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(54) MONITORING DEVICE AND METHOD FOR MONITORING A MONITORED ZONE

(57) A monitoring device (1, 1’) for monitoring a mon-
itored zone (6) which is adjacent to a safety zone (7) is
provided. The monitoring device (1, 1’) comprises:
a light curtain device (2) for detecting an object (8) touch-
ing a boundary section (9) located at a boundary between
the monitored zone (6) and the safety zone (7);
a time-of-flight device (3, 3’) for detecting a distance (d)

to the object (8) and/or a size of the object (8); and
an evaluation device (4) for emitting an evaluation result
based on the distance (d) to the object (8) and/or on the
size of the object (8) determined by the time-of-flight de-
vice (3, 3’), and optionally based on a light curtain signal
from the light curtain device (2).
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Description

[0001] The present invention relates to a monitoring
device for monitoring a monitored zone. The invention
further relates to a method for monitoring the monitored
zone.
[0002] A monitoring device can be used to protect a
safety zone comprising a dangerous factory device at a
manufacturing site. The monitoring device may include
a light curtain device for detecting the presence of an
object along a boundary section of the safety zone. When
an object is detected, a warning signal may be emitted
or another protective measure may be performed. It can
be desired to obtain further information about the object
to thereby improve the monitoring of the monitored zone
and increase the safety of the safety zone.
[0003] The document US 2017/0052278 A1 discloses
a dynamic partial muting of a light curtain in accordance
with a height of an object crossing the light curtain. Fur-
ther, the document US 2009/0244551 A1 discloses a
sensor apparatus for determining the shape of a load on
a carrier device, in particular for determining whether the
load has an overhang or not.
[0004] It is one object of the present invention to pro-
vide an improved monitoring device. A further object of
the present invention is to provide an improved method
for monitoring the monitored zone.
[0005] According to a first aspect, a monitoring device
for monitoring a monitored zone which is adjacent to a
safety zone is provided. The monitoring device compris-
es:

a light curtain device for detecting an object touching
a boundary section located at a boundary between
the monitored zone and the safety zone;
a time-of-flight device for detecting a distance to the
object and/or a size of the object; and
an evaluation device for emitting an evaluation result
based on the distance to the object and/or on the
size of the object determined by the time-of-flight de-
vice, and optionally based on a light curtain signal
from the light curtain device.

[0006] Providing the monitoring device with a time-of-
flight device is in particular advantageous in that further
information on the object such as the distance to the ob-
ject or the size of the object can be detected. The infor-
mation on the object can improve the understanding of
what is happening in the monitored zone and in particular
can improve the monitoring of the monitored zone. The
information on the object can be reflected in the evalua-
tion result. The evaluation result may help making deci-
sions relating to the protection of the safety zone. Thus,
with the monitoring device according to the first aspect,
a monitoring of the monitored zone and a protection of
the safety zone can be improved.
[0007] The safety zone can be a three dimensional or
two-dimensional region. It may be at least partially de-

