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Monitoring and/or registering a position of atool in an elevator shaft

The present invention relates to a system and haddor monitoring and/or recording a
position of a tool in an elevator shaft.

When assembling and servicing an elevator systemmy be necessary to record the
work steps carried out by an installer. This maassgsted by an electronic position
determining system for example, which system mesitioe position of a tool used by the

installer, for example.

In general, when assembling large industrial faedi location and position determining
systems are used, by means of which the corrgeidlaiton of components in the facility
can be monitored. Systems of this kind can identiflyexample, whether a specific
component of the facility has been screwed to #éledify at the correct point.

When assembling an elevator, the rail arrangentethiecelevator is usually assembled
upwards, starting at the lowest floor. In this ¢adke installer usually stands on the roof
of the elevator car. The elevator car is instailtethe elevator shaft immediately after the
lowest rail arrangement has been assembled, andvied upwards in order to install the
rail arrangement in the higher floors.

The geometry of the elevator shaft, the elevatottat entirely blocks the elevator shaft
in the height direction, and the large number ofalneomponents (such as the rail
arrangement) fastened at the sides in the eleshdt can make it harder or even

impossible to use conventional locating and pasitig systems.

US 2010/0057243 Al relates to a method for optingizn assembly process, in which a
tool is used, the position of which can be deteadibhy means of gyroscopes and
acceleration sensors.

DE 2012 219 871 Al relates to a method for recgrdorew connections, in which

method a screw position is located and recordaetusiage information.
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EP 2 138 920 A2 relates to a system and a methdddating and recording
manufacturing steps for an aircraft. In this methtogosition at which a manufacturing

step has been carried out is detected and is gepia an environment model.

EP 1 881 340 A2 relates to a system and a methdddating and recording a tool. In
this method, free-field position finding is carriedt in order to detect the absolute
position of the tool, and relative position findiigcarried out, in order to determine the
relative position of the tool, by following the mament of the tool relative to a known
reference position. The result of the determinatibtie relative position is combined
with the result of the free-field position findinig, order to determine the position of the

tool.

It may be necessary, during installation, asserabty servicing of an elevator, to
automatically record work steps and/or to precigdintify, in a simple manner, a

position of a tool in the elevator shaft.

Such a need may be addressed by the subject roftter independent claims.

Advantageous embodiments are defined in the depéctiems.

Possible features and advantages of embodimetite @ivention may be considered,
inter alia and without limiting the invention, te bdependent upon the concepts and

findings described below.

One aspect of the invention relates to a monitoaimg) recording system for monitoring
and/or recording a position of a tool in an elevatwaft. The elevator shaft may be an
elongate vertical shaft in a building, in whichelavator system can be installed. An
elevator system may comprise an elevator car #rabe moved vertically on the walls of
the elevator shaft, along a rail arrangement. Téxeagor car or the elevator may be

designed to convey people and/or material.

The tool may be designed as an electrically, pnéoaily or hydraulically driven tool,
for example as an electric screwdriver. It is gessible, however, for the tool to be

designed as a manually actuatable tool, for examglee form of a torque wrench.
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According to an embodiment of the invention, thstesn comprises a position measuring
system for measuring a position of the tool relat an elevator car; a height measuring
system for measuring a height of the elevatormrcéing elevator shaft; and an evaluation
system designed to receive measured data fronogiggn measuring system and the
height measuring system and to determine there&position of the tool relative to the

elevator shaft.

The position measuring system may comprise oneooe 1Isensors, and also associated
evaluation electronics. Sensors of the positionsmeag system and the associated
evaluation electronics thereof can be attachebldddol, to the elevator car and/or in the
elevator shaft or can be integrated therein. Aetftienensional position of the tool (that
can be specified by a three-dimensional vectoetample) can be identified from the
measured data of the position measuring systers.r€hdtive position of the tool can be
specified relative to a reference point of the atew car (for example the center or a

corner of the car roof of the elevator car).

