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ELEVATOR ARRANGEMENT

(57) A method and a robot (15) for determining a
height (h) of an elevator step (49) in an elevator arrange-
ment (1) are proposed. The elevator step (49) may extend
between a car sill (7) and a landing sill (9). The robot (15)
comprises a support structure (17), at least two drive
wheels (19), a mobilisation unit (23) for driving each of
the drive wheels (19), a controller (25) for instructing the
mobilisation unit (23) and a cliff sensor (27) for detecting
a cliff at the ground surface underneath the cliff sensor
(27). The cliff sensor (27) is arranged at a predetermined
position with respect to the at least two drive wheels (19)
of the robot. The method comprises:
- displacing the robot such that at least a portion of the
robot crosses the gap extending between the car sill and
the landing sill until reaching a first position where the
cliff sensor detects the gap,
- displacing the robot from the first position to a second
position where one of the at least two drive wheels of the
robots is standing on the landing sill and another one of
the at least two drive wheels is standing on the car sill,
wherein, in such displacing, the predetermined position
of the cliff sensor with respect to the at least two drive
wheels of the robot is taken into account,
- measuring a tilt angle (47) of the support structure of
the robot upon the robot being at the second position, and
- determining the height of the elevator step based on
the measured tilt angle taking into account a relative po-
sition of the at least two drive wheels with respect to the
gap upon the robot being arranged in the second position.
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Description

[0001] The present invention relates to a method and
to a robot for determining a height of an elevator step in
an elevator arrangement.
[0002] An elevator arrangement typically comprises an
elevator car which may be displaced vertically throughout
a building. Therein, the elevator car may be displaced
relative to multiple landings at various levels within the
building. Each landing may be located at one of multiple
floors within the building. The elevator car may be
stopped at one of the landings such that passengers may
enter or exit from the elevator car. Upon such stop, a car
sill, i.e. a floor of the elevator car, adjoins a landing sill,
i.e. a floor of the landing. In order to enable frictionless
displacing of the elevator car within an elevator shaft con-
necting the various landings, a lateral gap extends be-
tween the car sill and the landing sill. Such gap typically
has a width of between a few millimetres and a few cen-
timetres.
[0003] Generally, upon stopping the elevator car at one
of the landings, generation of a substantial elevator step,
i.e. generation of a substantial difference in height level
between the car sill and the landing sill, should be avoided
as such elevator step may for example generate an ob-
stacle for passengers upon entering or exiting the eleva-
tor car. In other words, the car sill and the landing sill
should be substantially flush upon the elevator car being
stopped at one of the landings, with a remaining elevator
step being preferably smaller than a predefined height
limit of for example a few millimetres (e.g. < 5 mm or even
< 2 mm).
[0004] Accordingly, upon installing an elevator ar-
rangement and/or upon maintaining such elevator ar-
rangement, displacing of the elevator car between the
various landings and precisely stopping the elevator car
at each of the landings should be calibrated such as to
avoid the generation of substantial elevator steps.
[0005] Conventionally, such calibration is performed
by a technician. The technician may for example travel
with the elevator cabin and stop at each of the landings
in order to then check whether or not excessive elevator
steps are generated. If necessary, the technician may
then for example reconfigure a controller of the elevator
arrangement such as to suitably adapt stopping positions
of the elevator car in order to avoid such excessive ele-
vator steps.
[0006] However, calibrating an operation of the eleva-
tor arrangement by a technician may require significant
human efforts, thereby possibly significantly adding to
installation and/or maintenance costs. Furthermore,
such calibration procedure by a technician may be prone
to human-related errors.
[0007] Accordingly, approaches have been developed
for implementing such calibration procedures using ma-
chines such as robots. For example, WO 2018/198224
A1 discloses a height difference inspection device for
elevators.

[0008] There may be a need for an improved method
for determining a height of an elevator step in an elevator
arrangement and for a robot being specifically configured
for implementing such method.
[0009] Such needs 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.
[0010] According to a first aspect of the present inven-
tion, a method for determining a height of an elevator
step in an elevator arrangement is proposed. Therein,
the elevator arrangement comprises an elevator car be-
ing vertically displaceable relative to multiple landings at
various levels within a building. When the elevator car is
stopped at one of the landings, a car sill adjoins a landing
sill at a transition area with a gap extending between the
car sill and the landing sill, the elevator step being gen-
erated between the car sill and the landing sill upon the
car sill not being flush with the landing sill. The method
being implemented using a robot. The robot comprises
a support structure, at least two drive wheels, a mobili-
sation unit, a controller and a cliff sensor. The at least
two drive wheels are fixed to the support structure in a
rotatable manner at a vertically fixed location relative to
the support structure. The mobilisation unit is configured
for driving each of the at least two drive wheels to thereby
displace the robot along a ground surface. The controller
is configured for controlling displacing the robot within
accessible areas within the building by instructing the
mobilisation unit. The cliff sensor is configured for detect-
ing a cliff at the ground surface underneath the cliff sen-
sor, the cliff sensor being arranged at a predetermined
position with respect to the at least two drive wheels of
the robot. The method comprises at least the following
steps, preferably in the indicated order:

- displacing the robot such that at least a portion of
the robot crosses the gap extending between the car
sill and the landing sill until reaching a first position
where the cliff sensor detects the gap,

- displacing the robot from the first position to a second
position where one of the at least two drive wheels
of the robots is standing on the landing sill and an-
other one of the at least two drive wheels is standing
on the car sill, wherein in such displacing the prede-
termined position of the cliff sensor with respect to
the at least two wheels of the robot is taken into ac-
count,

- measuring a tilt angle of the support structure of the
robot upon the robot being at the second position,
and

- determining the height of the elevator step based on
the measured tilt angle taking into account a relative
position of the at least two wheels with respect to the
gap upon the robot being arranged in the second
position.

