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(57) A safety device including means configured to
receive a sensor signal being received from a sensor
capable of detecting a presence of at least one person
on a roof of an elevator car and/or in an elevator cabin
of an elevator, means configured to process the sensor
signal for determining whether at least one person is
present on the roof of the elevator car and/or in the ele-
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vator cabin, and means configured to decide, on the basis
of the result of the determining process whether to allow
areset of a drive restriction mode of the elevator for ter-
minating the drive restriction mode, in case the result of
the determining process is negative, or to maintain the
drive restriction mode, in case the result of the determin-
ing process is affirmative.

S100 —]

RECEIVE AND PROCESS OUTPUT SIGNAL FROM SENSOR
(DETECTION OF PRESENCE OF PERSON)

'

S110 ___|
PERSON

DETERMINATION OF PRESENCE OF AT LEAST ONE

AT LEAST ONE PERSON IS
PRESENT?

NO

5140

$130
" INHIBIT RESET OF DRIVE
RESTRICTION MODE

ALLOW RESET OF DRIVE
RESTRICTION MODE

!

$150 —]

PROCESS DECISION RESULT (OUTPUT CONTROL SIGNAL
TO ELEVATOR CONTROLLER ALLOWING RESET)

Fig. 3

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 187 449 A1 2

Description
BACKGROUND
Field

[0001] The presentinvention relates to devices, meth-
ods, systems, and computer program products usable
for improving safety of an elevator system, such as an
elevator system where only a low headroom is provided,
when access to a roof of an elevator car is provided and
hence a person may be located on the elevator car roof.

Background Art

[0002] The following description of background artand
examples may include insights, discoveries, understand-
ings or disclosures, or associations, together with disclo-
sures not known to the relevant prior art, to at least some
examples of embodiments of the present invention but
provided by the invention. Some of such contributions of
the invention may be specifically pointed out below,
whereas other of such contributions of the invention will
be apparent from the related context.

[0003] Elevator systems provide the possibility to ac-
cess a roof of an elevator car, for example, for mainte-
nance purposes by authorized personnel. The roof of the
elevator car can be accessed, for example, by moving
and stopping the elevator car at a lower landing and by
climbing on roof of the elevator car by opening the landing
door directly above the landing where the elevator car
has been stopped. Another option may be to provide an
access door in the elevator car itself, which is accessible
through the elevator cabin.

[0004] However, in case there is a possibility that a
person is located on the roof of the elevator car, meas-
ures for protecting this person have to be considered, in
order to avoid that the person suffers any harm e.g. due
to an improper operation or movement of the elevator.
[0005] For this purpose, several regulations and spec-
ifications are defined which are to be considered when
constructing and operating an elevator. For example, for
the European Union, safety rules for the construction and
installation of lifts or elevators, such as electric elevators,
hydraulic elevators, rack and pinion elevators etc, are
defined in specifications like EN 80-1, EN 80-2, EN 80-7,
and EN 80-21. Here, requirements for elevators which
were placed on the market in the European Union are
described in order to deal with significant hazards, haz-
ardous situations and hazardous events of permanently
installed new elevators (e.g. with traction, drum or posi-
tive drive) serving defined landing levels and having a
car designed for the transportation of persons or persons
and goods, e.g. suspended by ropes or chains and mov-
ing between guide rails.

[0006] Embodiments of the present invention are re-
lated to a mechanism, i.e. devices, methods, systems
and computer program products, by means of which the
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safety situation in elevators can be improved.
SUMMARY

[0007] According to an example of an embodiment,
there is provided, for example, a safety device including
means configured to receive a sensor signal being re-
ceived from a sensor capable of detecting a presence of
at least one person on a roof of an elevator car and/or in
an elevator cabin of an elevator, means configured to
process the sensor signal for determining whether at
least one person is present on the roof of the elevator
car and/or in the elevator cabin, and means configured
to decide, on the basis of the result of the determining
process whether to allow a reset of a drive restriction
mode of the elevator for terminating the drive restriction
mode, in case the result of the determining process is
negative, or to maintain the drive restriction mode, in case
the result of the determining process is affirmative.

[0008] Furthermore, according to an example of an
embodiment, there is provided, for example, a method
including receiving a sensor signal being received from
a sensor capable of detecting a presence of at least one
person on a roof of an elevator car and/or in an elevator
cabin of an elevator, processing the sensor signal for
determining whether at least one person is present on
the roof of the elevator car and/or in the elevator cabin,
and deciding, on the basis of the result of the determining
process whether to allow a reset of a drive restriction
mode of the elevator for terminating the drive restriction
mode, in case the result of the determining process is
negative, or to maintain the drive restriction mode, in case
the result of the determining process is affirmative.

[0009] According to further refinements, these exam-
ples may include one or more of the following features:

- thedrive restriction mode may be implemented, and
driving of the elevator may be controlled via a drive
unit of the elevator;

- asignal from an access detection unit indicating an
end of an access provision to at least one of an el-
evator shaft and the roof of the elevator car may be
received, wherein an operation for deciding whether
to allow a reset of the drive restriction mode or to
maintain the drive restriction mode may be triggered
by the signal indicating the end of the access provi-
sion to the elevator shaft and the roof of the elevator
car;

- the processing of the sensor signal for determining
whether at least one person is present on the roof
of the elevator car and/or in the elevator cabin may
further include recognizing at least one of a move-
ment of a person, a breathing of a person, a heart
beat of a person, and/or recognizing the presence
of the at least one person on the basis of a signal
processing including a threshold comparison, a sig-
nal pattern processing;

- atleast one sensor capable of detecting a presence
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of at least one person on a roof of an elevator car
and/or in an elevator cabin of an elevator may be
provided, wherein the at least one sensor may com-
prise one of an accelerometer, an image sensor, an
infrared sensor, an acoustic sensor, a radar sensor,
the at least one sensor may be located at a position
comprising at least one of the elevator cabin, the car
roof, an external location from which the roof of the
elevator car is detectable, and the atleastone sensor
may be configured to communicate with the means
configured to process the sensor signal by at least
one of a wireless communication path and a wired
communication path.

