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Description
Method for Operating a Surface Treatment Device
Field of Technology

[0001] The invention relates to a method for operating an automatically movable
surface treatment device, in particular a robotic vacuum cleaner and/or a cleaning robot,
wherein the surface treatment device can move in a room and possibly carries out
surface treatment tasks in this case, and wherein an ultrasonic sensor detects ultrasound,

in particular ultrasonic waves reflected at obstacles.

[0002] The invention likewise also relates to an automatically movable surface
treatment device with an ultrasonic sensor and to a system comprising an automatically
movable surface treatment device having an ultrasonic sensor and a house alarm system,

in which the surface treatment device is integrated in terms of communication.
Prior Art

[0003] Methods for operating such a surface treatment device are well known in the
prior art. The surface treatment device, in particular a vacuum cleaner and/or a cleaning
robot, can thereby move back and forth inside a room and/or a home, for example by
means of a stored room map, and can preferably perform cleaning tasks. It is also
known to additionally equip such surface treatment devices, which predominantly serve
cleaning tasks, with further functions, for example to monitor a room with regard to an

unauthorized access by a person.

[0004] Publication EP 2 423 893 B1 discloses for example an automatically
movable cleaning device, which detects objects by means of a sensor system, wherein
one or a plurality of surrounding area characteristics are captured at least within a
certain, predetermined time period, and an alarm is triggered in response to a change of
an arrangement of an object or in response to an unauthorized entry by a person. The
change of the arrangement of an object and/or the presence of a new object or of a
person, respectively, is detected by means of a distance measuring device and/or by
means of an obstacle sensor, in that a stored reference map of the room is compared

with a currently measured room situation.

[0005] A method, by means of which an unauthorized entry, in particular a break-in,
can be determined in a different way, is to now be created. This possibly also without

the comparison of room maps.



10

15

20

25

30

Summary of the Invention

[0006] To solve the above-mentioned object, the invention proposes a method for
operating an automatically movable surface treatment device, in the case of which the
ultrasonic sensor of the surface treatment device detects glass breakage noises, wherein
frequencies of sound detected by means of the ultrasonic sensor are compared with
reference frequencies typically occurring in the event of a glass breakage, and wherein,
in the event of a match, a glass breakage, in particular a break-in through a pane of glass

of a window or of a door, is determined.

[0007] According to the invention, the ultrasonic sensors of the surface treatment
devices are thus not or not only used to detect obstacles in the room, but in fact to
monitor the room with regard to a break-in through a pane of glass, for example of a
window or a door. The knowledge that glass-breakage noises have characteristic

frequencies forms the basis thereby.

[0008] The ultrasonic sensor of the surface treatment device can thus monitor the
room or the home, respectively, not only for obstacles, such as, for example, walls,
pieces of furniture and the like, but can in fact also serve as break-in sensor. Compared
to the prior art, it is advantageous thereby that the surface processing device is no longer
dependent on creating a map of the room in order to monitor the room and thus does no
longer need to move into the respective room. In fact, the surface treatment device can
remain at any location and can detect glass-breakage noises from there, because the
ultrasonic sensors typically have a detection range of several meters. The surface
treatment device can either have one or a plurality of ultrasonic sensors. The ultrasonic
sensors have a microphone, which can detect characteristic frequencies of a glass
breakage. In this regard, they serve as acoustic glass-breakage detectors. As a rule,
characteristic frequencies are created in response to a break-in when the pane of glass is
smashed and then characteristic frequencies when the pane of glass shatters and when
the shards hit a surface. These frequencies, which are typical for sheets of glass of
windows and/or doors, differ from the frequencies, which occur for example when

drinking glasses break.

[0009] It is proposed that frequencies of between 1 kHz and 1 MHz are used as
reference frequencies. The frequencies, which occur when glass of windows and/or door
breaks, are typically in a frequency range of between 1 kHz and 1 MHz. Furthermore,

glass breakage frequencies in the range of less than 20 kHz have a large amplitude. The
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frequency of 20 kHz is just barely in the audible frequency for a human. The
frequencies between 20 kHz (in particular 100 kHz) and 1 MHz, in contrast, can no
longer be perceived by the human ear. This frequency range can be covered with
commercial ultrasonic sensors, so that the surface treatment device can be produced

cost-efficiently.

