 143
transmits the ensergy-saving level to the operating time
management unit 144 when the energy-saving level is changed
so that the energy-saving level of the time period registered
in the operating time managsment unit 144 is updated.

Note that the operating time adjustment unit 143 can set
a time pericd during which energy saving is not implemented,
as described abeve. The operating time adjustment unit 143
can set in advance a time period during which the energy-
saving level in every unit time interval is not adijusted. As
set in FIG. 3, for example, the operating time adiustment
unit 143 can set the expected busy time pericd such as whan
people coms to work and leave work as the Time period during
which the energy~saving level is not adjusted. As & result,
the group managensnt control apparatus 1 can keep ithe service

performance from being exceedingly degraded during the busy



time period or the like.

Mareover, the operating time adiustment unit 143 can
individually set in advance a default energy-saving level for
every unit time interwval. The operating time adjustment unit
143 can set 1n advance a relatively high default energy-
saving level to a time period which is clesarly expectad to be
an off-hour, for example. Contrarily, for example, the
operating ftime adjustment unit 143 can sst in advance a
relatively low default energy-saving level to a time period
which is expected to be busy. As a result, the group
management control apparatus 1 can make eariy adiustment of
the energy-saving level in every unit time interval fto a
croper level.

he operating time management unit 144 changes the
operating time control parameter of the elevator group Z in

accordance with the energy-saving level in every unit tim

i

interval adjusted by the cperating time adjustment unit 143,
and manages the operating time and the like. The operating
Time management unit 144 creates, as the operating time
control parameter, a car mas¥X on the basis of the energy-
saving level in every unlit time interval adijusited by the
operating time adjustment unit 143 to perform update and
management. Here, the car mask is fThe operating time control
parameter used to limit the car 120 that is able to respond
te the hall call. In gther words, the car mask 1s the
operating time contrel parameter used fo narrow down the
candidate for the car 120 tce which the generated hall gall is
assigned. The operating time management unit 144 creates
mask information according to the opesrating time schedule of
each car 120 from the changsd cperating time control

"
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parameter and transmits the mask information to t
management. unit 134. Accordingly, the operating time
management unit 144 dynamically updates and manages the
operating time of the car in every unit fime interval, the

average actual response time value, and the like.
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Here, an example of control performed by the group
management control apparatus 1 will be described with
reference to a flowchart in FIG. 7 while describing the
operating time management unit 144 and the like in more
detall. FIG. 7 illustrates a processing filow of a certain
day. An elevator group management control method of the
praesent exmbodiment 1s basically executed by the group
management control apparatus 1. The elevator group
management control method includes an actual value
aggregating step, & target setting step, an operating time
adijustment step, and an operating Time management step.

First as the target setting step, the target sefting
unit 142 sets the energy-saving target value, or the
allowable average target response time wvalue in this case,
according to the input from the administrator or the like,
and the operating time management unit 144 reads the average
target response time value and writes the value for every
unit time interval {(step 31).

The operating time management unit 144 then determines
whether or not the day is the first day of operation managing
the elevator group (step SZ2)}. When the day 1s determined to
be the first day of coperation by the operating time
management unit 144 (step SZ: Yes)], the operating time
adjustment unit 143 sets all the energy-saving levels in
every unit time Interval for the day to the preset default
value {step $3) and proceeds Lo step 85, When the day is
determined to bhe ncet the first day of operation by ths
cperating time management unit 144 (step 52: No), the
operating time adiustment unit 143 sets each energy-saving
level in every unit tLime interval of the day to a value
adjusted on the previous day {(step 54} and proceeds to step
85,

Next in step S5, the operating time management unit 144
determines whether or not the slevator operation is finished

for the day (step 85). The operating time management unit

-
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144 ends the control for the day upon determining that the
elevator operation is finished for the day {step 83: Yes).
When determining that the elevator operation is not
finished for the day {step 85: No), the operating time
management unit 144 creates the car mask on the basis of the
energy-saving level in every unit time interval, as the
operating time management step (step S6). Here, The
operating fime management unlt 144 reads from the level table
illustrated in FIG. 4, for example, the number of cars in
operaticn and the pitch of the energy-saving level in the
unit time interval of a next time period. The operating time
management unit 144 then creates the car mask from the number
of cars in operation and the piteh of the esnergy-saving level
heing read, and transmits the mask information corresponding
to the created car mask to the mask management unit 134.
Here, the car mask defines the assignable/unassignable
states of each car 120 at an arbitrary time in relation to
every UP hall call and DOWN hall call on each floorxr. Each of
FIGS. 8 and 9 illustrates an example of the car mask created
by the copesrating time management unit 144 and includes the
first te 10th floors as the target floors. Basically, the
car mask illustrated in either FIG. 8 cr FIG. 8 is set to all
the cars 120 along with a target time (& target time period).
FIG. B is the car mask indicating the assignable state. The
car mask indicating the assignable state is always 0
funassignable)” for a hall call {(UP) going up from the 10th
floor which is the top floor and a hall call (DOWN) going
down from the first floor which is the bottom floor because
gsuch calls do not exist. The car mask indicating the
assignable state is set to “1 {assignable}” for all other
hall calls. Meanwhile, FIG. % i1s the car mask indicating the
unassignable state. The car mask indicating the unassignable
state ls set to 0 {unassignable)” for ail hall calls. As a
result, the car 120 to which the car mask indicating the

unassignable staste iz assigned has a restriction on
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responding te all the hall calls.