[0010] Furthermore, according to an example of an
embodiment, there is provided, for example, an elevator
system including at least one elevator car carrying an
elevator cabin, a plurality of landing doors via which the
elevator cabin or a roof of the elevator car is accessible,
a drive unit configured to drive the at least one elevator
car for passing the plurality of landing doors and stopping
atone specified landing door, atleast one sensor capable
of detecting a presence of at least one person on the roof
of the at least one elevator car and/or in the elevator
cabin, and a controller configured to control the at least
one elevator car, the landing doors and the drive unit,
wherein the controller further includes a safety device as
defined above.

[0011] The elevator system may further include an ac-
cess detection unit indicating at least one of a start of an
access provision to at least one of an elevator shaft and
the roof of the at least one elevator car for a person and
an end of the access provision to the at least one of the
elevator shaft and the roof of the at least one elevator
car, wherein a signal indicating at least one of the start
and stop of the access provision may be communicated
to the controller for triggering at least one of initiating or
reset of the drive restriction mode.

[0012] In addition, according to embodiments, there is
provided, for example, a computer program product for
acomputer, including software code portions for perform-
ing the steps of the above defined methods, when said
product is run on the computer. The computer program
product may include a computer-readable medium on
which said software code portions are stored. Further-
more, the computer program product may be directly
loadable into the internal memory of the computer or
transmittable via a network by means of at least one of
upload, download and push procedures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Some embodiments of the present invention
are described below, by way of example only, with ref-

erence to the accompanying drawings, in which:

Fig. 1 shows a schematic diagram illustrating a con-
figuration of an elevator system where some exam-
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ples of embodiments are implementable;

Fig. 2 shows ablock circuitdiagram of a configuration
of a safety mechanism and related equipment ac-
cording to some examples of embodiments;

Fig. 3 shows a flow chart of a processing conducted
in a safety processing according to some examples
of embodiments;

Fig. 4 shows a flow chart of a processing conducted
in a safety processing according to some examples
of embodiments; and

Fig. 5 shows a diagram of a configuration of a safety
device according to some examples of embodi-
ments.

DESCRIPTION OF EMBODIMENTS

[0014] In the following, different exemplifying embod-
iments will be described using, as an example of an el-
evator system to which the embodiments may be applied,
an elevator system as depicted and explained in connec-
tion with Fig. 1. However, it is obvious for a person skilled
in the art that principles of embodiments may also be
applied to other kinds of elevator systems or lifts having
e.g. driving units of different types, such as electric ele-
vator systems, hydraulic elevator systems, rack and pin-
ion elevator systems, and the like, wherein a plurality of
landings (i.e. two or more floors) are reachable by one
or more elevator cars in a corresponding number of ele-
vator shafts. That is, examples of embodiments of the
invention are applicable to a wide range of different kinds
of elevator systems, such as traction elevators, winding
elevators, hydraulic elevators, as well as to different kinds
of suspension/roping configurations.

[0015] Itisto be noted that the following examples and
embodiments are to be understood only as illustrative
examples. Although the specification may refer to "an",
"one", or "some" example(s) or embodiment(s) in several
locations, this does not necessarily mean that each such
reference is related to the same example(s) or embodi-
ment(s), or that the feature only applies to a single ex-
ample or embodiment. Single features of different em-
bodiments may also be combined to provide other em-
bodiments. Furthermore, terms like "comprising" and "in-
cluding" should be understood as not limiting the de-
scribed embodiments to consist of only those features
that have been mentioned; such examples and embod-
iments may also contain features, structures, units, mod-
ules etc. that have not been specifically mentioned.
[0016] The general elements and functions of de-
scribed elevator systems, details of which also depend
on the actual type of elevator system, are known to those
skilled in the art, so that a detailed description thereof is
omitted herein. However, it is to be noted that several
additional devices and functions besides those described
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below in further detail may be employed in an elevator
system.

[0017] Furthermore, elevator system elements, in par-
ticular operation elements, control elements or detection
elements, as well as corresponding functions as de-
scribed herein, and other elements, functions or applica-
tions may be implemented by software, e.g. by a com-
puter program product for a computer, and/or by hard-
ware. For executing their respective functions, corre-
spondingly used devices, elements or functions may in-
clude several means, modules, units, components, etc.
(not shown) which are required for control, processing
and/or communication/signaling functionality. Such
means, modules, units and components may include, for
example, one or more processors or processor units in-
cluding one or more processing portions for executing
instructions and/or programs and/or for processing data,
storage or memory units or means for storing instruc-
tions, programs and/or data, for serving as a work area
of the processor or processing portion and the like (e.g.
ROM, RAM, EEPROM, and the like), input or interface
means for inputting data and instructions by software
(e.g. floppy disc, CD-ROM, EEPROM, and the like), a
user interface for providing monitor and manipulation
possibilities to a user (e.g. a screen, a keyboard and the
like), other interface or means for establishing links
and/or connections under the control of the processor
unit or portion (e.g. wired and wireless interface means
etc.) and the like. It is to be noted that in the present
specification processing portions should not be only con-
sidered to represent physical portions of one or more
processors, but may also be considered as a logical di-
vision of the referred processing tasks performed by one
Or more processors.

[0018] Fig. 1 shows a schematic diagram illustrating a
configuration of an elevator system where some exam-
ples of embodiments are implementable. It is to be noted
that examples of embodiments are not limited to an ele-
vator system structure with the number of levels, elevator
cars and elevator shafts as shown in Fig. 1. Rather, the
number of elements, functions, and structures may be
different to that indicated in Fig. 1, i.e. there may be im-
plemented or present more (orless) of the corresponding
levels, elevator cars and elevator shafts than those
shown in Fig. 1.

