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sponding elevator use monitoring system (3) are proposed. The method in-

25 cludes: - receiving short-range radio signals (33) emitted by mobile devices
1" (23) located inside an elevator space (3 1), the radio signals (33) comprising
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unambiguous identity information associated to each individual mobile de-
vice (23); - storing identity data together with associated time stamp data,
wherein the identity data is derived individually from each of the received
radio signals (33) and wherein the time stamp data is indicating a point in
time at which the respective radio signal (33) has been received; - upon
receiving an indication that a predefined condition applies for a specific
mobile device (23) from which radio signals (33) have previously been re-
ceived:; comparing stored time stamps associated with other mobile devices
(23) with the stored time stamp associated to the specific mobile device

A (23) and issuing incidence information indicating those ones of the other
33 mobile devices (23) for which the time stamp of the specific mobile device
and the time stamp of the other mobile device (23) are within a predeter-
mined time range.
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Method and system for monitoring use of an elevator

The technology described herein generally relates to a method for operating an ¢levator.
More particularly, the technology relates to a method for monitoring use of the elevator.
The technology described herein further relates to an elevator use monitoring system, an
elevator, a computer program product and a computer readable medium configured for

implementing such method.

Elevators serve for transporting passengers with an elevator cabin throughout a building.
Typically, a multiplicity of passengers may be accommodated within the elevator cabin
and may then be transported for example from a starting floor to a destination floor in the
building. During such travel, further passengers may enter or exit the cabin during

intermediate stops at other floors.

Accordingly, various passengers have to share a limited elevator space within the elevator
cabin during a ride. Furthermore, a number and combination of passengers in a crowd

sharing the elevator space may change at every stop of the elevator cabin.

While this is generally no problem during normal operation of the elevator, there may be
situations such as during a pandemic like the Corona pandemic in which close contact or
proximity between people should be avoided and social distancing should be established
in order to reduce infection risks. Accordingly, due to the limited space in an elevator
cabin, a number of passengers being allowed to share the elevator cabin may have to be
restricted. However, such restriction may substantially limit a transportation capacity of

the elevator.

Accordingly, there may be a need for an alternative approach for enabling maintaining

transport capacity of the elevator during the mentioned situations as high as possible.

Such need may be met with the subject-matter of the independent claims. Advantageous
embodiments are defined in the dependent claims as well as in the following specification

and the associated figures.
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According to a first aspect of the technology described herein, a method for monitoring
use of an ¢levator is proposed, wherein the method comprises at least the following steps,
preferably in the indicated order:

- receiving short-range radio signals emitted by mobile devices located inside an elevator
space, the radio signals comprising unambiguous identity information associated to each
individual mobile device;

- storing identity data together with associated time stamp data, wherein the identity data
is derived individually from each of the received radio signals and wherein the time
stamp data is indicating a point in time at which the respective radio signal has been
recerved;

- upon receiving an indication that a predefined condition applies for a specific mobile
device from which radio signals have previously been received: comparing stored time
stamps associated with other mobile devices with the stored time stamp associated to the
specific mobile device and issuing incidence information indicating those ones of the
other mobile devices for which the time stamp of the specific mobile device and the time

stamp of the other mobile device are within a predetermined time range.

According to a second aspect of the technology described herein, an elevator use
monitoring system is proposed, the elevator use monitoring system being configured for
executing or controlling the method according to an embodiment of the first aspect of the
technology described herein. Such elevator use monitoring system may comprise a short-
range radio signal receiver, a data storage and a data processor. Therein, the short-range
radio signal receiver is configured for receiving short-range radio signals emitted by
mobile devices located inside the elevator space, the radio signals comprising
unambiguous identity information associated to each individual mobile device.
Furthermore, the data storage is configured for storing identity data together with
associated time stamp data, wherein the identity data is derived individually from each of
the received radio signals and wherein the time stamp data is indicating a point in time at
which the respective radio signal has been received. Finally, the data processor is
configured for receiving indication data and for, upon receiving an indication data
indicating that a predefined condition applies for a specific mobile device from which
radio signals have previously been received, comparing stored time stamps associated
with other mobile devices with the stored time stamp associated to the specific mobile

device and issuing incidence information indicating those ones of the other mobile
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devices for which the time stamp of the specific mobile device and the time stamp of the

other mobile device are within a predetermined time range.

According to a third aspect of the technology described herein, an elevator is proposed,
the elevator comprising a short-range radio signal receiver and further comprising or
being connected to a data storage and a data processor of an elevator use monitoring
system according to an embodiment of the second aspect of the technology described

herein.

According to a fourth aspect of the technology described herein, a computer program
product is proposed, the computer program product comprising computer readable
instructions which, upon being executed by a computer processor, instruct the computer
to executing or controlling a method according to an embodiment of the first aspect of the

technology described herein.

According to a fifth aspect of the technology described herein, a computer readable
medium is proposed, the computer readable medium comprising stored thereon a
computer program product according to an embodiment of the fourth aspect of the

technology described herein.

