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(54) Method and apparatus for estimating the weight of an elevator car

(57) The present invention relates generally to ele-
vators and measuring masses or forces that affect the
elevators. The information acquired from destination
control system can be used for multiple purposes. One
purpose is to estimate the weight of an elevator car. This
is done by counting the number of passengers in the

elevator car from the information gathered by the desti-
nation control system. The estimate can be the used in
controlling movements of an elevator comfortably, par-
ticularly in a situation wherein smooth start is desired
after releasing the brake of the elevator.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to ele-
vators and measuring masses and forces that affect the
operation of elevators.

BACKGROUND OF THE INVENTION

[0002] A typical elevator includes an elevator car, a
hoisting machine for moving the elevator car, at least one
counter weight, and traction means such as a rope, cable,
chain, or belt. The traction means connect the elevator
car and the at least one counter weight to each other.
The traction means pass through a traction sheave which
is connected to the hoisting machine, for example, to a
drive shaft of the hoisting machine. An elevator can be
manufactured also without counter weight.
[0003] An elevator group comprises at least two ele-
vators. A typical elevator group comprises adjacent ele-
vators in the same building and in some cases the ele-
vators are controlled by using information received from
a destination control system. When using a destination
control system a passenger registers his floor call (to
which floor he is destined to go) before entering an ele-
vator car. After the user has selected the desired floor,
the system informs the passenger to which elevator car
he should go, or which elevator car he should wait for.
One advantage of the destination control system is that
it reduces an average travel time because the elevator
car makes fewer stops for individual passengers. A run
of an elevator car starts when a brake of the hoisting
machine is released and the elevator car starts moving.
Typically this is done so that the weight the elevator car
is measured by a weighing device attached, for example,
to the elevator ropes, car floor, hoisting machine or brake
and a torque necessary to keep the elevator car in its
position is applied on the traction sheave for providing
smooth start. The run ends when the elevator car stops.
[0004] Elevator systems are complex, expensive and
energy consuming products. Thus, it is always desirable
to make it cheaper to manufacture and operate without
sacrificing convenience for users.

SUMMARY OF THE INVENTION

[0005] The present invention relates generally to ele-
vators and measuring masses or forces that affect the
elevators. The information acquired from destination
control system can be used for multiple purposes. One
purpose is to estimate the weight of an elevator car. This
is done by counting the number of passengers in the
elevator car from the call allocations gathered by the des-
tination control system. The estimate can be then used
in controlling movements of an elevator comfortably, par-
ticularly in a situation wherein smooth start is desired
after releasing the brake of the elevator.

[0006] In an embodiment the invention is implemented
as a method for controlling movement of an elevator. The
elevator is connected to a destination control system. A
person skilled in the art understands that the destination
control system may be implemented as a centralized sys-
tem or a distributed system. In a centralized system the
collected data is processed and maintained at a central-
ized location. In a distributed implementation there is a
plurality of units that are configured to communicate with
each other in order to provide the required functionality.
The present invention is suitable for both types of desti-
nation control system. In the method, first destination
calls from elevator passengers are received and allocat-
ed to elevators of an elevator group. A number of pas-
sengers in each elevator car is then calculated on the
basis of these call allocations.
[0007] The properties for a run for the elevator are cal-
culated from these call allocations. Properties typical in-
clude typically at least the start and destination floors.
The collected properties are maintained at least until the
run is over, however, it may also be stored for later use,
such as statistics and machine learning. Based on the
collected properties the number of passengers can be
counted for each start of the elevator and a mass of a
load in the elevator car can be estimated. Based on the
estimated mass, an estimate of torque for the traction
sheave of the elevator hoisting machine required to keep
said elevator stationary, is then computed. Lastly the
torque is applied to the elevator hoisting machine when
releasing the brake. In a further embodiment the method
described above is implemented as a computer program.
[0008] One aspect of the invention is thus to provide
an alternative method for weighting masses affecting an
elevator. The method utilizes information obtainable from
a destination control system. The system collects data
about destination calls allocated to the first elevator car.
The system allows at most an allowed maximum number
of passengers to use the elevator car in the same time.
An overload sensor prohibits the run, if there is overload
in the elevator car. In one embodiment of the method,
the counted number of passengers is multiplied by an
average mass of a passenger resulting in an estimate
about the mass of the load. In other embodiments of the
method the collected data of calls and the average mass
of a passenger are utilized when calculating other phys-
ical quantities than mass. A torque is, for example, one
of these quantities.
[0009] In one embodiment the invention is implement-
ed as an apparatus for controlling an elevator. The ap-
paratus comprises at least one processor and program
code stored in at least one memory, wherein said appa-
ratus is configured to receive call allocations for said el-
evator, estimate an a mass of a load in the elevator car
based on said call allocations, compute an estimate of
torque required to keep said elevator stationary and apply
torque based on said estimate of torque to said elevator
when releasing the brake of said elevator before accel-
erating movement.
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[0010] In a further embodiment the invention is imple-
mented as a system comprising a plurality of elevators
connected to the same destination control system and
being controlled by a device described above, wherein
the destination control system may be centralized or dis-
tributed.
[0011] In a further embodiment the invention is imple-
mented as a computer program that is configured to
cause the method described above when executed in an
apparatus as described above.
[0012] The benefit of the invention is that the expensive
weighing device of the elevator can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The drawings constitute a part of this specifica-
tion and include some exemplary embodiments of the
invention.