[0019] InFig. 1, reference sign 10 denotes an elevator
car containing an elevator cabin for transporting persons
between the floors of a building or the like. The elevator
car 10 is located and travels in a hoistway or elevator
shaft 20 which reaches at least from the lowest floor to
the highest floor and includes further spaces for accom-
modating, forexample, devices used for driving and stop-
ping the elevator car. Such devices comprises, without
being limited thereto or being necessary in any system,
for example, a moving system including e.g. a motor and
a drive unit 30 , a counterweight, guiding rails, ropes or
belts, brake systems, controllers, etc., which may be in-
stalled in the elevator shaft or at the elevator car, for
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example. Furthermore, an elevator machinery room etc.
(notshown) may be provided. Reference sign 25 denotes
aheadroom, i.e. a space at the top end of the shaft, which
is reserved for maintenance purposes, for example. It is
to be noted that in other examples of elevator systems
such a headroom (or unoccupied space) may be very
small or even missing, e.g. in so-called no-headroom
type elevators.

[0020] The elevator system further comprises one or
more control units which may be provided at different
locations, such as the elevator car 10 or in a control room
or the like. The control units are responsible, for example,
for operation of the elevator system, such as driving and
braking control, power supply control, emergency con-
trol, safety procedure control, and the like. Moreover, op-
eration panels in the elevator cabin and at each landing
are provided which are coupled to the control units by
suitable signaling links. Furthermore, several sensors
are provided in the elevator system, such as a speed
sensor, a door zone sensor, and the like.

[0021] At each floor or landing, a landing door 41, 42,
43 and 44 is provided for allowing entering or leaving the
elevator cabin when the elevator car 10 has stopped at
this floor. In the example illustrated in Fig. 1, itis assumed
that the elevator car 10 has stopped on the second floor
so thatin a normal operation mode landing door 42 would
be opened. In such a normal operation mode, the other
landing doors are to be closed, which is indicated in Fig.
1 for landing doors 41 and 44.

[0022] However, in the example shown in Fig. 1, it is
assumed that another operation mode, such as a main-
tenance operation mode or the like, is established in
which maintenance personnel seeks access to the ele-
vator shaft and/or the roof of the elevator car 10. For this
purpose, by means of a suitable access system (de-
scribed later), the landing door 43 directly above the floor
level where the elevator car 10 has stopped is opened.
Thus, itis possible to access the elevator shaft and thus
the roof of the elevator car 10 via landing door 43. As an
alternative to the roof access via alanding door (as shown
in Fig. 1) it is also possible that an elevator system is
equipped with an elevator car having a separate access
door leading from the elevator cabin to the roof. Also
other access ways for accessing the elevator shaft and/or
the roof of the elevator car are conceivable, such as an
access viaadoor at the top of the elevator shaft or the like.
[0023] However, when the possibility exists that a per-
son is accessing the elevator shaft and hence the car
roof, it is necessary to detect this situation, since a per-
son-on-car-roof situation represents a safety risk, e.g.
when the elevator moves to the top terminal floor, espe-
cially in case of low headroom elevators. For detecting
the person-on-car-roof situation, it is possible, for exam-
ple, to monitor the access system operation. For exam-
ple, when access to the shaft/roof is provided via a land-
ing door, which is opened by means of a specific access
unit, like a key (e.g. a maintenance person’s safety tri-
angle key or the like), the opening operation is detected
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as an indication that a passage or access to the car roof
is provided and hence a person-on-car-roof situation. In
this case, a specific operation mode is entered, such as
a maintenance operation mode, in which the normal op-
eration of the elevator is inhibited and a drive restriction
is established, so as to avoid that the elevator car is
moved in an improper or hazardous manner (e.g. move-
ment to the top level, in a safety space, with a speed
being above a threshold value, and the like). That is, un-
locking of a landing door by a triangular key triggers the
elevator controller to change the operation mode of the
elevator from normal to maintenance mode. This hap-
pens because unlocking of a landing door signals poten-
tial entry of a maintenance person to the elevator shaft.
In this case, for example, for the sake of safety, it is pos-
sible to drive the elevator car only by inspection drive
switches provided for the maintenance personnel, e.g.
in a maintenance access panel at a landing and an in-
spection drive unit on the car roof.

[0024] An example for the operation to start a mainte-
nance mode (or inspection driving mode) is e.g. as fol-
lows. The elevator car 10 has to be empty when com-
mencing the maintenance mode and inspection drive.
This may be ensured by first calling the elevator to the
landing from which the entry to the shaft will take place.
The maintenance personnel verifies that the car is empty
when it arrives to the landing and opens the doors. Then,
the doors are closed and only then the triangle key is
operated (e.g. turned) to unlock the landing door and
switch to the maintenance mode, in which the elevator
caris driven e.g. to the landing below the current landing.
[0025] Onthe otherhand, aresetofthe person-on-car-
roof situation, i.e. the end of the maintenance operation
mode and the return to a normal operation mode, is made
from the landing (where the landing door for access to
the roof is opened) by closing the landing door and lock-
ing it, for example, with the triangle key. This indicates a
return from the maintenance operation mode.

[0026] However, when only the closing of the landing
door is used as a basis for the decision to return to the
normal operation mode, there is still the possibility of haz-
ardous situations. For example, in case more than one
person is working with the elevator in the maintenance
operation mode, there is a risk that one person is still on
the car roof while the other person closes the landing
door and does the reset from the landing. Pressure sen-
sors or a switch under a car roof tread plate (a movable
car roof platform) do not provide a sufficient protection,
since it is easy to manipulate them (by placing wedges
or the like under the plate).