i

in

It asgumed for example that the unit time interval is
30 minutes and the target time period is from 10:00 to 10:30.
In this case, the operating time management unit 144 creates
a mask as follows and transmits the mask to the mask
management unit 134 when the enepgy-gsaving level is at the
ensrgy-saving level one {Level 1} with 3.5 cars in operation
and one pitch as illustrated in FIG. 4. That is, the
operating time management unit 144 creates the car mask
indicating the assignable state (FIG. 8) as the car mask of
four cars, namely, all the cars 120, for the first 15 minutes
from 16:00 to 10:15 and transmits the mask information based
on the mask to the mask management unit 134 along with the
time information. On the other hand, the operating time
management unit 144 creates the car mask indicating the
assignable state (FIG. B) as the car mask of three of the
cars 120 and the car mask indicating the unassignable atate
(FIG. 8) as the car mask of the cne remalning car, for the
latter 15 minutes from 10:15 to 10:30. The operating time
management unit 144 then transmits the mask information based
on each car mask created to the mask managemsnt unit 134
along with the time information. After receiving the mask
information, the mask management unit 134 updates the car
mask by executing an AND operation for =sach slement between
the car mask transmitted by the coperating time management
unit 144 and a car mask, 1f any, that is held for the purpose
of a factor different from energy saving such as split
operation. Likewise, the operating time management unit 144

sregates the car mask from the gnergy-saving level in the next

O

unit time interval. There i1s no need to change the car mask
as described akove in the middie of the unit time interval
when the number of cars in operation takes the integer value.

Accoxrdingly, the assigning car selector 132 smploys a

A

predetermined evaluation function to assign the optimal car

120 from amcng the cars 120 having the value of the car mask
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updated to Y1 {assignable)”.

Note that the operating time management unit 144 may
allow the administrator or the like to preset the car 120
that iz determined to be unassignabkble according to the
enargy-saving level, or may gsslect such car according to the
status of each car 120 as appropriate or at random. The
operating time management unit 144 may specify in advance the
car 120 that is unassignable such that the elevator No. 1 is
specified where there 1s one unassignable car and the
elevators No., 2 and No. 3 where there are two unassignable
cars, for sxample. When the unassignable car 120 is selected
according to the status or the like of sach car 120, the
operating time management unit 144 may select the
unassignable car 120 according to the number of hall calls
assigned at that point and/or the number of persons on board
at that point, for example. In this case, the cperating time
management unit 144 may be configured to not select, as the
unassignable car 120, the car 120 te which a relatively large
number of hall calls are assigned or the car 120 which has a
ralatively large number of persons on board. Moreover, the
operating time managementT unit 144 may rotate the
unassignable car 120 as appropriate within the unit time
interval. In this case, the operating time management unit
144 may operats each of the all four cars 120 as 0.875 caxr to
realize the total number of cars in cperation sguivalent to
3.5 cars, for exanple. Furthermere, the operating time
management unit 144 mav select from preset candidates the car

120 which has & restriction on responding to a call, namely,

the car 120 that is unassignable, when creating the car mask.
In this case, for example, a list of candidates for ths

unassignable car 120 may be created beforehand according to
the status in response to a regquest from the administrator or
the like sc¢ that the operating time management unift 144

selects the unassignable car from the list of candidates.

k)

wecordingly, the group management control apparatus 1 can
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plan the unassignable car 120 in advance when the plurality
of cars 120 is subjected to zoning to serve the upper floors
and the lower flcoors, and can thus restrain the degradation
cf service performance. The group managemeni conirol
apparatus 1 can further level cut the rate of operation of
each car 120 in order to prevent deterioration of any
specific car 120.

Referring back to FIG. 7, the actual value aggregation

unit 141 executes the actual value aggregating step a

ar the
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process performed in step 356 and the coperation performed for
the unit time interval during the next time period. That is,
the actual value aggregation unit 141 aggregates the actual
value pertaining to the elevator group 2 managed as a group
or, in this case, the average actual response time value in
every unii fLime interval, the actual wvalue of the number of
users, and the actual operating power consumption valuse and
transmits the wvalues to the operating time management unit
144 to be recorded (step 37). The operating time management
unit 144 then transmits to the operating Time adiustment unit
143 the average targel response time value in the unit time
interval being read in step Sl as well as the average actual
response time value in every unit time interval being
recorded in step 57 {(step 38}.

Subsequantly, the operating time adjustment unit 143
executes the process in sach of step 8% to step 513 on the
basis of the average targel response Lime value and the
average actual response time value, and makes the adiustiment
of the energy-saving level in the unit time interval on the
next day. That is, as the operating time adiustment step,
the operating time adiustment unit 143 adjusts the energy-
saving level in every unit time interval of the slsvator
group 2 such that the average actual response tims value in

every unit time interval converges to the average target

s

response time value (step 59 to step S513).
Here, the operating time acdjustment unit 143 determlines
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whether or not the value cbtained by subtracting the average
target response time wvalue from the average actual response
time value is greater than the preset allowable difference &
(step S59).

Whnen determining that the value obtained by subtracting
the average target response time value from the average
actual response time value is less than or egual to the
allowable difference & (step S59%: No), the operating time
adjustment unit 143 determines whether or not the subbtracted
value 1s less than the allowable difference -8 {step 510).

