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(57) Abstract: An exemplary system for monitoring an elevator arrangement includes a detector arranged to detect conditions or
events in, on or near an associated elevator car. A monitoring device monitors a status of the associated elevator car. The monitor-
ing device communicates with the detector for receiving data indicative of any event or condition detected by the detector. The
monitoring device provides an output that associates the status of the elevator car at a time of any detected event or condition with
an indication of the detected event or condition including a reproduction of the detected event or condition.
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REMOTELY OBSERVABLE ANALYSIS
FOR AN ELEVATOR SYSTEM

BACKGROUND

ooo1] Elevator systems are well known and in widespread use. There are

various issues and challenges presented associated with installing elevator system
components and maintaining proper operation of an elevator system. If one or more
of the elevator system components is not installed properly or stops operating
properly, various issues may arise. For example, a component that is not operating
properly may cause noise that is disturbing to elevator passengers because they are
uncertain of the source of the noise or if it has any impact on their ability to rely upon
the elevator. There are a variety of potential sources of noise in an elevator system
such as noises associated with brake operation, noises associated with machine (e.g.,
motor and traction sheave) operation, noises associated with guides that follow along
guide rails during elevator car movement and noises associated with car door
operation.

[0002] The common approach to addressing a noisy elevator component
typically involves responding to a customer request for service based upon one or
more individuals reporting having heard a noise that they consider unusual in or
around the elevator car. Then the elevator servicing company is typically contacted.
A technician later arrives, troubleshoots the elevator system to diagnose the situation
and make any repair or adjustments as needed.

[0003] One drawback associated with the common approach is that it takes a
considerable amount of time and effort for many technicians to accurately diagnose a
situation and then to take corrective action. Another significant drawback is that the
entire process of troubleshooting typically involves removing the elevator from
normal service and operating it in an inspection mode. During such times, passengers
cannot be serviced by the elevator car, which can be inconvenient at a minimum.

[ooo4] There are known devices that allow technicians to diagnose situations
in an elevator system that produce noises. Known devices are portable and carried to
the job site by the technician. Such devices are capable of recording sounds and

providing some form of visible indication to the technician regarding the recorded



10

15

20

25

30

WO 2009/126140 PCT/US2008/059605

sounds. For example, some known devices provide a graphical output indicating
sound pressure levels detected by the device.

[ooos] Those skilled in the art are always striving to make improvements. It
would be useful to provide enhanced capabilities for monitoring noises in elevator
systems and to improve efficiencies associated with diagnosing and correcting or

servicing elevator system components to provide reliable and quiet system operation.

SUMMARY

[0006] An exemplary system for monitoring an elevator arrangement includes
a detector arranged to detect conditions or events in, on or near an associated elevator
car. A monitoring device monitors a status of the associated elevator car. The
monitoring device communicates with the detector for receiving data indicative of any
event or condition detected by the detector. The monitoring device provides an output
that associates the status of the elevator car at a time of any detected event or
condition with an indication of the detected event or condition including a
reproduction of the detected event or condition.

[00071 An exemplary method of monitoring an elevator arrangement includes
detecting an event or condition in, on or near an elevator car. A status of the elevator
is determined including any movement or position of the elevator car. An output is
generated that associates an indication of the detected event or condition including a
reproduction of the detected event or condition with the status of the elevator
arrangement at the time of the detected event or condition.

[ooos] The various features and advantages of the disclosed example will
become apparent to those skilled in the art from the following detailed description.
The drawings that accompany the detailed description can be briefly described as

follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[ooo9] Figure 1 schematically illustrates selected portions of an elevator

arrangement and a system for monitoring the elevator arrangement.
[ooo10] Figure 2 schematically illustrates an example output on a user
interface.