The height measuring system may comprise a plymfliheight measuring devices or
sensors and the associated evaluation electrdreosdf. These height measuring devices
and the associated evaluation electronics themobe attached to the tool, to the
elevator car and/or in the elevator shaft or camtegrated therein. A vertical spacing (a
height) between the reference point of the elevedioiand a reference level in the
elevator shaft (for example the bottom or the tbihe elevator shaft) can be identified

from the measured data of the height measuringisyst

The evaluation system may comprise evaluationreleitts of the sensors of the position
measuring system and/or of the height measuringsysand/or may comprise a further
evaluation unit that is connected to the sensots thre evaluation electronics thereof by
means of data communication links. For examplegtiauation system and/or the
evaluation unit may be a computer and a mobilecgettiat an installer carries with him
for example. It is also possible for the evaluaggatem and/or the evaluation unit to be

integrated in the tool.

The evaluation system or the evaluation unit rezgifrom the different sensors, the

measured data thereof, which data may have alfeeely processed by any evaluation
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electronics, and then calculates, from these tlagposition of the tool relative to the
reference level or a reference point of the elavghaft. For example, the vertical spacing
identified by the height measuring system can lieddo the three-dimensional vector of

the relative position of the tool with respecthe elevator car.

The monitoring and recording system may be usedawoitor the positions in the elevator
at which construction components of the elevatstesy are worked by the tool. For
example, the tool may be an electrical screwdraret/or the monitoring and recording
system may be used to record the positions at wdtdws have been tightened by the

electric screwdriver.

A further aspect of the invention relates to a métfor monitoring and/or recording a
position of a tool in an elevator shaft. This metimeay be implemented automatically by
the system for monitoring and/or recording a posibf a tool. For example, the
evaluation system may comprise a computer and/endedded system, on which
software is executed that is capable of implemerttie method. It is understood that

features of the method may also be features aytbiem and vice versa.

According to an embodiment of the invention, thehmd comprises: measuring a
position of the tool relative to an elevator cangsa position measuring system;
measuring a height of the elevator car in the ét\&haft using a height measuring
system; and determining a position of the tooltredato the elevator shaft on the basis of
the mentioned measured data of the position mewmgsaystem and of the height
measuring system using an evaluation system. ker etbrds, the evaluation system can
retrieve measured data from the sensors of théigosheasuring system and of the
height measuring system, convert said measuredratthe relative position of the tool
with respect to the elevator car and the heighih@felevator car relative to a reference
level to the elevator shaft, and calculate, fromrilative position and the height (for

example by addition), the absolute position oftta in the elevator shaft.

According to an embodiment of the invention, theifpon measuring system comprises
at least three, four or more signal transmitteas #ine attached to the elevator car at
different positions, and a signal strength sensat is attached to the tool. Said signal

transmitters may be radio transmitters in the fofrBluetooth Low-Energy transmitters
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for example, which are attached to the cornerb®tar roof of the elevator car. The
signal strength sensor may in this case be a Bitleteceiver which is integrated in the
tool. The evaluation system may be designed tamiéte the position of the tool relative
to the elevator car from the signal strengths efdignal transmitters measured by the
signal strength sensor. It is also possible fdgaas transmitter to be arranged on the tool

and for a corresponding signal strength sensoe @artanged on the elevator car.

According to an embodiment of the invention, thgnal transmitters are attached to a car
roof of the elevator car. The signal transmitteeg/rbe attached to three or four corners
of the car roof for example.

According to an embodiment of the invention, sigraflthe signal transmitter that are
received by the signal strength sensor are ragitats, ultrasound signals, Bluetooth
signals and/or infrared signals. The signals dedgnt signal transmitters may be
differently modulated and/or may have differengifrencies, such that the signal strength
sensor can separate said signals from one andthetool, such as an electric
screwdriver, may be provided with a sensor uniefcample, which unit comprises a
RSSI (received signal strength indicator) measudienjce as the signal strength sensor,
which measuring device can identify the signalrsiths of transmitters of a wireless
communication network for example. In other wotdsnsceivers or transmitters of a
wireless communication network (Bluetooth, infrarett.) may be used as signal
transmitters. The sensor unit of the tool can meathe RSSI values of the transmitters
on the car roof and use said values to calcul&entbvement of the tool relative to the

car roof.

