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ELEVATOR SYSTEM WITH MULTIPLE CARS

The disclosure relates to energy consumption in elevator systems with multiple elevator

cars.

Generally, there are many advantages to improving energy efficiency in buildings.

Sometimes improved efficiency can be realized in an elevator system.

W02010/086290A1 relates to a method for operating an elevator system, wherein the
energy consumption of at least one energy consumer of the elevator system and at least
one traffic situation of the elevator system are recorded. At least one energy consumption
value is determined. When using an elevator system, a passenger can sometimes select
from, for example, three possible elevator trips having different energy consumption

values.

Further options for managing cnergy consumption in clevator systems could be
advantageous. This is addressed herein by at least some of the embodiments covered by

the claims.

In various embodiments, elevator system passengers are transported in one or more of a
plurality of elevator cars. The elevator system has at least two different cars, which can
require different amounts of energy to operate. Passenger trips can be allocated to one
car or another based on the expected energy consumption for the trips in one or the other

car.

At least some embodiments of an elevator operation method comprise: receiving elevator
call information for one or more elevator trips; and allocating the one or more elevator
trips for service among a first clevator car and a second elevator car, the allocating being
based on expected energy consumption for the first elevator car and expected energy

consumption [or the second elevator car.

The method can further comprise: determining the expected energy consumption for at
least one of the one or more elevator trips with the first elevator car; and determining the
expected energy consumption for the at least one of the one or more elevator trips with

the second elevator car.
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The determining the expected cnergy consumption for the at least one of the one or more
elevator trips with the first elevator car and the determining the expected energy
consumption for the at least one of the one or more elevator trips with the second elevator
car can comprise reading one or more settings from a computer-readable storage medium.
The determining the expected energy consumption for the at least one of the one or more
elevator trips with the first elevator car and the determining the expected energy
consumption for the at least one of the one or more elevator trips with the second elevator
car can also comprise using a model of operation of the first elevator car and a model of

operation of the second elevator car.

The allocating can be further based on an expected elevator traffic demand. The
allocating can also be based on a measured traffic demand. The allocating can also be

based on an elevator traffic schedule.

In some embodiments, the elevator call information comprises destination call

information.

Some embodiments of an elevator instailation comprise: a first elevator car disposed in a
first elevator shaft; a second elevator car disposed in a second elevator shaft; and an
elevator control unit, the elevator control unit being configured to receive elevator call
information for one or more elevator trips and allocate the one or more elevator trips for
service among the first elevator car and the second elevator car, the allocating being
based on expected energy consumption for the first elevator car and expected energy

consumption for the second elevator car.

In further embodiments, the first elevator car is heavier than the second elevator car. The
first elevator car can have a first interior finishing and the second elevator car can have a
second interior finishing. In some cases, the first clevator car has a larger capacity than
the second elevator car. Further, the first elevator car can be configured to run at a first
speed and the second elevator car can be configured to run at a second speed. In some
cases, the first clevator car comprises a double-deck car and the second elevator car

comprises a singlc car.

In further embodiments, a computer-based elevator system control unit comprises a
processor and one or more computer-readable storage media. The storage media store

instructions that, when executed by the processor, cause the processor to receive elevator
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call information for one or more elevator trips and allocate the one or more elevator trips
for service among the first elevator car and the second elevator car, the allocating being
based on expected energy consumption for the first elevator car and expected energy

consumption for the second elevator car.

At least some embodiments of the disclosed methods can be implemented using a
computer or computer-based device that performs one or more method acts, the computer
or computer-based device having read instructions for performing the method acts from
one or more computer-readable storage media. The computer-readable storage media can
comprise, for example, one or more optical disks, volatile memory components (such as
DRAM or SRAM), and/or nonvolatile memory components (such as hard drives, Flash
RAM or ROM). The computer-readable storage media do not cover pure transitory

signals. The methods disclosed herein are not performed solely in the human mind.
The disclosure refers to the following figures, in which:

FIG. 1 is a block diagram of an exemplary embodiment of a building having an

elevator installation;
FIG. 2 is a block diagram of exemplary components of an elevator system;

FIG. 3 is a block diagram of an exemplary embodiment of a method for operating

an elevator installation;

FIG. 4 is a block diagram of an exemplary embodiment of a method for operating

an elevator installation; and
FIG. 5 is a block diagram of an exemplary embodiment of a computer.