[ooo11] Figure 3 schematically illustrates another example output.
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DETAILED DESCRIPTION

[ooo12] Figure 1 schematically illustrates a system 20 for monitoring an
elevator arrangement 22. This example includes an elevator car 24 associated with a
counterweight 26. A roping arrangement 28 supports the weight of the elevator car
24 and the counterweight 26. The roping arrangement 28 moves along sheaves 30
and 32 responsive to operation of a machine 34 to cause desired movement of the
elevator car 24 in a known manner. An elevator controller 36 controls operation of
the machine 34 to move the elevator car 24 as desired and to maintain it in selected
positions as needed.

[00013] A monitoring device 40 monitors the status of the elevator arrangement
22 including any movement and position of the elevator car 24. In this example, the
monitoring device 40 is schematically illustrated separate from the elevator controller
36. In some examples, the monitoring device 40 is part of the elevator controller 36
such as dedicated hardware, software, firmware or a combination of these within the
elevator controller 36. In the illustrated example, the monitoring device 40
communicates with the elevator controller 36 to receive information regarding the
movement or position of the elevator car 24. The monitoring device 40 in this
example is capable of continuous, ongoing monitoring of all movement and position
of the elevator car 24. The example monitoring device also uses or gathers
information regarding various components of the elevator arrangement such as car
doors, brakes, safety devices, guides and sheaves. Such information may be part of
the determined status.

[00014] A detector 42 is situated relative to the elevator car 24 for detecting an
event or condition in, on or near the elevator car 24. The detector 42 may, for
example, detect component movement, vibrations, noises associated with movement
of the elevator car 24 within a hoistway, operation of the machine 34, movement of
doors on the elevator car 24, operation of a brake associated with the machine 34 or
any other event or condition that may be detectable in the vicinity of the elevator car
24. Examples of detectors 42 include microphones, vibration transducers, cameras
(video or still) or pressure transducers. While the detector 42 may take a variety of
forms in some examples, a sound detector such as a microphone is used below as an
example for discussion purposes. The monitoring device 40 will be described below

as being used for monitoring and reporting detected sounds but is not necessarily
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limited to that particular use. Some example monitoring devices 40 used in example
embodiments of this invention are capable of monitoring other events or conditions
that are detectable in, on or near an elevator car by other example detectors of various
forms.

[00015] The monitoring device 40 communicates with the example detector 42
so that the monitoring device 40 receives data indicative of any sound detected by the
sound detector 42. The monitoring device 40 associates detected sounds and elevator
status information at corresponding times. The monitoring device 40 provides an
output that associates the status (e.g., the movement or position of the elevator car 24
or a particular component associated with the elevator car 24 such as a door or a door
mover) at a time of any detected sound with an indication of the detected sound that
includes a reproduction of that which was detected by the detector 42. In one
example, the output comprises an audible reproduction of the sound that occurred in,
on or near the elevator car as detected by the detector 42.

[ooo16] In the illustrated example, the output from the monitoring device 40 is
communicated to a processor 50 that is located remotely from the site of the elevator
arrangement 22. As schematically shown in Figure 1, the example processor 50 is
situated within a building 52 that is located remotely from the building or structure
within which the elevator arrangement 22 is situated. Communication between the
monitoring device 40 and the processor 50 occurs over a communication network 60.
In one example, the communication network 60 includes line-based
telecommunication devices. In another example, the network 60 includes equipment
that facilitates wireless communications between the monitoring device 40 and the
processor 50. Another example includes some wireless and some line-based
communications.

[00017] The processor 50 allows an individual at the remote location (i.e., the
building 52) to remotely monitor sounds within the elevator arrangement 22. In one
example, the processor 50 provides an audible output that allows an individual at the
remote location to listen to noise or sounds that occurred in or near the elevator car
24. In one example, the monitoring device 40 digitizes the sound recorded by the
sound detector 42 and transmits a data file of the digitized sound to the processor 50.
The example digitized sound is a reproduction of the actual sound detected by the

detector 42. The processor 50 generates a sound file such as a WAV format file that
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can be played back by an individual at the remote location to listen to the sound that
occurred in the elevator arrangement 22.