As an alternative to the described method for nréagthe position of the tool relative to
the elevator car, a method based on ultrasoundafsaybe used. For this purpose, for
example, an ultrasonic transmitter may be arramgeithe tool and one ultrasonic
receiver may be arranged in each case at at least defined points on the elevator car.
In each case, the spacing between the transmittiethe receivers, and thus the position
of the transmitter relative to the receivers andthlso relative to the elevator car, can be
determined from the delay times of the ultrasoréwes from the transmitter to the

receivers.
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According to an embodiment of the invention, theif)on measuring system comprises
an inertial measurement unit that is designed terdene an acceleration and/or a spatial
orientation of the tool relative to the elevator. éhe inertial measurement unit can be
integrated in the tool for example. An acceleratond/or a spatial orientation can be
described using a three-dimensional vector. Theighéneasurement unit, which may be
attached to the tool or integrated in the tool, derermine the spatial orientation and/or
the acceleration of the tool in the x-, y- and ediion and/or can determine an angle of
the tool relative to the horizontal. In particuldre spatial orientation and/or the angle
make it possible to detect how the tool is poséibrelative to the walls of the elevator
shaft (tool is directed towards the front wall, tear wall, the left-hand or right-hand side

wall, the bottom surface or the top surface ofdlewator shaft).

The inertial measurement unit may comprise an acagbn sensor for measuring
accelerations and/or a gyroscope for measuringphgal orientation. The inertial
measurement unit may further comprise a magnetid §ensor, by means of which a
location or orientation change in a homogenous rigfield (for example the earth’s

magnetic field) can also be identified.

The evaluation system may be designed to deterangpatial orientation of the tool
relative to the elevator shaft, on the basis ofpibgtion of the tool relative to the elevator
shaft and the acceleration and/or the spatial tiem of the tool relative to the elevator
car. If the evaluation system compares the absphsg#ion of the tool in the elevator
shaft with a three-dimensional model of the elevaystem in the elevator shaft, the
evaluation system can use the spatial orientatidhectool to determine towards which

construction component the tool is currently dieelct

Furthermore, the acceleration of the tool may leeluse improve the determination of the

relative position of the tool.

According to an embodiment of the invention, thegghemeasuring system comprises a
car height measuring device that is attached telénator car. The car height measuring
device may be attached to the car roof of the &ewar. The vertical spacing between

the car height measuring device and the signastnéters of the position measuring
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system may be fixed and may be used by the evatusyistem in order to determine the

position of the tool relative to the elevator car.

According to an embodiment of the invention, thegghemeasuring system comprises a
shaft height measuring device that is attachetdatevator shaft, for example to a wall,
the bottom or the top of the elevator shaft. Theftdheight measuring device may be

attached at the highest floor of the elevator dhefause, in this case, there is always a

clear line of sight to an evaluation unit of thelesation system on the car roof.

In total, two height measuring devices may be htecin the elevator shaft, at the

highest floor, and to the car roof of the elevatar.

According to an embodiment of the invention, thegghemeasuring system comprises a
tool height measuring device that is attached ¢adlol. The tool height measuring device
may be integrated in the tool and/or may be a corapbof the inertial measurement
unit. The calculation of the absolute positiontdd tool in the elevator shaft can be

assisted or improved using the measured data dbthéeight measuring device.

According to an embodiment of the invention, thelegight measuring device, the shaft
height measuring device and/or the tool height mn@&ag device each comprise an air
pressure sensor. When measuring the relative héighpossible to achieve precision to
within a few dm if temperature and/or air humidiine also taken into account. It is also
possible, however, for the car height measuringogevhe shaft height measuring device
and/or the tool height measuring device to be basddser, radar and/or sonar distance
measurements. For example, the car height measieirige may determine a distance
between the car roof and the top of the elevataftsh

It is also possible to identify the height of teeltusing the tool height measuring device
and a shaft height measuring device as a refeltggigat measuring device that may be

attached close to the highest floor.

The height of the elevator car may also be detexthirsing other known position
measuring systems, such as an absolute positiosumeg system, as is used in the

subsequent operation of the elevator system.
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According to an embodiment of the invention, thetesn comprises a camera that is
attached to the tool. Said camera, which can gipeapture images of construction
components of the elevator system towards whiclidbles directed and/or that are
being worked by the tool, can send images andfosfio the evaluation system via a

data communication link.

