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METHOD FOR DETECTING A PASSENGER ENTERING A LIFT CAROF A
LIFT SYSTEM

The invention relates to a method for detectingmtny into an elevator car of an elevator

system by a passenger according to the preamiclaiof 1.

WO 2013/130040 Al describes a method for monitoainge of an elevator system. In
this method, the passengers of the elevator syasteraquipped with marking devices,
known as tags. Reading devices are attached toddafs or, in elevators, cars of the
elevator system that can recognize whether a tiagits vicinity and, if so, which one. It
can thus also be recognized if a passenger emtaigwator car. The reading device
forwards the information to a traffic analysis uhiat can monitor the use of the elevator
system on the basis of this information or canmdofor a later analysis. The method
according to WO 2013/130040 Al thus needs onegagg@ssenger and at least one

reading device per shaft door or per elevator car.

US 201/4330535 A1l describes a method for detettiegnovement of a passenger in an
elevator car. According to the method, a seriemcokleration measurements is evaluated
in order to detect a beginning and an end of adfripe elevator car. The method,

however, is not suitable for detecting an entrg i elevator car by a passenger.

By contrast, it is, in particular, the object oétimvention to propose a method, by means
of which an entry into an elevator car by a passentpy be detected with as little
additional hardware as possible and thus as ctistegtly as possible. This object is

achieved according to the invention by a methodngathe features of claim 1.

In the method according to the invention for debecan entry into an elevator car of an
elevator system by a passenger, it is assumethigassenger carries a mobile device
with him. The mobile device has at least one, kpeeially a plurality of sensors, by
which the mobile device detects and evaluates medsalues. An entry into the

elevator car is then detected on the basis ofraa@mkured values.

Under a “detection of an entry into an elevatorafaan elevator system by a passenger,”

it is understood that the instant of the entry ihi@ elevator car is detected. The entry into
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the elevator car and thus the instant of the detnporally precedes a trip of the
passenger in an elevator car or a movement andathasceleration of the passenger and
of the elevator car in the vertical direction. Thstant of the entry into the elevator car
cannot be determined from the detection of a mowtmeacceleration of the passenger
and of the elevator car in the vertical directibhe timespan between entry into the
elevator car and the start of a passenger’s tribdrelevator car may be a few seconds or

several minutes.

In this day and age, many people and, thus, alsty passengers of an elevator system
carry with them a mobile device having sensorsef@mple in the form of a mobile
phone or a smartphone. By using these terminatdsyivhich people carry with them
anyway, no additional hardware that would be rexljust for implementing the method
is necessary in order to carry out the method. #atthl hardware may be necessary, at
most, if the information about an entry into arvater car generated by the method
according to the invention is to be further evatdafThe method according to the
invention can thus be executed in a cost-effectiaaner.

The information that a passenger with a mobile deenters an elevator car may be
evaluated in a large variety of ways or furtherdjder example to trigger a large variety
of actions. The terminal device may, for exampdeward the information wirelessly to a
traffic analysis unit, which can then analyze #&igdlow in the elevator system in a
manner comparable to the traffic analysis unit i@ 2013/130040 Al. The mobile
device may, for example, be put into a specific @ddr example started in a specific
program, an app, or the app put into a predetedrsise. For example, an app can be
started that displays certain content, or a gameéeastarted that enables playing together
with other passengers in the elevator car. Moredvierpossible for the terminal device,
using its sensors, to record measured values dtlvengpcoming trip that are to be
evaluated for monitoring the elevator system. Aansas an entry into an elevator car is
recognized, the terminal device may be placednreasuring mode and be made
available for a measurement.

In an analogous manner, a departure from an elegatanay be recognized. The exit

basically proceeds in reverse from the entry.
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The evaluation of the detected data and, thugjetextion of an entry into the elevator
car is carried out in particular by the mobile tarah device. However, it is also possible
that the detected data are forwarded to an evatudgvice, and the detection of an entry
into the elevator car is carried out by the evaduatievice. In this case, the evaluation of
the data by the terminal device is limited to thewarding of the data to the evaluation
device. In addition, it is also possible that aistea part of the evaluation is carried out by
the mobile device as well as by the evaluationaevi mutual control and/or
supplementation is thus possible, which enablesrya vigh hit probability for the

detection of an entry into an elevator car.