Figure 1A shows an elevator group in which elevator
cars are empty.
Figure 1B shows the elevator group in which the el-
evator cars are loaded.
Figure 2 illustrates an example embodiment of the
present invention,
Figure 3 illustrates a method according to an em-
bodiment of the invention.

DETAILED DESCRIPTON OF THE INVENTION

[0014] It is appreciated that the following embodiments
are exemplary. Although the specification may refer to
"one" or "some" embodiment(s), the reference is not nec-
essarily made to the same embodiment(s), or the feature
in question may apply to multiple embodiments. Single
features of different embodiments may be combined to
provide further embodiments.
[0015] In the following examples of a common elevator
group comprising centralized destination control system
are disclosed. Furthermore, in the examples elevators
include a counter-weight. However, the present invention
can be used also in systems having distributed destina-
tion control system, centralized destination control sys-
tem or single elevator destination control system. Fur-
thermore, the counter-weight of the elevator is not nec-
essary for the invention but the invention works also with
counter-weightless elevators.
[0016] Figure 1A shows an elevator group comprising
a first elevator car 1, a first hoisting machine 2 for moving
the first elevator car 1, a second elevator car 3, a second
hoisting machine 4 for moving the second elevator car
3, and a destination control system 5. The destination
control system 5 receives destination calls from passen-
gers and part of those calls relate to the next run of the
first elevator car 1. At most an allowed maximum number
of passengers may use the first elevator car 1 at the same
time. The destination control system 5 is placed in FIG.
1A in connection with the second hoisting machine 4 but