[0027] Consequently, in order to prevent such risks
which may occur due to a reset of person-on-car-roof by
mistake, embodiments of the present invention provide
an improved safety mechanism including corresponding
devices, methods, systems and computer program prod-
ucts which enhances safety of an elevator system when
a person-on-car-roof situation is detected.

[0028] According to examples of embodiments, a cor-
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responding safety mechanism is based on additional
measures to detect and determine that no person is on
the car roof. That s, as soon as it is detected that access
to the elevator shaft 20 and/or the roof of the elevator car
10 has been granted, e.g. by opening a landing door for
giving access to the car roof (e.g. with a triangle key), it
is to be confirmed that the elevator car (the cabin) and
in particular the elevator car roof are empty of persons
before a reset of person-on-car-roof situation (and thus
areturn to the normal operation mode) is possible. Oth-
erwise, the person-on-car-roof situation and the drive re-
striction accompanied therewith are maintained.

[0029] Fig. 2 shows a block circuit diagram of a con-
figuration of a corresponding safety mechanism and re-
lated equipment according to some examples of embod-
iments.

[0030] The safety mechanism comprises a control el-
ement or function (controller) 50 which is in charge of
conducting the required processing for improving the
safety in the person-on-car-roof situation. The controller
50 is, for example, a processing element like a micro-
computer including a CPU (central processing unit), a
memory (ROM, RAM), and an interface means for re-
ceiving and transmitting signals related to the safety con-
trol. For example, the controller is included in an external
element, such as a laptop or maintenance device con-
nectable to a control unit of the elevator, or an internal
part of the control unit of the elevator.

[0031] Reference sign 60 denotes a sensor which al-
lows to detect whether a person is present on the roof of
the elevator car 10 and/or in the elevator cabin, wherein
an output signal of the sensor 60 is sent to the controller
50 by means of a suitable connection (e.g. wireless or
wired connection, like a network connection). For exam-
ple, the sensor is an accelerometer included in or at-
tachedtothe elevator car 10 which measures parameters
allowing to derive an acceleration of the elevator car.
[0032] Reference sign 70 denotes a drive unit of the
elevator system. The drive unit is connected, for exam-
ple, to the motor, a hydraulic system and the like used
for moving the elevator car 10. The drive unit supplies
power, e.g. electric power to the motor, and modulates
the power in accordance with control signals from an el-
evator controller for moving and stopping the elevator
car 10. The controller 50 is connected to the drive unit
for transmitting a control signal indicating an operation
mode, such as a maintenance operation mode with drive
restriction, or a normal operation mode without drive re-
striction. For example, an allowance signal for allowing
areturn to anormal operation is provided by the controller
50.

[0033] Reference sign 80 denotes an access detection
element. The access detection element serves to deter-
mine that an access to the elevator shaft 20 and/or the
roof of the elevator car 10 is granted, and includes, for
example, a switch or the like being activated when using
the access system like the triangle key for opening and
closing the landing door (e.g. landing door 43 in Fig. 1).
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The access detection element 80 outputs a correspond-
ing signal to the controller 50 for indicating, for example,
start or stop of the provision of access to the elevator
shaftand/or carroof, e.g. opening and closing of alanding
door by means of the triangle key or the like. This signal
serves, for example, as a trigger for the operation of the
controller 50 regarding the safety procedures according
to some examples of embodiments of the invention. Spe-
cifically, according to some examples of embodiments,
a signal indicating the start of the access may be used
as a trigger to start a drive restriction mode, while ac-
cording to some examples of embodiments a signal in-
dicating the stop of the access is used to start a deter-
mination processing regarding allowance or inhibition of
a reset of the person-on-the-roof situation (and thus the
termination of the drive restriction mode). Hence, when
the access to the elevator shaft or roof is granted (e.g.
the landing door giving access to the elevator car’s roof
is opened with the triangle key), the controller 50 imple-
ments such a control that the roof and also the car must
be empty of persons before the reset of person-on-car-
roof is possible.

[0034] Fig. 3 shows a flow chart of a processing con-
ducted in a safety processing according to some exam-
ples of embodiments. Specifically, the example accord-
ing to Fig. 3 is related to a procedure conducted by the
controller 50 of Fig. 2 when being used in an elevator
system as depicted in Fig. 1.

[0035] In S100, a sensor signal is received from a sen-
sor capable of detecting a presence of atleast one person
on a roof of the elevator car and/or in the elevator cabin
of the elevator, such as sensor 60.

[0036] InS110,the sensorsignalis processed in order
to determine whether at least one person is present on
the roof of the elevator car and/or in the elevator cabin.
For this purpose, a suitable signal processing is used.
[0037] In S120, on the basis of the result of the deter-
mining process whether at least one person is present,
a decision for the further course of action is made. When
no person is determined to be present, (NO in S120), it
is decided in S140 to allow a reset of a drive restriction
mode of the elevator for terminating the drive restriction
mode. That s, itis allowed to end a drive restriction mode
and to return, for example, to a normal operation mode.
Otherwise, in case the result of the determining process
is affirmative and a person is determined to be present
(YES in S120), itis decided in S130 to maintain the drive
restriction mode.

[0038] Then, in S150, a processing of the decision re-
sult is made. For example, a condition that the person-
on-the-car-roof situation is (still) present is recorded in a
(non-volatile) memory, so that a change of the operation
mode (e.g. to a normal operation mode) is not allowed.
On the other hand, in case the person-on-the-car-roof
situation is not present anymore, a control signal reflect-
ing the decision of S140 is generated and output to an
elevator controller or the drive unit 80 of the elevator in
order to allow the return to normal drive operation.
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[0039] According to some examples of embodiments,
the drive restriction mode which is entered when the ac-
cess to the roof of the elevator car 10 is granted includes
one or more of the following modes.