[0011] According to a second aspect of the invention,
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a robot for determining a height of an elevator step in an
elevator arrangement is proposed. Therein, the elevator
arrangement is configured in a same manner as de-
scribed above for the first aspect of the invention and the
robot comprises the components as defined above for
the first aspect of the invention. Particularly, the robot is
configured for one of executing and controlling the meth-
od according to an embodiment of the first aspect of the
invention.
[0012] Ideas underlying embodiments of the present
invention may be interpreted as being based, inter alia,
on the following observations and recognitions.
[0013] As already briefly indicated in the above intro-
ductory portion, a robot may be used for approaching the
transition area between a landing and an elevator car
being stopped at this landing and for determining the
height of the elevator step established between the land-
ing sill and the car sill.
[0014] For such purpose, the robot has to be mobile
such that it may be controllably displaced throughout an
accessible area within a building and its elevator arrange-
ment. For establishing such mobility, the robot may be
provided with wheels such that the robot may roll along
a ground surface at floors of the building as well as at a
floor of the elevator car.
[0015] Particularly, the robot may have a support struc-
ture which for example supports or holds other compo-
nents of the robot. Such support structure may for exam-
ple be a casing or a chassis to which the other compo-
nents of the robot are fixed.
[0016] The robot may then comprise at least two drive
wheels. Each of such drive wheels may be fixed to the
support structure in a rotatable manner. A rotation axis
of such drive wheel may be substantially horizontal.
Therein, the rotation axis of this drive wheel may be lo-
cated at a vertically fixed location relative to the support
structure. In other words, while the drive wheel may rotate
around its rotation axis, its position relative to the support
structure should be fixed at least in a vertical direction.
Accordingly, when one of the drive wheels is set to an-
other height level, also a level of the support structure of
the robot is modified at least at the side where the drive
wheel is fixed to the support structure. Having two such
drive wheels, the robot may be displaced along a ground
surface in a precisely defined manner.
[0017] While, in principle, the robot may have more
than two drive wheels, the robot preferably comprises
exactly two drive wheels. By having only exactly two drive
wheels, a vertical position of the support structure of the
robot at least in a plane including a virtual connection line
between these two drive wheels may be precisely de-
fined. Particularly, with only two drive wheels being held
at the support structure at vertically defined positions, no
situation may occur generally where one of the drive
wheels is not in contact with the ground surface while the
robot is being displaced along the ground surface. Ac-
cordingly, a current height level and/or tilt angle of the
support structure always unambiguously correlate with