it could be placed somewhere else. The elevator car 1
is connected with traction means 7, such as a rope, cable,
chain, or belt, to a counter weight 6. These traction means
7 pass from the counter weight 6 through a diverting pul-
ley 8 and traction sheave 9 to the elevator car 1. The
traction sheave 9 is connected to the drive shaft of the
hoisting machine 2 and the hoisting machine 2 is attached
to the top of a first hoistway 11. The second elevator car
3 is connected with traction means to another counter
weight. The first elevator car 1 is movable (up and down)
in the first hoistway 11 and the second elevator car 2 is
movable in the second hoistway 12. In this example the
elevators of the elevator group are similar but they could
include some differences.
[0017] In an embodiment the mass of the counter-
weight corresponds with the weight of the half loaded
first elevator car 1. When the elevator car 1 is empty, the
counter weight 6 aims to move downwards due to gravity,
but the brake mechanism of the hoisting machine 2 keeps
the counter weight 6 in its current location (in the hoistway
11). The mass distribution mentioned above is typical,
however, it is not the only option but the mass of the
counter weight 6 may be chosen according to the need.
Furthermore, as mentioned above the elevator may be
constructed without counter-weight.
[0018] Figure 1B shows another embodiment in which
only one passenger is drawn in Figure 1B in each elevator
car 1 and 2 for illustration purpose but in this embodiment
it is assumed that the elevator cars 1 and 2 carry maxi-
mum allowable loads. Now, because of gravity, the ele-
vator car 1 aims to move downwards but the brake of the
hoisting machine 2 prohibits the movement. Naturally it
is possible that the elevator car together with the load
weights exactly as much as the counter weight, however,
it is a rare situation.
[0019] In the example of Figure 2 the elevators are of
different types, wherein the second elevator 3 car is con-
nected to support means but the first elevator car 1 is
not. In the example elevators of the elevator group are
not located besides each other but in different parts of a
building or even in different buildings. The present inven-
tion may also be applied only to some of the elevators in
the elevator group. Such a situation may emerge, for ex-
ample, when new elevator is added to the group or at
least one of the elevators within group is replaced.
[0020] The destination control system 20 comprises a
first wiring 21 through which it obtains calls from passen-
gers, including the calls for the run in the first elevator
car 1. The first wiring is connected to panels located on
each floor. Those panels include a set of buttons by which
the passengers make elevator calls (the panels are omit-
ted from the figure). A second wiring 27 is for communi-
cation between the destination control system 20 and the
apparatus 23.
[0021] The destination control system 20 triggers the
operation of the apparatus 23 by sending information
through the wiring 605 to the apparatus 23. This infor-
mation includes the number of calls for an elevator car
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(1 or 3) and run information. The run information disclos-
es a direction of the run (upwards or downwards) and a
length of the run. The length of the run may be given, for
example, as a number of floors or in meters, which is
derivable from the number of floors.
[0022] A third wiring 28 is for electric current. A grid 29
feeds a supply centre 210 which feeds through the third
wiring 28 a first hoisting machine 2 as well as a second
hoisting machine 4. A fourth wiring 22 is for commands
by which the destination control system 5 controls the
elevators. One example of the commands is a command
to use a hoisting machine with the appropriate energy
amount. Generally speaking, the commands concern the
starting and stopping of hoisting machines.
[0023] In an example of Figure 2 the apparatus 23 ob-
tains from the destination control system 5 such run in-
formation according to which the first elevator car 2 is to
be moved upwards to the top floor in the first hoistway
11 and the second elevator car 4 is to be moved down-
wards to the bottom floor in the second hoistway 12. In
addition, the apparatus 23 obtains the number of calls
for the run in the first elevator car 1 and the number of
calls for the run in the second elevator car 3. The mass
of the first elevator car 1 is as empty 50% of the mass of
the counter weight 6 and the same balancing is used in
the second elevator. The allowed maximum number of
passengers is six for the both elevator cars 1 and 2.
[0024] In a second embodiment the apparatus 23 is
fully integrated into the destination control system 5. In
this embodiment the second wiring 27 is not needed, i.
e. it is omitted.
[0025] In figure 3 a method according to the present
invention is disclosed. The method starts by collecting
call allocations for a run, step 30. When a person calls
for a run, he will choose from the destination control sys-
tem the floor he is wishing to travel. In some destination
control systems the person calling may provide the infor-
mation about the number of passengers travelling with
him. Thus, the destination control system knows the start
and the destination of the run. Call allocations are main-
tained until the run is over so that they are available for
every start during the run.
[0026] Based on that information it is possible to esti-
mate the number of passengers in an elevator car, step
31. The estimation is possible as the destination control
system knows for each person travelling start and desti-
nation floors. From this information the current number
of person travelling can be calculated. Thus, when the
elevator is starting the run it knows how many persons
it is carrying. Based on the number of persons it is pos-
sible to estimate the weight of an elevator car, step 32.
[0027] Based on the estimated weight of an elevator
car it is possible to determine what is the torque required
to keep the elevator stationary, step 33. As explained
with regard to figures 1 and 2, the direction of force
caused by gravity varies depending on the number of
passengers, however, in order to provide comfortable
ride the elevator car needs to be hold in its position in