limited by the boundary section. In embodiments, the
safety zone is a dangerous zone, for example a danger-
ous zone of a factory arrangement comprising a danger-
ous factory device. The safety zone can be a virtual zone,
which does not have any physical boundaries.
[0008] The monitored zone and the safety zone may
be adjacent zones touching each other along the bound-
ary section. The monitored zone can be a virtual zone,
which does not have any physical boundaries. The mon-
itored zone and the safety zone can be three-dimensional
zones. The safety zone can be a zone which has to be
protected, for example because is comprises a danger-
ous machine and/or should not be accessed by non-au-
thorized persons. The safety zone can be protected by
monitoring the monitored zone, in particular by monitor-
ing objects located in the monitored zone approaching
the safety zone.
[0009] The boundary section may be a two-dimension-
al area or a one-dimensional line. For example, the
boundary section is a plane delimiting the safety zone
from the monitored zone. The boundary section can be
the boundary between the inside of the safety zone and
the outside of the safety zone (monitored zone). The
boundary section may be a virtual area which is not de-
fined by any physical boundaries.
[0010] The object can be any type of visible item. For
example, it can be a manufactured object, a box, a hu-
man, a vehicle or the like.
[0011] The light curtain device may detect whether any
object is touching the boundary section or not. It can be
considered that an object is touching the boundary sec-
tion if any part thereof is in contact with the boundary
section. In particular, an object that crosses the boundary
section touches the boundary section. For example, the
object has to touch the boundary section to at least par-
tially enter or leave the safety zone through the monitored
zone. The light curtain device can be arranged along the
boundary section, in particular at an edge of the boundary
section.
[0012] To detect the presence of an object touching
the boundary section, the light curtain device can com-
prise a least one light emitting element for emitting light
beams, for example in a pulsed manner at predetermined
frequency, as well as at least one light receiving element
for receiving only light at the predetermined frequency.
In particular, when the beam of light emitted by the light
emitting element is interrupted, for example due to the
presence of an object touching the boundary section, no
light or less light is received by the light receiving. In this
case, the light curtain device can recognize the presence
of the object touching the boundary section.
[0013] The light emitting element can emit the light
along the boundary section, in particular such that the
light is emitted along a grid that coincides with the bound-
ary section. In embodiments, the light emitting element
is arranged on one side of the boundary section and the
light receiving element is arranged on the other side of
the boundary section. The light curtain device may de-
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termine the light curtain signal, which for example indi-
cates whether an object touches the boundary section
or not.
[0014] The time-of-flight device may be a device using
a time-of-flight method to determine the distance to the
object. In particular, the time-of-flight (ToF) device may
emit a wave signal such as a light signal and calculate
the distance to the object based on a time it takes to the
wave signal to travel to the object and back to the time-
of-flight device. The distance to the object can designate
the distance between the time-of-flight device and the
object. The distance to the object can be determined
based on a single wave signal (light signal) emitted by
the time-of-flight device. In particular, the distance to the
object can be determined individually based on each in-
dividual wave signal. It is also possible to determine the
distance to the object based on a plurality, in particular
based on all wave signals emitted by the time-of-flight
device.
[0015] The time-of-flight device can be located at an
edge of the boundary section, for example next to the
light curtain device. Alternatively, it can be located any-
where inside or close to the monitored zone. In particular,
the wave signal emitted by the time-of-flight device are
emitted in all directions or along one or several predeter-
mined directions only.
[0016] The size of the object may be determined based
on the difference in the time-of-flight of at least two wave
signals emitted in the direction of the object, as will be
described in greater detail below.
[0017] The evaluation device can receive a signal from
the time-of-flight device including the detected distance
to the object and/or the size of the object, and/or a signal
from the light curtain device indicating whether the object
touches the boundary section. The evaluation device
may evaluate this or these receives signal(s) and deter-
mine the evaluation result based thereon.
[0018] In embodiments, the evaluation device is imple-
mented to calculate the evaluation result as a function of
the distance between the time-of-flight device and the
object and/or the size of the object determined by the
time-of-flight device, and optionally as a function of a light
curtain signal from the light curtain device.
[0019] In particular, the light curtain device and the
time-of-flight device are used in combination to monitor
the monitored zone. The time-of-flight device may allow
to monitor not only the boundary section itself but also
its surroundings, in particular the monitored zone. There-
by, objects approaching the boundary section through
the monitored zone may be detected and it can be pos-
sible to predict critical events occurring at the boundary
section such as crossings of the boundary section. The
prediction of the critical events may depend on the dis-
tance to the object determined by the time-of-flight de-
vice. Further, information about the object, such as the
size of the object, can improve the monitoring of the mon-
itored zone. The protection of the safety zone can thereby
be improved. In particular, it can be prevented that an