The camera attached to the tool can further assistprove the process of locating the
tool. For example, the camera images can be eeallmst the evaluation system and it is
possible to identify, on the basis of a construciian or a three-dimensional model of
the elevator system, which construction compongétite@elevator system is currently
within the sight of the camera (for example, ipassible to identify whether the camera
or the tool is directed towards a screw, towar@defft-hand or right-hand screw of a

plurality of screws, etc.).

The evaluation system may be designed to evalmat@age of the camera and to
recognize a construction component of an elevafsiem towards which the camera is
directed. For example, the evaluation system camtify that the construction component

(for example a screw) is depicted in a specifidtpmswithin the image.

Furthermore, the evaluation system may be designetntify a construction

component in a three-dimensional elevator modetherbasis of the position and/or a
spatial orientation of the tool relative to theval®r shaft and the recognized construction
component. For example, a pre-defined volume intfod the tool (such as a square
and/or cube having side lengths of less than 1@cmxample) may be cut out of the
three-dimensional elevator model, and the specifitstruction components (such as

screws) may be sought in said volume.

Furthermore, the evaluation system may be desigmddtermine a corrected position
and/or corrected spatial orientation of the toohirthe identified construction component
of the model. It may be assumed, for example,alainstruction component worked by
the tool is located exactly at a tip (a referenaia) of the tool, even if said component

were found only at the edge in the above-mentigmeetefined volume.
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According to an embodiment of the invention, thstesn comprises a current sensor that
is connected to a power supply of the tool. Thduaten system may be designed to
determine, from measured data of the current semé@n and/or in what way the tool
has been activated. The sensor unit on the toolaisaybe designed to identify the
present power consumption of the tool (for exanfi@en a power supply, such as an
accumulator integrated in the tool). This inforroatcan be used to determine when the
tool is activated. Measurements of the current alsy be used to identify how firmly a

screw has been tightened.

It is also possible for the tool to independentyett different variables and transfer said
variables to the evaluation system. If the toaésigned as an electric screwdriver for
example, it may for example detect a number oftita, an angular position, a torque
and a preload of the screw when a screw has fidibbang screwed in, and transfer said

data to the evaluation system.

According to an embodiment of the invention, thaleation system is designed to

record, for example in a file and/or database ptbgition and/or a spatial orientation of
the tool relative to the elevator shaft at which tbol has been activated. For example, an
image captured by the camera at this position rsaylee stored in the file. Measured
values of the current sensor that were recordéuisposition may also be stored in said
file. The system can assist an installer or semaewhen filling in records, and thus
result in time-saving during servicing or assemiblye system can also be used by an
inspector during acceptance of the elevator, artddérprocess also result in considerable

time-saving during the acceptance.

According to an embodiment of the invention, thaleation system is designed to
compare a three-dimensional elevator model witbnded positions of the tool and to
identify whether construction components at whiehtbol is to be activated should not
be worked. For example, it is possible to electralty identify whether tightening of
specific screws has been forgotten. Alternativefyin addition, the positions identified
by the system, at which positions the construatimmponents were worked, can be
shown together with a construction plan or a thdieeensional model of the elevator
shaft and/or of the elevator system and/or compaitidthe three-dimensional model,

for example visually.
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It should be noted that some of the possible featand advantages of the invention are
described here with reference to different embodiseA person skilled in the art shall
recognize that the features may be combined, adlapteexchanged as appropriate in

order to arrive at other embodiments of the imamti

Embodiments of the invention will be described belwith reference to the
accompanying drawings, neither the drawings nodteeription being intended to be

interpreted as limiting the invention.

Fig. 1 schematically shows a tool for a monitoramgl recording system according to an

embodiment of the invention.

Fig. 2 schematically shows an elevator shaft cosnmpgisensors for a monitoring and

recording system according to an embodiment ofrthention.

Fig. 3 schematically shows a monitoring and recaydiystem according to an

embodiment of the invention.