[0040] In afirst mode, a limited maintenance driving of
the elevator is allowed. That is, a maintenance or inspec-
tion drive of the elevator is possible, for example when
an additional authorization or instruction is input in the
controller 50 (e.g. a code or the like or operation of in-
spection drive switches provided for the maintenance
personnel, e.g. on a maintenance access panel ata land-
ing or in an inspection drive unit on the elevator car roof),
so that the elevator car can be moved from the current
level. For example, while in normal operation mode the
elevator car never goes beyond the lowest and the high-
est landing in the shaft, in maintenance mode a mainte-
nance person can use the inspection drive to move the
car in the shaft beyond the terminal landings (e.g. when
the maintenance work in the shaft requires), wherein ad-
ditional safety measures stop the car before it enters a
safety space. For example, the dimensions of the shaft
may be such thatin normal operation mode the car enters
the space which is defined as safety space when it arriv-
ers to the respective terminal landing, butin maintenance
mode, the safety space is established only when a per-
son-in-shaft detection is made. According to examples
of embodiments, in maintenance driving, levels which
can be instructed to drive to may not include a top and/or
bottom landing. Additional inspection limit switches or
the like may provided which prevent a movement in the
safety space during maintenance drive (e.g. any move-
ment closer than 2 m from a terminal landing).

[0041] Another drive restriction mode may be a mode
where driving of the elevator by means of the drive unit
is completely stopped or inhibited. That is, here the ele-
vator can not be moved to another level as long as the
person-on-the-roof situation is not reset, which includes
also that a determination is made in S110/S120 that no
person is in or on the elevator car 10. A further drive
restriction mode may be a mode where elevator car driv-
ing is exernally controlled, e.g. by a central control station
or the like. Also other modes or combination of modes
including those described above may be used as drive
restriction modes according to examples of embodi-
ments.

[0042] In examples of embodiments where either of
these modes can be set, for example, an input of the
authorization is used as a selection criterion between
modes (i.e. when the authorization is input, the stop mode
is replaced by maintenance driving mode or other
modes).

[0043] According to some further examples of embod-
iments, the safety device is only in charge of deciding as
to whether or not the drive restriction mode is to be main-
tained or may be reset. The corresponding decision is
then transmitted to other control units, such as a drive
controller, which act accordingly.

[0044] According to some further examples of embod-
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iments, the safety device is also responsible for imple-
ment (i.e. starting) the drive restriction mode, and to con-
trol driving of the elevator via the drive unit. For example,
an elevator controller which is responsible for a plurality
of functions of the elevator system, is used also as the
safety device. When the elevator controller is still receiv-
ing the person-on-roof signal from the respective sensor,
it persistently maintains the maintenance operation
mode, denying operation mode reset if such is attempted
from a landing, e.g. by turning the triangular key. For
example, the controller 50 may be further configured to
react on a trigger by the access detection element 80
when e.g. the access to the shaft/roof (e.g. the landing
door) is opened, in order to implement the drive restriction
mode. In this context, the drive unit may be controlled
directly by the controller 50. For example, in this case,
the controller 50 is part of the main control unit of the
elevator.

[0045] According to some further examples of embod-
iments, the safety device receives a signal from access
detection element 80 indicating an end of an access pro-
vision to the elevator shaft or roof of the elevator car for
aperson, e.g.via alanding door of the elevator or another
access. In this case, the signal that the access provision
ends is used as a trigger for starting the operation for
determining as to whether or not a person is present in
the elevator car or on the roof thereof. In other words,
when the end of the access provision is indicated, it is
decided whether to allow a reset of the drive restriction
mode or to maintain the drive restriction mode. According
to some examples of embodiments, a corresponding sig-
nal is provided to the controller 50 by means of an inter-
face to an external access detection unit. Alternatively,
according to some examples of embodiments, the ac-
cess detection unit 80 is part of the safety device.
[0046] With regard to the access detection unit, while
the above described examples of embodiments indicate
a detection of an operation of a triangle key or the like,
it is to be noted that the invention is not limited to such
an access detection unit. The access may be provided
also by other means, e.g. mechanical or electric/elec-
tronic key or authorization means, such as code input or
the like, which are detected by the access detection unit
as a measure to provide access to the roof of the elevator
car.

[0047] According to some further examples of embod-
iments, the processing of the sensor signal for determin-
ing whether at least one person is present on the roof of
the elevator car and/or in the elevator cabin is based on
one or more of the following procedures. For example,
for determining the presence of the person, the sensor
signal is evaluated in order to determine a movement of
a person in the detected area. For a more sophisticated
determination, the sensor signal may be evaluated for
detecting a breathing of a person or a heart beat of a
person (for example in order to detect also a person not
moving, such as an unconscious person). Signal
processing for evaluating the received signal may in-

10

15

20

25

30

35

40

45

50

55

clude, for example, a threshold comparison or a signal
pattern processing. Measures for noise compensation or
the like can be used as well.

[0048] According to some further examples of embod-
iments, the sensor capable of detecting a presence of at
least one person on a roof of an elevator car and/or in
an elevator cabin of an elevator is one of different sensor
types. For example, depending on the desired detection
profile (e.g. a person’s movement, breathing or heart-
beat), the sensitivity of the sensor is selected. It is also
possible to use more than one sensor of the same type
or of different types.

[0049] The sensor is further provided on such a loca-
tion that a person can be located on the car roof and/or
inside the car. For example, the sensor is located at a
position covering the elevator cabin, on the car roof, at
an external location (e.g. in the elevator shaft) from which
the roof of the elevator car is detectable.

[0050] According to examples of embodiments de-
scribed above, the type of the sensoris an accelerometer.
Such an accelerometer may be provided only for the pur-
pose of detecting the presence of a person in the cabin
or on the roof, or may be an accelerometer used also for
other purposes in the elevator, such as for vibration
damping or drive control. For example, the accelerometer
is mounted in a door zone sensor (DZS). Moreover, the
accelerometer may be configured to detect acceleration
in one or more directions (e.g. vertical or horizontal ac-
celeration and the like) of the elevator car. Types of suit-
able accelerometers comprise, for example, capacitive
accelerometers, piezoelectric accelerometers, optical
accelerometers, strain gauges, and the like.