locations of the drive wheels.
[0018] For example, the drive wheels may be arranged
at, close to or outside of a circumference of the robot’s
support structure. Particularly, the drive wheels may be
arranged at opposite sides of the support structure.
[0019] Additionally to such drive wheels, the robot may
comprise at least one stabiliser wheel. Such stabiliser
wheel may also be fixed to the support structure in a
rotatable manner. However, contrary to the drive wheels,
the stabiliser wheel should be fixed to the support struc-
ture at a vertically displaceable location relative to the
support structure. In other words, a level of the stabiliser
wheel with regard to the robot’s support structure may
change within an allowable height range. Such allowable
height range may be between some millimetres and a
few centimetres, e.g. between 2 mm and 5 cm.
[0020] Accordingly, when such stabiliser wheel is set
to another height level, this does not necessarily influ-
ence the height level and/or tilt angle of the support struc-
ture of the robot, at least as long as the stabiliser wheel
remains within its allowable height range. Accordingly,
on the one hand, the stabiliser wheel may prevent the
robot with its support structure from excessively inclining,
tilting or even falling over. However, on the other hand,
the stabiliser wheel may adapt its height position for ex-
ample to an unevenness or small bumps on the floor
forming the ground surface.
[0021] Similar to the drive wheels, the one or more sta-
biliser wheels may be arranged at, close to or outside of
a circumference of the robot’s support structure. Partic-
ularly, for example two stabiliser wheels may be arranged
at opposite sides of the support structure.
[0022] With a configuration having at least two drive
wheels, preferably exactly two drive wheels, and addi-
tionally having at least one, preferably at least two, sta-
biliser wheels, the support structure of the robot may be
moved and guided along the ground surface while being
hindered from excessively tilting or falling over and, at
the same time, allowing to absorb or roll over small height
irregularities occurring at such ground surface.
[0023] The mobilisation unit is configured for driving
each of the drive wheels. The mobilisation unit may com-
prise at least one motor, for example an electric motor,
for rotatably driving the drive wheels. Preferably, the mo-
bilisation unit comprises two or more motors, one motor
being associated to each one of the drive wheels for driv-
ing it independently from the other drive wheels. Alter-
natively or additionally, the mobilisation unit may com-
prise a gear unit for transmitting drive motions of the one
or more motors to associated one or more of the drive
wheels. The mobilisation unit may be configured for driv-
ing each of the drive wheels independent from other drive
wheels. For example, one drive wheel may be driven in
an opposite direction and/or with a difference speed com-
pared to other drive wheels. Accordingly, by suitably driv-
ing the at least two drive wheels, the robot may be dis-
placed and/or reoriented, i.e. rotated around a vertical
axis, in a desired manner.
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[0024] The controller is configured for controlling mo-
tions of the robot by sending instructions to the mobilisa-
tion unit. For example, the controller may have informa-
tion about a current location of the robot and/or about an
intended target location. Using such information, the con-
troller may determine a suitable displacement path for
arriving at the target location and may transmit instruc-
tions to the mobilisation unit for displacing the robot along
this displacement path.
[0025] Particularly, according to an embodiment, the
robot may further comprise a navigation unit for providing
navigation data. The navigation data may include infor-
mation about a current position of the robot within the
building and information about the accessible areas with-
in the building. The displacing of the robot to the first
position may then be controlled based on the navigation
data.
[0026] In other words, the navigation unit may supply
navigation data to other components of the robot, partic-
ularly to the controller. On the one hand, such navigation
data may provide information about the current location
of the robot. Such information may be provided based
on data or signals received from a global positioning sys-
tem or a local positioning system within the building. Fur-
ther to the information about the robot’s own position, the
navigation unit may provide information about the acces-
sible areas within the building. For example, the naviga-
tion unit may comprise a map of areas and paths being
accessible within the building. Using such map and know-
ing the robot’s current position, the navigation unit and/or
the controller may determine the suitable displacement
path for driving the robot to the target location.
[0027] Upon being driven throughout the accessible
areas within a building, there may be a risk that the robot
approaches areas in which for example steps of stairs
limit a further motion of the robot. Particularly, the robot
should be prevented from crossing an edge of such step
and then possibly falling down the stairs. Similarly, the
robot should be prevented from crossing edges of a land-
ing and then falling into an abyss in a stairway. An edge
of the step or of the landing may also be referred to as a
cliff.
[0028] For detecting the edge of a step or the edge of
a landing, the robot generally comprises a so-called cliff
sensor. The cliff sensor is configured for detecting struc-
tures in a neighbourhood of the robot which may be in-
terpreted as representing the edge of a step or the edge
of a landing. Upon detecting such structures, the cliff sen-
sor may provide a signal to the controller for warning the
controller due to the presence of the edge to the step or
abyss. The controller may then e.g. stop a further forward
motion of the robot to prevent the robot from crossing
this edge.
[0029] For example, the cliff sensor may be configured
for detecting the cliff based on measuring a distance be-
tween the cliff sensor and a target located vertically un-
derneath the cliff sensor.
[0030] In other words, the cliff sensor may be imple-