Fig. 4 is a flow diagram of a method for monitoriugd/or recording a position of a tool

in an elevator shaft according to an embodimeth@invention.

The drawings are merely schematic and not truedtesLike reference signs refer in

different drawings to like or analogous features.

Fig. 1 shows a tool 10 in the form of an electdesvdriver, by means of which screws
for fastening a rail arrangement of an elevatotesygo the walls of an elevator shaft, for

example, can be tightened.

The tool 10 comprises a sensor unit 12 that igmated in the tool and that comprises, in
addition to evaluation electronics 14, a signarggth sensor 16, an inertial measurement
unit 18, a height measuring device 20 and a cugemsor 22. The height measuring

device 20 and/or the current sensor 22 are optional
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The signal strength sensor 14 is designed to resignals (such as radio, infrared or
ultrasound signals) from a signal transmitter 42 (Big. 2) and to identify a signal
strength of said signal. The evaluation electrofitsan determine a distance of the tool
10 from the signal transmitters, and therefrom sitfgm of the tool 10 relative to said

signal transmitters, at different locations.

The inertial measurement unit 18 comprises an exagbn sensor 24 and a gyroscope
26. The acceleration sensor 24 can generate aattefemeasured data of the tool 10.
The gyroscope 26 is used to identify the spatigntation of the tool 10. Furthermore,
the inertial measurement unit 18 may comprise anet@gfield sensor, by means of
which a spatial orientation of the tool 10 can dentified using the earth’s magnetic
field.

The height measuring device 20, which may be basedlr pressure measurements for
example, can determine an absolute height of thlelth A height of the tool 10 relative
to a reference point, for example in an elevataftsiban be determined by means of

comparison with an absolute height of the refergmuset.

The current sensor 22 is connected to a power gubphe tool 10 (for example an
accumulator) and can identify whether and/or fawthang the tool 10 is activated (power
on/off). By measuring the current strength it sogbossible to identify, for example, how

firmly a screw has been tightened by the tool 10.

The tool 10 further comprises an integrated car@8rdy means of which a working
region in front of the camera 28 can be monitoredf@ by means of which images of
said working region can be captured.

Alternatively, the sensor unit 12 and/or the can&&anay be attached only to the tool 10

and/or may be releasable from the tool 10 for examp

Fig. 2 shows an elevator shaft 30, in which anag@vsystem 32 is installed (during
assembly, at least in part). The elevator systero®®rises an elevator car 34 which can
be moved up and down in the elevator shaft 30.rMyuservicing and/or assembly of the

elevator system 32, an installer may be on theax#Hr35 of the elevator car 34, and in
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this case may hold the tool 10 in his hand and woristruction components 36 of the
elevator system 32. Screws of a rail arrangemenstaown as construction components

36 in Fig. 2 by way of example.

An evaluation unit 38 (for example a laptop or aiteodevice, smartphone, tablet
computer), a car height measuring device 40 anddignal transmitters 42 attached to
the corners of the car roof 35 are located on #neaof 35 of the elevator car 34. A
further height measuring device 44 is attachedwalaof the elevator shaft 30 at the
height of the highest floor. Evaluation electromiaay be integrated in the height
measuring devices 40, 44.

It may also be possible for an evaluation unit$&e(Fig. 3) to be integrated in the sensor

unit 12 of the tool as an electronic component.

The evaluation unit 38 is then designed to receieasured data from the tool 10 or from
the sensor unit 12 thereof and the height measdenies 40, 44 and to further process
said data. This may occur via a wireless data comncation link for example. The
evaluation electronics 14 of the tool 10 can ree@neasured data or images from the
individual sensors or sensor units 16, 18, 2022226 of the tool and from the camera
24 of the tool, and transmit said measured dathg@valuation unit 38 via the data

communication link.

The evaluation unit 38 can also actuate the sigaakmitters 42 and trigger said
transmitters to emit a signal. The signal tran®rstd2 and/or the height measuring
device 40 may be connected to the evaluation @& a wired data communication
link.

The signal transmitters 42 can transmit signaks sthength of which can be measured by
the signal strength sensor 16. Either the evalnatiectronics 14 of the tool or the
evaluation unit 38 can determine a position ofttigd 10 relative to the car roof 35 from

the different signal strengths.