[0051] However, according to some further examples
of embodiments, also other types of sensors usable for
detecting the presence of a person on the roof or in the
cabin are implemented. For example, an image sensor
like a video camera or an infrared sensor is used wherein
the presence of a person is determined by means of a
corresponding image processing. Alternatively, an
acoustic sensor (like an ultrasonic sensor), a radar sen-
sor, or the like are applicable.

[0052] As described above, the safety device accord-
ing to examples of embodiments of the invention com-
prises a function or element corresponding to the con-
troller 50 of Fig. 2 and capable to perform a processing
according to Fig. 3. This is implemented, for example, by
means of a standalone maintenance device or software
loaded on a computer which is connected by means of
a suitable interface to a control unit and sensors of an
elevator system.

[0053] However, the safety device according to further
examples of embodiments may also include at least one
of elements and functions according to the sensor 60,
the drive unit 70 and the access detection element 80.
In the following, an example is described where the se-
curity mechanism includes functions or elements corre-
sponding to the elements shown in Fig. 2. This is the
case, for example, in a security mechanism being fully
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integrated in an elevator system, wherein corresponding
control or processing functions are conducted by an el-
evator control unit being in charge for the overall control
of the elevator.

[0054] Fig. 4 shows a flow chart of a corresponding
processing conducted in a safety processing according
to those examples of embodiments.

[0055] In S200, the access detection unit 80 detects
that access to the elevator shaft 20 and/or the roof of the
roof of the elevator car 10 is granted, e.g. by detecting
unlocking of the landing door 43 by a triangular key. Con-
sequently, a corresponding signal is sent to the controller
50 for triggering the drive restriction mode, e.g. a main-
tenance operation mode, allowing the elevator car to be
moved only by inspection drive switches provided for the
maintenance personnel, e.g. in a maintenance access
panel at a landing and an inspection drive unit on the car
roof.

[0056] In S220, the controller 50 receives from sensor
60 a sensor signal in order to detect a presence of at
least one person on the roof of the elevator car and/or in
the elevator cabin of the elevator.

[0057] InS230,the sensorsignalis processed in order
to determine whether at least one person is present on
the roof of the elevator car and/or in the elevator cabin.
For this purpose, a suitable signal processing is used.
[0058] In S240, on the basis of the result of the deter-
mining process whether at least one person is present,
a decision for the further course of action is made. When
no person is determined to be present, (NO in S240), it
is decided in S280 to allow a reset of a drive restriction
mode of the elevator for terminating the drive restriction
mode when a trigger for such a reset is received (e.g. a
corresponding signal from the access detection element
80 that the access is stopped (e.g. landing door 43 is
locked again). That s, it is allowed to end a drive restric-
tion mode and to return, for example, to a normal oper-
ation mode. In S290, a corresponding control processing
is done by means of the drive unit (e.g. power supply is
allowed, brake is released for normal operation).
[0059] Otherwise, in case the result of the determining
process is affirmative and a person is determined to be
present (YES in S240), reset of the drive restriction mode
is inhibited, e.g. the maintenance drive is maintained.
[0060] It is to be noted that according to some exam-
ples of embodiments the drive restriction mode compris-
es only the maintenance driving mode while other exam-
ples may consider also modes, as described above, e.g.
a complete stop of the elevator. In the maintenance
mode, when a corresponding drive instruction from an
inspection drive unit or maintenance access panel is re-
ceived the drive unit is controlled correspondingly (e.g.
power is supplied, brake is released etc. for maintenance
drive operation with limitations as described above).
[0061] Alternatively or additionally, a condition that the
person-on-the-car-roof situation is (still) present is re-
corded in a (non-volatile) memory, so that a change of
the operation mode (e.g. to a normal operation mode) is

10

15

20

25

30

35

40

45

50

55

not allowed.

[0062] Fig. 5 shows a diagram of a configuration of a
safety device according to some examples of embodi-
ments, which is configured to implement a safety proce-
dure for an elevator system as described in connection
with some of the examples of embodiments. It is to be
noted that the safety device 90, which comprises function
of the controller 50 of Fig. 2, may include further elements
or functions besides those described herein below. Fur-
thermore, even though reference is made to a device like
a controller, the device or function may be also another
device or function having a similar task, such as a chipset,
a chip, a module, an application etc., which can also be
part of a controller or attached as a separate device to a
controller, or the like. It should be understood that each
block and any combination thereof may be implemented
by various means or their combinations, such as hard-
ware, software, firmware, one or more processors and/or
circuitry.

[0063] The safety device 90 shown in Fig. 5 may in-
clude a processing circuitry, a processing function, a con-
trol unit or a processor 901, such as a CPU or the like,
which is suitable for executing instructions given by pro-
grams or the like related to the control procedure. The
processor 901 may include one or more processing por-
tions or functions dedicated to specific processing as de-
scribed below, or the processing may be run in a single
processor or processing function. Portions for executing
such specific processing may be also provided as dis-
crete elements or within one or more further processors,
processing functions or processing portions, such as in
one physical processor like a CPU or in one or more
physical or virtual entities, for example. Reference sign
902 denotes input/output (I/O) units or functions (inter-
faces) connected to the processor or processing function
901. The I/O units 902 may be used for communicating
with the other elements or function as described in con-
nection with Fig. 2, for example, the sensor 60, the drive
unit 70 and/or the access detection element 80. The I/O
units 902 may be a combined unit including interface or
communication equipment towards several elements, or
may include a distributed structure with a plurality of dif-
ferent interfaces for different elements. Reference sign
904 denotes a memory usable, for example, for storing
data and programs to be executed by the processor or
processing function 901 and/or as a working storage of
the processor or processing function 901. ltis to be noted
that the memory 904 may be implemented by using one
or more memory portions of the same or different type
of memory.