The mobile device may, for example, be designezirmasbile telephone, a smartphone, a
tablet computer, a smartwatch, what is termed aatbdain the form of an electronic,
smart textile, for example, or any other portableninal device. The sensor of the mobile
device may, for example, be designed as a micraplamnaccelerometer, a rotational
speed sensor, a magnetic field sensor, a cambeapmeter, a brightness sensor, a
relative humidity sensor or a carbon dioxide sengbe accelerometer, rotational speed
sensor and magnetic field sensor are designediicydar as what are termed three-
dimensional or 3D sensors. Sensors of this typgataheasured values in the x, y and z
directions, wherein the X, y and z directions ararayed perpendicular to each other. The
terminal device features, in particular, a pluyatif sensors and specifically different
types of sensors, thus, for example, a microphatiesee-dimensional accelerometer, a
three-dimensional rotational speed sensor andea-tiimensional magnetic field sensor.
In the following, accelerometers, rotational spsedsors and magnetic field sensors are
understood to be three-dimensional acceleromet#etjonal speed sensors and magnetic

field sensors.

The passenger can bring the terminal device withihicompletely different orientations
so that it is not initially clear how the accelerters, rotational speed sensors or
magnetic field sensors are oriented in space. Hewdecause the gravitational
acceleration is always measured, it may be useditpely determine the vertical
direction, that is the absolute z direction, asteébthe passenger does not move. With the
knowledge of the absolute z direction, the measuahaes of the accelerometers,
rotational speed sensors and magnetic field sensayse converted into values that are

oriented along the absolute z direction and absol@nd y directions. The absolute x, y
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and z directions are thus each arranged perpeaditmukach other. All of the following
statements on accelerations, rotational speedsgnetic field strengths relate to
measured values and statements about X, y anédidirs converted in this manner to
absolute x, y and z directions. Instead of therddteation of the values in the absolute x,
y and z directions, the three measured values mdsehted as vectors and a resulting
vector may be formed from the individual vectorsstead of using the three individual
vectors, the resulting vector may also be used.

In an embodiment of the invention, the mobile terahidevice, using the sensor or
sensors, detects measured values characterizingmenis of the passengers and
evaluates these values. The indicated measuredsvate, in particular, accelerations,
meaning transverse accelerations or rotationaldspeeherein three accelerations and/or
rotational speeds are each specifically measur#tkin, y and z directions. From the
values characterizing movements of the passeriperspovements of the passengers
may be determined, and from the movements of theguayers it may be recognized that
the passenger has entered an elevator car. Ih&s@ly assumed here that the passenger
carries the terminal device with him in such a weat the measured values measured by
the terminal device indicate not only the movementhe terminal device, but also those

of the passenger.

In an embodiment of the invention, a movement paibé the passenger may be derived
and compared to at least one stored signal paftemdetection of an entry into the
elevator car is then performed on the basis of @amdparison. Thus, an entry into an

elevator car may be detected in an especiallyhielimanner.

The indicated stored signal patterns are, in thicmovement patterns. In this context, a
pattern of movement is understood to include, kameple, a temporal sequence, in
particular of accelerations or rotational speedpaftern of movement may also be
described using what is termed here an attribytangrarticular, a plurality of attributes.
Attributes of this type may be, for example, staté parameters, such as averages,
standard deviations, minimum/maximum values orltesi a Fast Fourier analysis of

the indicated accelerations or rotational speedsatéern of movement in this case may
also be described as what is termed an attribuiener he aforementioned attributes

may be determined in particular for individual tisegments, wherein are formed in
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particular based on values or characteristicsdif/idual measured values. For example,
a time segment of this type may be characterizetthdypassenger not moving and,
therefore, must be waiting in front of the shafoddn particular, not just a single
acceleration or rotational speed is consideredthmitombination of a plurality of
accelerations and/or rotational speeds, specyicdleach of three accelerations and

rotational speeds.