It is possible for the signals of the signal traiteen42 to be data communication signals,

for example based on Bluetooth, by means of wha, a data communication link to
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the tool 10 or the evaluation electronics 12 thereothe height measuring device 40

and/or to the height measuring device 44 can labksted.

Fig. 3 schematically shows a recording and momitpgystem 46 that is formed of the
sensors, height measuring devices, evaluationretecs, the evaluation unit 38 etc.

shown in Fig. 1 and 2.

The system 46 comprises a position measuring sy$8that may comprise the signal
strength sensor 16 on the tool 10, the signal tnéttex 42 on the car roof 35, the inertial
measurement unit 18 of the tool 10, the accelera@msor 24 of the tool 10, the
gyroscope 26 of the tool 10 and a magnetic fiettsseof the tool. The system 46 further
comprises a height measuring system 50 that mapesethe tool height measuring
device 20, the car height measuring device 40 arnldéoelevator shaft height measuring

device 44.

The evaluation system 52 of the overall systematprises the evaluation unit 38 and
optionally any evaluation electronics of the toBldr of the height measuring devices 40,

44 that may be present.

The system 46 may also comprise the current s@#and/or the camera 28 of the tool
10.

As shown in Fig. 3, the components of the systermd$ all be directly or indirectly

interconnected by means of a data communicatidmbih

Fig. 4 shows a method that can be implemented aitcally by the system 46.

In step S10, a position and, optionally, a spatisntation, of the tool 10 relative to the
elevator car 34 is measured using the position unggssystem 48, and a height of the

elevator car 34 in the elevator shaft 30 is measusing the height measuring system 50.

Signal strengths of the signal transmitter 42 agasured using the signal strength sensor

16, and the position of the tool 10 relative to ¢tevator car 34 is determined on the basis
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thereof. The position can in particular be caledats a three-dimensional position or as

a three-dimensional vector, i.e. as a number triple

Furthermore, a further position of the tool 10 tiglato a previous tool position can also
be identified from the measured data of the acaBtar sensor 24. The position of the
tool 10 can be used, together with the positiontified on the basis of the signal
strength sensor 16, to calculate a position ofdbkin a manner having a reduced

measuring error (for example by means of averaging)

A spatial orientation of the tool 10 can be measwsng the gyroscope 26 and/or a
magnetic field sensor for example. Said spatiardgdtion may comprise an angle to the
horizontal (pitch angle) and/or an angular dispieeet relative to the vertical (yaw

angle).

The height of the elevator car 34 in the elevaltafts30 can be determined using the
height measuring devices 40, 44. The two heightsoméag devices 40, 44 may each
comprise an air pressure sensor and can deternmeiglat relative to sea level. The
height of the car roof 35 above the bottom of leeaor shaft 30 can be determined
from the difference between the values of the étenghaft height measuring device 44
and of the car height measuring device 40 (for gtarby adding a known offset).

It is also possible, however, for the car heighasueing device 40 to be designed as a
radar or lidar telemeter and to be able to iderdtipacing from the top of the elevator
shaft. The height of the car roof 35 above thedmotof the elevator shaft 30 can be
determined from said spacing (for example by adttiegknown height of the elevator
shaft 30).

The height measuring device 20 on the tool 10 nsy @mprise an air pressure sensor.
The difference between the values of the tool heigbasuring device 20 and the car
height measuring device 40 can be used for congfatproving the position of the tool

10 relative to the elevator car 34 for example.

In step S12, a position and, optionally, a spatisntation, of the tool 10 relative to the

elevator shaft 30 is determined on the basis ofrteasured data. For example, the



10

15

20

25

30

1P2283WO

-15-

evaluation unit 38 may receive and also furthetuata all the measured data provided

by the sensors.

The height of the car roof 35 above the shaft mottor example, can be added to the
position relative to the car roof 35. A spatiah(islational) offset of the coordinate
system with respect to the elevator car 34 and repect to the elevator shaft 30 can
also be added here. For example, the coordinatersys the car may be determined by
the center of the car roof 35, while the coordirsytgem of the elevator shaft is

determined by a bottom corner of the elevator shaft

It is equally possible for an angular offset toadeled to the spatial orientation of the tool,

in order to determine a spatial orientation ofttha 10 relative to the elevator shaft 30.