When determining that the value obtained by subtracting
the average target response time value from the average
actual response time value is greater than or equal to the
allowable difference -8 (step S10: No), the operating time
adijustment unit 143 moves to the process in step S5 and
repeats each of the processes that follows.

When determining in step 88 that the value obtained by
subtracting the average target response time value from the
average actual response time value is greater than the
aliowable difference & (step $9: Yes), the operating time
adjustment unit 142 decreases the energy-saving level in the
unit time interval on the next day by one level {(step S511).
The cperating time adliustment unit 143 thereafter transmiis
the energy-saving level in the unit time intezrval to the
cperating time management unit 144, which records the level
(step 813), and moves to the process In step 35 Lo repeat
each of the processes that follows.

When determining that the value cbtained by subtracting
the average target response time value from the average
actual response time value is l2ss than the allowable
difference -& (step S10: Yes), the operating time adjustment
unit 143 increases the energy-saving level in the unit time
interval con the next day by one lavel (step S12). The
operating time adjustment unit 143 thersafter transmits the
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energy-saving level in the unit time interval to the
operating time managemsnt unit 144, which records the level
{step S13), and moves to the process in step 55 to repesat
sach of the processes that follows.

FIG. 10 is a diagram illustrating an example of recorded
daeta managed by the operating time management unit 144. FIG.
10 illustrates that the unit time interval is set to 30
minutes while the averages target response time value is set
to 20 seconds across the board. However, no energy saving is
implemented (the energy-saving level zero is set) from 8:00
o 9:00., FIG. 10 illustrates a case where each of the
average actusl responge time value, the actual wvalue of the
number of users, and the actual operating power consumpition
value Lgs recorded for the past twoe days and the current time
is 8:00. At this point, the data correspeonding to 20 minutes

from 7:30 to B:00 i1s aggregated. The average actual response

n

B

time value on that day is 25.4 seconds which exceeds th

ct
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target value {20 seconds), whereby the energy-saving level on
the next day can be decressed from the energy-saving level
three (Level 3} to the snergy-saving level two {Level 2). As
for the time period from §:00 to 9:00 when no energy saving
is implemented, the operating time management unit 144
fransmits the car mask illustrated in FIG. & to the mask
management unit 134, for example. Accordingly, the actual
value is recorded from 8:00 to 9:00 with no change in the
energy—-saving level. At %:00, the energy-saving level ftwo
(Level 2) is set so that the operating time management unit
144 sets the car mask lliustrated in FIG. 9 to cne car and
the car mask illustrated in FIG. 8 teo the rest of the cars
and transmits the mask information to the mask management
unit 134 along with the time information. AL 9:30, the
cperating time adjustment unit 143 makes the adiustment of

from 9:00 to 9:30 on the next day on

}_J

the energy-saving leve
the basis of the actual value resccrded on that dav from %:00

to 9:30. The operating time controller 140 makes adijustments
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while performing these operations until 24:00 when the
elevator operation is finished for the day. On the next day,
the operation is started with the energy-saving level
adjusted on the previcus day as a pre-executlon energy-saving
level.

Thare has been described the case where the energy-
saving target value is set by the first setting method,

namely, where the average target response time value i3

6]
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directly. MNext, there will be described the case where

i
jny

energy-saving target value is set by the second setting
mathod, namely, where the average target response time valus
is set on the basls of the target operating power consumption
reductlion rate per day. Note that the description that is
the repetition of the first setting method will be omitted as
much as possiblie in the following description.

Iin this case, the target setiting unit 142 calculates the
average target response time value with which the target
operating power consumption reduction rate per day can be
achieved, for example. When the target operating power
consumption reduction rate cannot be achleved with the
calculated average target response time value, the target
setting unit 142 recalculates the average target response
time value to adiust the target value,

For examplz, the target setting unit 142 reads the
actual cperating power consumption value per day on a
reference day with no energy saving implemented. The actual
operating power consumption value per day on the reference
day with no enercy saving implemented mav be obtained by
operating the elevator for one day or a fixed period of time
with no energy saving (at the energy-saving level zero} and
aggregating the value by the actual value aggregation unit

141,

Fh

or examplie. Subseguently, the target satting unit 142
sets the default average itarget response time value according
to the target operating power consumption reduction rate per

day that ig set at will by the administrator or the like.
34



In this case, the target setting unit 142 may set the
default average target response time valus = the average
actual response time value per day x (1 + the target
gperating power consumption reduction rate per day), for
example. The average actual response time value on the
raference day that is aggregated by the actual wvalue
aggregation unit 141 may be us=2d as the average actual
response time value per day, for example. Where the average
actual response time value is 30 seconds and the target
operating power consumption reduction rate per day is 10%,
for example, one can calculate the default average target
response time value = 30 x (I + 0.1} = 33 seconds. Once the
default average Target response fime value is dstermined, the
group management control apparatus 1 implements energy saving
2s implemented by the first setting method.

The target ssatting unit 142 then calculates a total
actual operating power consunption wvaluve at the end of each
day, determines that the actual value is convergent once
there is less change within a fixed range (such as a change
within 10%), and calculates an actual operating power
consumption reduction rate value. The targst sstiting unit
142 compares the calculated actual operating powsr
consumption reduction rate value with the presat target
operating power consumpiion reduction rate per day to

decrsase the average target response time value by

i

predetermined amount when the agstual value exceeds the Larget
value and increase the average target responsse time value by

a predetermined amount when the actual value falls below the

e

target value. Here, the predetermined amount may be =set to a

preset fixed amount ¢r to an amount in accordance with a

oy
‘_}

i fference between the actusl operating power consumpition
reduction vate wvalue and the target operating powsr
consumpticn reduction rate per day.