Ideas underlying embodiments of the technology described herein may be interpreted as

being based, inter alia, on the following observations and recognitions.

As briefly indicated above, limiting an allowable number of passengers using an elevator
in order to establish sufficient space between passengers e.g. in times of a pandemic

generally results in a reduced passenger transportation capacity of the elevator.

An alternative or additional approach for preventing a wide spreading of an infection may
be established by tracing contacts between people. In order to trace contacts between
persons which might result in a transmission of an infection from one person to another
person due to the persons being in close neighbourhood for a sufficient duration, contact
tracing apps have been developed. Such contact tracing apps are sometimes also referred
to as Corona apps. Typically, such contact tracing app uses the fact that many persons

carry mobile devices such as smartphones with them and that such mobile devices may
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therefore be used as a tool for determining close proximity between the holders of the
devices. In a common implementation, the contact tracing app controls the mobile device
to, on the one side, emit short-range radio signals such as Bluetooth signals and, on the
other side, receive short-range radio signals emitted from other mobile devices being
located in sufficiently close proximity. Thereby, contacts between neighbouring mobile
devices may be detected. The mobile devices and/or any superordinate instance receiving
data from such mobile devices may then memorise each contact between mobile devices.
Typically, a criterion determining whether or not a contact shall be memorised may
depend on a degree of proximity between the mobile devices and/or a duration during
which such proximity is established. For example, many Corona apps are configured to
memorise the contact as soon as the proximity is less than 2 m and the duration is more
than 15 minutes. As soon as a holder of a mobile device gets informed that he is affected
by a highly transmissible disease such as Covid-19, information memorised by his mobile
device about the close proximity contacts this person had within the previous days may
be used for informing all contacted persons such that these persons may ¢.g. be tested for

an infection at an early stage.

However, it has been found that such contact tracing apps do generally not take into
account specific situations and conditions as they appear upon using an elevator.

For example, conventional contact tracing apps such as Corona apps generally assume
that a contact between two persons shall be classified as critical or potentially infectious
when specific criteria are fulfilled. Setting such criteria may be necessary in order to limit
a number of registered or memorised contacts to a reasonable extend. For example, such
criteria may be set such that only contacts are registered and stored in which the persons
remain in close proximity of for example less than 2 m to each other longer than a

predetermined time of for example more than 15 minutes.

However, it has been observed that in the specific conditions applying to elevator spaces,
such criteria should be modified or other measures should be established in order to stay

abreast of the specific conditions.

For example, while a ride in an elevator cabin is typically not very long, particularly in
general shorter than 15 minutes, passengers may have to stand next to each other in very

close proximity during the ride. Furthermore, a volume within an elevator cabin may be
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relatively small and an air exchange within such volume may not be sufficient for

preventing an accumulation of aerosols within the cabin.

It has been found as a first observation that both, the close proximity between passengers
as well as the accumulation of acrosols, and particularly a combination of both factors,
may significantly increase a risk of an infection transmission between neighbouring
passengers during, for example, an elevator ride. However, such increased infection risk
is generally not taken into account by a contact tracing app as the proximity contact is

typically shorter than the predetermined duration criterion.

Furthermore, it has been observed that acrosols exhaled by a passenger may remain
within the elevator space for some extended duration, even though the passenger has
already left the elevator space. Accordingly, it has been found as a second observation
that even though passengers entering the elevator space at subsequent, non-overlapping
time slots, i.¢., a second passenger enters the elevator space after a first passenger has
already left the elevator space, and these passengers do not necessarily come into close
proximity to each other, there may be a substantial risk of infection transmission due to
the acrosols ¢.g. exhaled by the first passenger and inhaled by the second passenger.
However, such increased infection risk may not be taken into account by a contact tracing

app as such app will not detect any proximity contact between the two affected persons.

It is assumed herein that the above-mentioned first observation might, in principle, be
taken into account by temporarily modifying or adapting the contact tracing app, €.g., by
modifying the criteria applied for detecting a potentially infectious proximity contact.
Such approach would imply that the contact tracing app is informed about specific
conditions in its environment. However, such information transmission to the contact
tracing app is generally not included in contact tracing apps and would require additional
functionalities and/or hardware both on a side of the mobile device running the contact
tracing app as well as on a side of the elevator in which the passenger contacts shall be

traced.

Furthermore, it is assumed herein that the above-mentioned second observation may not
be taken into account with conventional contact tracing apps as such apps may not have

any information about mobile devices of passengers which have previously used or will
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successively use the same elevator space but are not present in the elevator space at the

same moment.

In order to overcome such deficiencies, it is therefore suggested herein to implement an
additional functionality in an elevator by providing an ¢levator use monitoring system
which enables a method for tracing passengers in the elevator space without having to
modify the functionality of a contact tracing app and/or the hardware of a mobile device
running such app. Instead, the elevator use monitoring system itself comprises hardware
and functionalitiecs which enable the tracing of passengers in the elevator space, which
passengers may be subject to an increased infection transmission risk due to using the

elevator.