FIG. 1 shows a block diagram of an exemplary embodiment of a building 100 having an
elevator installation 110. The building 100 comprises a plurality of floors 120, 122, 124,
which are served by the elevator installation 110. ‘The installation 110 comprises
elevators 112, 114. The elevator 112 comprises an elevator car 130 (shown in dashed
outline) that moves within an elevator shaft 140 (shown in dashed outline) to reach the
floors 120, 122, 124. The elevator 114 comprises an elevator car 132 (shown in dashed
outline) that moves within an elevator shaft 142 (shown in dashed outline) to reach the

floors 120, 122, 124. The cars 130, 132 can be moved within their respective shafts using
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various components, which (to improve clarity) are not shown in FIG. 1. Operation of
the elevator installation 110 is controlled by a control unit (described in more detail
below). The cars 130, 132 can be accessed at the floors 120, 122, 124 through doors,
such as the doors 150, 152. The cars 130, 132 have respective interior finishings 180,

182 (shown in dashed outlines).

Although the elevators 112, 114 of FIG. 1 are shown as serving the same floors of the
building 100, in some embodiments the elevators 112, 114 do not serve all of the same
floors. In further embodiments, the elevator instatlation 110 comprises more than two
elevators. In some cases, a given elevator shaft has more than two cars and/or a double-
deck car. In further cases, the installation 110 comprises a mixture of single cars and

double-deck cars.

In the example of FIG. 1, the elevator cars 130, 132 are different sizes. (Further

embodiments comprise cars of more than two different sizes.) The car 130 has a larger

capacity than the car 132. In this context, "capacity" can refer to volume and/or weight of

cargo that can travel in the cars 130, 132. The cargo can comprisc, for example, human

passengers, animals and/or inanimatc objects. The car 130 is also heavier than the car

132; accordingly, the cars 130, 132 can require different amounts of energy to operate. In

additional embodiments, the energy usage (also called "energy consumption") of the cars
130, 132 is affected by one or more factors aside from size, or in combination with size,
for example: different car weights, due to different car finishings or other features;

different operation speeds; and/or whether the cars are single cars or double-deck cars.

Generally, a first elevator car is considered to be "more efficient” than a second elevator
car if the first car can execute a set of passenger trips using less energy than the second

car. In this case the second elevator car is considered to be "less efficient."

FIG. 2 shows a block diagram of exemplary components of the elevator system 110. An
clevator control unit 210 operates one or more drive components 220 (c.g., motors) to
move clevator cars within their respective shafts. The control unit 210 is coupled to one
or more call input devices 260. Turning bricfly to FIG. I, destination call input devices
160, 162, 164 are arranged on the floors 120, 122, 124, respectively. Generally,
destination-call-input technology allows a destination for a user 170 (also referred to
herein as a "passenger") to be input or determined before the user 170 enters the car 130.

Such technology is sometimes referred to as "destination call control." In some cases, a

PCT/EP2012/069738
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data storage device 172 (e.g.: an RFID (radio-frequency identification) card, including
near-field and far-field devices; magnetic storage device (e.g., magnetic strip card);
optical code device) is used to transmit to the elevator installation 110 identifying
information associated with the user 170. The identifying information can be transmitted
to the elevator installation 110 through the input devices 160, 162, 164. Based on the
identifying information, the control unit 210) determines a destination for the user 170).
The control unit 210 assigns the user 170 to a particular elevator car and communicates
this assignment to the user 170. The control unit 210 directs the car 130, 132 to carry the
user 170 to the destination. In further embodiments, the user 170 (identified or
unidentified) can input a destination using buttons and/or other features at the destination

call input device 160, 162, 164.

The call input device 160, 162, 164 can comprise a stationary or semi-stationary device,
or it can comprise a portable electronic device (e.g., a mobile telephone, a portable

computer, a personal digital assistant (PDA), or other device).

