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(67)  According to one aspect there is provided a
method for providing testing status information of an
earthquake sensor. The method comprises initiating test-
ing with the earthquake sensor of an elevator system;
and causing transmission of testing status information
from the earthquake sensor to an elevator control system
ofthe elevator system. According to another aspect there
is provided a method for processing testing status infor-
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to elevator sys-
tems. Especially, the invention relates to earthquake sen-
sors in the elevator systems.

DESCRIPTION OF THE RELATED ART

[0002] Modern elevator systems are equipped with
sensors which are configured to identify an earthquake
emergency situation. In an earthquake emergency return
mode upon activation of primary and/or secondary wave
seismic sensors, all cars stop at the nearest floor, and
park there with the doors open to facilitate the safe evac-
uation of passengers.

[0003] Although the frequency of earthquakes is low
in most parts of the world, the sensors sensing an earth-
quake in an elevator system need to be continuously op-
erational. Some earthquake sensors include internal
monitoring functions in order to make sure that they are
operational. A drawback of such sensors is that they are
not able to detect defects in the connection between the
earthquake sensor and the elevator control system. For
example, one or more of the following defects may remain
undetected:

- the microcontroller of an earthquake sensor becom-
ing completely inactive

- defectin a power supply of the earthquake sensor

- seizure of the output signal of the earthquake sensor
to a permanent state

- earth fault in a signal wire

- short-circuit from the signal wire to unfamiliar poten-
tial

- open circuit in the signal wire

- seizure of the output signal of the elevator control to
a permanent state.

[0004] Based on the above, there is a need for a solu-
tion which would remove or alleviate one or more of the
above drawbacks.

SUMMARY

[0005] According to a first aspect there is provided a
method for providing testing status information of an
earthquake sensor. The method comprises initiating test-
ing with the earthquake sensor of an elevator system;
and causing transmission of testing status information
from the earthquake sensor to an elevator control system
of the elevator system.

[0006] Inone embodimentthe method further compris-
es initiating the testing with the earthquake sensor in re-
sponse to receiving a testing command from the elevator
control system.

[0007] Inone embodimentthe method further compris-
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es initiating the testing with the earthquake sensor within
a predetermined time frame.

[0008] In one embodiment the communication be-
tween the earthquake sensor and the elevator control
system is performed via serial communication.

[0009] In one embodiment the transmitting comprises
transmitting testing status information from the earth-
quake sensor to the elevator control system via pulse
width modulation periodicity changes. In one embodi-
ment the initiating comprises initiating the testing with the
earthquake sensor in response to receiving a testing
command from the elevator control system after identi-
fying a change in impedance in a pulse width modulation
output.

[0010] In one embodiment the testing status informa-
tion indicates at least one of the following: device oper-
ational, and an internal failure.

[0011] In one embodiment the method comprises
causing transmission of a signal indicating a secondary
wave to the elevator control system; receiving a resetting
signal from the elevator control system; and resetting the
earthquake sensor device.

[0012] According to another aspect there is provided
a method for processing testing status information of an
earthquake sensor. The method comprises receiving
testing status information from the earthquake sensor to
an elevator control system of an elevator system, and
determining, with the elevator control system, operability
of the earthquake sensor and the connection between
the earthquake sensor and the elevator control system
based on the received testing status information.
[0013] Inone embodimentthe method further compris-
es causing transmission of a testing command to the
earthquake sensor prior to receiving the testing status
information. In one embodiment the transmission is trig-
gered after a predetermined time frame expires.

[0014] In one embodiment the communication be-
tween the elevator control system and the earthquake
sensor is performed via serial communication.

[0015] In one embodiment the receiving comprises re-
ceiving testing status information from the earthquake
sensor via pulse width modulation periodicity changes.
[0016] Inone embodimentthe method further compris-
es causing transmission of a testing command to the
earthquake sensor from the elevator control system by
changing impedance of a pulse width modulation input.
[0017] In one embodiment the testing status informa-
tion indicates at least one of the following: device oper-
ational, and an internal failure.