[0064] The processor or processing function 901 is
configured to execute processing related to the above
described safety procedures. In particular, the processor
or processing circuitry or function 901 includes one or
more of the following sub-portions. Sub-portion 905 is a
processing portion which is usable as a portion for re-
ceiving and processing a sensor signal. The portion 905
may be configured to perform processing according to
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S100 of Fig. 3 or S220 of Fig. 4. Furthermore, the proc-
essor or processing circuitry or function 901 may include
a sub-portion 906 usable as a portion for determining the
presence of a person. The portion 906 may be configured
to perform a processing according to S110 of Fig. 3 or
S230 of Fig. 4. In addition, the processor or processing
circuitry or function 901 may include a sub-portion 907
usable as a portion for deciding on the reset of a drive
restriction mode. The portion 907 may be configured to
perform a processing according to S120 to S140 of Fig.
3 or S240, S250 and S280 of Fig. 4. Moreover, the proc-
essor or processing circuitry or function 901 may include
a sub-portion 908 usable as a portion for processing a
decision result. The portion 908 may be configured to
perform a processing according to S150 of Fig. 3 or S290
of Fig. 4.

[0065] In addition, according to another example of
embodiments, there is provided an apparatus comprising
atleast one processing circuitry, and atleast one memory
for storing instructions to be executed by the processing
circuitry, wherein the at least one memory and the in-
structions are configured to, with the atleast one process-
ing circuitry, cause the apparatus at least: to receive a
sensor signal from a sensor capable of detecting a pres-
ence of at least one person on a roof of an elevator car
and/or in an elevator cabin of an elevator, to process the
sensor signal for determining whether atleast one person
is present on the roof of the elevator car and/or in the
elevator cabin, and to decide, on the basis of the result
of the determining process whether to allow a reset of a
drive restriction mode of the elevator for terminating the
drive restriction mode, in case the result of the determin-
ing process is negative, or to maintain the drive restriction
mode, in case the result of the determining process is
affirmative.

[0066] Furthermore, according to some other exam-
ples of embodiments, in the above defined apparatus,
the at least one memory and the instructions may be
further configured to, with the at least one processing
circuitry, cause the apparatus to conduct at least one of
the processing defined in the above described methods,
for example a method according that described in con-
nection with Fig 3 or Fig. 4.

[0067] As described above, according to some exam-
ples of embodiments, procedures allowing to improve
safety of an elevator are provided, in particular for sys-
tems where only a limited headspace is available, by de-
tecting the presence of a person on the roof of an elevator
car and/or in the elevator cabin and by deciding on a
reset of a drive restriction mode on the basis of the de-
tection result.

[0068] By means of the proposed procedures being
described above, it is possible to make a person-on-car-
roof-detection more tamper proof. Furthermore, an ad-
ditional protection layer for the elevator operation is pro-
vided, for example when a movable car roofis used which
may be blocked by deliberate action to an up-position.
Thus, additional redundancy in case of manipulation or
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disturbances of other protection systems is provided.
[0069] Moreover, examples of embodiments are easy
to implement. For example, when using already existing
sensors such as accelerometers, no additional elements
are required to be installed. Furthermore, also already
installed elevator systems can be modified, e.g. by soft-
ware update, to allow application of the invention. When
using sensors being installed at the elevator car, no ad-
ditional means in the elevator shaft are required.
[0070] It should be appreciated that

- embodiments suitable to be implemented as soft-
ware code or portions of it and being run using a
processor or processing function are software code
independent and can be specified using any known
or future developed programming language, such as
a high-level programming language, such as objec-
tive-C, C, C++, C#, Java, Python, Javascript, other
scripting languages etc., or a low-level programming
language, such as a machine language, or an as-
sembler.

- implementation of embodiments is hardware inde-
pendent and may be implemented using any known
or future developed hardware technology or any hy-
brids of these, such as a microprocessor or CPU
(Central Processing Unit), MOS (Metal Oxide Sem-
iconductor), CMOS (Complementary MOS), BIMOS
(Bipolar MOS), BiCMOS (Bipolar CMOS), ECL
(Emitter Coupled Logic), and/or TTL (Transistor-
Transistor Logic).

- embodiments may be implemented as individual de-
vices, apparatuses, units, means or functions, or in
adistributed fashion, for example, one or more proc-
essors or processing functions may be used or
shared in the processing, or one or more processing
sections or processing portions may be used and
shared in the processing, wherein one physical proc-
essor or more than one physical processor may be
used for implementing one or more processing por-
tions dedicated to specific processing as described,

- adevice may be implemented by a semiconductor
chip, a chipset, or a (hardware) module including
such chip or chipset;

- embodiments may also be implemented as any com-
bination of hardware and software, such as ASIC
(Application Specific IC (Integrated Circuit)) compo-
nents, FPGA (Field-programmable Gate Arrays) or
CPLD (Complex Programmable Logic Device) com-
ponents or DSP (Digital Signal Processor) compo-
nents.

- embodiments may also be implemented as compu-
ter program products, including a computer usable
medium having a computer readable program code
embodied therein, the computer readable program
code adapted to execute a process as described in
embodiments, wherein the computer usable medium
may be a non-transitory medium.
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[0071] Although the present invention has been de-
scribed herein before with reference to particular embod-
iments thereof, the presentinvention is not limited thereto
and various modifications can be made thereto.