mented using a distance measuring device. Such dis-
tance measuring device may measure a distance with
respect to a target. Particularly, the distance measuring
device may be implemented and arranged such that it
may measure a distance to a target which is located un-
derneath, i.e. at a lower vertical level than, the cliff sensor.
Particularly, the target may be a ground surface on which
the robot is displaced, i.e. on which the drive wheels of
the robot may roll. When, during a motion of the robot,
the cliff sensor detects that its vertical distance from such
ground surface suddenly increases by more than an ac-
ceptable predetermined limit, this may be interpreted as
indicating the presence of a cliff. As a typical reaction to
detecting such cliff, the robot may stop, deviate or reverse
its motion.
[0031] Particularly, according to an embodiment, the
cliff sensor may comprise a light emitter and a light de-
tector. The cliff sensor may then be configured for de-
tecting the cliff based on measuring a distance between
the cliff sensor and a target located vertically underneath
the cliff sensor by emitting a light pulse by the light emitter
and detecting the light pulse upon being reflected at the
target.
[0032] Expressed differently, the cliff sensor may be
implemented with a light source which may emit a direct-
ed light pulse in a direction towards for example the
ground surface underneath the robot. Preferably, the light
source or light emitter may be a laser. When the light
pulse reaches an obstacle such as the ground surface,
it is at least partially reflected back towards the cliff sen-
sor. The light detector of the cliff sensor may then detect
such reflected light pulse portion. Based on for example
measuring a time-of-flight (TOF) between emitting the
light pulse and detecting the reflected light pulse, the dis-
tance between the cliff sensor and the ground surface
may be determined. Generally, upon reaching a cliff,
such measured distance suddenly increases. Alterna-
tively, upon reaching the cliff, the cliff sensor may sud-
denly no more detect any reflected light pulses. Accord-
ingly, based on the signals output by the cliff sensor, the
cliff may be reliably detected.
[0033] Using the described hardware of the robot, the
robot may then be used for determining the height of an
elevator step by executing a suitable method in accord-
ance with embodiments of the present invention.
[0034] Therein, the robot may originally be located
somewhere at a landing or somewhere within the eleva-
tor car. The robot may know its own position e.g. from
navigation data provided for example by the navigation
unit. Furthermore, the robot may know where the transi-
tion area between the landing and the elevator car is
located.
[0035] Based on this information, the robot may first
be displaced towards of the transition area. The robot
may then be further displaced such that at least a portion
of the robot crosses the gap extending between the car
sill and the landing sill. Such portion of the robot may
comprise the cliff sensor. Therein, the cliff sensor may
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be included in the portion of the robot which is first reach-
ing the gap. This is particularly true in case the cliff sensor
is arranged at the circumference of the robot, particularly
in displacement direction of the robot. In such case, the
cliff sensor immediately detects the gap as soon as the
circumference of the robot reaches the gap. Alternatively,
when the cliff sensor is not arranged directly at such cir-
cumference, the robot may first cross the gap with a por-
tion close to such circumference until, sooner or later,
the cliff sensor being arranged remote from this circum-
ference will reach a position at which it detects the gap.
The position at which the robot is when its cliff sensor
detects the gap for the first time is referred to herein as
the first position.
[0036] When being arranged in the first position, the
at least two drive wheels of the robot are generally both
arranged at one side of the gap extending between the
landing sill and the car sill. In other words, when the robot
starts from a location at the landing and approaches the
transition area adjacent to the elevator car, the first po-
sition will generally be set such that both drive wheels of
the robot still rest on the landing sill side of the gap. In
the opposite case where the robot starts from a location
in the elevator car and approaches the transition area
adjacent to the landing, the first position will generally be
set such that both drive wheels of the robot still rest within
the elevator car on the car sill side of the gap.
[0037] The cliff sensor may generally detect the gap
between the landing sill and the car sill, as such gap
typically has a very similar structure as e.g. an edge of
a stair step or an edge of a landing abutting to an abyss.
Particularly, at such gap, a ground surface suddenly "dis-
appears" for the cliff sensor, i.e. the cliff sensor sends its
light pulses into this gap and therefore does no more
detect reflected light pulse portions or suddenly meas-
ures a strongly increased distance with regards to a re-
flecting target surface.
[0038] Normally, upon detecting a cliff, the robot will
stop or reverse its motion in order to avoid falling over
the cliff. However, in accordance with the methods pro-
posed herein, after having detected a cliff corresponding
to the gap between the landing sill and the car sill, the
robot may be further displaced towards a second posi-
tion. Such second position may be such that the robot
continues to cross the gap.
[0039] Whether or not a detected cliff corresponds to
an edge of a stair step or landing, a crossing of which is
to be avoided by the robot, or whether the detected cliff
corresponds to the gap between the landing sill and the
car sill may be determined by the robot preferably auto-
matically. For example, the robot may distinguish be-
tween both cases based on information included in the
navigation data. Alternatively, the robot may have further
sensors such as a lidar sensor and/or ultrasonic sensors
which allow distinguishing both cases.
[0040] The second position should be set such that
one of the at least two drive wheels of the robot is standing
on the landing sill whereas another one of the drive