[ooo18] The output from the monitoring device 40 also provides information
regarding a status of the elevator arrangement 22 at the time of the detected sound.
Example status information includes whether the elevator car 24 is moving or remains
at a particular position when the sound is occurring. The information regarding the
elevator arrangement status also includes information such as whether doors on the
elevator car are moving, opened or closed. In one example, any information available
from the controller 36 is tracked by the monitoring device 40 and provided in the
output to convey information regarding the status of a variety of components within
the elevator arrangement 22 at a time of a detected sound. Having the status
information available with an audible playback of a detected sound allows an
individual at a remote location to diagnose the condition of the elevator arrangement
22 associated with a detected sound.

[ooo19] Having remote monitoring capabilities such as those provided by the
illustrated example facilitates more economically servicing elevator systems. For
example, it is possible for an experienced individual to remotely monitor various
elevator arrangements and to provide an appropriate instruction to have a technician
sent to a particular site when detected elevator arrangement conditions warrant
service, for example. Additionally, the individual at the remote location can
troubleshoot and diagnose the situation to recommend a potential maintenance or
repair procedure before a technician arrives at the scene. This presents cost and time
savings as a technician does not need to arrive at the scene, then diagnose the situation
and then decide how to address it. By enabling an individual to predetermine the
likely situation and a probable cause of it, the illustrated example facilitates more
quickly remedying or servicing an elevator arrangement in need of attention.

[00020] One aspect of the example monitoring device 40 is that it allows the
remote individual to specify particular elevator functions such as moving the elevator
car 24, controlling door functions and the speed at which the elevator car or
components are moved. The example monitoring device responsively directs control
of the elevator to achieve the specified elevator function received from the remotely
located individual. Given this description, those skilled in the art will realize what
range of possible remotely instigated or remotely controlled functions or operations

will be useful for monitoring or diagnosing a particular elevator installation.
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[00021] Another feature associated with the monitoring capabilities of the
illustrated example is that the monitoring device 40 can provide the output indicating
the condition of the elevator arrangement 22 on an ongoing, continuous basis if
needed. The information from the monitoring device 40 is available to a remotely
located individual even while the elevator car 24 is in service and available for
carrying passengers during normal operation. This avoids the necessity of taking an
elevator car out of service during a troubleshooting, maintenance operation, for
example.  Accordingly, the illustrated example enhances the efficiency and
availability of an elevator arrangement by reducing the amount of time that an
elevator car would have to be taken out of service to address any potential problems
associated with detected noises.

[00022] Another feature of this example is that remote monitoring of a newly
installed elevator is possible. This allows for recognizing potentially incorrectly
installed components or potentially defective components before the elevator is placed
into service.

[00023] Another feature of this example is an ability to establish a baseline
sound profile for a newly installed elevator. Such a baseline profile can be used for
later comparisons to determine routine scheduled maintenance dates, for example,
based on actual data regarding a particular installation. This allows for customizing
service schedules that can vary among different installations.

[00024] In one example, the monitoring device 40, the processor 50 or both is
configured to recognize an expected or acceptable sound level associated with various
conditions of the elevator arrangement 22. Whenever a sound is detected that
deviates from the expected sound or range of expected sounds in a sufficient amount,
an alert or alarm indication is provided by the processor 50, the monitoring device 40
or both. In other words, the illustrated example has the capability to perform real-
time processing of audio information and can generate alerts or alarms that are used to
inform appropriate personnel regarding the situation. The appropriate response can
then be determined to meet the needs of a particular situation. Such an arrangement
allows for automating a process of diagnosing potential current or future problems for
an elevator arrangement without requiring manual intervention until a situation arises
that is likely to require attention by service personnel.

[00025] In one example, the monitoring device continuously provides an output

to the processor 50. In another example, the monitoring device 40 only provides an
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output to the processor 50 responsive to a determination by the monitoring device 40
that a detected sound is outside of an expected or acceptable range. Such an example
limits the amount of communication required between the monitoring device 40 and
the processor 50, which may prove useful where communication resources need to be
conserved. In another example, the processor 50 is programmed to periodically
instruct the monitoring device 40 to send output information on a predetermined or
as-needed basis.