A stored signal pattern may contain, for examgbaracteristic properties of
accelerations, rotational speeds and/or magnefitsfior attributes when a person is
walking to a shaft door, waiting in front of thea$hdoor until the elevator car is available
and entry is possible, entering into the elevaswrand turning around in the direction of
the car door. The signal patterns may be genelstapecialists based on their
experience or be determined in particular by onmare tests. Methods of what is termed
machine learning are in particular used for recibgmior classification of patterns of
movement. For example, what is termed a suppotbvetachine, a random forest
algorithm or a deep-learning algorithm may be u3éese classification methods must
first be trained. To do this, typical patterns avement for entry into an elevator car
were created in experiments, in particular basetheraforementioned attributes, and the
indicated algorithms were made available for tragniAfter the algorithms have been
trained with a sufficient number of training pattgerthey can decide whether an unknown
pattern of movement characterizes an entry intelewator car or not. In this case, the

signal pattern is stored in the parameters of lgp@righm.

The creation of a typical pattern of movement fairting may be carried out by a
passenger who uses the mobile device in dailyHisanly needs to indicate the
beginning and the end of the entry into an elevedor It is also possible that, after the
conclusion of the actual training, the passengerggfeedback as to whether an entry into
the elevator car was not recognized or erroneaesiygnized. This feedback may be

used for further training of the algorithm.

Because not all people move in the same way, famgke, they turn around at different
speeds, and, for example, waiting times are oér#fit lengths, the measured pattern of
movement is in particular compared not just to sigeal pattern, but to a whole array of

slightly different signal patterns.
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In an embodiment of the invention, the mobile dedetects measured values
characterizing activities of the elevator systeingis or the sensor(s) and evaluates
these. Activities of the elevator system shouldibderstood to include, for example,
movements of individual components of the elevaystem, such as movements of the
elevator car, a shaft door, a car door or an agivaf a door drive. In particular, the
terminal device detects noises and/or magnetidgjeiherein specifically three magnetic
fields are measured in the x, y and z directiofe dhanges of the measured magnetic
fields may, for example, be caused by the activitst door drive having an electric motor
and/or by the car and/or shaft door having ferrameéig magnetic material. It may be
concluded from the indicated measured values,¥amgle, that the car door has opened

in front of a passenger and closed behind him.

In an embodiment of the invention, an activity pattof the elevator system is derived
from the measured values and compared to at leasstored signal pattern. The
detection of an entry into the elevator car is therformed on the basis of said
comparison. Thus, an entry into an elevator car beagletected in an especially reliable

manner.

The stored signal patterns mentioned in this calsgerto activity patterns. In this
context, a temporal sequence, in particular of mnegsnoises and/or magnetic fields, is
to be understood under activity pattern. An agtipiittern may also be described using
an attribute or, specifically, a plurality of abivites described in connection with patterns
of movement. In particular, a single measuremerat mwiagnetic field is considered not
only in one direction, but in combination with aiglity of measurements of magnetic
fields in a plurality of—in particular, three—dittémns.

A signal pattern may, for example, describe a nofsecar door during opening or a
noise during an entry into the elevator car abarfbr attributes derived therefrom. The
signal patterns may be generated by specialiseslbas their experience or be
determined in particular by one or more tests. Agalsly to the description above,
methods of what is termed machine learning in coatidn with patterns of movement
may in particular be applied to determine the digastern. The signal pattern may

likewise be divided into time segments and indieidattributes determined for each
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segment.

Because similar activities of elevators, such asojpening of a car door, may vary—they
may take different lengths of time, for example—theasured activity pattern is
specifically compared not just to one signal patteut to a whole array of slightly

different signal patterns.

In an embodiment of the invention, the mobile deuises the sensor to detect measured
values characterizing properties of the environneétihe mobile device and evaluates
them. For example, magnetic fields, the air presdtie brightness, the relative humidity

or a carbon dioxide content of the air can be nreaku

In an embodiment of the invention, a characteristittern of the elevator system is
derived from the measured values and comparediéasitone stored signal pattern. The
detection of an entry into the elevator car is therformed on the basis of said
comparison. Thus, an entry into an elevator car beagletected in an especially reliable

manner.