In step S14, it is determined, from measured ditleocurrent sensor 22, when and/or in
what way the tool 10 has been activated. For exantipé current sensor 22 can identify
when the installer has pressed a switch of the1@olt is also possible to identify, from
the strength of the current, how firmly a screw baen tightened for example. In
addition, the time point and the duration of thevation can be determined, for example

by means of a clock of the evaluation unit 38.

Overall, the evaluation system 52 can identify sifpan and, optionally, the spatial
orientation, of the tool 10 in the elevator shdfta® which the tool has been activated

(and in addition the time point and/or the duratdnhe activation for example).

In step S16, an image of the camera 28 is sent hherool 10 to the evaluation unit, for
example on the basis of an activation of the t@olSaid image can be stored, together
with the position determined upon activation, andén be further evaluated by the

evaluation unit 38 by means of image data procgssin

For example, the evaluation unit 38 can recognizether a construction component 36
of the elevator system 32, towards which the car®8rig directed, can be seen in the
image. In addition, the evaluation unit 38 can atsmgnize a location and/or an
orientation of the construction component 36 andgare this with the identified

position of the tool 10.
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In this case, the evaluation unit 38 can identify position of said construction
component 36 on the basis of the position and®otientation of the tool 10 in the
elevator shaft 30. It can be assumed, for exantde the construction component 36 is
located at a specific position in the coordinatgemy of the tool 10. Said position,
together with the position and/or the orientatibthe tool 10, can be converted into a
position of the construction component 36 in trevator shaft 30.

It is also possible, however, for it to simply Esamed (without evaluating image data)
that a construction component 36 is worked wheridbkl0 is activated, and the
position of the construction component 36 in tlevator shaft 30 is then determined as

just described.

The evaluation unit 38 can then identify, in a hdémensional model 56 (for example on
the basis of a construction plan) of the elevagstesn 32, a corresponding construction
component 36 in the model, on the basis of thetiposind/or of a spatial orientation of
the tool 10 relative to the elevator shaft 30 drelrecognized construction component 36
or the position of the construction component 3thaelevator shaft 30. For example,
the construction component 36 can be sought inamethat is defined in the coordinate
system of the tool 10.

The evaluation system 52 can thus establish alatime between a real worked

construction component 36 and a construction compoin the model 56.

In step S18, the evaluation system 52 can recorafile, the position and/or a spatial
orientation of the tool 10 relative to the elevagbaft 30 at which the tool 10 has been
activated. Further information, such as a consonatomponent 36 found at the position
in the model 56, the activation time point, thevatton duration, a camera image of the
camera 28 acquired at said time point, etc. cankadsstored in said file, together with the

position.

After the installer has finished his work, in aps&20, the evaluation system 52 can
compare the three-dimensional elevator model 56 thi¢ recorded positions of the tool

10 and can identify if construction components Bé@lzich the tool 10 should be
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activated were not activated. In this way, the gatbn system 52 can determine, and can
optionally also visually show in the model 56, &ample on a screen of the evaluation
unit 38, construction components 36 that have rentworked but which should be
worked. In this way, the installer is provided wéthtomatic assistance when monitoring
his work and/or warnings about possible deficienaeassembly or servicing.

In conclusion, it should be noted that terms likaving," "comprising”, etc. do not
exclude any other elements or steps, and termé&dlker "an" do not exclude a plurality.
Furthermore, it is noted that features or stepshihae been described with reference to
one of the aforementioned embodiments may alssée im combination with other
features or steps of other embodiments describedealReference signs in the claims

should not be considered limiting.
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Claims

1. A system (46) for monitoring and/or recordingaaition of a tool (10) in an
elevator shaft (30), the system (46) comprising:

a position measuring system (48) for measuringsition of the tool (10) relative
to an elevator car (34);

a height measuring system (50) for measuring ghtheif the elevator car (34) in
the elevator shaft (30);

an evaluation system (52) that is designed taveareasured data from the
position measuring system (48) and the height mewgaystem (50) and to determine

therefrom a position of the tool (10) relative be elevator shaft (30).