[0010] Provision is furthermore made for the detected sound to be evaluated with
regard to a time change, in particular a time change of frequency-dependent amplitudes.
The sound waves output in response to a glass breakage are subject to a time variation,
wherein a measurable amplitude initially occurs at low frequencies in the range of less
than 100 kHz, in particular less than 20 kHz, at the instant a pane of glass is smashed,
while sound is increasingly output at frequencies, which, by comparison, are higher, in
the range of 1 MHz, for example, in response to the subsequent shattering of the glass.
A typical time variation of the frequency spectrum is created through this, which is
characterized by an amplitude peak during the glass breakage at a first frequency with a
subsequent amplitude peak at a second frequency, which is higher in comparison. When
a currently measured signal corresponds to the reference spectra of typical glass
breakage situations of a pane of glass, a glass breakage is determined at a surface glass,
for example that of a door or of a window. It is thus ensured that commonplace clinking
noises, such as, for example, the shattering of drinking glasses, are not detected as

break-in and in particular trigger an alarm.

[0011] It is thus in particular proposed that, based on the frequency spectrum of the
detected sound in the event of a sudden amplitude increase at a first frequency and of a
subsequent amplitude increase at a second frequency, which is larger than the first
frequency, a conclusion is drawn to a glass breakage. The time sequence of the
occurrence of the two amplitude increases is thereby from a few milliseconds to one

second, depending on the strength and drop height of the glass.

[0012] It is proposed that the surface treatment device compares the current state of
the room with the state of the room according to a stored room map, when a glass
breakage is determined, wherein the surface treatment device can be moved in the room,
in particular in the area of a window or a door. In addition to the detection of a glass
breakage by means of the frequencies, which occur in response to a glass breakage, in
particular frequency-dependent amplitudes, a determined glass breakage is additionally
verified by comparing a current state of the room with the stored room map. Deviations
from the stored room map, such as, for example, an open door, an open window, a

missing pane of glass, shards of glass on a surface to the treated, movements by a
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person in the room, etc., are detected thereby. To detect the current state of the room,
the surface treatment device can possibly leave a rest position to move around, in order
to determine the current state in the respective room. The reliability of the detection
result can be increased by verifying the detection results of the ultrasonic sensor by

means of a comparison the state of the room by means of a room map.

[0013] It is furthermore proposed that the state of the room, in particular an open
state of a window and/or of a door, is determined by means of a measuring device for
detecting features of a room. Advantageously, this measuring device is a sensor, which
is typically used to create a room map. This can be a laser scanner, advantageously in
the form of a triangulation sensor. A measuring device, which has a detection range of
360 degrees around the surface treatment device, in particular lends itself. A measuring
device, which is typically already arranged on an automatically movable surface
treatment device, can thus be used to verify the measuring result of the ultrasonic
sensor. The production costs of the surface processing device are also not increased
thereby.

[0014] It is furthermore proposed that, in the event a glass breakage is determined,
in particular a break-in through a pane of glass of a window or of a door, an alarm
signal is output. The alarm signal serves to inform a resident, an emergency service or
the like, about the break-in. In addition, the burglar can thus possibly be scared off and
can be made to leave the home. Advantageously, the surface treatment device can
thereby be connected to an external alarm system in terms of communication, so that the

alarm signal is transferred to the emergency service by means of the alarm system.

[0015] Preferably, the sound received by the ultrasonic sensor is evaluated by means
of a home alarm system, in which the surface treatment device is integrated in terms of
communication, and/or an alarm signal can be output and/or prompted by the home
alarm system in the event a glass breakage is determined. The sound received by the
ultrasonic sensor can thus not be evaluated by means of a device of the surface
treatment device itself, but in fact by means of a home alarm system, in which the
surface treatment device is integrated. The surface treatment device thus needs to only
have the ultrasonic sensor, while the evaluation device of the home alarm system is
used. The reference frequency values, which typically occur in response to a glass
breakage, which are used for the evaluation, can thereby in particular also be stored in
data storage of the home alarm system. The equipment needed for the detection of a
break-in is thus shifted to the home alarm system, while the surface treatment device