Further embodiments of disclosed technologies, described below, can be used with
clevator systems that do not use destination-call-control technology. Such systems
include, for example, elevator systems that allow a user to place a hall call and to input a

destination from inside the elevator car (e.g., using a car operating panel).

Although the user 170 is depicted in FIG. 1 and elsewhere herein as being a person, in
various embodiments the user 170 can also be multiple people, a machine, an animal, a

good and/or another object for transportation with the elevator installation.

Returning to FIG. 2, the elevator control unit 210 can also be coupled to an energy
consumption meter 230. The meter 230 measures energy usage of one or more
components of the installation 110. The control unit 210 can be further coupled to a
traffic sensor 24(), which measures clevator traffic handled by the installation 110. The
control unit 210 can also be coupled to a model database 254, which stores models that
describe the operation of the installation 110, and to a settings databasc 250, which stores
information (c.g., pre-defined information) about the energy consumption of the

installation 110.

Generally, functionality of the various components of FIG. 2 can be combined into one or

more components split among additional components. For example, in some
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embodiments the traffic sensor 240 can be incorporated into the clevator control 210.

FIG. 3 shows a block diagram of an exemplary embodiment of a method 300 for
operating an elevator installation, such as the installation 110 of FIG. 1. In a method act
310, the elevator system 110 receives elevator trip information for the user 170 through
an input device (e.g.: a destination call input device 160, 162, 164; an RFID scanner; an
optical code scanner; a hall-call panel). As used herein, the elevator trip information
describes one or more elevator trips. It includes one or more of a start floor, a destination
floor, a destination name (e.g., "Lobby," "Cafeteria,” "Office"), a tenant identifier (e.g., a
tenant name), and user identifying information (e.g., a user name or a number associated

with a user).

In a method act 320, the elevator system 110 allocates the one or more elevator trips to
the elevator cars based at least in part on expected energy consumptions of the different
elevator cars for the one or more elevator trips. This can be done using one or more rules.
For example, the elevator system can be configured such that, if a small number of
passengers arc traveling together to a destination, the system uses a smaller elevator car
that consumes a smaller amount of energy. The system can also be configured such that,
if a large number of passengers are traveling together, the system uses a larger elevator
car that consumes a larger amount of energy for movement of the car itself (but which
consumes a lower amount of energy overall for transporting the larger number of
passengers). Other factors used in assigning a (rip to an elevator car include, for example,
passenger preferences (e.g., VIP or disabled status), maximum number of stops, and/or
maximum wait time. These other factors can be weighted more heavily or less heavily
than the energy usage. The allocation of the method act 320 can be done in conjunction

with one or more known elevator traffic allocation algorithms.

In a method act 330, the elevator system 110 executes one or more of the allocated
elevator trips (e.g., the system communicates an elevator car assignment to the passenger

and transports the passenger).

FIG. 4 shows a block diagram of an exemplary cmbodiment of a method 400 for
operating an clevator installation, such as the installation 110 of FIG. 1. In a method act
410, the elevator system 110 receives elevator trip information for the user 170 through
an input device (e.g.: a destination call input device 160, 162, 164; an RFID scanner; an

optical code scanner; a hall-call panel).
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In a method act 420, encrgy usage for one or more possible elevator trips in the different
cars is determined. The energy usage can be determined in one or more ways, depending

on the particular embodiment.

In some cases, the expected energy usage is determined based on the size and/or type of
the car. Such information can be stored in the elevator system (e.g., in the settings
database 252). Traffic information can also be used. For example, if the system is
receiving a relatively small number of calls (e.g., destination calls, hall calls, car calls),
these conditions can suggest that elevator traffic is currently low. Actual car load can
also be considered. In such cases, the more-efficient car can be, for example, a lighter but
smaller-capacity car (instead of a heavier, larger-capacity car), or a single car (instead of
a double-deck car). If the elevator traffic is determined to currently be above a threshold
value, then other cars can be used (e.g., a heavier, larger-capacity car, or a double-deck
car). Insome embodiments, a trip can be allocated to a more-efficient car if that car is

idle.