wheels is standing on the car sill. In other words, starting
from the first position, the robot shall be displaced to the
second position such that it rests with one of its drive
wheels on the landing sill while resting with another one
of its drive wheels on the car sill.
[0041] In order to determine how the robot may be dis-
placed from the first position to such specific second po-
sition, it may have to be taken into account where the
cliff sensor is arranged at the support structure of the
robot with respect to the location where the at least two
drive wheels of the robot are arranged at the support
structure. In other words, in order to know how the robot
should be displaced from the first to the second position,
the known relative positioning of the cliff sensor, on the
one hand, and the drive wheels, on the other hand, may
be taken into account.
[0042] Accordingly, in case the landing sill and the car
sill are not aligned with each other such that its respective
ground surfaces are not flush, the robot will have to cross
the elevator step between both sills with at least one of
its drive wheels while at least another one of the drive
wheels does not cross this elevator step.
[0043] Accordingly, upon resting with one drive wheel
on the landing sill and with the other one drive wheel on
the car sill being on a different level, the entire robot in-
cluding its support structure will no more be arranged
horizontally, i.e. parallel to the horizontal ground surface.
Instead, the entire robot will be inclined by a tilt angle.
Therein, the tilt angle of the support structure is precisely
defined as it is depending on the different levels of the
landing sill and the car sill, as the drive wheels are ar-
ranged at the support structure at vertically fixed loca-
tions relative to the support structure.
[0044] Being located at the second position, the tilt an-
gle of the support structure may therefore be measured
for deriving information therefrom about the different lev-
els of the landing sill and the car sill.
[0045] For such purpose, according to an embodiment,
the robot may comprise an acceleration sensor. The ro-
bot may then be configured for measuring the tilt angle
of its support structure based on signals from the accel-
eration sensor.
[0046] The acceleration sensor may for example be
configured for sensing accelerations acting onto the robot
in one or more spatial directions. Particularly, the accel-
eration sensor may be configured for sensing accelera-
tions acting in each of three spatial directions being or-
thogonal to each other. As gravity is an acceleration gen-
erally acting onto the robot, the acceleration sensor may
be used for detecting a tilt angle with which the support
structure of the robot is inclined with respect to a vertical
direction indicated by the gravity direction. The acceler-
ation sensor may be for example a small semiconductor
device. Particularly, signals from the acceleration sensor
may be correlated with information comprised in naviga-
tion data in order to determine for example a current ori-
entation of the robot within a map represented in the nav-
igation data.
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[0047] Upon having determined the tilt angle of the
support structure, this information may finally be used for
determining the height of the elevator step. In such de-
termination, the pre-known information about the relative
position of the two drive wheels with respect to the gap
upon the robot being arranged in the second position
may be taken into account. In other words, when deriving
information about the height of the elevator step, this in-
formation is acquired not only taking into account the tilt
angle of the support structure but additionally also taking
into account where the drive wheels of the robot are lo-
cated relative to the gap between the landing sill and the
car sill. Generally, the larger the measured tilt angle is
and the smaller the lateral distance between each of the
drive wheels and the gap is, the higher the elevator step
is.
[0048] According to an embodiment, the mobilisation
unit may be controlled to turn the robot around a vertical
rotation axis for displacing the robot from the first position
to the second position.
[0049] In other words, the robot may be displaced from
the first position to the second position not, or at least
not only or not mainly, by displacing the robot linearly, i.
e. displacing a centre of gravity of the robot. Instead, such
displacement from the first to the second position may
be implemented by reorienting, i.e. turning the robot
around its vertical axis. For such turning of the robot, for
example only one of the at least two drive wheels is driven
or both drive wheels are driven but at different speeds
and/or in opposite directions.
[0050] Such reorienting of the robot may present a par-
ticularly reliable manner of arranging the robot at the sec-
ond position with one of its drive wheels resting on the
car sill and one of its drive wheels resting on the landing
sill when starting with an initial situation where the robot
is located at the first position with both its drive wheels
resting on a same one of the car sill and the landing sill.
[0051] Particularly, according to a specific embodi-
ment, the mobilisation unit may be controlled to turn the
robot by 90° 6 30°, preferably by 90° 6 10°, around the
vertical rotation axis.
[0052] In other words, it may be preferable to displace
the robot from the first position to the second position by
reorienting the robot with a rotation angle of between 60°
and 120°. Using such reorientation for achieving the sec-
ond position of the robot has been shown to provide re-
liable results for the determined height of the elevator
step. Particularly, when the robot has initially approached
the gap between the landing sill and the car sill in a di-
rection rectangular to an extension direction of the gap,
the robot may then be reliably reoriented into its second
position where one of its drive wheels remains on an
initial one of the landing sill and the car sill whereas the
other drive wheel crosses the gap and then rests on the
other one of the landing sill and the car sill.
[0053] Further particularly, according to a specific em-
bodiment, the mobilisation unit may be controlled to turn
the robot around the vertical rotation axis such that a

virtual line connecting the two drive wheels extends rec-
tangular to an extension direction of the gap extending
between the car sill and the landing sill.
[0054] Expressed differently, for displacing the robot
from its first to its second position, the robot may be re-
oriented by turning it around its vertical axis until the two
drive wheels reach a position where the vertical line con-
necting these drive wheels extends substantially rectan-
gular, i.e. at an angle of e.g. 90° 6 30°, preferably 90° 6
10°, with respect to the extension direction of the gap. At
such orientation, a sum of a distance of one of the drive
wheels from the gap and a distance of the other one of
the drive wheels from the gap is at a maximum. Accord-
ingly, at such orientation, the tilt angle of the robot is
relatively small and, more important, by measuring this
tilt angle, a very precise information about the height of
the elevator step may be derived.
[0055] It shall be noted that possible features and ad-
vantages of embodiments of the invention are described
herein partly with respect to a method for determining
the height of an elevator step and partly with respect to
a robot for implementing such method. One skilled in the
art will recognize that the features may be suitably trans-
ferred 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 invention.
[0056] In the following, advantageous embodiments of
the invention will be described with reference to the en-
closed drawings. However, neither the drawings nor the
description shall be interpreted as limiting the invention.

Fig. 1 shows a perspective representation of a robot
for determining a height of an elevator step in ac-
cordance with an embodiment of the present inven-
tion.

Fig. 2(a)-(c) show a sequence of schematic top views
of a robot in a succession of steps of a method for
determining a height of an elevator step in accord-
ance with an embodiment of the present invention.

Fig. 3 shows a side view of a robot positioned at an
elevator step for determining its height in accordance
with an embodiment of the present invention.