2. The system (46) according to claim 1,

wherein the position measuring system (48) corapré least three signal
transmitters (42) that are attached to the elevato(34) at different positions, and a
signal strength sensor (16) that is attached taaible(10);

wherein the evaluation system (52) is designetktermine the position of the
tool (10) relative to the elevator car (34) frore #ignal strengths of the signal
transmitters (42) measured by the signal strergtise (16).

3. The system (46) according to claim 2,

wherein the signal transmitters (42) are attacbeldar roof (35) of the elevator car (34).

4. The system (46) according to either claim 2laint 3,
wherein signals of the signal transmitter (42) #ratreceived by the signal strength

sensor (16) are radio signals, ultrasound sigBalgtooth signals and/or infrared signals.

5. The system (46) according to any of the pregediaims,

wherein the position measuring system (48) compmseinertial measurement
unit (18) that is designed to determine an acciétgrand/or a spatial orientation of the
tool (10).

wherein the evaluation system (52) is designeceterthine a spatial orientation

of the tool (10) relative to the elevator shaft)(h the basis of the position of the tool
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(10) relative to the elevator shaft (30) and theebaration and/or the spatial orientation of
the tool (10) relative to the elevator car (34)l/an
wherein the inertial measurement unit (18) comprase acceleration sensor (24)

and/or a gyroscope (26).

6. The system (46) according to any of the pregediaims,

wherein the height measuring system (50) comp&dses height measuring
device (40) that is attached to the elevator c4y; @d/or

wherein the height measuring system (50) compes#®aft height measuring
device (44) that is attached to the elevator 38, and/or

wherein the height measuring system (50) compades| height measuring
device (20) that is attached to the tool (10).

7. The system (46) according to claim 6,
wherein the car height measuring device (40), tiadt $reight measuring device (44)

and/or the tool height measuring device (20) cosgpain air pressure sensor.

8. The system (46) according to any of the preaediaims, further comprising:
a camera (28) on the tool (10);
wherein the evaluation system (52) is designesi/&duate an image of the
camera (28) and to recognize a construction compBe) of an elevator system (32)

towards which the camera (28) is directed;

9. The system (46) according to claim 8,

wherein the evaluation system (52) is designedentify a construction
component in a three-dimensional elevator modél, @®the basis of the position and/or
a spatial orientation of the tool (10) relativelie elevator shaft (30) and the recognized

construction component (36).
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10. The system (46) according to claim 9,
wherein the evaluation system (52) is designetktermine a corrected position
and/or spatial orientation of the tool from thentieed construction component (36) of

the elevator model.

11. The system (46) according to any of the prexgdiaims, further comprising:
a current sensor (22) that is connected to a psugply of the tool (10);
wherein the evaluation system (52) is designeceterthine, from measured data

of the current sensor (22), when and/or in what thaytool (10) has been activated.

12. The system (46) according to any of the prexediaims,
wherein the evaluation system (52) is designe@dond the position and/or a
spatial orientation of the tool (10) relative t@ thlevator shaft (30) at which the tool (10)

has been activated.

13. The system (46) according to any of the prexgediaims,
wherein the evaluation system (52) is designembiopare a three-dimensional
elevator model (56) with recorded positions oftit@ (10) and to identify if construction

components (36) at which the tool (10) should hivaked were not activated.

14. The system (46) according to any of the prexediaims,

wherein the tool (10) is an electric screwdriver/r

wherein construction components (36) of the etavsystem (32), the position of
which and/or the working of which by the tool (20¥ recorded by the evaluation system

(52), are screws.
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15. A method for monitoring and/or recording a fosiof a tool (10) in an elevator
shaft (30), the method comprising:

measuring a position of the tool (10) relativatoelevator car (34) using a
position measuring system (48);

measuring a height of the elevator car (34) indllegator shaft (30) using a
height measuring system (50);

determining a position of the tool (10) relativethe elevator shaft (30) on the
basis of the measured data of the position meagayistem (48) and of the height

measuring system (50) using an evaluation syst@&n (5