Let us assume that X{fy, ¥, and Yit) indicate the
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average target response time value, the targst operating
power consumption value, and the actual operating power
consumption value on a t-th day, respectively. Assuming that
the total actual coperating power consumption value par day
converges on the t-th day, for example, the target setting
unit 142 sets the average target response time value on a t +
Ist day to be egual to X{t + %) = K x (¥ — ¥Y{t}} + ¥{t) and ¥
= —-X{0}/¥{0y. Each of X (0} and Y(0) is a value when the
elevator is cperated without energy saving, while the target
operating power consumption value eguals ¥ = Y(0) x {1 4+ ).
Here, o denotes the target operating power consumption
reduction rate per day. Accordingly, the target setting unit
142 can calculate the target opsrating power consumption
value Y on the basis of an actual operating powsr consumption
value Y {{() per day with no energy saving ilmplemented and the
target operating power consumption reduction rate o per day
that is wreset. The target getiting unit 142 can then
increase/decrease the allowable average target response Lime
value X{t + 1} such that the actual operating power
consumption value Y({t}) at every unit time interval aggregated
by the actual value aggregation unit 141 converges to the
vtarget operating power consumption value Y. The group
management control apparatus 1 can then continucusly axscute
the operation at the energy-saving level on the basis of ths
average target response time value increased/decreased as
described asbove without bringing the level back to the
enargy-saving level zero {(Level 0}, repeat such operation,

nd achieve the target coperating power consumpiion reduction

Next, the displav controller 150 illustrated in FIG. 1

-]

execuies control to display, on a diswlay unit, a plece of
information related to the ensrgy-saving target valus of the

elevateor group 2 set by the target setting unit 147 and a

plece of information related to the actual wvalue pertaining
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to the alevator group 2 agygregated by the actual value
aggregation unit 141. Here, a display device such as the car
guide device 120b and the hall guide device 170 can be used
as the display unit. The display controller 150 controls the
car gulde device 120k through each car control device 122 to
gulide and display the informastion related to the energy-
saving target value and the information related to the actual
value. The display controller 150 further controls the hall
guide device 170 to guide and display the information related
to the energy-saving target value and the information related
o the actual wvalue. FIG, 11 illustrates an example of the
display of the actual value displayved by the display
controller 150. The display controller 150 may also extract
as needed the information related to the energy-saving target
value and the information related to the actual wvalue from
the recorded data illustrated inm FIG. 10 to allow the car
gulde device 120k and the hall guide device 170 to guide and
display the information. As a result, the group managsment
control zpparatus 1 can display the energy-saving targel
valus and the actual wvalue to make the actual result widely
known to the user or appeal the result to the usar,

The group management control apparatus 1 can set the
target energy-saving value at will by the administrator or
the like setting the average target response time valus and
the target operating power consumpition reduction rate per day.
The group management control apparatus 1 converges the actual
value Lo the energy-saving target valus set at will by
adijusting the energy-saving level asg apprepriate, to be able
to achieve energy saving., As a result, the group managsment
control apparatus 1 can achleve energy saving while
maintaining the proper service performancs.

The energy-saving level being set by the pitch and the
number of cars in operation that possibly takes a decimal
value, the group management contrel apparatus 1 can set the

anergy-saving level to smallier levels and make minor
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adijustments of the degree of energy saving in more detail.

As a result, the group management control apparatus 1 can
dynamically change the operating time schedule or the like
indicating the assignable/unassignable states of each car 120
in more detail, for example, and can thus achieve energy
saving with a better prospect.

Moreover, the group management control apparatus 1
changes the energy-saving level in every unit time interval
one level at a time per day to be able to gradually optimize
the energy-zaving performance such that the service
performance does not change to a degree perceivable by the
user while keeping the service performance from changing
abruptly.

The aforementioned group management control apparatus 1
includes the actual value aggregation unit 141, the target
setting unit 142, the operating time adjustment unit 143, and
the operating time management unit 144. The actual value
aggregation unit 141 aggregates the average actual response
fime value. The target settlng unit 142 sets the averags

f -
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rget responge time value. The operating time adiustment
unit 143 adjusts the energy-saving level such that the
average actual response time value converges to the average
target response time valuwe. The operating time management
unit 144 creates the car mask on the basis of the ensrgy-
saving level,

The aforementicned elevator group management control
method includes the actual value aggregating step, the target
setting step, the operating time adlustment step, and the
cperating time management step. The average actual response
time value is aggregated 1in the actual value aggregating siep.
The average targel response time value is set in the target
setting step. The energy-saving level is adiusted in the
operating time adjustment step such that the average actual
response bime value converges to the average targelt rasponse

time wvalue. The car mask resitricting the car 120 that can
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respond to & call is created on the basis of the energy-
saving level in the operating time management step.