[ooo26] Figure 2 schematically illustrates a user interface 70 that can be used
with the processor 50 at a remote location such as the building 52 in the example of
Figure 1. In this example, the user interface 70 provides a visible output 72 regarding
detected sounds and associated elevator status information. In this example, a plot 74
of sound pressure levels detected by the sound detector 42 shows a baseline or
acceptable performance level of the elevator arrangement 22. The information
providing the plot 74 is stored, for example, in memory associated with the processor
50 so that the processor 50 can make a comparison between the baseline or acceptable
noise levels indicated by the plot 74 and actual sound levels associated with operation
of the elevator arrangement.

(000271 In Figure 2, a second plot 76 represents sound pressure levels detected
by the sound detector 42 during a particular time of elevator system operation. As can
be appreciated from Figure 2, at several instances, the sound level shown by the plot
76 exceeds that of the plot 74. In one example, the processor 50 is configured to
make determinations regarding such differences in sound level. In this example, an
individual can see the differences in sound to evaluate or diagnose the condition of the
elevator system.

[ooo28] As shown at 80, indications of the status of the elevator system are
provided along with the visible indications of the detected sound levels. This allows
an individual to troubleshoot or diagnose potential problem situations and to identify
the elevator system component or function that is the likely cause of the undesirably
high noise or sound level. In the example of Figure 2, the increased noise as the
elevator car passes the landing 2, which is indicated at 84, is considered an
undesirably high amount of noise and an appropriate service technician is dispatched
to address the situation.

[00029] The example of Figure 2 includes a sound generator 86 such as a

speaker that allows an individual to listen to an audible indication of the actual
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detected sound. This provides further enhanced abilities to remotely analyze and
diagnose a situation at a particular elevator assembly.

[ooo30] Figure 3 shows another example user interface 90 that is useful for
remotely observing an elevator system event or condition. This example also allows
an individual to remotely analyze sounds detected in, on or near an elevator car. A
plot 92 shows detected sound levels over time. Indicators of elevator system status
are provided at 94 for associating the status information with the coincident detected
sound. Another feature of this example, is that a visual indicator 96 provides a visual
indication of the portion (e.g., the location along the sound plot 92) to which an
individual is listening at a given moment in time. The example indicator 96 allows an
individual to assess the detected sound in relation to the system status indicators 94
and the audible sound available from the output provided by the monitoring device
40.

000311 One such example allows for placing markings in a visual
representation or into a sound file that allow an individual to return to specific points
of interest in the output for later analysis or comparison to other sound files or outputs
gathered at other or obtained from monitoring other elevator systems.

[00032] In one example, multiple output files or selected portions of output
files such as the sound file portion of an output from the monitoring device 40 are
maintained to allow analysis of changes over time or other ongoing comparisons.

[00033] Having the ability to remotely determine the likely cause of such noise
based upon the combined information from the detected sound and the associated
elevator status information gives a service technician in the field an ability to more
quickly address the situation at the elevator site. This type of diagnosis from a remote
location can occur while the elevator car is still in service.

[00034] The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the essence of this invention. The
scope of legal protection given to this invention can only be determined by studying

the following claims.
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CLAIMS

We claim:

1. A system for monitoring an elevator arrangement, comprising:
a detector arranged to detect an event or a condition in, on or near an
associated elevator car; and
a monitoring device configured to
monitor a status of the elevator arrangement,
communicate with the detector for receiving data indicative of
any event or condition detected by the detector, and
provide an output that associates the monitored status of the
elevator arrangement at a time of any detected event or condition with
an indication of the detected event or condition including a

reproduction of the detected event or condition.

2. The system of claim 1, wherein the monitoring device is configured to
communicate the output to another device remotely located from a site of the

monitoring device.