both cases. This is done by applying the determined
torque, step 34.
[0028] At the last step the brake of the elevator is re-
leased, step 35. After releasing the brake the elevator
car does not move before the acceleration is initiated.
The actual release step and applying step are done ac-
cordingly as in the cases wherein weight of the elevator
car is measured with a weighing device. The estimate
used in the present invention is accurate enough for the
purpose and smooth start can be provided. It is reminded
here that for security reasons an overload sensor must
be used for measuring that the maximum allowable
weight is not exceeded, however, a person skilled in the
art understands that these devices are configured to de-
tect that the threshold value is not exceeded and cannot
be used for the purposes of the present invention.
[0029] In one embodiment of the invention, the esti-
mating step 32 comprises multiplying a predefined aver-
age mass of a passenger with said number resulting in
the mass of the load. For example, if said number (of the
passengers) is five and the predefined average mass of
a passenger is 80 kg, the multiplication results in that the
mass of the load is 400 kg. The predefined average mass
may be different in different countries.
[0030] In one embodiment of the invention the desti-
nation control system is controlled with personal control
device, such as a badge. In the badge, personal data,
such as the weight of the person may be included. For
privacy reasons the data should be included such that it
is secure. When the exact weight of the person is known
the estimate is more accurate. The badge mentioned
above is only one example of collecting personal data.
The estimated weight of the person may be improved by
using other means. For example, it is possible to use
imaging systems. Then, from the image the height and
the figure of the person can be determined. Then, based
on the height and figure weight can be estimated. Fur-
thermore, imaging devices, such as digital camera, can
be used for counting the number of people entering to
the elevator car. Instead of imaging devices other devices
may be used in estimating the number of passengers
and their weight. In a further embodiment, when the ac-
curacy of the estimate deviates from the actual weight
and incorrect torque is applied a feedback function is
used. If the elevator car starts to move into wrong direc-
tion the hoisting device increases or decreases the used
torque rapidly but softly so that the best possible comfort
is achieved.
[0031] The above mentioned method may be imple-
mented as computer software which is executed in a des-
tination control system, such as the apparatus disclosed
above. When the software is executed in a computing
device it is configured to perform the above described
inventive method in order to facilitate discovery resourc-
es in a mobile communication network. The software is
embodied on a computer readable medium so that it can
be provided to the computing device.
[0032] As stated above, the components of the exem-
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plary embodiments can include computer readable me-
dium or memories for holding instructions programmed
according to the teachings of the present inventions and
for holding data structures, tables, records, and/or other
data described herein. Computer readable medium can
include any suitable medium that participates in providing
instructions to a processor for execution. Common forms
of computer-readable media include, for example, a flop-
py disk, a flexible disk, hard disk, magnetic tape, any
other suitable magnetic medium, a CD-ROM, CD6R,
CD6RW, DVD, DVD-RAM, DVD6RW, DVD6R, HD
DVD, HD DVD-R, HD DVD-RW, HD DVD-RAM, Blu-ray
Disc, any other suitable optical medium, suitable memory
chip or cartridge.
[0033] It is obvious to a person skilled in the art that
with the advancement of technology, the basic idea of
the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to the
examples described above; instead they may vary within
the scope of the claims.

Claims

1. A method for controlling movement of an elevator,
wherein said elevator is coupled to a destination con-
trol system, the method comprising:

collecting call allocations for said elevator;
characterized in that
maintaining said collected call allocations;
estimating of a mass of a load in the elevator
car based on call allocations;
computing an estimate of torque required to
keep said elevator stationary when the brake of
said elevator is released; and
applying torque based on said estimate of torque
to said elevator when releasing the brake of said
elevator before accelerating movement.

2. The method according to claim 1, wherein the esti-
mating comprises:

multiplying a predefined average mass of a pas-
senger with said number resulting in the mass
of the load.

3. The method according to claim 1 or 2, wherein said
call allocations comprise start and destination floors.

4. The method according to any of preceding claims,
wherein collecting said call allocations comprises
reading of personal data.

5. The method according to claim 4, wherein said per-
sonal data comprises the weight of the person.

6. An apparatus (23) for controlling an elevator, the ap-

paratus comprising at least one processor (24) and
program code (25) stored in at least one memory
(26), wherein said apparatus is configured to:

receive call allocations for said elevator;
characterized in that
maintain said received call allocations;
estimate a mass of a load in the elevator car
based on said call allocations;
compute an estimate of torque required to keep
said elevator stationary; and
apply torque based on said estimate of torque
to said elevator when releasing the brake of said
elevator before accelerating movement.

7. The apparatus according to claim 6, wherein the ap-
paratus is further configured to:

multiply a predefined average mass of a pas-
senger with said number resulting in the mass
of the load when estimating said mass of a load.

8. The apparatus according to claim 6 or 7, wherein
said collected call allocations comprise start and
destination floors.

9. The apparatus according to any of preceding claims
6 - 8, wherein the apparatus is further configured to
collect call allocations by reading of personal data.

10. The apparatus according to claim 9, wherein said
personal data comprises the weight of the person.

11. The apparatus according to any of preceding claims
6 - 10, wherein the apparatus is further configured to:

detect movement of the elevator car when the
brake is released; and
provide information of the movement as a feed-
back to a hoisting machine.

12. An elevator system comprising at least one elevator,
wherein at least one elevator is controlled by an ap-
paratus according to any of preceding claims 6 - 11.

13. The elevator system according to claim 12, wherein
the system comprises centralized destination control
system.

14. The elevator system according to claim 12, wherein
the system comprises distributed destination control
system.

15. A computer program comprising code adapted to
cause the method according to any of claims 1 - 5
when executed on a data-processing system.
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