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(57) ABSTRACT

A method for detecting a living being on a seat of a vehicle,
further relating to a detection arrangement and to a vehicle.
The method may include emitting electromagnetic waves at
predetermined frequency or at a predetermined frequency
band towards the seat by an electromagnetic radiator, receiv-
ing electromagnetic waves reflected on a surface by a sensor,
detecting an object on the seat from a transit time of the
emitted and the reflected electromagnetic waves between the
radiator, the surface and the sensor by a detection device,
detecting movements of the object from the reflected elec-
tromagnetic waves by the detection device if an object has
been detected, determining from the detected movements of
the object whether the detected object is a living being, and
outputting a detection signal by way of the detection device
if it has been determined that the detected object is a living
being.
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METHOD FOR DETECTING A LIVING
BEING ON A SEAT OF A VEHICLE,
DETECTION ARRANGEMENT AND

VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to German Patent
Application No. DE 10 2019 203 688.0, filed on Mar. 19,
2019, the disclosure of which is hereby incorporated in its
entirety by reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates to a system and
method to detect occupancy of a vehicle.

BACKGROUND

[0003] Inthe interior, passenger transport vehicles, such as
automobiles, typically have front seats for the driver and a
passenger and rear seats for transporting further people.
[0004] Modern vehicles usually have a ventilation and
air-conditioning system so as to air-condition the interior to
a temperature which is comfortable for the occupants. How-
ever, the operation of the ventilation and air-conditioning
system is typically coupled to an operating state of the drive
motor of the vehicle. If the drive motor is in an off state, the
ventilation and air-conditioning system is generally also
switched off automatically. As a result, the vehicle is
exposed to the thermal influences of the environment, typi-
cally leading to a change in the temperature in the interior of
the vehicle. In particular, during high external temperatures,
and in particular during insolation, rapid heating of the
interior of the vehicle takes place. Typically, the interior of
the vehicle forms a type of greenhouse, in such a way that
during insolation temperatures of over 50 degrees Celsius
are reached there even at a comparatively low external
temperature. If animals or people, in particular children, are
enclosed in the interior at these temperatures, this can lead
to serious harm to health.

SUMMARY

[0005] One or more objects of the present disclosure may
be to provide a reliable and efficient method for detecting a
living being on a seat of a vehicle.

[0006] According to one embodiment, a method for
detecting a living being, in particular a person or a mammal,
on a seat of a vehicle, is provided. The method may include
in particular emitting electromagnetic waves or electromag-
netic radiation of at least one predetermined frequency or at
least one predetermined frequency band towards the seat by
means of an electromagnetic radiator and receiving electro-
magnetic waves of radiation reflected on a surface by means
of a sensor. By means of the radiator, electromagnetic
waves, for example microwaves or radio waves, acoustic
waves such as ultrasonic waves, or waves in the form of
light, such as infrared radiation, are thus directed towards a
seat or a region in which the seat is arranged. The electro-
magnetic waves reflected by the seat or by an object located
on the seat, or generally the electromagnetic waves reflected
by a surface in the seat region, are detected by the sensor, the
sensor generating a sensor signal on the basis of the reflected
electromagnetic waves or radiation, for example using an
electric circuit. From the reflected waves, in particular a
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change in the frequency of the reflected waves by compari-
son with the electromagnetic waves emitted by the radiator
or transmitter and/or a transit time of the waves from the
transmitter to the surface and back to the sensor or receiver
can be detected.

[0007] In one or more embodiments, an object on the seat
is detected from the sensor signals or from a transit time of
the emitted and the reflected electromagnetic waves between
the radiator, the surface and the sensor by means of a
detection device. For example, from the transit time, a
distance between the sensor and a surface which reflects the
waves emitted by the radiator can be determined, and the
determined distance can be compared with a reference
distance, the presence of an object being detected if the
determined distance is less than the reference distance. In
practice, the actual transit time may also be compared with
a reference transit time, the presence of an object being
detected if the actual transit time is less than a reference
transit time. It is thus initially determined by a distance
measurement whether any object other than the seat, such as
an item, an animal or a person, is located in the seat region.
If the presence of an object has been detected, movements
of the object are detected by the detection device from the
reflected electromagnetic or from the sensor signals, and it
is determined from the detected movements of the object
whether the detected object is a living being. The processing
device thus only analyses the reflected electromagnetic
waves or the sensor signals representing them for the
presence of movements if it is been determined that an
object is present on the seat. If it has been determined that
the detected object is a living being, a detection signal is
outputted by the detection device, for example in the form
of an electric voltage above a predetermined threshold.
[0008] According to another embodiment, a detection
arrangement for or in a vehicle. The detection arrangement
may include at least one seat for a person, an electromag-
netic radiator which is set up and arranged for emitting
electromagnetic waves of at least one frequency or at least
one frequency band towards the seat, a sensor which is
arranged and set up to receive electromagnetic waves
reflected by a surface, and a detection device connected to
the sensor and the radiator and formed to carry out the steps
of' a method according to the present invention. As a result,
the detection device is set up to detect an object on the seat
from a transit time of the emitted and the reflected electro-
magnetic waves between the radiator, the surface and the
sensor, to detect movements of the object from the reflected
electromagnetic waves if an object has been detected, and to
determine from the detected movements of the object
whether the detected object is a living being. Further, the
detection device is set up to output or generate a detection
signal if it has been determined that the detected object is a
living being.