[0018] Inone embodimentthe method further compris-
es receiving a signal indicating a secondary wave from
the earthquake sensor device; and causing transmission
of a resetting signal to the earthquake sensor.

[0019] According to another aspect there is provided
a method for determining operational status of an earth-
quake sensor. The method comprises expecting, with an
elevator control system, to receive testing status infor-
mation from the earthquake sensor within a predeter-
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mined time frame; and determining, with the elevator con-
trol system, the earthquake sensor to be operationally
faulty when receiving no testing status information from
the earthquake sensor within the predetermined time
frame.

[0020] According to another aspect there is provided
an earthquake sensor for providing testing status infor-
mation to an elevator system. The earthquake sensor
comprises means for initiating testing with the earth-
quake sensor of the elevator system; and a transmitter
configured to transmit testing status information from the
earthquake sensor to an elevator control system.
[0021] In one embodiment the earthquake sensor
comprises areceiver configured to receive a testing com-
mand from the elevator control system, wherein the
means for initiating are configured to initiate the testing
in response to the testing command.

[0022] In one embodiment the means for initiating are
configured to initiate the testing with the earthquake sen-
sor within a predetermined time frame.

[0023] In one embodiment the communication be-
tween the earthquake sensor and the elevator control
system is performed via serial communication.

[0024] Inoneembodimentthe transmitter is configured
to transmit the testing status information from the earth-
quake sensor to the elevator control system via pulse
width modulation periodicity changes.

[0025] Inoneembodimenttheinitiating means are con-
figured to initiate the testing in response to receiving a
testing command from the elevator control system after
identifying a change in impedance in a pulse width mod-
ulation output.

[0026] In one embodiment the testing status informa-
tion indicates at least one of the following: device oper-
ational, and an internal failure.

[0027] According to another aspect there is provided
an elevator control system for processing testing status
information of an earthquake sensor. The elevator control
system comprises a receiver configured to receive test-
ing status information from the earthquake sensor, and
means for determining operability of the earthquake sen-
sor based on the received testing status information.
[0028] In one embodiment the elevator control system
comprises a transmitter configured to transmit a testing
command to the earthquake sensor prior to receiving the
testing status information.

[0029] In one embodiment the transmission is trig-
gered after a predetermined time frame expires.

[0030] In one embodiment the communication be-
tween the elevator control system and the earthquake
sensor is performed via serial communication.

[0031] In one embodiment the receiver is configured
to receive the testing status information from the earth-
quake sensor via pulse width modulation periodicity
changes.

[0032] Inone embodimentthe elevator control system
comprises a transmitter configured to transmit a testing
command to the earthquake sensor by changing imped-
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ance of a pulse width modulation input.

[0033] In one embodiment the testing status informa-
tion indicates at least one of the following: device oper-
ational, and an internal failure.

[0034] In one embodiment the receiver is configured
to receive a signal indicating a secondary wave from the
earthquake sensor device, and the transmitter is config-
ured to transmit a resetting signal to the earthquake sen-
sor after detecting the secondary wave.

[0035] According to another aspect there is provided
a system comprising an earthquake sensor device ac-
cording to claim 18 and an elevator control system ac-
cording to claim 19.

BRIEF DESCRIPTION OF THE DRAWINGS:
[0036]

The accompanying drawings, which are included to
provide a further understanding of the invention and
constitute a part of this specification, illustrate em-
bodiments of the invention and together with the de-
scription help to explain the principles of the inven-
tion. In the drawings:

Figure 1A is a flow diagram illustrating initiating
testing with an earthquake sensor of an elevator
system according to one embodiment of the in-
vention.

Figure 1B is a flow diagram illustrating initiating
testing with an earthquake sensor of an elevator
system according to another embodiment of the
invention.

Figure 2 illustrates examples of pulse width
modulation signals according to one embodi-
ment of the invention.