unauthorised object enters the safety zone more reliably.
[0020] According to an embodiment, the evaluation de-
vice is further configured to determine a pattern indicating
an evolution of the distance to the object as a function of
time, to compare this pattern to a predetermined pattern
and to emit the evaluation result based on a result of the
comparison between the pattern and the predetermined
pattern.
[0021] The pattern and the predetermined pattern can
be time patterns describing how the distance to the object
evolves with time. The predetermined pattern can be a
prestored pattern indicating how the distance to a stand-
ard authorized object evolves with time. Such a standard
object may for example be a box and/or an object man-
ufactured by a factory arrangement. The authorized ob-
ject can further be an object which is expected and al-
lowed to move within the monitored zone and/or in the
safety zone. If the pattern determined by the evaluation
unit differs from the predetermined pattern, this can be
an indication that the object in the monitored zone is not
an authorized object. In this case, the evaluation unit may
recognize that the object is not authorized and emit an
alarm and/or perform another protective measure to pre-
vent the unauthorized object from entering the safety
zone.
[0022] The evaluation device can determine the pat-
tern based on a single wave signal (emitted and received
light beams) of the time-of-flight device. In this case, the
pattern can be determined for each wave signal of the
time-of-flight device individually. Alternatively or in addi-
tion thereto, the evaluation device may determine the
pattern based on a plurality of wave signals and/or based
on all wave signals emitted by the time-of-flight device.
[0023] According to a further embodiment, the moni-
toring device further comprises a protection device for
performing a predetermined protective measure based
on the evaluation result.
[0024] The evaluation device can send the evaluation
result to the protection device. The protection device may
take a decision regarding a protective measure to be tak-
en in view of the evaluation result. For example, if the
evaluation result indicates an immediate danger, the pro-
tection device can perform an emergency protective
measure. This can be the case when the result indicates
that an object is entering the safety zone, in particular
when an object touches the boundary section. In this
case, the protection device may, as a protective meas-
ure, turn off and/or slow down any dangerous facilities
(such as factory devices) located in the safety zone to
avoid damaging the entering object. The protection de-
vice can also, as another protective measure, provide a
physical barrier to prevent the object from attaining the
dangerous facilities of the safety zone.
[0025] Depending on the evaluation result, the protec-
tion device can perform different types of predetermined
protective measures. In particular, the protection device
determines the predetermined protective measure in ac-
cordance with the evaluation result. The protection de-
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vice can also choose to take no actions if the evaluation
result is not critical, in particular if no object is detected
at or close to the boundary section and/or if the object is
an authorized object.
[0026] The emission of the warning signal can be an
example of a predetermined protective measure. The
warning signal can be a light signal or a sound signal.
The protection device allows to protect the boundary sec-
tion, the safety zone and/or the object by taking appro-
priate protective measures depending on the evaluation
result.
[0027] According to a further embodiment, the evalu-
ation device is configured to determine a velocity of the
object based on several consecutive distance measure-
ments performed by the time-of-flight device; and/or the
time-of-flight device is configured to determine a velocity
of the object based on several consecutive distance
measurements performed by the time-of-flight device
and/or to transmit the determined velocity of the object
to the evaluation device, in particular upon request from
the evaluation device.
[0028] In particular, the evaluation device and/or the
time-of-flight device determines the velocity v of the ob-
ject by dividing a difference Δd between the two consec-
utive distance measurements by the time Δt between the
two consecutive distance measurements. In other words,
v= Δd/Δt. The evaluation device may determine the eval-
uation result based on the determined velocity informa-
tion.
[0029] In some embodiments, the velocity of the object
is prestored for the evaluation unit to access. This can
be the case when the object is displaced by a conveyor
belt moving at a predefined velocity which corresponds
to the velocity of the object. In particular, the evaluation
device and/or the time-of-flight device only determines
the velocity of the object itself when there is no prestored
velocity information. If there is a prestored velocity infor-
mation, the evaluation device may access it to determine
the evaluation result based thereon.
[0030] According to a further embodiment, the evalu-
ation device is configured to determine a first instant at
which the object starts touching the boundary section
and/or a second instant at which the object ends touching
the boundary section based on the velocity of the object
and to include an indication about the first instant and/or
the second instant in the evaluation result.
[0031] The first instant can be a point in time, in par-
ticular in the future, at which the object will start touching
the boundary section. This may be a time at which the
object is first detectable by the light curtain device. The
second instant can be a point in time, in particular in the
future, at which the object will stop touching the boundary
section. This may be a time at which the object is last
detectable by the light curtain device. In other words, the
first and second instants are predictions about the time
during which the object will cross the boundary section.
In particular, the first and second instants are calculated
using the velocity information of the object and assuming

that the velocity of the object is constant.
[0032] According to a further embodiment, the moni-
toring device further comprises a muting device for tem-
porarily deactivating the light curtain device along a mut-
ing height of the light curtain device as a function of the
evaluation result.
[0033] The process of temporarily deactivating the light
curtain device performed by the muting device can be
called "muting". The muting function may be performed
when the monitoring device recognizes that no critical
event is occurring or about to occur. This can be the case
when the evaluation device determines that the pattern
corresponds to the predetermined pattern and/or that the
object is an authorized object.
[0034] The muting can prevent the monitoring device
from unnecessarily performing the predetermined pro-
tective measure. For example, the muting can be acti-
vated when the monitoring device recognises, based on
the evaluation result, that the object passing the bound-
ary section is moving away from the safety zone, that the
object is a non-critical authorized object and/or when the
object moves at a predetermined velocity. Further, mut-
ing can be inhibited when the evaluation result indicates
that the object is very close from the safety zone, that
the object is not an authorized object or the like.
[0035] The muting may be a muting of the entire light
curtain device, for example of all light receiving elements
of the light curtain device, and/or of only a part of the light
curtain device, for example of only some of the light re-
ceiving elements of the light curtain device. The height
along which the muting of the light curtain device is per-
formed is in particular called "muting height".
[0036] According to a further embodiment, the muting
device is configured to determine the muting height of
the light curtain device based on an information about
the distance to the object included in the evaluation result.
[0037] According to a further embodiment, the muting
device is configured to determine the muting height of
the light curtain device such that it is equal to a height of
the object derived from the distance to the object included
in the evaluation result.
[0038] In particular, the muting height is determined in
accordance with the distance to the object, in particular
with the height of the object. For example, the muting
height is chosen to be equal to or greater than the height
of the object determined from the distance to the object.
If the muting height is equal to the height of the object, it
can be avoided that an object, for example a person,
hidden on top of the object, crosses the boundary section
without being detected by the light curtain device. By op-
timizing the muting height, the safety of the safety zone
can be further increased.
[0039] According to a further embodiment, the muting
device is configured to at least partially deactivate the
light curtain device between the first instant and the sec-
ond instant.
[0040] In particular, the time for muting the light curtain
device along the muting height extends between the first
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and the second instant. Thus, the muting of the light cur-
tain device is limited to the duration during which the ob-
ject actually crosses the boundary section, without being
unnecessarily extended in time. Thereby, a muting time
is optimized, hence improving the protection of the safety
zone.
[0041] According to a further embodiment, the time-of-
flight device is configured to emit a plurality of parallel
light beams and to determine the size of the object based
on a number of light beams reflected by the object and
received by the time-of-flight device.
[0042] The light beams can be wave signals emitted
by the time-of flight device. For example, the parallel light
beams can be emitted uniformly along the area covered
by the time-of-flight device. In other words, a same pre-
determined distance separates any two adjacent light
beams of the time-of-flight device. The size of the object
can be determined as being the predetermined distance
multiplied by the number of light beams reflected by the
object and received by the time-of-flight device.
[0043] According to a further embodiment, the protec-
tion device is configured to perform the protective meas-
ure when the evaluation result indicates that:

the distance to the object is smaller and/or greater
than a predefined distance threshold;
the size of the object differs from a predetermined
size; and/or
the pattern differs from the predetermined pattern.

[0044] When the distance to the object is smaller
and/or greater than a predefined distance threshold, this
may indicate that the object is too close from the safety
zone. In this case, the protective measure can be per-
formed. The protective measure may be performed in
accordance with the distance to the object. For example,
when the distance to the object is between a first and a
second threshold, the evaluation result can indicate that
the object is in a warning zone and/or the protection de-
vice can emit an alarm as a protective measure. Further,
if the distance to the object is smaller than the second
threshold, the evaluation result can indicate that the ob-
ject is in a danger zone and/or the protection device can
deactivate the dangerous machines located in the safety
zone as a protective measure. Further, when the distance
to the object is determined to be greater than the first
threshold, the evaluation result can indicate that the ob-
ject is in a safe zone and/or the protection device may
not perform any protective measure. In some embodi-
ments, the protective measure is the prevention of the
muting.
[0045] Further, when the evaluation result indicates
that the size of the object differs from the predetermined
size and/or that the pattern differs from the predeter-
mined pattern, this may indicate that the object is not an
authorized object. To protect the safety zone and/or the
object, the protection device can perform an appropriate
protective measure.

[0046] According to a further embodiment, the moni-
toring device comprises a plurality of time-of-flight devic-
es. In particular, the plurality of time-of-flight devices are
arranged such as to monitor the entire monitored area.
The use of several time-of-flight devices can be useful
to obtain more information about the object such as its
size and/or shape. This is particularly advantageous
when the object has a complex or irregular shape. The
monitoring of the monitored area and/or the protection
of the safety zone can be improved using a plurality of
time-of-flight devices.
[0047] The respective devices of the monitoring de-
vice, in particular the light curtain device, the time-of-flight
device, the evaluation device, the protection device and
the like, can be implemented in hardware and/or soft-
ware.
[0048] According to a second aspect, a factory ar-
rangement is provided. The factory arrangement com-
prises:

a monitored zone delimited by at least one boundary
section;
a safety zone delimited by the at least one boundary
section and adjacent to the monitored zone, wherein,
in the safety zone, at least one factory device is ar-
ranged and implemented to perform a predeter-
mined function; and
a monitoring device according to the first aspect or
according to an embodiment of the first aspect, im-
plemented to detect an object located in the moni-
tored zone.

[0049] For example, the factory device is a manufac-
turing device, a conveyor belt or a packing device. It can
comprise dangerous elements such as saws, drills, laser
cutters and the like. The factory device can be used to
manufacture objects such as metal, plastic or wood ob-
jects and/or to pack them in boxes, for example in card-
board boxes. In particular, it should be avoided that a
human enters in contact with the dangerous elements of
the factory device as the human may injure himself. The
safety of the human and/or of the safety zone may be
provided by the monitoring device already described
above.
[0050] According to a third embodiment, a method for
monitoring a monitored zone which is adjacent to a safety
zone is provided, The method comprises:

detecting whether an object touches a boundary sec-
tion located at a boundary between the monitored
zone and the safety zone;
detecting a distance to the object and/or a size of
the object; and
emitting an evaluation result based on the distance
to the object and/or on the size of the object, and
optionally based on a light curtain signal indicating
whether the object touches the boundary section.
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[0051] In particular, the method according to the third
embodiment is implemented using the monitoring device
according to the first aspect or according to an embodi-
ment thereof.
[0052] The embodiments and features described with
reference to the monitoring device according to the first
aspect or according to an embodiment of the first aspect
apply mutatis mutandis to the factory arrangement ac-
cording to the second aspect and to the method accord-
ing to the third aspect.
[0053] Further possible implementations or alternative
solutions of the invention also encompass combinations
- that are not explicitly mentioned herein - of features
described above or below with regard to the embodi-
ments. The person skilled in the art may also add indi-
vidual or isolated aspects and features to the most basic
form of the invention.
[0054] Further embodiments, features and advantag-
es of the present invention will become apparent from
the subsequent description and dependent claims, taken
in conjunction with the accompanying drawings, in which:

Fig. 1 shows a monitoring device according to a first
embodiment;

Fig. 2 a factory arrangement according to a first em-
bodiment;

Fig. 3 shows a method for monitoring a monitored
zone according to a first embodiment;

Fig. 4 shows an example of a time-of-flight device;

Fig. 5 shows a monitoring device according to a sec-
ond embodiment;

Fig. 6 shows a method for monitoring a monitored
zone according to a second embodiment;

Fig. 7 shows an example of a method for determin-
ing an evaluation result;

Fig. 8 shows an example of a time pattern;

Fig. 9 shows another view of the factory arrange-
ment according to the first embodiment;

Fig. 10 shows the factory arrangement according to
the first embodiment with a partly muted light
curtain device;

Fig. 11 shows a factory arrangement according to a
second embodiment; and

Fig. 12 shows a factory arrangement according to a
third embodiment.

[0055] In the Figures, like reference numerals desig-

nate like or functionally equivalent elements, unless oth-
erwise indicated.
[0056] Fig. 1 shows a monitoring device 1 according
to a first embodiment. The monitoring device 1 comprises
a light curtain device 2, a time-of-flight device 3 and an
evaluation device 4 connected to each other through ca-
bles 5. The functionality of the monitoring device 1 will
be described in view of Fig. 2, which shows a factory
arrangement 17 according to a first embodiment.
[0057] The factory arrangement 17 comprises the
monitoring device 1 of Fig. 1. The monitoring device 1 is
used to monitor a monitored zone 6. The monitored zone
6 is adjacent to a safety zone 7. The boundary between
the monitored zone 6 and the safety zone 7 forms a
boundary section 9. The safety zone 7 corresponds to a
dangerous zone comprising a dangerous factory device
22. In the present example, the factory device 22 is for
example a laser cutter used to cut objects to be manu-
factured. It is desired that humans, for example techni-
cians, stay outside the safety zone 7 to avoid getting in-
jured by the laser cutter 22. The factory arrangement 17
further comprises a conveyor belt 10 for transporting ob-
jects 8 between the monitored zone 6 and the safety zone
7.
[0058] The safety zone 7 is a virtual cuboid that is de-
limited by the boundary section 9 on one side. Similarly,
the monitored zone 6 is also a virtual cuboid that is de-
limited by the boundary section 9 on one side. The bound-
ary section 9 is a plane. In the representation of Fig. 2,
the boundary section 9 extends along the y-z plane and
is represented as a dashed-and dotted line while the re-
maining boundaries of the safety zone 7 and of the mon-
itored zone are represented by dashed lines. The mon-
itoring device 1 of the factory arrangement can perform
a method of monitoring a monitored zone 6. An example
of such a method is shown in Fig. 3.
[0059] In a step S1 of Fig. 3, the light curtain device 2
detects whether an object 8 touches the boundary sec-
tion 9. The light curtain device 2 comprises several light
emitting elements 2a and several light receiving elements
2b which are not shown in Fig. 2 but visible on Fig. 6.
The boundary section 9 extends between the light emit-
ting element 2a and the light receiving elements 2b of
the light curtain device 2. The light emitting elements 2a
emit light along the boundary section 9. The light receiv-
ing elements 2b receive the light emitted as light beams
by the light emitting elements 2a. If no or less light is
received by the light receiving element 2b, it can be de-
termined that the object 8 touches the light beams and
hence the boundary section 9. In Fig. 2, the object 8 is a
box which is not touching the boundary section 3. Ac-
cordingly, the light curtain device 2 emits a light curtain
signal indicating that no object 8 is touching or crossing
the boundary section 9. In the example of Fig. 2, the time-
of-flight device 3 is located at one edge of the boundary
section 9.
[0060] In a step S2 of Fig. 3, a distance d to the object
8 and/or a size thereof is determined using the time-of-
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flight device 3. The time-of-flight device 3 is used con-
temporaneously to the light curtain device 2. The time-
of-flight device 3 monitors the monitored zone 6 using
light signals 23. When the object 8 is touched by the light
signal 23, it reflects the light back towards the time-of-
flight device 3. The time-of-flight device 3 detects the light
reflected back by the object 8 and calculates a distance
d to the object 8 based on a time (time-of-flight) taken for
the light signal 23 to travel from the time-of-flight device
3 to the object 8 and back.
[0061] The size of the object 8 is determined as shown
in Fig. 4. In the view of Fig. 4, the time-of-flight device 3
is seen from above. The time-of-flight device 3 comprises
a plurality (here seven) emission and reception units 13
for respectively emitting a light beam 11 and receiving a
reflected light beam 12. The time-of-flight of the light
beams 12 which are reflected by the object 8 are consid-
erably shorter than those which do get reflected by the
conveyor belt 10 (not shown) rather than by the object
8. By comparing the time-of-flight of the individual re-
ceived light beams 12, the time-of-flight device 3 deter-
mines which received light beams 12 were reflected by
the object 8 and which were not. Based on the number
of reflected light beams 12 reflected by the object, the
time-of-flight device 3 calculates the size (along the y-
direction) of the object 8 using the fact that neighboring
emission and reception units 13 are evenly spaced by a
predetermined distance α along the time-of-flight device
3. In the example of Fig. 4, three light beams 12 are re-
flected by the object 8, so that the size of the object 8
along the y-direction is between 2α and 3α.
[0062] The information about the distance to the object
8 and the size of the object 8 is transmitted to the eval-
uation device 4 for evaluation.
[0063] In a step S3 (Fig. 3), the evaluation device 4
emits an evaluation result based on the distance to the
object 8, the size of the object 8 and the light curtain
signal. The evaluation result provides information about
the monitored zone 6, thereby facilitating the monitoring
of the monitored zone 6 and the protection of the security
zone 7.
[0064] Fig. 5 shows a monitoring device 1’ according
to a second embodiment. The monitoring device 1’ ac-
cording to the second embodiment differs from the mon-
itoring device 1 according to the first embodiment in that
is further comprises a protection device 15 and a muting
device 16. The monitoring device 1’ can be used monitor
a monitored zone 6 according to the method of the first
embodiment (Fig. 3) or according to a method of a second
embodiment (Fig. 6).
[0065] In the following, the functionality of the monitor-
ing device 1’ will be described in view of the Fig. 5 - 10.
[0066] The steps S1 - S3 of the method according to
the second embodiment (Fig. 6) are identical to the steps
S1 - S3 described in view of Fig. 3. In a step S4 (Fig. 6),
a protective measure or a muting is performed. In detail,
the protective measure, for example the emission of an
alarm or a deactivation of the factory device 22, is per-