only needs to have the ultrasonic sensor and a corresponding communication device for
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communication with the house alarm system. The alarm signal is advantageously
furthermore also output and/or prompted by the home alarm system. If the evaluation
device of the home alarm system, or in the alternative, also the evaluation device of the
surface treatment device (as described above), determines a break-in, the home alarm
system outputs the alarm signal. Advantageously, the alarm signal is then transferred to
a corresponding emergency service (a guard service, janitor, doorman or the like). For
communication with the home alarm system, the surface treatment device is
advantageously connected by means of a radio connection, for example GSM,
Bluetooth and the like. A mobile phone of the user can furthermore also be contacted by
means of this radio connection. As a whole, the surface treatment device can thus be
integrated in a complex home automation device, which, in addition to a home alarm
system, can also include further devices, such as, for example, a smoke detector, a
temperature sensor, a closing device or the like. Instead of a stationarily installed home
alarm system, a mobile communication device, for example a mobile phone, laptop,

tablet or the like, can also be used to evaluate and/or output an alarm signal.

[0016] It is furthermore proposed that the sound, which is received by the ultrasonic
sensor, is evaluated with regard to the glass breakage noises, only when the ultrasonic
sensor is in an exclusive receive mode, in particular during a rest state of the surface
treatment device. During the exclusive receive mode, the ultrasonic sensor itself does
not send out an ultrasonic signal. The exclusive receive operation thus differs from the
measuring mode for detecting obstacles in the room. During the rest state, the surface
treatment device is advantageously located in a base station, which serves for example
to charge an accumulator of the surface treatment device. Due to the fact that the surface
treatment device rests during the detection of the glass breakage noises, the ambient
noises do not include any treatment noises, which are created for example by a cleaning
activity or movement of the surface treatment device, so that the ultrasonic sensor can

recognize glass breakage noises particularly easily.

[0017] In addition to the above-described method, the invention also proposes an
automatically movable surface treatment device, in particular a vacuum cleaner and/or a
cleaning robot, comprising an ultrasonic sensor, which has an evaluation device, which
is embodied to compare frequencies of sound detected by means of the ultrasonic sensor
with reference frequencies typically occurring in the event of a glass breakage, and, in
the event of a match, to determine a glass breakage, in particular a break-in through a

pane of glass of a window or of a door.
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[0018] What is furthermore also proposed is a system of an automatically movable
surface treatment device, having an ultrasonic sensor, in particular a vacuum cleaner
and/or a cleaning robot, and a home alarm system, in which the surface treatment device
is integrated in terms of communication, wherein the home alarm system has an
evaluation device, which is embodied to compare frequencies of sound detected by
means of the ultrasonic sensor with reference frequencies typically occurring in the
event of a glass breakage, and, in the event of a match, to determine a glass breakage, in

particular a break-in through a pane of glass of a window or a door.

[0019] The features and advantages described with regard to the method according
to the invention accordingly also follow with regard to the automatically movable
surface treatment device or the system, respectively, of a surface treatment device and a

home alarm system.
Brief Description of the Drawings

[0020] The invention will be described in more detail below by means of exemplary

embodiments.
Fig. 1 shows a surface treatment device according to the invention in a
monitored room,
Fig. 2 shows a break-in situation into the room according to Figure 1,
Fig. 3 shows a room map of a home comprising a plurality of rooms,
Fig. 4 shows the surface treatment device comprising an evaluation

device.
Description of the Preferred Embodiments

[0021] Figure 1 shows a part of a home comprising a plurality of rooms 3, 4, which
have windows 8 with panes of glass 7. A surface treatment device 1, which is embodied
here as automatically movable robotic vacuum cleaner, is located in one of the rooms 4.
The surface treatment device 1 is in communication connection with a home alarm
system 10, which is stationarily arranged in the room 4 in a stationary manner. The
surface treatment device 1 has two ultrasonic sensors 5 for detecting obstacles 6, such
as, for example, walls, pieces of furniture and the like, as well as a measuring device 9
for detecting features of a room 3, 4, for example to orientate the surface treatment

device 1 in the rooms 3, 4, as well as to create a room map 2. Here, the measuring
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device 9 is embodied as laser scanner, which can measure in a 360 degree angle range
around the surface treatment device 1. The surface treatment device 1 furthermore has
an evaluation device 12, with the help of which the signals detected by the ultrasonic
sensors 5 as well as the measuring device 9 can be evaluated. Advantageously, the
evaluation device 12 also has data storage for storing measuring signals and reference
data.