In the following, details of embodiments of the elevator use monitoring method and of
hardware and functionalities of an elevator use monitoring system for implementing such

method shall be described.

Therein, according to an embodiment, it shall be assumed that one or more of the
following conditions or situations may apply:

- the short-range radio signals are Bluetooth signals;

- the mobile device is a smartphone;

- a contact tracing app is executed on the mobile device; and

-the predefined condition is a positive test result regarding a highly transmissible
infection concerning a passenger possessing the mobile device.

Furthermore, the elevator space may be assumed to be an inner volume of an elevator
cabin.

However, it shall be noted that these conditions or situations are only preferred options

and do not form necessary features or requirements for the technology described herein.

In detail, the elevator use monitoring system may comprise several devices or
components including a short-range radio signal receiver enabling receiving short-range
radio signals emitted by one or more mobile devices located within the elevator space.
Short-range radio signals allow transmitting information in a wireless manner over short
distances. The short-range radio signals may be transmitted in various electromagnetic

frequency ranges. A transmission frequency in a GHz-range may be preferred,
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particularly in a range of 2.4 — 2.5 GHz. The signals may be emitted with a power in a
range of 0.1 — 100mW, preferably 1 — 10mW. Particularly, the short-range radio signals
should have characteristics which allow determining a distance between an emitting
device and a receiving device. Such distance determination should be enabled in a range
from a few centimetres to a few metres, particularly e.g. in a range from 0.1m to 10m,
more specifically in a range from 0.2 to 3 m. Characteristics of the receiver as well as of
the short-range radio signals should be such that such short distances may be determined
with a precision lying in a range of a few millimetres to several tens of centimetres, for
example in a range from 1 cm to 1 m, preferably in a range from 3 ¢cm to 30 cm.
Particularly, the short-range radio signals and the receiver may conform with the

Bluetooth standard and technology.

The mobile device emitting the short-range radio signals may be any small device being
portable and/or handheld by a passenger and including hardware and/or software for
generating and emitting the radio signals. Particularly, the radio signals should comprise
identity information, which is unambiguous, i.e. unique, such as to individually identify
the mobile device emitting the radio signals. For example, the radio signals may represent
or encrypt a code which is unambiguously attributed to the emitting mobile device. Inter-
alia, the mobile device may comprise a microwave signal generator for generating an
clectric microwave signal, an antenna for emitting an electromagnetic microwave signal
upon receiving the electric signal and/or a controller including a processor for controlling
the microwave signal generator and/or the antenna. There are various types of mobile
devices having the required hardware already included, for example for implementing
other functionalities. Accordingly, such mobile devices may be used for emitting the
short-range radio signals required upon implementing the method proposed herein. For
example, such mobile device may be a smartphone which a passenger or holder typically
carries close to his body, for example in a pocket. Alternatively, such mobile device may

be a computer, a laptop, a notebook, a tablet or a similar electronic device.

The mobile device may be running a contact tracing app. The contact tracing app may
control the mobile device such that the above-mentioned short-range radio signals are

emitted continuously or in short time intervals.
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Accordingly, the elevator use monitoring system may use its short-range radio signal
receiver for receiving the radio signals emitted by mobile devices in its proximity. The
received radio signals may then be processed in order to extract identity data comprised
therein, such identity data representing unambiguous identity information associated to
the emitting mobile device. The identity data may then be stored together with associated
time stamp data using for example the data storage of the elevator use monitoring system.
Therein, the time stamp data indicate a point in time at which the radio signal comprising
the identity information has been received, i.e. a point in time at which the mobile device
and its holding passenger are present within the elevator space. Such procedure of
receiving radio signals and storing identity data together with associated time stamp data
may be applied to radio signals from each and every mobile device entering the elevator
space and may be executed continuously or in short time intervals. Furthermore, the
procedure may be continued during an operation of the ¢levator. The procedure may be
temporarily interrupted, or an additional procedure may be initiated upon a predefined

condition being recognised as a trigger.

The predefined condition, an indication of which shall be used as triggering the step of
comparing stored time stamps and issuing incidence information upon time stamps of
different mobile devices being recognised as lying within a predetermined time range,
may be for example a positive test result regarding a highly transmissible infection or
disease such as Covid-19. Such positive test result may be received by a passenger being

the holder or possessor of one of the mobile devices.

In other words, the elevator use monitoring system may continuously be waiting for
receiving indication data. Such receiving indication data may indicate that the
predetermined conditions such as a positive Covid-19 test result apply for an affected
passenger which has previously used the elevator and for whom identity data and

associated time stamp data have therefore been previously stored.

It may then be checked whether other passengers were present in the elevator space
simultancously with the affected passenger or have entered the elevator space briefly after
the affected passenger has left the elevator space. For such purpose, the elevator use
monitoring system may use its data processor. Upon receiving the indication data

indicating for example the positive Covid-19 test result of an affected passenger, the
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processor may then compare the stored time stamp associated with the other mobile
devices of other passengers with the stored time stamp associated to the specific mobile
device of the affected passenger. In case both time stamps lie within a predetermined time

range, incidence information may then be issued.