3. The system of claim 2, wherein the monitoring device

determines a baseline reference of at least one acceptable event or condition;

determines whether any detected event or condition has an expected
relationship with a corresponding acceptable event or condition; and

provides the output to the other device responsive to the detected event or
condition not having the expected relationship with the corresponding acceptable

event or condition.

4. The system of claim 1, comprising

a processor located remotely from a site of the monitoring device, the
processor receiving the output from the monitoring device and generating a
corresponding output that provides the reproduction of the detected event or

condition.
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5. The system of claim 4, wherein the processor generates an audible output
representing a detected sound and a visible output representing the detected sound in
association with the status of the elevator arrangement at the time of the detected

sound.

6. The system of claim 5, wherein one of the monitoring device or the processor
digitizes the indication of the detected sound such that the corresponding sound file is

digitized.

7. The system of claim 6, comprising

a storage that maintains a plurality of digitized sound files and wherein the
processor is configured to provide an indication of a comparison of at least one
feature of selected ones of the sound files with corresponding elevator status

information.

8. The system of claim 6, comprising
a user interface that provides an audible output corresponding to the sound file

that can be heard by a user remote from the site of the monitoring device.

0. The system of claim 5, wherein

the monitoring device performs on-going, real-time monitoring; and

one of the monitoring device or the processor determines whether any detected
sound has an expected relationship with a corresponding acceptable sound and
provides an output indicating an event corresponding to the detected sound not having

the expected relationship with the corresponding acceptable sound.

10. The system of claim 1, wherein the monitoring device provides the output on
an ongoing basis while the corresponding elevator car is in service for carrying

passengers.
11. The system of claim 1, wherein the detector comprises a sound detector and

the reproduction of the output allows an individual remote from the monitoring device

to audibly hear a sound detected by the sound detector.

10
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12. The system of claim 1, wherein the monitoring device allows another remotely
located device or individual to specify particular elevator functions and the
monitoring device responsively directs control of the elevator to perform the specified

function.

13. The system of claim 1, wherein the monitoring device output allows for
simultaneously, manually observing an audible indication of a sound detected by the
detector, a visible indication of the detected sound and an indication of the associated

monitored status of the elevator arrangement.

11
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14. A method of monitoring an elevator arrangement, comprising the steps of:
detecting an event or condition in, on or near an elevator car;
determining a status of the elevator arrangement; and
generating an output associating an indication of the detected event or
condition with the status of the elevator arrangement at the time of the detected event

or condition including a reproduction of the detected event or condition.

15. The method of claim 14, comprising
communicating the output to another device remotely located from a site of

the elevator car.

16. The method of claim 15, comprising

determining a baseline reference of an acceptable event or condition;

determining whether any detected event or condition has an expected
relationship with a corresponding acceptable event or condition; and

providing the output to the other device responsive to the detected event or
condition not having the expected relationship with the corresponding acceptable

event or condition.

17. The method of claim 14, comprising
generating a corresponding output file that comprises the reproduction of the

detected event or condition at a location remote from the elevator arrangement.

18. The method of claim 17, comprising
generating an audible output reproducing a detected sound;
generating a visible output representing the detected sound; and
providing an indication of an associated status of the elevator arrangement at

the time of the detected sound.

19. The method of claim 18, comprising

simultaneously performing the generating and providing steps.

12
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20. The method of claim 18, comprising
digitizing the indication of the detected sound such that a sound file of the

output is digitized.

21. The method of claim 20, comprising
maintaining a plurality of digitized sound files; and
selectively providing an indication of a comparison of at least one feature of

selected ones of the sound files with corresponding elevator status information.

22. The method of claim 14, comprising
providing the output corresponding to any detected event or condition such
that the reproduction of the detected event or condition can be observed by a user at a

location remote from the elevator car.
23. The method of claim 14, comprising

providing the output on an ongoing basis while the corresponding elevator car

is in service for carrying passengers.

13
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