The stored signal patterns mentioned in this cesetzracteristic patterns. A
characteristic pattern in this context should beaustood to include, for example, a
temporal sequence of measured values that desthidesivironment of the terminal
device, thus, in this case properties of the etevatstem. A characteristic pattern may
also be described with an attribute or, in particuh plurality of attributes described in
connection with patterns of movement. In particutent just the characteristic of a single
measurement of one of the aforementioned charsiitsris considered, but the

combination of a plurality of measurements.

A signal pattern may, for example, describe thengkaof the magnetic field from the
outside to the inside of the elevator car or atteb derived therefrom. Changes of the
magnetic field may, for example, be caused by tfierdnt use of ferromagnetic
materials of various electrical components, suctods outside and inside the elevator
car. The ferromagnetic materials may themselvester@ magnetic field and/or influence

the earth’s magnetic field.
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A signal pattern may, for example, describe thengbaof the CO2 content of the air from
the outside to the inside of the elevator cabiatbibutes derived therefrom. The CO2
content of the air increases because of the aalegtby the passengers in the closed
elevator car. The CO2 content of the air in theigénus generally higher than outside. In
addition, the CO2 content slowly increases durhrgttip, whereby a trip in an elevator
car may be detected. Although this increase isreeralow process, it may be detected in
longer trips.

A signal pattern may, for example, describe thengkan the relative humidity from the
outside to the inside of the elevator car or atteb derived therefrom. This slowly
increases analogously to the CO2 content insidedh&ecause of the exhaled air, so that

the evaluation may be performed analogously tdC®2 content.

A signal pattern may, for example, describe thengkan the temperature from the
outside to the inside of the elevator car or atteb derived therefrom. The temperature
increases slowly because of the heat emitted bgaksengers, so that the evaluation may

be performed analogously to the CO2 content.

A signal pattern may, for example, describe thengkdn the brightness from the outside
to the inside of the elevator car or attributeswvaéet therefrom. Inside an elevator car, it is

generally less bright than outside.

A signal pattern may, for example, describe thengkan the acoustics from the outside
to the inside of the elevator car or attributeswéer therefrom. Because an elevator car is
a comparatively narrow, closed space, the echbeosaund damping changes, for
example. Specialized test signals, for example, beaysed to determine this change.

The signal patterns may be generated by specibhstsd on their experience or be
determined in particular by one or more tests. 8galsly to the above description,
methods of what is known as “machine learning” rhbayused in connection with

movement patterns to determine the signal patféra.signal patterns may also be

divided into time gates, and individual attributeay be specified for each segment.

Because not all elevator systems have identicahcheristic patterns, but instead they
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may vary, the measured characteristic patternrigpaoed not just to one signal pattern,

but to a whole array of slightly different signatferns.

For the detection of an entry into an elevator itas, not just measured values
characterizing individual movements of the passengeeasured values characterizing
activities of the elevator system or measured \wablnaracterizing the properties of the
elevator system that are detected and evaluatéd, tmmbination of these different types
of measured values. Thus, an entry into an elexaiomay be detected in an especially

reliable manner.

In an embodiment of the invention, at least onthefnamed stored signal patterns is
changed; in particular, all stored signal pattemeschanged. A learning process therefore
takes place, by means of which the stored sigritgnoa keep getting better adapted to
the actual events. With this, an especially pregetection of an entry into an elevator car

by a passenger is possible.

In particular, a trip in an elevator car is detddi®m the measured values measured by at
least one of the sensors of the mobile terminaicgeAs soon as a trip in an elevator car
has been detected, patterns of movement, actind{oa characteristics detected before
the trip are compared to stored signal patterrds tlae stored signal patterns are adjusted
based on the comparison. In particular, the steigrehl patterns are modified in the
direction of the movement of the activity and/oadcteristic patterns detected before the
trip. In particular, this enables the method of iikdermed machine learning described
above to be implemented. A particularly effectigarhing and, thus, also a particularly

precise detection of an entry into an elevatobgyaa passenger is possible.