Figure 3 illustrates examples of identification
signals according to one embodiment of the in-
vention.

DETAILED DESCRIPTION

[0037] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

[0038] Figure 1Ais aflow diagram illustrating initiating
testing with an earthquake sensor of an elevator system
according to one embodiment of the invention.

[0039] In the arrangement of Figure 1A, an elevator
system is equipped with a sensor or sensors which iden-
tify an earthquake emergency situation. If an earthquake
is detected, a special emergency procedure is executed
by the elevator system. Figure 1A provides a solution for
testing the operability of the earthquake sensor and the
connection between an earthquake sensor device 100
and elevator control system 102. The elevator control
system 102 is configured to send a testing command
signal 106 to the earthquake sensor device 100. In re-
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sponse to receiving the testing command signal 106, the
earthquake sensor device 104 executes a testing proce-
dure 104 and provides the elevator control system 102
with testing status information.

[0040] In one embodiment, testing status codes and a
testing status relating to each code have been stored in
the elevator control system 102. When the elevator con-
trol system 102 receives testing status information com-
prising a testing status code, it is able to determine the
actual meaning of the testing status code. In another em-
bodiment, the earthquake sensor device 100 may send
testing status information that itselfincludes a description
relating to the testing status. Thus, the elevator control
system need not store any additional information to be
used to interpret the testing status information.

[0041] By executing the above signaling, the elevator
control system 102 receives a confirmation that the earth-
quake sensor device 100 and the connection between
the earthquake sensor device 100 and the elevator con-
trol system 102 are operational.

[0042] In one embodiment of Figure 1A, the commu-
nication between the earthquake sensor device 100 and
the elevator control system 102 is performed via serial
communication.

[0043] In one embodiment of Figure 1A, the earth-
quake sensor 100 identifies an impedance change by
measuring current in a pulse width modulation (PWM)
output. The testing status information 108 may be trans-
mitted to the elevator control system 102 via pulse width
modulation (PWM) periodicity changes. Examples of
PWM signals are presented in Figure 2.

[0044] In one embodiment of Figure 1A, the elevator
control system 102 sends to the earthquake sensor 100
a separate testing signal 106, and the earthquake sensor
100 responds to the testing signal with a separate testing
status signal 108.

[0045] In one embodiment, several signaling methods
disclosed above may be used concurrently. This provides
an enhanced monitoring possibility of the operability of
the earthquake sensor device.

[0046] Figure 1B is a flow diagram illustrating initiating
testing with an earthquake sensor device 100 of an ele-
vator system according to another embodiment of the
invention. The embodiment of Figure 1B differs from the
embodiment of Figure 1A in that the elevator control sys-
tem 102 does not transmit a testing command signal to
the earthquake sensor device 100. The earthquake sen-
sor device 100 is configured to initiate the testing proce-
dure 110 independently and provides results of the test-
ing to the elevator control system 102 with the testing
status information signaling 112. In one embodiment, the
earthquake sensor device 100 is configured to transmit
the testing status information within a predetermined time
frame.

[0047] If the elevator control system 102 notices that
is has not received any testing status information sign-
aling from the earthquake sensor 100 within a predeter-
mined time frame, it may deduce that the earthquake
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sensor device 100 is faulty and is not operational. The
predetermined time frame may be configured to be any
time interval, for example, 6 hours, 12 hours or 24 hours.
The elevator control system 102 may also trigger a trans-
mission of a separate testing command signal to the
earthquake sensor 100 in order to verify whether the
earthquake sensor device 100 is operational or not.
[0048] The solutions disclosed in Figures 1A and 1B
make it possible to identify various fault situations in the
earthquake sensor device andinthe connection between
the earthquake sensor device and the elevator control
system.

[0049] Figure 2 illustrates examples of signals trans-
mitted using pulse width modulation according to one
embodiment of the invention. Figure 2 represents exem-
plary signals that an earthquake sensor device may pro-
vide during a testing procedure or during its normal op-
erational mode.