[0057] The figures are only schematic and not to scale.
Same reference signs refer to same or similar features.
[0058] Fig. 1 shows an elevator arrangement 1 with an
elevator car 3 being stopped at a landing 5 at one of
multiple floors in a building. The elevator car 3 may be
closed with an elevator door 31 having for example two
elevator door blades 33 which are guided by elevator
door rails 35. Similarly, an access to the elevator car 3
may additionally be closed with a landing door 37 having
for example two landing door blades 39 which are guided
by landing door rails 41.
[0059] A ground surface of the elevator car 3 forms a
car sill 7, whereas a ground surface of the landing 5 forms
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a landing sill 9. In case the elevator car 3 is not sufficiently
precisely stopped at the level of the landing 5, a step 49
may be formed between the car sill 7 and the landing sill
9 at a transition area 11 where a gap 13 extends between
the car sill 7 and the landing sill 9. In case such step 49
has a substantial height, it may form an obstacle for pas-
sengers entering or exiting the elevator car 3.
[0060] Conventionally, the height of the step 49 was
determined by a technician in order to then suitably align
the elevator car 3 with the landing 5. In order to reduce
human efforts for determining such heights, it is suggest-
ed to use a specific robot 15 which is configured for ex-
ecuting a method for determining the height of an elevator
step 49 in an elevator arrangement 1.
[0061] The robot 15 comprises a support structure 17
such as a housing. At the support structure 17, at least
two drive wheels 19 are fixed in a rotatable manner. In
the example shown, the robot 15 comprises exactly two
drive wheels 19. The drive wheels 19 are arranged at
opposite lateral sides of the support structure 17. Each
drive wheel 19 is fixed to the support structure 17 at a
fixed location relative to the support structure 17.
[0062] Furthermore, the robot 15 comprises additional
stabiliser wheels 21 which shall prevent the support
structure 17 from excessively inclining. In the example
shown, one stabiliser wheel 21 is arranged at a front side
and another stabiliser wheel 21 is arranged at a rear side
of the support structure 17. Each stabiliser wheel 21 is
fixed to the support structure 17 such that it may be ro-
tated while additionally being vertically displaceable rel-
ative to the support structure 17.
[0063] Furthermore, the robot 15 comprises a mobili-
sation unit 23. The mobilisation unit 23 may comprise
motors or other actuators for driving each of the drive
wheels 19. Preferably, each drive wheel 19 may be driven
independent from the other drive wheel 19. Thereby, the
robot 15 may be displaced in linear motions as well as
in curved or rotating motions along a ground surface with-
in the elevator car 3 and the landing 5.
[0064] An operation of the mobilisation unit 23 is con-
trolled by a controller 25. Accordingly, the controller 25
may control displacing the robot 15 within accessible ar-
eas within the building by instructing the mobilisation unit
23. For this purpose, the controller 25 may for example
receive navigation data provided by a navigation unit 29.
Such navigation data may include information about a
current position of the robot 15 within the building as well
as information about the accessible areas within the
building.
[0065] In addition, the robot 15 comprises a cliff sensor
27. The cliff sensor 27 is configured for detecting a cliff
at the ground surface underneath the cliff sensor 27. For
example, the cliff sensor 27 may be configured for deter-
mining a current distance to this ground surface and the
cliff sensor 27 may detect the cliff upon detecting an oc-
currence of a sudden substantial difference in such dis-
tance. For such purpose, the cliff sensor 27 may for ex-
ample comprise a light emitter or, more specifically, a

laser emitter for emitting light pulses and a light detector
for detecting the light pulses upon being reflected at a
target such as the ground surface. The cliff sensor 27 is
fixed to the support structure 17 at a predetermined po-
sition with respect to the positions of the drive wheels 19.
Accordingly, upon detecting a cliff with the cliff sensor
27, a current position of the drive wheels 19 with respect
to this cliff may be precisely known.
[0066] Figs. 2(a) - (c) visualise schematic top views of
the robot 15 in the elevator arrangement 1 during a se-
quence of method steps with which the robot 15 may
determine the height of the elevator step 49 between the
car sill 7 of the elevator car 3 and the landing sill 9 of the
landing 5. Fig. 3 shows a side view of a situation in which
the robot 15 has been displaced to a position on top of
the elevator step 49 such as to enable measuring the
height h of the elevator step 49.
[0067] Starting with an initial configuration as shown
in Fig. 1, in which the robot 15 is originally located within
the elevator car 3, the robot 15 is first displaced towards
the transition area 11, i.e. in a direction towards the land-
ing 5. In an alternative scenario (not shown), the robot
15 may originally be located outside the elevator car, i.
e. at the landing 5, and may then be displaced towards
the transition area 11, i.e. in a direction towards the ele-
vator car 3.
[0068] Upon approaching and reaching the transition
area 11, the robot 15 is displaced such that at least a
portion of the robot crosses the gap 13 between the car
sill 7 and the landing sill 9. For example, as shown in Fig.
2(a), a front side at which the front sided stabilisation
wheel 21 is fixed, may cross the gap 13. The robot 15 is
further displaced until reaching a first position at which
the cliff sensor 27 detects the gap 13, as shown in Fig.
2(a).
[0069] Alternatively, the cliff sensor 27 may be ar-
ranged at the robot 15 such as to form an outermost
portion at a circumference of the robot 15, in particularly
in displacement direction of the robot. In such case, the
cliff sensor 27 itself is the portion of the robot 15 which
crosses the gap 13, thereby detecting the gap 13 under-
neath itself while the robot 15 has already reached its
first position.
[0070] For example by analysing navigation data pro-
vided by the navigation unit 29, the controller 25 may
know that the "cliff" detected in such situation by the cliff
sensor 27 is in fact no edge of a step of stairs or an edge
at a lateral limit of the landing 5 but is the gap 13 extending
between the landing sill 9 and the car sill 7. Based on
this knowledge, the controller 25 may decide to further
displace the robot 15. Particularly, the robot 15 may be
further displaced in a linear motion direction 51 towards
the landing 5, preferably in a direction being rectangular
to an extension direction of the gap 13. Therein, the robot
15 may preferably be displaced by a distance which cor-
responds to the pre-known distance d between the cliff
sensor 27 and a virtual line 57 connecting the drive
wheels 19. Accordingly, the robot arrives at a position,
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shown in Fig. 2(b), where both of its drive wheels 19 are
arranged at or close to the gap 13.
[0071] Next, the robot 15 may be displaced to a final
configuration referred to as second position, as shown
in Fig. 2(c) and Fig. 3, where one drive wheel 19’ of its
two drive wheels 19 stands on the landing sill 9 whereas
the other drive wheel 19" of the two drive wheels 19
stands on the car sill 7. In the example shown, such dis-
placing is established by turning the robot 15 around a
vertical rotation axis 45 in a rotation direction 53 by ap-
proximately 90°. Accordingly, in the final configuration,
the robot 15 is positioned and oriented such that the vir-
tual line 57 connecting both drive wheels 19 extends in
a direction being rectangular to an extension direction of
the gap 13. In such configuration, a sum of a distance
from the landing-side drive wheel 19’ to the gap 13 and
a distance from the car-side drive wheel 19" to the gap
13 is at a maximum. Furthermore, in the example shown,
the positions of both drive wheels 19 are approximately
symmetric with respect to the gap 13, i.e. both mentioned
distances are equal.
[0072] Overall, the process of displacing the robot 15
from the first position, as shown in Fig. 2(a), to the second
position, as shown in Fig. 2(c), is established taking into
account the predetermined relative position of the cliff
sensor 27 with respect to the two drive wheels 19 of the
robot 15. In other words, as the locations are known
where the cliff sensor 27, on the one hand, and each of
the drive wheels 19, on the other hand, are fixed at the
support structure 17, this knowledge may be used for
suitably and precisely displacing the robot 15 from the
first position, where its cliff sensor 17 detects the gap 13,
to the final configuration at the second position, where
both of the drive wheels 19 are standing at opposite sides
of the gap 13, preferably in a symmetric arrangement.
[0073] In such final configuration, the tilt angle 47 of
the support structure 17 of the robot 15 may be meas-
ured. Such tilt angle 47 is established between the ver-
tical axis 45 of the robot and an absolute vertical axis 43
corresponding to a gravity direction. The tilt angle 47 may
be measured using an acceleration sensor 55 included
in the robot 15. Such acceleration sensor 55 may serve
as an orientation sensor.
[0074] Finally, the height h of the step 49 may be de-
termined based on the measured tilt angle 47 and taking
into account the relative positions of the two drive wheels
19 with respect to the gap 13. Specifically, the height h
of the step 49 may the calculated based on the measured
tilt angle 47 and the known lateral distance of the drive
wheels 19 from the gap 13.
[0075] Overall, the method and the robot 15 proposed
herein allow determining the height h of the step 49 in a
highly automatic manner and with a high precision and
reliability. Furthermore, the robot 15 may only require
hardware which is already present for other purposes.
Particularly, the cliff sensor 27 may be used for precisely
positioning the robot 15 within the transition area 11, i.e.
relative to the gap 13, such cliff sensor 27 being generally