If a trip in an elevator car has been detecteax#rfrom the elevator car may also be
detected with a very high hit probability. As samthe passenger travels transverse to
the vertical direction, that is, moves significgreither in x and/or y direction, an exit
from the elevator car may be assumed. This movemant for example, be detected via
the acceleration sensor. Alternatively to the deiacof a movement in the x/y direction,
the resulting vector of the accelerations in the and z directions described above may

also be used.



10

15

20

25

30

IP2369WO

-10 -

A trip of an elevator car has a characteristicdrehacceleration in the vertical direction.
The elevator car is first accelerated upward orrdeard, then usually travels for a while
at a constant speed and is then braked to a silaritss acceleration characteristic may
be recognized with great accuracy in the measuakcks of one or a plurality of
acceleration sensors of the mobile terminal devicéhis way, a reliable detection of a
trip of a passenger and thus of the mobile devi@mielevator car is possible. On the
basis of this reliable detection, a reliable adiqteof the stored signal patterns is
possible, ultimately leading to a particularly ablie detection of a passenger entering an

elevator car.

Alternatively or additionally, the air pressure rmeed by a barometer may also be
evaluated in order to detect a trip in an elevasor A change in the air pressure is caused
by the trip in the vertical direction, wherein tipadient of the change is significantly
larger in magnitude than in the case of climbirayrstor weather-related changes of the

air pressure.

Additional advantages, features and details ofritiention are provided in the following
description of exemplary embodiments as well abéndrawings, in which the same or

functionally equivalent elements are provided vidtbntical reference characters.

Shown are:

Fig. 1 a very schematic representation of an ebevgitstem with one
passengetr,

Fig. 2a, b, ¢ time characteristics of rotationaesps during the entry of a
passenger into an elevator car,

Fig. 3a, b, ¢ time characteristics of magnetiafigrengths during the entry of a
passenger into an elevator car, and

Fig. 4 a time characteristic of an acceleratiothevertical direction

during a trip of an elevator car.

According to fig. 1, an elevator system 10 featae®levator car 11 that can move up
and down in the vertical direction 13 within anwelor shaft 12. For this purpose, the
elevator car 11 is connected to a counterweightid & flexible suspension means 14 and

a drive pulley 15 of a drive, not described in liert detail. The drive can move the
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elevator car 11 and the counterweight 16 up anchdowpposite directions via the drive
pulley 15 and the suspension means 14. The elesiasdr 12 has three shaft openings
17a, 17b, 17c and thus three floors that are closttdshaft doors 18a, 18b, 18c. In fig. 1
the elevator car 11 is located at the shaft opehitag thus on the lowest floor. If the
elevator car 11 is located at a floor, meaningnat @f the shaft openings 17a, 17b, 17c,
the corresponding shaft door 18a, 18b, 18c togettthra car door 19 may be opened
and the entry into the elevator car 11 thereby npadsible. To open the car door 19 and
the corresponding shaft door 18a, 18b, 18c, dagmeats, not further described, are
pushed laterally, so that there is a displacemktiteodoor segments. The car door 19 and
the corresponding shaft door 18a, 18b, 18c arexsdlby a door drive 20 that is
controlled by a door control unit 21. The door cohunit 21 is in signal connection with
an elevator control unit 22 that controls the whelivator system 10. The elevator
control unit 22 controls the drive, for exampledathus, can move the elevator car 11 to
a desired floor. It can, for example, also tranamiequest to the door control unit 21 to
open the car door 19 and the corresponding shaft e, 18b, 18c that the door control
unit 21 then executes via a corresponding confrtiedoor drive 20.

A passenger 23 who carries with him a mobile dewidée form of a mobile telephone
24 stands at the lowest floor, thus in front of shaft door 18a. The mobile telephone 24
features a plurality of sensors, of which only ammphone 25 is illustrated. The mobile
telephone 24 also has three-dimensional accelaratitational speed and magnetic field
sensors that can detect measured values in thand ¥ directions. As explained above,
the measured values detected by the acceleratitattional speed and magnetic field
sensors may be easily converted into values retatdte absolute x, y and z directions.
All of the following statements on acceleratiorntatmnal speed or magnetic field
strength are thus based on measured values aathstats about the x, y and z directions

converted in this manner to the absolute X, y adulections.