Therefore, the group management controel apparatus 1 and
the elevator group managenment control method can achieve
energy saving while mainiaining the proper service
performance, thereby allowing the balance betwsen the sexvice
performance and the energy-saving performance to be optimize

Note that the elevator group managenent control
apparatus and the elevator group management control method
according to the aforementioned embodiment are not limited to
what i1s described in the aforementionad embodimsnt but can be
modified in various ways within the scope cf the claims,

While there has been describad that the energy-saving
level is set on the basis of the number of cars in operation
and the pitch, the energy-saving level may be set such that
the degree of energy saving is increased and the actual
operating power consumption value is relatively decreased as
the energy-saving level 1s increased. The energy-saving
ievel may have an up-down distance (stopping floovrs) and/or
an up-down speed as a parameter, for example. Moreover, the
number of cars 120 in operation that defines the energy-
saving level changes in 0.5 car increments according to the
energy-saving level in the aforementioned description, but
may instead change in increments of an integer number of cars
{such as one cary. Contrarily, the number of cars 120 that
defines the energy-saving level may change in the smaller
scale of 0.1 car increments, for example. Furthermore, the
aforementioned energy-saving level can be changed not only to
the seven different levels from the gnergy-saving level zero
(Lavel 0) to the energy-saving level six (Level &) as
described above, but to a plurality of levels such as two to
six levels or eight levels or greater.

a
The coperating time adjiustment unit 143 in the
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aforementioned description changes the energy-saving level

every unit time interval one level at a fLime per day.
39



However, tThe operating time adjustment unit 143 may also
change the energy-saving level by a predetermined period of
time such as several days, one week, or one month.

It has also been described that the operating time
adjustment unit 143 sets the energy-saving level for every
unit time interval of the dav. The traffic demand of the
elevator group 2 differing greatly between a weekday and a
holiday, however, the operating fime adjusiment unit 1432 may
separately adijust an energy-saving level for weskday and an
energy-saving level for holidav, for example. Likewlse, ths
operating time adjustment unit 143 may separately adjust the
enexrgy-saving level for esach day of the weak that is
separated in advance as the day having a different daily
traffic demand pattern, for example.

Furthermore, the coperalbing time adiustment unit 143
changes the energy-saving level one level at a time in the
aforementioned description but may change the level by a
plurality of levels. The operating time adijustment unit 143
may change the energy-saving level in every unit time
interval per day according to the deviation between the
average actual response time value and the average target
response time value In every unit time interval, for example.
In this case, when the average actual response time value in
the unit time interval is greater than the average target
response time value, the operating time adiustment unit 143
decreases the ensrgy-saving level in the unit time interval
during the time period on & next day according to the
deviation bhetween the average actual response time value and
the aversge target response time value. When the average
actual response time value in the unit time interval is
smaller than the average targelt response time value, on the

¢

nd, the operating time adiustment unit 143 increas
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the snergy-saving level in the unit time interval during ithe
time period on the next day according to the deviation

betwzen the average actual response time value and the
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averags target response time wvalus.

In this case, the group management control apparatus 1
performs an experiment cor the lilke to grasp in advance the
relationship betwsan the range of change of the energy-saving
level (the number of cars in operation in this casg) and the
amount ¢f change of the average actual response Lime value.
On the basis of the relationship, the group management
control apparatus 1 ssts in advance the corrsspondence
betwesn the deviation between the average actual response
time value and the average target response time value, and
the range of change of the energy-saving level, and thsn
represents the correspondence in the form ¢f a map {or a
mathematical model). The operating time adiustment unit 143
then calculates, on the basis of the map, the range of change
of tha energy-saving level according to the deviation bheiwean
the average actual response time value and the average target
response time value and changes the energy-saving level one
level at a time or by a plurality of levels according to the
rangs of change.

The group management control apparatus 1 can optimize
the energy-saving performance more guickly in this case.

Note that, in this cagse, the operating time adjustment unit
143 may further set an upper limit (an upper-limit guard
valuel to the range of change of the senergy-~saving level. As
a result, the group management control apparatus 1 can
promptly optimize the ensrgy-saving performance such that the
service performance does not change to ths degrse perceivabls
by the user while keeping the service performance from
changing abruptly. Moreover, while the map specifving the
correspondence between the deviaticn and the range of changs
of the energy-saving level i1s used, there may be used a map
gpecliving a different correspondence according to the

fic demand, the time period (s rush-hour time pariod or
an off-hour time peried), and the actual value of the numbsar

of users, for sxample. The group management control
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apparatus 1 can thus change the energy-saving level
appropriately according te the traffic demand, the time

period, the actual value of the number of users, and the like.

3

he operating time adjustment unit 143 may further set the
range of change of the energy-saving level according to the
traffic demand, the time pericd, and the actual valus of the
number of users, for example.

Moreover, & group management control apparatus 1 may
include a sudden traffic demand detector 145 as illustrated
in a variation in FIG. 12. An operating time controller 140
in this case includes the sudden traffic demand detector 145
in addition to an actual value aggregation unit 141, a target
setting unit 142, an operating time adjustment unit 143, and
an cperating tims managemenit unit 144,

The sudden traffic demand detector 145 detects the
occurrence of a sudden traffic demand on the basis of the
change in an average actual response time value or an actual

value of the number of users in every unit time interval

b

aggregated by the actual value aggregation unit 141. The
sudden traffic demand detector 145 reads the average actual
response time value and the actual value of the number of
users in every unit time interval that are aggregated by the
actual value aggregation unit 141. Then, the sudden traffic
demand detector 145 detects that the sudden traffic demand is
generated when at least either thes average actual response
time value or the actual value of the number ¢f users in a
current unit time interval is changed substantially from the
value in an immediately preceding unlt time interval. The
sudden Traffic demand detector 145 may detect the substantial
change in the average actual responsze time value or the
actual value of the number of users on the baslis of a presst
daterminatlion value, for sexample. Morsover, the sudden
traffic demand detector 145 may detsct that the sudden
traffic demand is generated when the average actual response

tlme value or the actual wvalue of the number of users
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aggregated in the unit time interval is increased two-fold or
more compared to an average value of the past three times, or
when the car 120 becomes full for a moment, for example. One
can detect that the car 120 is full when a loaded weight
{Load Weight) in a record of opsration illustrated in FIG. 2
exceeds 90% of a rated lcad capacity of the car, for example.
Upon detecting the occurrence ¢f the sudden traffic demand,
the sudden traffic demand detector 145 transmits the
detection result to the operating time adiuvstnent unit 143.