provided for such types of robot 15 for other purposes,
anyway.
[0076] Finally, possible features and aspects of the
proposed method may be described in a different wording
as follows: The elevator cabin should be marked on a
map that is used by the robot to navigate inside the build-
ing, so that the robot may use the cliff sensor just to refine
its position on the elevator step. At least a point inside
the cabin should be recorded. Afterwards, the robot
moves towards the cabin until it perceives a cliff (e.g. >10
cm), corresponding to the gap between the floor and the
cabin. At that point, knowing the distance between its
centre and the cliff sensor, the robot moves forward by
this distance and then performs a 90° rotation to have
one lateral wheel in the cabin and one still on the floor.
At this point, the levelling can be computed with the ori-
entation sensor.
[0077] As a final note, it may be mentioned that the
same positioning procedure as described herein may al-
so be used for other maintenance tasks such as:

- establishing a light curtain check: the robot may call
(e.g. wirelessly) a close door function and verify that
the door stays open while the robot is on the elevator
step and therefore blocks the light curtain of the el-
evator arrangement.

- Establishing a door force sensor: if the robot may
deactivate the light curtain or position itself so that
the light curtain is not activated, it may measure a
maximum force applied by the door when hitting an
object before stopping.

- Establishing a cleaning procedure for the elevator
step: a cleaning robot may remove dirt precisely from
the door rails after correctly positioning. It may also
detect obstacles impeding a correct run of the door
on its rails thanks to the distance information provid-
ed by the cliff sensor.

[0078] Finally, it should be noted that the term "com-
prising" 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.

Claims

1. Method for determining a height (h) of an elevator
step (49) in an elevator arrangement (1),
the elevator arrangement (1) comprising an elevator
car (3) being vertically displaceable relative to mul-
tiple landings (5) at various levels within a building,
wherein, when the elevator car (3) is stopped at one
of the landings (5), a car sill (7) adjoins a landing sill
(9) at a transition area (11) with a gap (13) extending
between the car sill (7) and the landing sill (9), the
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elevator step (49) being generated between the car
sill (7) and the landing sill (9) upon the car sill (7) not
being flush with the landing sill (9),
the method being implemented using a robot (15),
the robot (15) comprising