Measured values detected on the basis of sensthie afobile telephone 24 are
recognized if the passenger 23 enters the elegatdkl. The mobile telephone 24
continuously detects measured values for this mapmd evaluates them. The mobile
telephone 24 detects, for example, the rotatiopedds about the x, y and z axes. These
measured rotational speeds characterize not omements of the mobile telephone 24,

but also movements of the passenger 23. Measuheglsvare detected continuously, and
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an ongoing movement pattern of the passenger @@éged from a combination of the
individual measured values of the different ac@len sensors. The measured values are
thereby filtered, specifically by a low-pass filt@ihe indicated movement pattern thus
contains in this case the characteristics of thegiomal speeds about the x, y and z axes
The mobile telephone 24 compares the ongoing monepatern thus created to stored
signal patterns that are typical for a movementepatduring an entry into an elevator car
11. In order to be able to carry out the comparisttnibutes in the form of averages,
standard deviations and minimum/maximum valuesefindividual rotational speeds or
time segments of the rotational speeds are specifid compared to stored values. If the
differences between the attributes of the measthiathcteristics and the stored attributes
are smaller than determinable threshold valuesffecignt match of a movement pattern
with a stored signal pattern is recognized. Theiladblephone 24 concludes from this
that the passenger 23 has entered the elevatti cahe mobile telephone 24 can
evaluate this information in many different waysthis example, it switches into a
measuring mode, wherein for measurements duringgheming trip in the elevator car
11 it is ready for monitoring the elevator systebn The measurements are thus only

started at a later instant.

The comparison between a measured movement patidra stored signal pattern and
thus the recognition or classification of movemgaitterns can also be carried out using
methods of what is termed machine learning. Fompte, what is termed a support

vector machine, a random forest algorithm or a deaming algorithm may be used.

The transverse accelerations in the x, y and ztifires may also be taken into account,
so that the movement pattern also contains thexcteistics of the accelerations in the X,

y and z directions.

It is also possible that the mobile telephone dmgust perform the detection of an entry
into an elevator car to the exclusion of anythilsgebut also transmits the detected data
to an evaluation unit. The detection of an enttyg the elevator car is then carried out by
the evaluation unit. As soon as an entry is recaghithe evaluation unit sends a

corresponding signal to the mobile telephone.

In figs. 2a, 2b and 2c, a measured movement padtedra stored signal pattern over time
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are shown, wherein in fig. 2a the rotational speedbout the x axis, in fig. 2b about the
y axis and in fig. 2c about the z axis are showre heasured rotational speeds are each
represented by a solid line, and the stored ratatispeeds of the signal pattern are each
represented by a dashed line. The solid linesZfa, 26¢ thus represent the measured
rotational speeds and the dashed lines 27a, 2¢lrepresent the stored rotational speeds

about the x, y and z axes. The measured valueshaven after smoothing.

The stored signal pattern (dashed lines 27a, 27, @ntains typical characteristics of
rotational speeds as they appear during an ertyaimelevator car. From instant t0 to
instant t1, the passenger approaches the shaftidamder to stop at instant t1 and to
wait for the opening of the shaft and car dooisstant t2. Virtually no rotational speeds
appear in this. After instant t2, the passengegrsribe elevator car and then turns around
in the direction of the car door. This reversatfiof all results in a significant deflection
of the rotational speed about the z axis (line 2&bkerein a brief undershooting in the
opposite direction occurs at the beginning anti@end of the deflection. As is evident
from figs. 2a, 2b and 2c, the measured movemetemagsolid lines 26a, 26b, 26c¢)
follows the stored signal pattern quite closelye Tomparison of the movement pattern
to stored signal patterns proceeds as describagaBased on this correspondence, the

mobile telephone concludes that the passengemitaed the elevator car.

Because not all people move in the same way, famgke, they turn around at different
speeds, and, for example, waiting times are oéthfit lengths, the measured pattern of
movement is in particular compared not just to sigeal pattern, but to a whole array of

slightly different signal patterns.