Claims
1. A safety device (50) including

means configured to receive a sensor signal be-
ing received from a sensor (60) capable of de-
tecting a presence of at least one person on a
roof of an elevator car (10) and/or in an elevator
cabin of an elevator,

means configured to process the sensor signal
for determining whether at least one person is
presenton the roof ofthe elevator car (10) and/or
in the elevator cabin, and

means configured to decide, on the basis of the
result of the determining process whether to al-
low a reset of a drive restriction mode of the el-
evator for terminating the drive restriction mode,
in case the result of the determining process is
negative, or to maintain the drive restriction
mode, in case the result of the determining proc-
ess is affirmative.

2. The safety device (50) according to claim 1, further
including

means configured to implement the drive restric-
tion mode, and

means configured to control driving of the ele-
vator via a drive unit (70) of the elevator.

3. The safety device (50) according to any of claims 1
and 2, further including

means configured to receive a signal from an
access detection unit (80) indicating an end of
an access provision to atleast one of an elevator
shaft (20) and the roof of the elevator car (10),
wherein an operation of the means configured
to decide whether to allow a reset of the drive
restriction mode or to maintain the drive restric-
tion mode is triggered by the signal indicating
the end of the access provision to the elevator
shaft (20) and the roof of the elevator car (10).

4. The safety device (50) according to any of claims 1
to 3, wherein

the means configured to process the sensor sig-
nal for determining whether at least one person
is present on the roof of the elevator car (10)
and/or in the elevator cabin is further configured
to recognize at least one of a movement of a
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person, a breathing of a person, a heart beat of
a person, and/or

to recognize the presence of the at least one
person on the basis of a signal processing in-
cluding a threshold comparison, a signal pattern
processing.

5. The safety device (50) according to any of claims 1
to 4, further including

at least one sensor (60) capable of detecting a
presence of at least one person on a roof of an
elevator car (10) and/or in an elevator cabin of
an elevator, wherein

the at least one sensor (60) comprises one
of an accelerometer, an image sensor, an
infrared sensor, an acoustic sensor, aradar
sensor,

the at least one sensor (60) is located at a
position comprising at least one of the ele-
vator cabin, the carroof, an external location
from which the roof of the elevator car is
detectable, and

the at least one sensor (60) is configured to
communicate with the means configured to
process the sensor signal by at least one of
a wireless communication path and a wired
communication path.

6. A method including

receiving (S100) a sensor signal being received
from a sensor (60) capable of detecting a pres-
ence of at least one person on a roof of an ele-
vator car (10) and/or in an elevator cabin of an
elevator,

processing (S110) the sensor signal for deter-
mining whether at least one person is present
on the roof of the elevator car (10) and/or in the
elevator cabin, and

deciding (S120), on the basis of the result of the
determining process whether to allow (S140) a
reset of a drive restriction mode of the elevator
forterminating the drive restriction mode, in case
the result of the determining process is negative,
or to maintain (S130) the drive restriction mode,
in case the result of the determining process is
affirmative.

7. The method according to claim 6, further including

implementing the drive restriction mode, and
controlling driving of the elevator via a drive unit
(70) of the elevator.

8. The method according to any of claims 6 and 7, fur-
ther including
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receiving a signal from an access detection unit
indicating an end of an access provision to at
least one of an elevator shaft (20) and the roof
of the elevator car (10), wherein a decision
whether to allow a reset of the drive restriction
mode or to maintain the drive restriction mode
is triggered by the signal indicating the end of
the access provision to the elevator shaft (20)
and the roof of the elevator car (10).

9. Themethod according to any of claims 6 to 8, where-

the processing of the sensor signal for determin-
ing whether at least one person is present on
the roof of the elevator car (10) and/or in the
elevator cabin further includes

recognizing at least one of a movement of a per-
son, a breathing of a person, a heart beat of a
person, and/or

recognizing the presence of the at least one per-
son on the basis of a signal processing including
a threshold comparison, a signal pattern
processing.

10. The method according to any of claims 6 to 9, further
including

detecting a presence of at least one person on
aroof ofan elevator car (10) and/orinan elevator
cabin of an elevator, wherein

the detecting uses at least one of an accel-
erometer, animage sensor, an infrared sen-
sor, an acoustic sensor, a radar sensor,
the detecting is conducted at a position
comprising at least one of the elevator cab-
in, the car roof, an external location from
which the roof of the elevator car is detect-
able, and

the sensor signal is communicated for
processing by at least one of a wireless
communication path and a wired communi-
cation path.

11. An elevator system including

at least one elevator car (10) carrying an eleva-
tor cabin,

a plurality of landing doors (41-44) via which the
elevator cabin or a roof of the elevator car (10)
is accessible,

a drive unit (30, 70) configured to drive the at
least one elevator car (10) for passing the plu-
rality of landing doors (41-44) and stopping at
one specified landing door,

at least one sensor (60) capable of detecting a
presence of at least one person on the roof of
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12.

13.

14.

the at least one elevator car (10) and/or in the
elevator cabin, and

a controller (50) configured to control the atleast
one elevator car (10), the landing doors (41-44)
and the drive unit (30, 70), wherein the controller
further includes a safety device according to any
of claims 1 to 6.

The elevator system according to claim 11, further
including

an access detection unit (80) indicating at least
one of a start of an access provision to at least
one of an elevator shaft (20) and the roof of the
at least one elevator car (10) for a person and
an end of the access provision to the at least
one of the elevator shaft (20) and the roof of the
at least one elevator car (10), wherein a signal
indicating at least one of the start and stop of
the access provision is communicated to the
controller for triggering at least one of initiating
or reset of the drive restriction mode.

A computer program product for a computer, includ-
ing software code portions for performing the steps
of any of claims 6 to 10 when said product is run on
the computer.

The computer program product according to claim
13, wherein

the computer program product includes a com-
puter-readable medium on which said software
code portions are stored, and/or

the computer program product is directly load-
able into the internal memory of the computer
or transmittable via a network by means of at
least one of upload, download and push proce-
dures.
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