formed by the protection device 15 to protect the safety
zone 7 and/or the object 8. The muting is an at least
partial deactivation of the light curtain device 2 which is
performed by the muting device 16. The decision about
whether muting or a protective measure is to be per-
formed is made in accordance with the evaluation result.
The muting and the performing of the protective measure
will be described in detail further below.
[0067] Once the step S4 has been performed and/or
while it is still being performed, the steps S1 - S4 are
cyclically repeated to constantly monitor the monitored
zone 6.
[0068] Fig. 7 shows an example of how the evaluation
result is determined in the step S3. In detail, in a step
S31, the evaluation device 4 determines whether the ob-
ject 8 is closer to the boundary section 9 than allowed,
in particular whether it is outside a safety zone SZ.
[0069] The safety zone SZ is shown in Fig 9 as a zone
of the monitored zone 6 that is furthest away from the
boundary section 2. If the evaluation device 4 determines
that the distance d to the object 8 is greater than a first
predefined distance threshold d1, at it is the case in Fig.
9, it determines that the object 8 is located in the safety
zone SZ. However, if the evaluation device 4 determines
that the distance d to the object 8 is smaller than the first
predefined distance threshold d1 but larger than a second
predefined distance threshold d2, it determines that the
object 8 is located in the warning zone WZ. Finally, if the
evaluation device 4 determines that the distance d to the
object 8 is smaller than the second predefined distance
threshold d2, it determines that the object 8 is located in
the danger zone DZ. The evaluation result is thus emitted
in accordance with the zone SZ, WZ, DZ in which the
object 8 is located. The protection device 15 performs
the protective measure in accordance with the zone SZ,
WZ and DZ in which the object 8 is located.
[0070] Thus, in the step S31 of Fig. 7, when the object
8 is not in the safety zone SZ, the protection device 15
emits an alarm signal as a protective measure in a step
S32. Otherwise, if the object 8 is still in the safety zone
SZ, the evaluation device 4 determines whether it rec-
ognizes the size of the object 8 in a step S33. In detail,
the size of the object 8 determined by the time-of-flight
device 3 (Fig. 4) is compared to a predetermined size
which is prestored in the evaluation unit 4. The predeter-
mined size is the size of an authorized, "white-listed" ob-
ject 8 which is allowed into the safety zone 7.
[0071] If the determined size of the object 8 is not equal
to the predetermined size, namely when the size is not
recognized, the protection device 15 emits an alarm sig-
nal as a protective measure in a step S32. Otherwise,
the evaluation device 4 performs a pattern verification in
a step S34.
[0072] The pattern verification is described in detail in
view of Fig. 8. The upper part of Fig. 8 (Fig. 8 (A)) shows
the factory arrangement 17 with the object 8 in four dif-
ferent positions P1 - P4 as it moves along a movement
direction MD on the conveyor belt 10. The bottom part
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of Fig. 8 (Fig. 8 (B)) shows how the distance d to the
object 8 determined by the time-of-flight device 3 chang-
es with time as the object 8 moves towards the boundary
section 9. This relationship between the distance d and
the time is the pattern 14. The evaluation device 4 can
determine the pattern 14 based either on individual light
signals 23 (namely based on one emitted beam 11 and
one received beam 12 at a time) or based on several
light signals 23.
[0073] In the regions 1 and 4 of the pattern 14, the
distance d is constant and has a value A. This corre-
sponds to the standard distance between the time-of-
flight device 3 and the conveyor belt 10 which is detected
when no object 8 reflects the light beam 23 of the time-
of-flight device 3. In the region 2 of the pattern 14, the
distance d to the object 8 decreases linearly. This corre-
sponds to the light beam 23 getting reflected by a side
24 of the object 8. Finally, in the region 3 of the pattern
14, the distance d to the object is constant at a value of
approximatively A - h, with h being the height of the object
8. This corresponds to the light beam 23 being reflected
by a top surface 25 of the object 8.
[0074] In the step S34 of Fig. 7, the evaluation device
4 determines the pattern of the object 8 and compares it
to a predetermined pattern stored for authorized objects
8. If the patterns are identical, namely if the determined
pattern is recognized, the muting device 16 performs the
muting in a step S5. Otherwise, if the patterns are not
identical, the protection device 15 emits an alarm signal
as a protective measure in step S32.
[0075] Thus, the evaluation device 4 performs various
verifications on the object 8 to determine whether it is
allowed to enter the safety zone 8. If the object 8 is an
authorized object 8 according to these verifications, the
muting device 16 mutes or deactivates at least a part of
the light curtain device 2 to let the object 8 enter the safety
zone 7.
[0076] The muting device 16 performs the muting in
accordance with the evaluation result, which indicates a
height h of the object 8 as determined by the evaluation
device 4. In detail, the height of the object 8 is defined
as the muting height h along which the light curtain device
2 is temporarily deactivated. In the example of Fig. 10,
the bottom two light emitting elements 2a and the bottom
two light receiving elements 2b are muted while the upper
three light emitting elements 2a and the upper three light
receiving elements 2b are not muted. Thus, the muting
is optimized to improve the protection of the safety zone
7.
[0077] In the example of Fig. 10, the evaluation device
4 determines the muting height h using the Pythagorean
theorem and/or trigonometry. To further improve the mut-
ing, the evaluation device 4 calculates a first and a sec-
ond instant between which the object 8 will cross the
boundary section 9 using an information about the ve-
locity of the conveyor belt 10 and hence of the object 8.
The indication about the first and second instants is in-
cluded in the evaluation result. The muting device 16