Complementary to the rotational speeds, the a@t@es in the X, y and z directions may
also be considered in a comparable manner. Ruimmithg direction of the shaft door and
into the elevator car, as well as the waiting onfrof and in the elevator car can thus be

more easily identified.

In order to make the detection of the entry inteekavator car more reliable, additional
measured values detected by sensors of the melgjghbne, in particular, are evaluated.
The mobile telephone 24 detects the magnetic §iglehgths in the x, y and z directions,

in particular using the three-dimensional magniid sensor. The measured values thus
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characterize a property of the elevator systeis.uvery difficult to conclude from
measured values at a single instant that the mt#dphone and, thus, the passenger is
located in an elevator car. For this reason, aachearistic pattern is created from the time
characteristics of the three field strengths, winetlee measured values are filtered, in
particular via a low-pass filter. The mobile telepk 24 compares the ongoing
characteristic pattern thus created to stored bjgatéerns that are typical for a movement
pattern during an entry into an elevator car 14. stifficient correspondence of a
movement pattern to a stored signal pattern isctidethe mobile telephone 24
concludes that the passenger 23 has entered traalear 11. The comparison of the
movement pattern to stored signal patterns procaedgscribed above.

In figs. 3a, 3b and 3c, a measured characteriatieqm and a stored signal pattern over
time are described, wherein in fig 3a the magrfetld strength H is shown in the x
direction, in Fig. 3b it is shown in the y directiand in fig. 3c it is shown in the z
direction. The measured field strengths are egutesented by a solid line and the stored
field strengths of the signal pattern are eachesgmted by a dashed line. The solid lines
28a, 28D, 28c thus represent the measured fi@dgitrs and the dashed lines 29a, 29b,
29c the stored field strengths in the x, y andreafions. The measured values are shown

after smoothing.

The stored signal pattern (dashed lines 29a, Z8t), &@ntains typical characteristics of
field strengths as they appear during an entryantelevator car. A significant increase
in the field strengths in the y and z directions ba seen from shortly before to shortly
after instant t2, at which point the passengerrsrite elevator car, whereas the field
strengths in the x direction remain almost unchdrtbe whole time. The change in the
field strengths is specifically attributable to tge of ferromagnetic materials in the
elevator car. As is evident from figs. 3a, 3b angdtBe measured characteristic pattern
(solid lines 28a, 28b, 28c) follows the stored algrattern quite closely. For the mobile
telephone, this match is a further indication thatpassenger has entered the elevator
car. The comparison of the characteristic pattethé stored signal pattern runs
analogously to the comparison of the movement pattéh the stored signal pattern

described above.

Because not all elevator systems have identicahcheristic patterns, but instead they
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may vary, the measured characteristic patternrigpaoed not just to one signal pattern,

but to a whole array of slightly different signatferns.

Furthermore, additional further measured valuesh s1$ the air pressure, the brightness,

the relative humidity or a carbon dioxide contefnthe air may be considered.

A further increase in the reliability of the defeatof an entry into an elevator car, which
also considers measured values that characteriaetaty of the elevator system, can
thereby be achieved. For example, an activity patteay be derived from the magnetic
field strengths described above that is comparedsignal pattern that is typical for the
opening of the car and shaft doors. Another pddyils to derive an activity pattern

from noises measured using the microphone andrtparte this to the signal pattern that
is typical for the opening of the car and shaftrdoés with the movement and
characteristic patterns, it may be useful to complae activity pattern to a plurality of
slightly different signal patterns. An adequatechdietween the measured activity
patterns and a stored signal pattern may in turevbiiated as an indication that the

passenger has entered into an elevator car.

The mobile telephone may be designed in such aheadyit already detects an entry into
an elevator car if there is a single adequate maftehmovement pattern, a characteristic
pattern or an activity pattern with a stored sigrettern. It is also possible, however, that

an entry is only detected if there are at least ttmee or more matches.