[0050] The signal 200 indicates that the earthquake
sensor device is operational. The signal 202 indicates
that a primary wave has been detected. The signal 204
indicates that a secondary wave has been detected. The
signal 206 indicates that internal tests are active. The
signal 208 indicates that an internal failure has occurred.
In one embodiment, during a testing procedure the earth-
quake sensor device may transmit the signal 200 or 208
to the elevator control. The signal 208 provides an ex-
ample of a possible signal for providing further informa-
tion to the elevator control about the operability of the
earthquake sensor device. The signal may mean, for ex-
ample, thatan internal error has occurred during the test-
ing procedure and that the earthquake sensor is not fully
operational. It is possible to provide further indications
about the operability of the earthquake sensor or its con-
nection interface towards the elevator control system by
changing the pulse width modulation of the signals and
thus providing more identifiable states. When using one
signal wire, it is also possible to use, for example, Man-
chester coding in providing status information about the
earthquake sensor device.

[0051] Figure 3illustrates examples of signals from an
earthquake sensor device to an elevator control system
according to one embodiment of the invention. In this
embodiment, the earthquake sensor indicates its status
to the elevator control with one signal. The time during
which the signal is zero determines the status of the
earthquake device. In Figure 3, the signal 300 indicates
that the earthquake sensor device is operational. The
signal 302 indicates that internal tests are active. The
signal 308 indicates that an internal failure has occurred.
Additional states may be indicated by using different zero
signal lengths.

[0052] During a normal operational mode of the earth-
quake sensor device, the signal 304 may be used to in-
dicate that a primary wave has been detected. Similarly,
the signal 306 may be used to indicate that a secondary
wave has been detected.

[0053] Furthermore, as already disclosed above, any



7 EP 2 818 441 A1 8

of the above disclosed techniques for transmitting testing
status information between the earthquake sensor de-
vice and the elevator control system may be used to
transmit signals from the earthquake sensor device to
the elevator control system relating to the normal oper-
ational mode of the earthquake sensor device, for exam-
ple, signals indicating the primary or secondary wave. In
one embodiment, status codes and a status relating to
each code have been stored in the elevator control sys-
tem. When the elevator control system receives status
information comprising a status code, it is able to deter-
mine the actual meaning of the status code. In another
embodiment, the earthquake sensor device may send
status information that itself includes a description relat-
ing to the status. Thus, the elevator control system need
not store any additional information to be used to interpret
the status information.

[0054] In another embodiment of the invention, binary
coding may also be used to transmit information from an
earthquake sensor device to elevator control. The
amount of bits used in the coding determines the number
of different states that can be indicated. If two bits are
used, a bit combination (1,1) may indicate that the earth-
quake sensor device is operational. A bit combination
(1,0) may indicate that internal tests are active in the
earthquake sensor device. A bit combination (0,1) may
indicate that the earthquake sensor device has detected
a primary wave. A bit combination (0,0) may indicate that
the earthquake sensor device has detected a secondary
wave or that an internal failure has occurred. By using
more bitsitis possible to indicate more states of the earth-
quake sensor device to the elevator control system.
[0055] By using any of the above techniques for trans-
mitting information between an earthquake sensor de-
vice and an elevator control system it is possible to iden-
tify fault situations with the earthquake sensor device
and/orin its connection interface towards elevator control
system, and the elevator control system is constantly
aware of the operability of the earthquake sensor device.
Furthermore, if the elevator control system does not re-
ceive a status report from the earthquake sensor device
within a predetermined time frame, the elevator control
system is able determine that the earthquake sensor is
malfunctioning.

[0056] Furthermore, in one embodiment, any of the
above disclosed signal transmission techniques or other
appropriate signal transmission techniques may be used
to transmit a reset signal from the elevator control system
to the earthquake sensor device after detecting the sec-
ondary wave signal from the earthquake sensor device.
By usingthe remote reset possibility itis possible to return
an elevator back to its normal operating mode easier and
faster without a need to make the reset manually at the
location of the earthquake sensor device.