The incidence information may be issued such that it is received by the passengers
owning the other mobile devices. Accordingly, upon receiving the incidence information,
these passengers may be informed, ¢.g., about the risk that they might have been infected
by a person with which they shared the elevator space. Accordingly, the incidence

information may have a warning content.

The incidence information may for example be send by the elevator use monitoring
system directly towards the mobile devices of the other passengers. Alternatively, for
example in case data protection regulations prevent that the identities of these mobile
devices are accessible to the elevator use monitoring system, the incidence information
may be, €.g., sent to a superordinate instance and/or to all mobile devices running a
contact tracing app such that the superordinate instance and/or each mobile device may
then check the incidence information and may determine whether or not an increased
infection risk applies to the device owner based on the contents comprised in the

incidence information.

Summarised, the method proposed herein may be interpreted as an alternative or a
supplementary approach to a functionality of a conventional contact tracing app which
takes into account the specific conditions applying upon usage of an elevator.
Particularly, the methods may enable tracing passengers having an increased risk of
infection after having used an elevator space which is also used by other passengers. Such
elevator space may be the inner volume of an elevator cabin, wherein such volume is
typically small and comprises for example between 1m?® and 50m*. Accordingly,
passengers in such an elevator cabin might have to stand very close to each other.
Furthermore, the volume of the elevator cabin is generally enclosed by cabin walls such
that an air exchange is restricted to a limited extent. Accordingly, it may be assumed that
there is a high probability of infection transmission in case two passengers share the
clevator cabin simultancously. There may even be a high probability of infection

transmission in case two passengers are not in the elevator cabin simultaneously but a
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second passenger enters the elevator cabin shortly after a first passenger left the elevator
cabin. Accordingly, with the method proposed herein, the tracing of passenger contacts
may be, in some respect, simplified in that an infection transmission is assumed for all
passengers having been in the elevator space within a predetermined time range. Thus,
neither a degree of proximity between two passengers has to be determined nor a duration
during which these passengers have been in close proximity has to be measured. Instead,
cach and every passenger accessing the elevator space with its mobile device is
memorised by storing corresponding identity data and time stamp data. The stored data
arc then used at a later point in time, in case a passenger realises that he is infected and
then a suitable indication to the elevator use monitoring system is provided. The system
may then inform all other passengers which have been present in the elevator space

within the predetermined time range by issuing incidence information.

It may be noted that the method may not only be applied for tracing passengers in an
clevator space formed by the inner volume of an elevator cabin but may also be applied in
other elevator spaces. For example, passengers may be traced in an elevator space formed
by a room or floor in front of an elevator door while for example waiting for the elevator
cabin to arrive. Also, in such room or floor, an area accessible to passengers may be small

and/or air exchange may be limited.

According to an embodiment, the time stamp data indicate at least one point in time of the
time span starting with the mobile device entering the elevator space and ending with the

mobile device exiting the elevator space.

In other words, the time stamp data associated to identity data of a detected mobile device
may indicate any point in time in a time interval in which the mobile device was present
in the elevator space. For example, the time stamp data may indicate the point in time
when the passenger enters the elevator space and the predetermined time range may
indicate a time span starting with such initial point in time. The predetermined time range
may then, e.g., cover an entire duration in which the respective passenger stands within
the elevator space plus, optionally, an additional duration after the passenger has left the

clevator space.
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In an alternative approach, the time stamp data do not only indicate one point in time but
two or more points in time for a time interval. For example, the time stamp data may
represent both, the point in time when the passenger enters the elevator space and the
point in time when the passenger leaves the elevator space. The predetermined time range
may then include the time interval defined by such starting and ending point in time and

may further include an additional duration subsequent to the ending point in time.

According to an embodiment in which the elevator space is the inner volume of the
clevator cabin, the predetermined time range may be longer than a trip of the elevator
cabin between two adjacent floors. Preferably, the predetermined time range may be
longer than a trip of the elevator cabin between two maximally distant floors served by

the elevator.

Expressed differently, the predetermined time range taken into account upon determining
whether two passengers might have infected each other upon staying in the elevator
space, may be set such that it is longer than the time interval during which a passenger is
typically present within the elevator space. Such time interval may be assumed to
correspond to the duration of a trip of the elevator cabin. Such trip extends at least
between two adjacent floors served by the elevator. Preferably, the predetermined time
range shall be longer than a longest possible time interval during which a passenger is
present within the elevator space under normal circumstances. Such longest possible time
interval may be assumed to correspond to the duration of the trip of the elevator cabin
upon travelling from a floor at one end of a travelling path to a floor at an opposite end of
the travelling path served by the elevator cabin, i.¢., a trip along the maximum distance
the elevator cabin may travel. The predetermined time range may be longer than the
mentioned trip duration by an additional duration. Such additional duration may take into
account that, due to acrosols exhaled by passengers during a trip, there may still be a risk

of infecting other passengers after the exhaling passenger has left the elevator cabin.