In further cmbodiments, the energy usc of a car for a given trip can be calculated based
on a modcl of the car's operation. The model considers factors such as expected trip

direction, expected trip distance and/or elevator car load.

In a method act 430, the clevator system 110 allocates the one or more clevator trips to
the elevator cars based at least in part on the determined ("expected”) energy usage. In
particular embodiments, the allocation of the elevator trips is also based in part on one or
more other requirements for the trips. For example, the passenger may require a car with
particular features (e.g., VIP features, handicapped features). These other requirements

can take a higher or lower priority than the determined energy usage.

In a method act 440, the elevator system 110 executes one or more of the allocated

clevator trips.
Following are four non-limiting examples of embodiments of the disclosed methods.

In the first example, a user enters the ground floor of a building and enters a destination
call at the elevator system to travel to the second floor of the building. The elevator
system comprises two larger elevator cars and two smaller elevator cars. At the time,
there are no other passengers who have entered trip information to travel upward from the

ground floor, so the passenger will be traveling alone. For a single passenger, the
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clevator system determincs that it is more energy cfficient to allocate the trip to a smaller
elevator car. The elevator system directs the passenger to the smaller car and brings the

passenger to the second floor.

In the second example, multiple passengers (e.g., ten people) enter destination calls to
travel simultaneously from the ground floor of a building to the fourth floor. As with the
previous example, the elevator system comprises two larger elevator cars and two smaller
elevator cars. In this case, a maximum passenger limit for a smaller elevator car is seven
persons, while the limit for a larger car is twelve persons. Thus, to simultaneously
transport all ten passengers, the system can either use two smaller cars or one larger car.
Using the single larger car would consume less energy overall, so the elevator installation

allocates the trips for all of the passengers to the larger car.

In the third example, a relatively large number of passengers enter destination calls to
travel from the second floor of the building to the third floor. Due to the large number of
passengers, the elevator system assigns the passengers to all available cars, regardless of

the expected energy usages for the cars.

In the fourth example, the elevator installation receives destination call information for
three passengers who want to make the same trip. Based on a model of the elevator
system, the system determines that assigning all of the passengers to the same elevator car
would consume the least amount of energy. However, one passenger is designated as a
VIP, who is always allotted a car for a solo trip. The system is configured to give a VIP
setting priority over lower-energy consumption. As a result, instead of placing all three
passengers in the same car, the system assigns the VIP passenger to one car and the other

passengers to another car.

In further embodiments of any of the methods disclosed hercin, the process of allocating
of an clevator trip based on expected energy usage is enabled or disabled based on a time
schedule. For example, during a busy period (c.g., rush hour) the elevator trips can be
assigned to cars regardless of relative energy efficiencies of the different car sizes. This
may be advantageous if, for example, parameters besides energy usage (e.g., wait time,

travel time) have priority during the busy period.

In further embodiments of any of the methods disclosed herein, the process of allocating

an elevator trip based on expected energy usage is manually enabled or disabled.
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In various embodiments, one or more method acts are performed by the elevator control
unit 210. In further embodiments, one or more method acts are performed by one or

more other computer-based components.

Generally speaking, at least some of the disclosed embodiments allow for more flexible
management of energy consumption in an elevator installation. At least some of the

disclosed embodiments can also reduce energy consumption in an elevator installation.

Although some embodiments of the various methods disclosed herein are described as
comprising a certain number of method acts, further embodiments of a given method can
comprise more or [ewer method acts than are explicitly disclosed herein. In additional

embodiments, method acts are performed in an order other than disclosed herein.