then partially mutes the light curtain device 2 precisely
during the first and second instants determined by the
evaluation device 2. Thereby, the partial muting of the
light curtain device 2 is further optimized, thus improving
the protection of the safety zone 7.
[0078] Fig. 11 shows a factory arrangement 18 accord-
ing to a second embodiment. The factory arrangement
18 according to the second embodiment differs from the
factory arrangement 17 according to the first embodiment
18 in that the time-of-flight device 3’ is located at a dis-
tance D from the boundary section 9 rather than being
located at an edge of the boundary section 9.
[0079] Fig. 12 shows a factory arrangement 19 accord-
ing to a third embodiment. The factory arrangement 19
according to the third embodiment differs from the factory
arrangement 17 according to the first embodiment 18 in
that it comprises two time-of-flight devices 3, 3’ respec-
tively located at a distance D from the boundary section
9 and at an edge of the boundary section 9. This allows
a better monitoring of the monitored zone 6 because com-
plex shapes of the object 8 can be accounted for.
[0080] Although the present invention has been de-
scribed in accordance with preferred embodiments, it is
obvious for the person skilled in the art that modifications
are possible in all embodiments. For example, the eval-
uation device 4 may calculate the velocity of the object
8 based on consecutive distance measurements made
by the time-of-flight device 3 instead of obtaining it from
a database,

REFERENCE NUMERALS

[0081]

1, 1’ monitoring device
2 light curtain device
2a light emitting element
2b light receiving element
3, 3’ time-of-flight device
4 evaluation device
5 cable
6 monitored zone
7 safety zone
8 object
9 boundary section
10 conveyor belt
11 emitted beam
12 reflected beam
13 emission/reception unit
14 pattern
15 protection device
16 muting device
17 - 19 factory arrangement
22 factory device
23 light signal
24 side
25 top surface
α predetermined distance
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A beam distance
d distance
d1 first predefined distance threshold
d2 second predefined distance threshold
D distance
DZ danger zone
h height
MD movement direction
P1 - P3 position
SZ safety zone
WZ warning zone
S1 - S5 method steps
S31 - S34 method steps