Subsagquently, the operating time adjustment unit 143
selts an energyv-saving level to the lowest level which is in
this cases an energy-saving level zero {Lewvel {} eguivalent to
no energy saving implemented, when the cccourrence of the
sudden traffic demand 1s detected by the sudden traffic
demand detector 145. The operating time adiustment unit 143
then brings the energy-saving level back to a level on a day
before the ccourrence of the sudden traffic demand, when the
sudden traffic demand detector 145 detescts the end of the
sudden traffic demand. The sudden traffic demand detector
145 may detect the end of the sudden traffic demand when a
condition for the detection of the occurrence of the sudden
traffic demand is no longer satisfied, or detect the end of
the sudden traffic demand on the basis of a different
criterion, for example. The end criterion may be set more
strictly than an occurrence criterion sc that the operating
time adiustment unit 143 brings the energy-saving level back
to the lsvel on the preceding day after the demand gete back
to normal sufficiently. The operating time adiustment unit
143 may also restore the energv-saving level a fixed period
of time after the sudden traffic demand is ended. As a

result, the group managemant control apparatus 1 can ensure
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ufficient service performance by bringing the energy-
saving level down to the lowest level when the sudden traffic

demand is5 generated and, at the same time, c¢an return to the
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energy-saving performance before the cccurrence cf the sudden
traffic demand when the sudden traffic demand is ended,.

Note that in this case, the energy-saving level in the
unit time interval that is tenmporarily brought down to the
Lowsat energy-saving level zero (Level ) is re-adiusted from
the lowest energy-saving level zero (Level () the next day.
Granting that the sudden trafiic demand occurs again during
the same time psriod the next day, the group management
control apparatus 1 can ensure the proper service performance
since the energy-saving level is set to the lowest energy-
saving level zero {Level () this time. ©On the other hand,
the group management control apparatus 1 graduaally increasss
the energy-saving level when the sudden traffic demand does
not recur, whereby the energy-saving level is re-adiusted o
the proper snergy-saving level in the and.

Tha default energy-saving level set by the
aforementicned group management control apparatus 1 is not
limited to the energy-saving level zero (Level 0)}. The group
management control apparatus 1 may set the default snergy-

-
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saving level in early morning {such as ©6:00 to 7:00) and late

at night (such as 22:00 to 24:00} to an snergy-saving level

foe

six (Level &), for exampls, when one finds in advance that
“one car is sufficient in early morning and late at night”.

In this case, the group management control apparatus 1 can
ensure suificient energy-saving performance at an early stags.
The group management conircl apparatus 1 can achieve the
above by setting a time pericd during which the default is
set To & level other than the energy-saving level zero (Leveal
0} and a default during that time period. WNote that the
group managsment control appsaratus 1 may set the default
energy-saving level for il time periods to the energy-saving
level zero {Level 0 when setting nothing as the defauvlt.
When an energy-saving target value 1s given on the hasis of a
target operating power consumption reductlon rate pesr day

a
{that is, when the second setting method is employed), the
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group management control apparatus 1 may set Lhe anergy-
saving level for all time periods of a corresponding day to

the energy-saving level zerc (Leval () as the operating powsr

-3

consumption per day to be a reference day is required.

Furthermors, the aforementioned group management control
apparatus 1 may be applied to a system which is referred to
as a so-~called DCS (Destination Control System) in which the
elevator group 2 employs an in-hall destination registration
system as illustrated in a variaticn in FIG, 13. In this
case, an elevator group management contrel system 100
includes an in-hall destinatlon registration device 180 which
can register a destination floor in an elevator hall 124.

The slevator group management contrcel system 100 guides a
user to an assigned car when the user designates a
destination floor via the in-hall destination registration
device L8O in the elevator hall 124 and the assigned car is
guiged to the user by an hall guide device 170 or the like.
The elevator group management contrel system 100 in FIG. 13
illustrates a hybrid DCS which is provided with the in-hall
destination registration device 180 in the elevator hall 124
on a predetermined flcor (such as a first floor to be a
referencs floor) and a hall input device 160 in the slevartor
hall 124 on another floor. The elevator group management
rontrel system 100 may be a full DCS which i= provided with
the in-hall destination registration device 3180 in the
elevator hall 124 on all floors.