FIG. 5 shows a block diagram of an exemplary embodiment of a computer 500 (e.g., part
of an elevalor control unit) that can be used with one or more lechnologies disclosed
herein. The computer 500 comprises one or more processors 510. The processor 510 is
coupled to a memory 520, which comprises one or more computer-readable storage
media storing software instructions 530. When executed by the processor 510, the
software instructions 530 cause the processor 510 to perform one or more method acts
disclosed herein. Further embodiments of the computer 500 can comprise one or more
additional components. The computer 500 can be connected to one or more other
computers or electronic devices through a network (not shown). In particular
embodiments, the computer 500 works with one or more other computers, which are
located locally and/or remotely. One or more of the disclosed methods can thus be

performed using a distributed computing system.
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Claims

1. An elevator operation method comprising:
receiving elevator call information for one or more elevator trips; and
allocating the one or more elevator trips for service among a first elevator car (130)
and a second elevator car (132), the allocating being based on expected energy
consumption for the first elevator car (130) and expected energy consumption for the
second elevator car (132), the expected energy consumption for the first elevator car
(130) being based on a passenger capacity of the first elevator car (130), and the expected
energy consumption for the second elevator car (132) being based on a passenger
capacity of the second elevator car (132), the first elevator car (130) having a larger
passenger capacity than the second elevator car (132),
wherein the expected energy consumption for the at least one of the one or
more elevator trips with the first elevator car (130) is being determined by using a
model of operation of the first elevator car (130), and
wherein the expected energy consumption for the at least one of the one or
more elevator trips with the second elevator car (132) is being determined using a

model of operation of the second elevator car (132).

2. The elevator operation method of any preceding claim, the allocating being

further based on an expected elevator traffic demand.

3.  The elevator operation method of any preceding claim, the allocating being

further based on a measured traffic demand.

4.  The elevator operation method of any preceding claim, the allocating being

further based on an elevator traffic schedule.

5.  The elevator operation method of any preceding claim, the elevator call

information comprising destination call information.

6. An elevator installation (110) comprising:
a first elevator car (130) disposed in a first elevator shaft (140);

a second elevator car (132) disposed in a second elevator shaft (142); and
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an elevator control unit (210), the elevator control unit (210) being configured to,
receive elevator call information for one or more elevator trips, and
allocate the one or more elevator trips for service among the first elevator
car (130) and the second elevator car (132), the allocating being based on
expected energy consumption for the first elevator car (130) and expected
energy consumption for the second elevator car (132) , the expected energy
consumption for the first elevator car (130) being based on a capacity of the
first elevator car (130), and the expected energy consumption for the second
elevator car (132) being based on a capacity of the second elevator car (132),
the first elevator car (130) having a larger passenger capacity than the second
elevator car (132),
wherein the expected energy consumption for the at least one of
the one or more elevator trips with the first elevator car (130) is being
determined by using a model of operation of the first elevator car (130),
and
wherein the expected energy consumption for the at least one of
the one or more elevator trips with the second elevator car (132) is being
determined by using a model of operation of the second elevator car
(132).

7. The elevator installation (110) of claim 6, the first elevator car (130) being

heavier than the second elevator car (132).

8.  The elevator installation (110) of claim 7, the first elevator car (130)
comprising a first interior finishing (180) and the second elevator car (132) comprising a

second interior finishing (182).

9. The elevator installation (110) of claim 6, the first elevator car (130)

comprising a double-deck car and the second elevator car (132) comprising a single car.

10.  One or more computer-readable storage media (520) having encoded thereon
instructions (530) which, when executed by a processor (510), cause the processor (510)
to perform a method, the method comprising:

receiving elevator call information for one or more elevator trips; and
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allocating the one or more elevator trips for service among a first elevator car (130)
and a second elevator car (132), the allocating being based on expected energy
consumption for the first elevator car (130) and expected energy consumption for the
second elevator car (132), the expected energy consumption for the first elevator car
(130) being based on a passenger capacity of the first elevator car (130), and the expected
energy consumption for the second elevator car (132) being based on a passenger
capacity of the second elevator car (132), the first elevator car (130) having a larger
passenger capacity than the second elevator car (132),

wherein the expected energy consumption for the at least one of the one or
more elevator trips with the first elevator car (130) is being determined by using a
model of operation of the first elevator car (130), and

wherein the expected energy consumption for the at least one of the one or
more elevator trips with the second elevator car (132) is being determined using a

model of operation of the second elevator car (132).