[0022] As illustrated in Figure 1, a person is located in front of the window 8 of the
room 3. The person intends to gain unauthorized entry to the room 3 through the

window & from the outside.

[0023] Figure 2 shows the monitored rooms 3, 4 in a situation at a later stage. At
that point in time, the person has already smashed the pane of glass 7 of the window 8.
By smashing the pane of glass 7, a sound (both ultrasound as well as audible sound)
with a characteristic frequency spectrum is created. In particular at low frequencies of
below 100 kHz, in particular also below 20 kHz, the ultrasound spectrum has a large
amplitude when the pane of glass 7 is smashed. Due to the fact that the ultrasonic
sensors 5 detect the ambient noises continuously, a sudden increase of the amplitude can
be measured at a certain frequency over the course of time, for example in the range of
below 100 kHz/below 20 kHz (depending on size, thickness and material of the pane of
glass). Due to the subsequent shattering of the pane of glass 7 and impact of the shards
of the pane of glass 7 on the ground, the amplitude of a different, higher frequency
increases (in particular of a frequency above 100 kHz or 20 kHz, respectively), while
the amplitude created by smashing the pane of glass 8 is reduced. This time change of
the sound detected by the ultrasonic sensors 5 is evaluated by means of the evaluation
device 12 of the surface treatment device 1. The frequencies of the sound are thereby
compared to reference frequencies typically occurring in the event of a glass breakage,
which are stored in a data storage of the evaluation device 12. In the event of a match
between the measured frequency spectrum and a reference spectrum, a destruction of
the pane of glass 7 is determined, so that the surface treatment device 1 draws the
conclusion that a person wants to gain or has gained unauthorized entry into the rooms
3, 4. The surface treatment device 1 can then send information directly to the home
alarm system 10, which then outputs an acoustic alarm and/or informs an emergency
center, for example a guard service. Furthermore, the surface treatment device 1 can
additionally compare the current state of the room 3, 4 with the state of the room 3, 4
according to a stored room map 2 of the rooms 3, 4. The surface treatment device 1
thereby moves in the rooms 3, 4 along the area of the windows 8§, in order to measure an

absence of panes of glass 7 of a window 8 and/or shards of glass of the pane of glass 7
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lying on the ground by means of the measuring device 9. As soon as the measuring
device 9 also detects an absence of the pane of glass 7 in the room 3, a corresponding
signal is transmitted to the evaluation device 12, which combines the measuring signals
of the measuring device 9 with the measuring signals of the ultrasonic sensors 5 and
verifies the break-in attempt/break-in. In addition, the movement of a person through
the room 3, 4 can possibly be determined by means of the measuring device 9. For this
purpose, the surface treatment device 1 can also move inside the rooms 3, 4 and can
assign the person to the respective room 3, 4. In addition to a transmission of the break-
in/break-in attempt to the home alarm system 10, the surface treatment device 1 can also
transmit the information to a mobile radio unit of the resident, so that the latter is

informed of the current situation in his home.

[0024] Figure 3 shows the room situation in the home with the rooms 3, 4 in a top
view. This illustration corresponds to a room map 2, which has been created for
example by means of the measuring device 9 of the surface treatment device 1. The
surface treatment device 1 is in a rest state in a base station 11, which is arranged in the
room 4. A plurality of obstacles 6, here for example a plant, a cabinet, a table as well as
four chairs, are furthermore arranged in the room 4. The room 4 as well as the adjacent
room 3 each has a window 8 with a pane of glass 7. The shards caused by the break-in
are located in front of the window 8 of the room 3. After the ultrasonic sensors 5 of the
surface treatment device 1 has detected and recognized the glass breakage noises, the
surface treatment device 1 leaves the rest state and moves through the room 3 along the
illustrated route, in particular into the area of the window 8, in order to detect an
absence of the pane of glass 7 or a presence of shards of glass, respectively, on the

ground by means of the measuring device 9 at that location.