In order to make a detection of an entry into @&vator car more reliable, the stored
signal pattern may be adjusted. Using an adjustrittemimethod can be specifically
adapted to the behavior of the owner of the mdbikphone. To do this, the mobile
telephone detects, in particular, a trip in an alewvcar. This can be very reliably detected
by monitoring the acceleration in the z directiow &hus in the vertical direction 13. In
Fig. 4, for example, a characteristic of the agetien upward in the z direction is
represented by the line 30, wherein the gravitaliacceleration is disregarded. The
elevator car 11, and thus also the passenger Bwgitmobile telephone 24, are
accelerated from the instant t4 with an almost @orisacceleration. Shortly before the
desired speed of the elevator car 11 is reacheddbteleration decreases in order to

reach the zero line at instant t5. The elevatordaihen travels at constant speed until



10

15

IP2369WO

-16 -

instant t6 in order to then brake with a nearlystant negative acceleration until instant
t7. This typical characteristic with acceleratiorthe vertical direction, constant travel

and braking to a standstill can be easily deteictéhe measured values.

As soon as a trip in an elevator car is detecteement, activity and/or characteristic
patterns are compared to stored signal patternsbaseéd on the comparison, the stored
signal patterns are adapted using the methods dfimalearning. In doing so, the stored
signal pattern is changed in the direction of tlewement, activity and/or characteristic

patterns detected before the trip.

Finally, it should be noted that terms such as itV “comprising” and the like do not
preclude other elements or steps, and terms su@i as “one” do not preclude a

plurality. Furthermore, it should be noted thatibtttes or steps that have been described
with reference to any one of the above embodimmiatg also be used in combination

with other attributes or steps of other embodimeetribed above. Reference characters

in the claims are not to be regarded as limiting.
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Claims

1. A method for detecting an entry into an elevator(¢d) of an elevator system (10)
by a passenger (23), in which
— the passenger (23) carries with him a mobile defdd¢ having at least one
sensor (25),
— the mobile device (24) detects and evaluates meds@ues using the sensor
(25) and
- an entry into the elevator car (11) is detectetherbasis of said measured

values.

2. The method according to claim 1,
characterized in that
the mobile device (24) detects and evaluates meas@ues characterizing the

movements of the passenger (23) using the senSpr (2

3. The method according to claim 2,

characterized in that

the mobile device (24) detects and evaluates aedigles, rotational speeds and magnetic
fields.

4. The method according to claim 2 or 3,

characterized in that

a movement pattern (26a, 26b, 26c¢) of the pass€@8gis derived from the measured
values, is compared to at least one stored sigritdm (27a, 27b, 27¢), and the entry into

the elevator car (11) is detected on the basiaidf@mparison.

5. The method according to any of claims 1 through 4,
characterized in that
the mobile device (24) detects and evaluates cteiziag activities of the elevator

system (10) using the sensor (25).
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6. The method according to claim 5,

characterized in that

an activity pattern is derived from the measurddes is compared to at least one stored
signal pattern, and the entry into the elevator(tady is detected on the basis of said

comparison.

7. The method according to any of claims 1 through 6,
characterized in that
the mobile device (24) having the sensor (25) detaed evaluates measured values

characterizing properties of the environment ofrttubile device (24).

8. The method according to claim 7,

characterized in that

a characteristic pattern (28a, 28b, 28c) is derfv@th the measured values, is compared
to at least one stored signal pattern (29a, 298, 28d the entry into the elevator car (11)

is detected on the basis of said comparison.

9. The method according to any of claims 5 through 8,
characterized in that
the mobile device (24) detects and evaluates naisagnetic fields, CO2 content of the

air, atmospheric humidity, temperature, air pressiorightness and/or noises.

10. The method according to any of claims 4 through 9,

characterized in that

at least one of the aforementioned signal patt@na, 27b, 27c; 29a, 29b, 29c) is
changed.

11. The method according to claim 10,

characterized in that

a trip in an elevator car (11) is detected fromrtieasured values, and measured values
detected before the trip are compared to storewhkpptterns (27a, 27b, 27c; 29a, 29b,
29c) and, on the basis of the comparison, thedtwignal patterns (27a, 27b, 27c; 29a,
29b, 29c) are changed.