When applied to such DCS, the group management control
apparatus 1 can measure the walting time for each user in the
elevator hall 124 which is provided with the in-hall
destination registration device 180. Accordingly, the group
managemant control apparatus 1 replaces an average actual
response time value in every unit time interval by an average
actual walting time wvalue in every unilt time interval or &
pseudo average actual response time value corresponding to

the average wailting time. Here, the pseudo average actual
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response time value correspeonds to the time obtained by
converting the average waiting time to the eguivalent of the
average response time. Moreover, the pseudo average actual
response time value 1s obtained by setting the walting time
of a user, to whom & specific car 120 is assigned for the
first time among users present on a certain floor, as the
response time. Let us assume a case where the car 120 of an
slevator No. 1 does not respond to & call onm the first floor.
In this case, Lhe waiting time of a user Pl on the first
floor is the pseudo response time when the car 120 of the
elevator No. 1 is assigned fto the user PL, After the
essignment, the waiting time of a user P2 to whom the car 120
of the elevator No. 1 is reassigned does not correspend to
the pseudo response time and 13 not to be aggregated, The
pseude average actual responsse time value is equivalent to
the average value of the pseudo response time.

Therefore, in this case, an actual value aggregation
unit 141 aggregates as the average actual response time value
in gvery unit time interval eilther the avsrage actual waiting
time value in every unit time interval on the floor where the
in-hall destination registration device 180 i1z installed or
the pseudo average actusl response time value corresponding
to the average waiting time. The actual value aggregation
unit 141 uses the response time as described above to
aggregate the average actual response time value on a floor
where the in-hall destination registration device 180 is not
ingtalled. 2Accordingly, the group management control
apparatus 1 can achieve energy saving while maintaining
proper service performance even when the elevator group 2
employs the in-hall destination registration system, thereby
allowing the balance between the service performance and the
energy-saving performance to be optimized.

It has been described that the group management control
apparatus 1 adjusis the energy~saving level in every fixed

fime interval and creates the car mask on the basis of the
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average actual response time wvalue in every fixed time
interval and the average target response time value in every
fized time interval. However, the group management contrel
apparatus 1 may be configured where the operating time
adjustment unit 142 adijusts the instantansous energy-saving
level such that simply the actual response time value
aguregated by the actual value aggregation unit 141 converges
to the target response time value set by the target setiing
unit 142, not on the basis of the averazge value in every
fixed time interval or the like. The operating time
management unit 144 may then create the car mask on the basis
of the instantansous energy-saving level. Likewise, the
aforamentioned elevator group management control method may
be configured to include the actual value aggregating step of
simply aggregating the actual response time value, not the
average value in every fixed time interval or the like, and
the target setting step of setting the target response time
value. The elevator group management contrcel method may then
include the operating time adjustment step of adiusting the

energy—saving level such that the actual response time value
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lance beltween the service psrformance and the
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enargy-saving performance can be optimized according to the
elevator group management control apparatus and the slevator
group management control method of the aforementlioned
ambodiment and variations.

According to the elevator group management control

apparatus of at lesast one embodiment described above, the

elevabor group management control apparatus oy Managing an
elaevator group including a plurelity of cars includes an

actual vaius aggregation unit, a target setiting unit, amn
operating time adjustment unii, and an operating tinme

management unit. The actual value aggregation unit is
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configursed to aggregate an actual response time value that is
an actual value of & response Uine corresponding To a time
from when a hall call 1s registered to when the car responds
to the hall call. The target setiing unit is configured to
set a target response time value that is a target value of
the response time. The operating time adjustment unit is
configured to adiust an snergy-saving level so that the
actual response time value aggregated by the actual value
aggregation unit converges to the targel response time value

set by the target setting unit, the energy-saving level

o

representing the degree of saving that affect
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actual response time value of the elevator group. The
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operating time management unit is configured to craate con the
bhasls of the ensrgy-zaving level a car mask for limiting a
car able to respond teo & call. Limiting a car is realized by
medification of assigning evaluation function instead of a
car mask.
That is to add a large value fto the evaluation function of
the limiting car. As a result, this car is never assigned.
Therefore, 1t is possible to provide energy saving while

maintaining the proper service performance, thersby allowin

i8]

the balance between the service performance and the energy-
saving performance to be optimized.

While certain smbodiments have been describesd, these
embodiments have been presented by way of axample only, and
are not intendsad to limit the scops of the inventions. The
embodiments mav be embodied in & variety of other forms:
farthermore, wvarious omissions, substitutions and changes may
e made without departing from the spirit of the inventions.
The accompanying claims and thelr eguivalents are intended to

cover such forms or medifications as would fall within the

scope and spirits of the inventions.
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CLAIMS:

[Claim 1]

An elevator group management control apparatus for managing an elevator group
including a plurality of cars, the apparafus comprising:

an actual value aggregation unit configured to aggregate an actual response time value
that is an actual value of a response time corresponding 1o a time from when a hall call is
registered to when the car responds to the hall call;

a target setting unif configured to sef a target response time value that is a target value of
the response time;

an operating time adjustment unit configured to adjust an energy-saving level so that the
actual response time value aggregated by the actual value aggregation unit converges to the
target response time value set by the target setting unit, the energy-saving leve! representing
the degree of energy saving that affects the actual response time value of the elevator group; and

an operating time management unit configured to create on the basis of the energy-saving
level & car mask for limifing a car able 1o respond to a call, wherein

the energy-saving level 15 set according to the number of cars in operation per unit time,
the number of cars in operation being a parameter that can 1ake a decimal value, when the
mumber of cars in operation is an integer value, the number of cars in operation representing that
the integer number of the cars can be assigned, and when the number of cars in operation is a
decimal value, the number of cars in operation represeniing a proportion of time that can be

assigned in a unit time inferval.