According to an exemplary embodiment, the predetermined time range may be longer

than 1 min, preferably longer than 2 min, longer than 5 min or even longer than 10 min.

According to an embodiment in which the elevator space is the inner volume of the

clevator cabin, the predetermined time range may be equal to or shorter than a sum of a
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duration of a trip of an elevator cabin between two maximally distant floors and a

duration required for performing a complete air exchange in the elevator cabin.

In other words, the predetermined time range may include both, the duration during
which a passenger is present within the elevator cabin upon riding along a maximum
distance throughout a building as well as an additional duration during which the air in
the elevator cabin has to be exchanged completely. Taking into account such additional
duration, it may be guaranteed that no acrosols exhaled by the passenger are still present
within the elevator cabin and accordingly no substantial infection risk is to be assumed

for any passengers subsequently using the elevator cabin.

The duration required for the complete air exchange may depend on a size of the elevator
cabin as well as on an air flow generated throughout the elevator cabin using for example
a fan, an air conditioning device or any similar devices. Generally, such additional
duration may be assumed to be in a range of several minutes, for example in a range of

between 0.2 and 10 minutes or between 1 and 5 minutes.

Instead of assuming a physical air exchange in the elevator cabin as a result of an air
flow, it may also be assumed that characteristics of the air in the elevator cabin may be
modified for example due to disinfection measures, such change of characteristics also
corresponding to an air exchange. For example, the complete air volume comprised in the
clevator cabin may be filtered and/or germs, viruses and/or other infectious substances
may be removed or killed using disinfection measures such as irradiating with high-

energy radiation such as e.g. UV radiation.

According to an exemplary embodiment, the predetermined time range may be shorter
than 15 min, preferably shorter than 10 min. Thus, the predetermined time range taken
into account in the method proposed herein may be slightly shorter or even substantially
shorter than a duration criterion typically assumed in conventional contact tracing apps
for determining whether or not any proximity contact is to be classified as being

potentially infectious.

According to an embodiment, the monitoring method proposed herein is further

configured such that, for each of the received radio signals, information about at least one
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of a boarding floor and a destination floor is acquired, the boarding floor being a floor
where a passenger carrying the mobile device is entering an elevator cabin and the
destination floor being a floor where the passenger carrying the mobile device is leaving
the elevator cabin. Therein, the method further comprises, upon receiving the indication
that the predefined condition applies for the specific mobile device from which radio
signals have previously been received, issuing localised incidence information with
regard to one of the boarding floor and the destination floor. For implementing such
functionality, an embodiment of the elevator use monitoring system may further comprise
a trip tracking device, wherein the trip tracking device as well as the data processor are

configured for executing or controlling the above-mentioned method steps.

In other words, in a specific implementation of the method proposed herein, additional
information may be acquired during normal operation of the elevator and may then be
used at a later point in time at which it is for example realised that a passenger having
used the elevator is affected by a highly transmissible infection. Specifically, during the
normal operation of the elevator, not only the short-range radio signals may be received
from each mobile device entering the elevator, but, additionally, data representing at
which floor the passenger carrying the mobile device has entered the elevator space as
well as data representing at which floor of the passenger has left the elevator space may
also be acquired. Such additional information may later be used for issuing specific
localised incidence information. Such localised incidence information may for example
indicate that a floor from which the infected passenger came before entering the elevator
cabin and/or a floor at which the infected passenger left the elevator cabin may be subject
to increased infection risk. Accordingly, for example people living or working at the

respective floor may be warmned.

For example, the trip tracking device may communicate with an elevator controller in
order to determine at which floor a passenger entered and/or left the elevator cabin. For
such purpose, the trip tracking device may request information about a current position of
the elevator cabin at a point in time when receiving the radio signal from the mobile
device of the passenger for the first time, i.e. when the passenger enters the elevator
cabin, and/or when losing the radio signal, i.e. when the passenger exits from the elevator

cabin.



10

15

20

25

30

WO 2022/101070 PCT/EP2021/080492

-14 -

Alternatively, the trip tracking device may communicate with other devices in the
clevator, such other devices being operative for determining a passenger’s entering and
destination floor for example for other purposes. For example, elevator arrangements are
available in which an access controller controls whether and where a passenger may enter
and leave an elevator cabin based on identity data relating to the passenger. Such identity
data may be provided to the elevator arrangement for example via a mobile device on
which such identity data is stored. Alternatively, the identity data may be transmitted for
example via a specific token, RFID tag or similar technical means. The trip tracking
device may acquire such information from the access controller in order to thereby

determine the boarding floor and the destination floor of a passenger.

In an elevator according to the third aspect of the technology described herein in which
passenger contacts shall be monitored with the method and the elevator use monitoring
system proposed herein, the short-range radio signal receiver may be positioned in or
close to the elevator space to be supervised. For example, such receiver may be included
or attached to a wall of the elevator cabin. Accordingly, the receiver may receive short-
range radio signals from all locations within the elevator space. In cases of large elevator

spaces, plural receivers may be provided at distributed locations.