Claims

1. A monitoring device (1, 1’) for monitoring a monitored
zone (6) which is adjacent to a safety zone (7),
wherein the monitoring device (1, 1’) comprises:

a light curtain device (2) for detecting an object
(8) touching a boundary section (9) located at a
boundary between the monitored zone (6) and
the safety zone (7);
a time-of-flight device (3, 3’) for detecting a dis-
tance (d) to the object (8) and/or a size of the
object (8); and
an evaluation device (4) for emitting an evalua-
tion result based on the distance (d) to the object
(8) and/or on the size of the object (8) deter-
mined by the time-of-flight device (3, 3’), and
optionally based on a light curtain signal from
the light curtain device (2).

2. The monitoring device according to claim 1, wherein
the evaluation device (4) is further configured to de-
termine a pattern (14) indicating an evolution of the
distance (d) to the object (8) as a function of time, to
compare this pattern (14) to a predetermined pattern
and to emit the evaluation result based on a result
of the comparison between the pattern (14) and the
predetermined pattern.

3. The monitoring device according to claim 1 or 2, fur-
ther comprising a protection device (15) for perform-
ing a predetermined protective measure based on
the evaluation result.

4. The monitoring device according to one of claims 1
to 3, wherein:

the evaluation device (4) is configured to deter-
mine a velocity of the object (8) based on several
consecutive distance measurements performed
by the time-of-flight device (3, 3’); and/or
the time-of-flight device (3, 3’) is configured to
determine a velocity of the object (8) based on

several consecutive distance measurements
performed by the time-of-flight device (3, 3’)
and/or to transmit the determined velocity of the
object (8) to the evaluation device (4), in partic-
ular upon request from the evaluation device (4).

5. The monitoring device according to claim 4, wherein
the evaluation device (4) is configured to determine
a first instant at which the object (8) starts touching
the boundary section (9) and/or a second instant at
which the object (8) ends touching the boundary sec-
tion (9) based on the velocity of the object (8) and to
include an indication about the first instant and/or
the second instant in the evaluation result.

6. The monitoring device according to any one of claims
1 to 5, further comprises a muting device (16) for
temporarily deactivating the light curtain device (2)
along a muting height (h) of the light curtain device
(2) as a function of the evaluation result.

7. The monitoring device according to claim 6, wherein
the muting device (16) is configured to determine the
muting height (h) of the light curtain device (2) based
on an information about the distance to the object
(8) included in the evaluation result.

8. The monitoring device according to claim 7, wherein
the muting device (16) is configured to determine the
muting height (h) of the light curtain device (2) such
that it is equal to a height of the object (8) derived
from the distance to the object (8) included in the
evaluation result.

9. The monitoring device according to any one of claims
6 to 8, wherein the muting device (16) is configured
to at least partially deactivate the light curtain device
(2) between the first instant and the second instant.

10. The monitoring device according to any one of claims
1 to 9, wherein the time-of-flight device (3, 3’) is con-
figured to emit a plurality of parallel light beams (11)
and to determine the size of the object (8) based on
a number of light beams (12) reflected by the object
(8) and received by the time-of-flight device (3, 3’).

11. The monitoring device according to any one of claims
3 to 10, wherein the protection device (15) is config-
ured to perform the protective measure when the
evaluation result indicates that:

the distance to the object (8) is smaller and/or
greater than a predefined distance threshold
(d1, d2);
the size of the object (8) differs from a predeter-
mined size; and/or
the pattern (14) differs from the predetermined
pattern (14).
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12. The monitoring device according to any one of claims
1 to 11, which comprises a plurality of time-of-flight
devices (3, 3’).

13. A factory arrangement (17 - 19), comprising:

a monitored zone (6) delimited by at least one
boundary section (9);
a safety zone (7) delimited by the boundary sec-
tion (9) and adjacent to the monitored zone (6),
wherein, in the safety zone (7), at least one fac-
tory device is arranged and implemented to per-
form a predetermined function; and
a monitoring device (1, 1’) according to any one
claims 1 - 12, implemented to detect an object
(8) located in the monitored zone (6).

14. A method for monitoring a monitored zone (6) which
is adjacent to a safety zone (7), the method compris-
ing:

detecting (S1) whether an object (8) touches a
boundary section (9) located at a boundary be-
tween the monitored zone (6) and the safety
zone (7);
detecting (S2) a distance (d) to the object (8)
and/or a size of the object (8); and
emitting (S3) an evaluation result based on the
distance (d) to the object (8) and/or on the size
of the object (8), and optionally based on a light
curtain signal indicating whether the object (8)
touches the boundary section (9).
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