- a support structure (17),
- at least two drive wheels (19) being fixed to the
support structure (17) in a rotatable manner at
a vertically fixed location relative to the support
structure (17),
- a mobilisation unit (23) for driving each of the
at least two drive wheels (19) to thereby displace
the robot (15) along a ground surface,
- a controller (25) for controlling displacing the
robot (15) within accessible areas within the
building by instructing the mobilisation unit (23),
- a cliff sensor (27) for detecting a cliff at the
ground surface underneath the cliff sensor (27),
the cliff sensor (27) being arranged at a prede-
termined position with respect to the at least two
drive wheels (19) of the robot (15),

the method comprising:

- displacing the robot (15) such that at least a
portion of the robot (15) crosses the gap (13)
extending between the car sill (7) and the land-
ing sill (9) until reaching a first position where
the cliff sensor (27) detects the gap (13),
- displacing the robot (15) from the first position
to a second position where one of the at least
two drive wheels (19) of the robots (15) is stand-
ing on the landing sill (9) and another one of the
at least two drive wheels (19) is standing on the
car sill (7), wherein, in such displacing, the pre-
determined position of the cliff sensor (27) with
respect to the at least two drive wheels (19) of
the robot (15) is taken into account,
- measuring a tilt angle (47) of the support struc-
ture (17) of the robot (15) upon the robot (15)
being at the second position, and
- determining the height (h) of the elevator step
(49) based on the measured tilt angle (47) taking
into account a relative position of the at least two
drive wheels (19) with respect to the gap (13)
upon the robot (15) being arranged in the second
position.

2. Method of claim 1, wherein for displacing the robot
(15) from the first position to the second position, the
mobilisation unit (23) is controlled to turn the robot
(15) around a vertical rotation axis.

3. Method of claim 2, wherein the mobilisation unit (23)
is controlled to turn the robot (15) by 90° 6 30°
around the vertical rotation axis (43).

4. Method of one of claims 2 and 3, wherein the mobi-
lisation unit (23) is controlled to turn the robot (15)
around the vertical rotation axis (43) such that a vir-
tual line (57) connecting the two drive wheels (19)
extends rectangular to an extension direction of the
gap (13) extending between the car sill (7) and the
landing sill (9).

5. Method of one of the preceding claims, wherein the
robot (15) further comprises a navigation unit (29)
for providing navigation data, the navigation data in-
cluding information about a current position of the
robot (15) within the building and information about
the accessible areas within the building,
wherein the displacing the robot (15) to the first po-
sition is controlled based on the navigation data.

6. Robot (15) for determining a height (h) of an elevator
step (49) in an elevator arrangement (1),
the elevator arrangement (1) comprising an elevator
car (3) being vertically displaceable relative to mul-
tiple landings (5) at various levels within a building,
wherein, when the elevator car (3) is stopped at one
of the landings (5), a car sill (7) adjoins a landing sill
(9) at a transition area (11) with a gap (13) extending
between the car sill (7) and the landing sill (9), the
elevator step (49) being generated between the car
sill (7) and the landing sill (9) upon the car sill (7) not
being flush with the landing sill (9),
the robot (15) comprising:

- a support structure (17),
- at least two drive wheels (19) being fixed to the
support structure (17) in a rotatable manner at
a vertically fixed location relative to the support
structure (17),
- a mobilisation unit (23) for driving each of the
at least two drive wheels (19) to thereby displace
the robot (15) along a ground surface,
- a controller (25) for controlling displacing the
robot (15) within accessible areas within the
building by instructing the mobilisation unit (23),
- a cliff sensor (27) for detecting a cliff at the
ground surface underneath the cliff sensor (27),
the cliff sensor (27) being arranged at a prede-
termined position with respect to the at least two
wheels (19) of the robot (15),
the robot (15) being configured for one of exe-
cuting and controlling the method according to
one of the preceding claims.

7. Robot of claim 6, wherein the robot (15) further com-
prises a navigation unit (29) for providing navigation
data, the navigation data including information about
a current position of the robot (15) within the building
and information about the accessible areas within
the building,
wherein the robot (15) is configured for displacing
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the robot (15) to the first position by being controlled
based on the navigation data.

8. Robot of one of claims 6 and 7, wherein the robot
(15) further comprises an acceleration sensor (55)
and wherein the robot (15) is configured for meas-
uring the tilt angle (47) of its support structure (17)
based on signals from the acceleration sensor (55).

9. Robot of one of claims 6 to 8, wherein the robot (15)
comprises exactly two drive wheels (19) being fixed
to the support structure (17) in a rotatable manner
at a vertically fixed location relative to the support
structure (17).

10. Robot of one of claims 6 to 9, wherein the robot (15)
additionally comprises at least one stabilizer wheel
(21) being fixed to the support structure (17) in a
rotatable manner at a vertically displaceable location
relative to the support structure (17).

11. Robot of one of claims 6 to 10, wherein the cliff sensor
(27) is configured for detecting the cliff based on
measuring a distance between the cliff sensor (27)
and a target located vertically underneath the cliff
sensor (27).

12. Robot of one of claims 6 to 11, wherein the cliff sensor
(27) comprises a light emitter and a light detector
and wherein the cliff sensor is configured for detect-
ing the cliff based on measuring a distance between
the cliff sensor (27) and a target located vertically
underneath the cliff sensor (27) by emitting a light
pulse by the light emitter and detecting the light pulse
upon being reflected at the target.
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