While the radio signal receiver should be included directly in the elevator at the elevator
space, the data storage and the data processor of the elevator use monitoring system may
or may not be included in the elevator itself. Generally, each elevator may comprise its
own data storage and data processor such that identity data and time stamp data may be
stored and processed locally within the elevator. As an alternative, such data storage
and/or data processor may be provided at a remote location such as for example in a
remote elevator monitoring centre. Accordingly, data relating to the signals received by
the radio signal receiver may be transmitted from the elevator towards the remote elevator
monitoring centre and is may be processed and stored there for later use of each of the

identity data and time stamp data.

In both implementations, the data storage may be a memory device which may store data
in an ¢lectronic, electromagnetic, optic or any other physical manner. The data processor
may be connected to both, the radio signal receiver and the data storage such as to enable

exchanging signals and/or data. The data processor is configured for retrieving data from
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the data storage and comparing retrieved time stamp data. Furthermore, the data
processor is configured for initiating issuing of the incidence information. The elevator
use monitoring system may comprise one or more data interfaces via which such
incidence information may be transmitted to other devices. For example, the incidence
information may be submitted to a superordinate instance device which may then e.g.

process and/or forward such information to mobile devices.

Embodiments of the method described herein may be implemented in hardware, software
or a combination thereof. Particularly, a computer program product may comprise
computer readable instructions which instruct a computer processor to execute or control
the method steps. The computer processor may be for example the data processor of the
elevator use monitoring system. The computer program may be provided in any computer

readable language.

Such computer program product may be stored on a computer readable medium from
which the instructions of the program product may be read. Such computer readable
medium may be for example a volatile or non-volatile data memory. For example, the
computer readable medium may be a flash memory, a DVD, a CD, a ROM, a RAM, an
EPROM or similar devices. Alternatively, the computer readable medium may be part of
another computer or server or of a data cloud from which the computer program product

may be downloaded for example via a network such as the Internet.

It shall be noted that possible features and advantages of embodiments of the technology
described herein are described herein partly with respect to a method for monitoring use
and/or passengers in an elevator space and partly with respect to an elevator use
monitoring system being configured for implementing such method. One skilled in the art
will recognize that the features may be suitably transferred from one embodiment to
another and features may be modified, adapted, combined and/or replaced, etc. in order to

come to further embodiments of the technology described herein.

In the following, advantageous embodiments of the technology described herein will be
described with reference to the enclosed drawing. However, neither the drawing nor the

description shall be interpreted as limiting the technology described herein.
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Fig. 1 shows an ¢levator use monitoring system comprised in an elevator according to an

embodiment of the technology described herein.

The figure is only schematic and not to scale. Same reference signs refer to same or

similar features.

Fig. 1 shows an elevator 1 and an elevator use monitoring 3. The elevator use monitoring
system 3 comprises a short-range radio signal receiver 5, a data storage 7 and a data
processor 9. The short-range radio signal receiver 5 is installed within an elevator cabin
17. The elevator cabin 17 may be displaced within an elevator shaft 27 using an elevator
engine 15 controlled by an elevator controller 13 and being connected to the elevator
cabin 17 via suspension traction means 29. As a possible option, the data storage 7 and
the data processor 9 may be comprised in a monitoring controller 11 being part of the
clevator 1. For example, such monitoring controller 11 may be part of or may be
connected to the elevator controller 13. In another possible option, the data storage 7° and
the data processor 9° may be located in a remote elevator monitoring centre 25

monitoring functionalities of the elevator 1.

During operation of the elevator 1, two or more passengers 19 may be present within an
clevator space 31. In the example, this elevator space 31 is the inner volume of the
elevator cabin 17. Each of the passengers 19 may have a mobile device 23 such as a
smartphone 21 carried at or close to a body of the passenger 19. On such a mobile device
23, a contact tracing app may be executed. Accordingly, the mobile device 23 may

continuously or periodically emit short-range radio signals 33 such as Bluetooth signals.

Using the proposed elevator use monitoring system 3, passengers 19 entering and leaving
the elevator space 31 during operation of the elevator 1 may be traced. For such purpose,
short-range radio signals 33 emitted by each of the mobile devices 23 of each of the
passengers 19 may be received by the short-range radio signal receiver 5. The radio
signals 33 comprise identity information which is unambiguous, and which is associated
to each of the mobile devices 23 individually. Based on the received radio signals 33, the
short-range radio signal receiver 5 may transmit data for example to the monitoring

controller 11 and/or to the remote elevator monitoring centre 25. Accordingly, identity
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data derived from such received radio signals 3 may be stored in the data storage 7
together with associated time stamp data indicating a point in time at which the respective
radio signal 33 has been received. Optionally, the identity data and the associated time
stamp data may be processed by the data processor 9. Accordingly, data indicating the
presence and identity of a mobile device 23 within the elevator space 31 as well as a point

in time of such presence are stored for later use.