[0025] Figure 4 shows a top view onto the surface treatment device 1, wherein a
comparison between a room map 2 of the rooms 3, 4 (left) stored in the evaluation
device 12 and the current situation of the rooms 3, 4 (right) is illustrated schematically
with regard to the evaluation device 12. The evaluation device 12 verifies the
destruction of the pane of glass 7 of the window 8 inside the room 3 and thus a break-
in/break-in attempt by means of the comparison between the room map 2 and the
current situation of the rooms 3, 4, which is sketched out. The surface treatment device
1 then sends a signal to the home alarm system 10, which, in turn, then outputs an alarm

signal and/or sends the information to an emergency center.
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Claims

10

A method for operating an automatically movable surface treatment device (1),
in particular a robotic vacuum cleaner and/or a cleaning robot, wherein the
surface treatment device (1) can move in a room (3, 4) and possibly carries out
surface treatment tasks in this case, and wherein an ultrasonic sensor (5) detects
ultrasound, in particular ultrasonic waves reflected at obstacles (6), characterized
in that the ultrasonic sensor (5) detects glass breakage noises, wherein
frequencies of sound detected by means of the ultrasonic sensor (5) are
compared with reference frequencies typically occurring in the event of a glass
breakage, and wherein, in the event of a match, a glass breakage, in particular a

break-in through a pane of glass (7) of a window (8) or of a door, is determined.

The method according to claim 1, characterized in that frequencies of between 1

kHz and 1 MHz are used as reference frequencies.

The method according to claim 1 or 2, characterized in that the detected sound is
evaluated with regard to a time change, in particular a time change of frequency-

dependent amplitudes.

The method according to one of the preceding claims, characterized in that,
based on the frequency spectrum of the detected sound in the event of a sudden
amplitude increase at a first frequency and of a subsequent amplitude increase at
a second frequency, which is larger than the first frequency, a conclusion is

drawn to a glass breakage.

The method according to one of the preceding claims, characterized in that the
surface treatment device (1) compares the current state of the room (3, 4) with
the state of the room (3, 4) according to a stored room map (2), when a glass
breakage is determined, wherein the surface treatment device (1) can be moved

in the room (3, 4), in particular in the area of a window (8) or a door.

The method according to claim 5, characterized in that the state of the room (3,
4), in particular an open state of a window (8) and/or of a door, is determined by

means of a measuring device (9) for detecting features of a room (3, 4).

The method according to one of the preceding claims, characterized in that in the
event a glass breakage is determined, in particular a break-in through a pane of

glass of a window (8) or of a door, an alarm signal is output.
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The method according to one of the preceding claims, characterized in that the
sound received by the ultrasonic sensor (5) is evaluated by means of a home
alarm system (10), in which the surface treatment device (1) is integrated in
terms of communication, and/or that an alarm signal is output and/or prompted

by the home alarm system (10) in the event a glass breakage is determined.

The method according to one of the preceding claims, characterized in that the
sound, which is received by the ultrasonic sensor (5), is evaluated with regard to
the glass breakage noises, only when the ultrasonic sensor (5) is in an exclusive

receive mode, in particular during a rest state of the surface treatment device (1).

An automatically movable surface treatment device (1), in particular a vacuum
cleaner and/or a cleaning robot, comprising an ultrasonic sensor (5),
characterized in that the surface treatment device (1) has an evaluation device
(12), which is embodied to compare frequencies of sound detected by means of
the ultrasonic sensor (5) with reference frequencies typically occurring in the
event of a glass breakage, and, in the event of a match, to determine a glass
breakage, in particular a break-in through a pane of glass of a window (8) or of a

door.

A system of an automatically movable surface treatment device (1), in particular
a vacuum cleaner and/or a cleaning robot, having an ultrasonic sensor and a
house alarm system (10), in which the surface treatment device (1) is integrated
in terms of communication, characterized in that the home alarm system (10) has
an evaluation device, which is embodied to compare frequencies of sound
detected by means of the ultrasonic sensor (5) with reference frequencies
typically occurring in the event of a glass breakage, and, in the event of a match,
to determine a glass breakage, in particular a break-in through a pane of glass of

a window (8) or of a door.