[0057] The earthquake sensor device and the elevator
control system disclosed above comprise the necessary
means for implementing the functions disclosed above.
These means may comprise, for example, at least one
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processor, at least one memory for storing information
which may comprise a computer program or programs
to be executed by the at least one processor, and a sig-
naling interface or interfaces to enable communication
between the earthquake sensor device and the elevator
control system. The signaling interface may be a wired
interface or wireless communication interface.

[0058] 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 providing testing status information of
an earthquake sensor, the method comprising:

initiating testing with the earthquake sensor of
an elevator system; and

causing transmission of testing status informa-
tion from the earthquake sensor to an elevator
control system of the elevator system.

2. Themethod according to claim 1, further comprising:

initiating the testing with the earthquake sensor
inresponse toreceiving a testing command from
the elevator control system.

3. The method according to claim 1, further comprising:

initiating the testing with the earthquake sensor
within a predetermined time frame.

4. The method according to any of claims 1 - 3, wherein
the communication between the earthquake sensor
and the elevator control system is performed via se-
rial communication.

5. The method according to any of claims 1 - 4, wherein
the transmitting comprises transmitting testing sta-
tus information from the earthquake sensor to the
elevator control system via pulse width modulation
periodicity changes.

6. The method according to claim 5, wherein the initi-
ating comprises initiating the testing with the earth-
quake sensor in response to receiving a testing com-
mand from the elevator control system after identi-
fying a change in impedance in a pulse width mod-
ulation output.

7. The method according to any of claims 1 - 6, wherein
the testing status information indicates at least one
of the following:
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- device operational
- an internal failure.

The method according to any of claims 1 - 7, further
comprising:

causing transmission of a signal indicating a
secondary wave to the elevator control system;
receiving a resetting signal from the elevator
control system; and

resetting the earthquake sensor device.

A method for processing testing status information
of an earthquake sensor, the method comprising:

receiving testing status information from the
earthquake sensor to an elevator control system
of an elevator system; and

determining, with the elevator control system,
operability of the earthquake sensor and the
connection between the earthquake sensor and
the elevator control system based on the re-
ceived testing status information.

The method according to claim 9, wherein the meth-
od further comprises:

causing transmission of a testing command to
the earthquake sensor prior to receiving the test-
ing status information.

The method according to claim 10, wherein the trans-
missionis triggered after a predetermined time frame
expires.

The method according to any of claims 9 - 11, where-
in the communication between the elevator control
system and the earthquake sensor is performed via
serial communication.

The method according to any of claims 9 - 11, where-
in the receiving comprises receiving testing status
information from the earthquake sensor via pulse
width modulation periodicity changes.

The method according to claim 13, further compris-
ing:

causing transmission of a testing command to
the earthquake sensor from the elevator control
system by changing impedance of a pulse width
modulation input.

The method according to any of claims 9 - 14, where-
in the testing status information indicates atleastone

of the following:

- device operational
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- an internal failure.

16. The method according to any of claims 9 - 15, further

comprising:

receiving a signal indicating a secondary wave
from the earthquake sensor device;

causing transmission of a resetting signal to the
earthquake sensor.

17. A method for determining operational status of an

earthquake sensor, the method comprising:

expecting, with an elevator control system, to
receive testing status information from the earth-
quake sensor within a predetermined time
frame; and

determining, with the elevator control system,
the earthquake sensor to be operationally faulty
when receiving no testing status information
from the earthquake sensor within the predeter-
mined time frame.

18. An earthquake sensor for providing testing status

information to an elevator system, comprising
means for performing the method of any of claims 1
- 8.

19. An elevator control system, comprising means for

performing the method of any of claims 9 - 17.

20. An elevator system comprising an earthquake sen-

sor according to claim 18 and an elevator control
system according to claim 19.
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