When, at a later point in time, it is realised that a passenger 19 is affected by a predefined
condition such as a positive test result of a highly transmissible infection, an indication
may be transmitted to the elevator use monitoring system 3. Based on such indication, the
elevator use monitoring system 3 may check whether a mobile device 23 belonging to

this passenger 19 has previously been present within the elevator space 31.

Particularly, the system 3 may check whether identity data belonging to the mobile device
23 of this passenger 19 is stored within the data storage 7, 7°. If this is the case, the
clevator use monitoring system 3 may check whether any other passengers 19 have been
present within the elevator space 31 simultaneously with the affected passenger 19 or
within a predetermined time range. Such checking may be established by comparing
stored time stamps associated with other mobile devices 23 of other passengers 19 with
the stored time stamp associated to the specific mobile device 23 of the affected
passenger 19. Based on such comparison, incidence information indicating those ones of
the other mobile devices 23 for which the time stamp of the specific mobile device 23 of
the affected passenger 19 and the time stamp of the other mobile device 23 of another
passenger 19 are within a predetermined time range may be generated. Based on such
incidence information, the other passengers 19 may be informed that they might have

been infected with the transmissible infection during a ride in the elevator 1.

As an optional component, the elevator use monitoring system 3 may additionally
comprise or be connected to a trip tracking device 35. For example, such trip tracking
device 35 may be included in the elevator controller 13. The trip tracking device 35 may
acquire information about a boarding floor and/or a destination floor of a passenger 19
when the passenger 19 enters or leaves, respectively, the elevator space 31 in the elevator
cabin 17. Such information may later be used ¢.g. by the data processor 9 for issuing

localised incidence information with regard to the boarding floor and/or the destination



10

15

20

25

30

WO 2022/101070 PCT/EP2021/080492

-18 -

floor. Such localised incidence information may comprise €.g. warning information
informing about a possible increased infection transmission risk in or close to the

boarding floor and/or destination floor.

In the following, possible details, features and advantages of embodiments of the

presented method and system are briefly described with a different wording as follows:

Passengers have tracing apps installed on their smartphones, as developed now in many
countries and also by major I'T companies. These apps register Bluetooth signals of other
persons' mobile phones in proximity and store this information. If a person is reported to
be infected, all persons which have been in proximity to the infected person get a

notification.

One aspect is that the elevator may also be a part of this network, i.e. the elevator also has
or behaves like a Bluetooth enabled device and also runs a dedicated tracing app,
registering the Bluetooth signals of the other passengers' mobile phones which have the
tracing app installed. The elevator is thus treated like a person and also gets notification if
an infected person has used the elevator. In addition, the elevator can also indicate to
passengers via tracing app that it was likely highly contaminated due to the presence of an

infected person.

Basically, it could be stated that passengers using tracing apps who have travelled
together in an elevator already have the direct link between them and do not need an
additional information through the elevator, i.e., the passengers are already in the tracing

network of the infected people.

However, the following arguments consider the elevator as an additional participant in the
tracing app network:

- Passengers in trips which are just following the trips of an infected person are not part
anymore of the tracing network of the infected due to the missing proximity. However,
due to potential surface contaminations as well as droplets still in the air, infection risk
may still be given;

- Normally (however this is in the flow), tracing apps only build up tracing networks if

people are closer together for a longer time, ¢.g. 15 min. In the densely packed elevator,
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however, also a much shorter time may be enough for an infection. It would probably
make sense to adapt the exposure time which is required to be registered in a tracing
network to the specific situation, i.¢., in an elevator also short exposure times should be
registered, while outside longer expose times are adequate to be registered. This can only

be achieved if the elevator is part of the tracing network.

In this sense, the following points are suggested:

- An elevator is part of a tracing network, having a Bluetooth enabled device, running a
tracing app;

- The elevator registers all Bluetooth IDs of mobile phones, i.¢., also of passengers which
have a tracing app installed on their mobile phones and which ride the elevator, whereas
the elevator additionally adds a time stamp to every registration. So, in difference to a
classical tracing app, the elevator registers Bluetooth IDs of the passengers' mobile
phones with the app installed independent of the duration of the contact due to the close
proximity in an ¢levator. Additionally, the elevator registers the time stamp, as well as an
optional trip origin and a destination;

- The elevator is notified via a tracing app if one of its passengers has been infected;

- The elevator derives at which time this infected passenger rode in the elevator and
identifies all Bluetooth IDs of registered passengers' mobile phones within this trip as
well as in a defined number of subsequent trips, and informs associated passengers on the
infection risk;

- In addition, the elevator can report to a building management on which floors the
infected persons has been, in case the floors of the trip origin and the destination of

Bluetooth IDs also have been registered.