[Claim 2]

The apparatus according fo claim 1, wherein

the energy-saving level is sef further according to a pitch that is a switch pitch between a
state where the cars respond to a call and a state where the cars do not respond to the call, and

the number of cars in operation is an average number of cars in operation per unit tme,
takes s value corresponding to a total number of the cars of the elevator group when the energy-
saving level is at a Jowest level, and decreases as the energy-saving level is increased from the

lowest level,
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[Claim 3]
The apparatus according to claim 1, wherein the operating time adjustment unit is

configured to set in advance a time pertod during which the energy-saving level 1s not adjusted.

[Claim 4]
The apparatus according o claim i, wherein the operating tirne adjustment unit is

configured 1o individually set in advance 2 default value of the energy-saving ievel,

{Clamm 5]
The apparatus according to claim 1, wherein the operating time management uni{ is
configured to, when creating the car mask, select from among preset candidates the car that has a

restriction on responding to a call.

[Claim 6]
The apparams according to claim 1, further comprising a display controlier configured to
cause a display umt to display information related to the target value set by the target setting unit

and information related to the actual value aggregated by the actual value aggregation unit.

[Claim 7]
The apparatus according to claim 1, further comprising 2 group management controller
configured fo manage an operation of the phirality of cars on the basis of the car mask created by

the operating time management unit.

[Claim 8]

The apparatus according to claim I, whersin

the actual value aggregation unit is configurad to aggregate an average acmal response
tme value that is an average value of the actual response time value in every fixed time interval
that is preset,

the target setting unit is configured to set an average target response time value that is a

target value of the average actual response time value in the every fixed time interval,
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the operating time adjustment unit is configured to adjust the energy-saving level in the
every fixed time interval so that the average actual response time value in the every fixed time
interval aggregated by the actual value aggregation unit converges to the average target response
time value set by the target setting unit, and

the operating time management unit is configured to create the car mask on the basis of

the energy-saving ievel in the every fixed time interval,

[Claim 9]
The apparams according to claim 8, wherein the operating time adjustment unit is
configured fo change by the day the energy-saving level in the every fixed time interval one level

at a time,

[Claim 10]

The apparatus according to claim 8, wherein the operating time adjustment unit is
configured fo changes by the day the energy-saving level in the every fixed time interval
according to a deviation between the average actual response time value in the every fixed time

interval and the average target response time value.

[Claim 117

The apparatus according to claim &, wherein

the elevator group inchudes an in-hall destination registration device configured to
register a destination floor in an elevator hall, and

the actual value aggregation unit is configured to aggregate as an average actual response
time value in the every fixed time interval either an average actual waiting time value in the
every fixed rime interval or a pseudo average actual response time value corresponding 1o an

average waiting tirme on a floor where the in-hall destination registration device 1s installed.

{Claim 12}
The apparatus according to claim 8, wherein the operating time adjustment unit is
configured to relatively decrease the energv-saving ievel in the fixed time interval when the

average actual response time value in the every fixed time interval is greater than the average
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{arget responge tme value, and relatively increase the energy-gaving level in the fixed time
mterval when the average actual response time value in the every fixed time mterval is smaller
than the average target response time value, to adjust the energy-saving level in the every fixed
time interval so that the average actual response time value in the every fixed timme ingerval

converges to the average target response time value.

[Claim 13]

The apparatus according to claim 8, wherein

the actual value aggregation unit is configured to further aggregate ap actusl operating
power consumption value that is an actual value of power consumed when the elevator group is
operated, and

the target sstting umt is configured to calculate a target operating power consumption
value on the basis of the actual operating power consumption value per day with no energy
saving implemented and a preset target operating power consunption reduction rate per day, and
set the average target response time value that is allowable so that the actual operating power
consumption value in the every fixed time interval aggregated by the actual value

aggregation unit converges to the target operating power consumption value,

[Claim 14]

The apparatus according to claim &, wherein

the actual value aggregation unit is configured fo further aggregate the actual value of the
number of users that is an actual value of the number of persons who use the elevator group,

the apparatus further comprises & sudden traffic demand detector configured to detect an
aceurrence of a sudden traffic demand on the basis of a change in the average actual response
time vaiue in the every fixed time interval aggregated by the actual value aggregation unit or an
actual value of the number of users, and

the operating time adjuestment unit is configured to sef the energy-saving level o a lowest
level when the occurrence of the sudden traffic demand is detected by the sudden traffic demand
detector, and bring the energy-saving level back to a level before the occurrence of the sudden
traffic demand when the sudden traffic demand detector detects an end of the sudden traffic

demand,
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{Claim 15]

An elevator group management control method for managing an slevator group including
a plurality of cars, the method comprising:

aggregating an actual response fime value that is an actual value of a response time
corresponding to a time from when a hall call is registered to when the car responds to the hall
call;

sefting a target response {ime value that is a target value of the response time;

adjusting an energy-saving level so that the actual response time value aggregated
converges to the target response ime value set, the energy-saving level representing the degree
of energy saving that affects the actual response time vahue of the elevator group; and

creating, on the basis of the energy-saving level, a car mask for limiting a car able to
respond to a call, wherein

the energy-saving level is set according 1o the number of cars in operation per vnit time,
the number of cars in operation being a parameter that can take 2 decimal value, when the
number of cars in operation is an integer value, the number of cars in operation representing that
the integer number of the cars can be assigned. and when the number of cars i operation is a
dectmal value, the number of cars in operation representing a proportion of time that can be

assigned in a unit time interval.
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