Finally, it should be noted that the term “comprising” does not exclude other elements or
steps and the “a” or “an” does not exclude a plurality. Also, elements described in
association with different embodiments may be combined. It should also be noted that

reference signs in the claims should not be construed as limiting the scope of the claims.
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Claims:

1. Method for monitoring use of an elevator (1) by passengers (19), wherein the
method comprises:

- receiving short-range radio signals (33) emitted by mobile devices (23) located inside an
elevator space (31), the radio signals (33) comprising unambiguous identity information
associated to each individual mobile device (23);

- storing identity data together with associated time stamp data, wherein the identity data
is derived individually from each of the received radio signals (33) and wherein the time
stamp data is indicating a point in time at which the respective radio signal (33) has been
received;

- upon receiving an indication that a predefined condition applies for a specific mobile
device (23) from which radio signals (33) have previously been received: comparing
stored time stamps associated with other mobile devices (23) with the stored time stamp
associated to the specific mobile device (23) and issuing incidence information indicating
those ones of the other mobile devices (23) for which the time stamp of the specific
mobile device and the time stamp of the other mobile device (23) are within a

predetermined time range.

2. Method of claim 1, wherein at least one of the following applies:

- the short-range radio signals (33) are signals according to a Bluetooth standard;
- the mobile device (23) is a smartphone (21);

- a contact tracing app is executed on the mobile device (23); and

-the predefined condition is a positive test result regarding a highly transmissible

infection concerning a passenger (19) possessing the mobile device (23).

3. Method of one of the preceding claims, wherein the time stamp data indicate at
least one point in time of a time span starting with the mobile device (23) entering the

elevator space (31) and ending with the mobile device (23) exiting the elevator space

(31).

4, Method of one of the preceding claims, wherein the elevator space (31) is an

inner volume of an elevator cabin (17).
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5. Method of claim 4, wherein the predetermined time range is longer than a trip
of an elevator cabin (17) between two adjacent floors, preferably longer than a trip of the

elevator cabin (17) between two maximally distant floors.

6. Method of one of the preceding claims 4 and 5, wherein the predetermined time

range is longer than 1 min.

7. Method of one of the preceding claims 4 to 6, wherein the predetermined time
range is one of equal to and shorter than a sum of a duration of a trip of an elevator cabin
(17) between two maximally distant floors and a duration required for performing a

complete air exchange in the elevator cabin (17).

8. Method of one of the preceding claims 4 to 7, wherein the predetermined time

range is shorter than 15 min.

9. Method of one of the preceding claims, wherein, for each of the received radio
signals (33), information about at least one of a boarding floor and a destination floor is
acquired, the boarding floor being a floor where a passenger (19) carrying the mobile
device (23) is entering an ¢levator cabin (17) and the destination floor being a floor where
the passenger (19) carrying the mobile device (23) is leaving the elevator cabin (17), and
wherein the method further comprises, upon receiving the indication that the predefined
condition applies for the specific mobile device (23) from which radio signals (33) have
previously been received, issuing localised incidence information with regard to one of

the boarding floor and the destination floor.

10. Elevator use monitoring system (3) being configured for one of executing and

controlling the method according to one of the preceding claims.

11. Elevator use monitoring system (3) of claim 10, comprising;
- a short-range radio signal receiver (5),

- a data storage (7, 7°), and

- a data processor (9, 97),

wherein

- the short-range radio signal receiver (5) is configured for receiving short-range radio
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signals (33) emitted by mobile devices (23) located inside the elevator space (31), the
radio signals (33) comprising unambiguous identity information associated to each
individual mobile device (23);

- the data storage (7) is configured for storing identity data together with associated time
stamp data, wherein the identity data is derived individually from each of the received
radio signals (33) and wherein the time stamp data is indicating a point in time at which
the respective radio signal has been received; and

- the data processor (9) is configured for receiving indication data and for, upon receiving
an indication data indicating that a predefined condition applies for a specific mobile
device (23) from which radio signals (33) have previously been received, comparing
stored time stamps associated with other mobile devices (23) with the stored time stamp
associated to the specific mobile device (23) and issuing incidence information indicating
those ones of the other mobile devices (23) for which the time stamp of the specific
mobile device (23) and the time stamp of the other mobile device (23) are within a

predetermined time range.

12. Elevator use monitoring system (3) of one of claims 10 and 11, further
comprising a trip tracking device (35), wherein the trip tracking device (35) is configured
for, for each of the received radio signals (33), acquiring information about at least one of
a boarding floor and a destination floor, the boarding floor being a floor where a
passenger (19) carrying the mobile device (23) is entering an elevator cabin (17) and the
destination floor being a floor where the passenger (19) carrying the mobile device (23) is
leaving the elevator cabin (17) and wherein the data processor (9) is further configured
for, upon receiving the indication that the predefined condition applies for the specific
mobile device (23) from which radio signals (33) have previously been received, issuing
localised incidence information with regard to one of the boarding floor and the

destination floor.

13. Elevator (1) comprising a short-range radio signal receiver (5) and further being
one of comprising and being connected to a data storage (7) and a data processor (9) of an

elevator use monitoring system (3) according to one of claims 10 to 12.

14. Computer program product comprising computer readable instructions which,

upon being executed by a computer processor, instruct the computer to one of executing
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and controlling a method according to one of claims 1 to 9.

15. Computer readable medium comprising stored thereon a computer program

product according to claim 14.
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