[0009] According to yet another embodiment a vehicle,
such as a motor vehicle, such as a car or a van, may be
provided. The vehicle may include a detection arrangement
according to the second aspect of the invention.

[0010] The method of detection may include cascaded
detection in that the sensor data representing the reflected
waves are initially only evaluated as to whether an object is
actually present in the seat region, and only if this is the case
is a further analysis performed as to whether the object is
moving. In this case, the object can be classified as a living
being. The classification may for example be provided by
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the detection device as an electrical signal, which can be
used for example to trigger different warning functions of
the vehicle. If no movements are detected, the object can be
classified as a loading item, and this can also be provided as
a signal by the detection device.

[0011] This cascaded process may improve the efficiency
of'the detection method, since the mere presence of an object
can be determined comparatively rapidly and simply by a
distance determination between the sensor and the surface
from which the waves are reflected is evaluated by way of
a determination of the transit time of the waves. This
distance measurement may provide a comparatively high
reliability level, since the size of relevant objects, such as
people, such as babies and toddlers, is in a range which
results in a sufficiently large change in distance from the
reference distance, for example the distance between the seat
surface and the sensor device, and is thus easily detectable,
if the sensor device is arranged for example in the vehicle
ceiling.

[0012] Advantageous configurations and developments
can be derived from the further, dependent claims and from
the description with reference to the drawings.

[0013] One embodiment of the method provides that a size
of the object is determined from the reflected electromag-
netic waves. Since the radiator irradiates the seat or seat
region in a planar manner, a spatial extent of an object can
be determined from the reflected waves received by the
sensor or the corresponding sensor signals. By way of
example, an area occupied by the object and located within
a region irradiated by the waves emitted by the radiator can
be determined from the reflected waves, and the size of the
object can be determined from a comparison of the occupied
area with a reference area.

[0014] As an example, movements of the object are only
detected if the determined size of the object is less than a
reference value for the size. Thus, a further checking step
takes place before movements are detected, the size of the
detected object as determined from the received reflected
waves being compared with a reference size, and move-
ments only being detected for “small objects”, in other
words objects of which the determined size is less than the
reference size. This advantageously contributes to the pos-
sibility of determining more rapidly and simply whether an
object requires further checking. For example, for adult
people, who can generally make themselves noticeable or
escape from the vehicle by themselves, detection of move-
ments can be omitted and computational power can thus be
saved.

[0015] As another example, the received reflected electro-
magnetic waves or the generated sensor signals can be
filtered on the basis of the determined size of the object, and
movements of the object can be detected from the filtered
reflected electromagnetic waves. In particular, if it is deter-
mined that the detected object is of a size within a prede-
termined size range, received reflected electromagnetic
waves of predetermined frequencies can be filtered out using
analogue or digital signal filters. In this case, only the filtered
waves or signals are analysed to detect movements. This
may take into account of the fact that people perform
different typical movements depending on size, resulting in
typical frequencies of the reflected waves. As a result, the
movement detection can be carried out particularly effi-
ciently if only the typically occurring frequencies are ini-
tially analysed.
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[0016] In another embodiment, the detection of move-
ments of the object may include determining a relative speed
between the sensor and the surface which reflects the
electromagnetic waves emitted by the radiator. For example,
it may be provided that a movement is detected if the relative
speed is greater than a predetermined threshold. The relative
speed may for example be determined from a change over
time in the distance between the sensor and the irradiated
surface or from a change in the transit time. A frequency
shift or change between the emitted and reflected electro-
magnetic waves may also be detected. The relative speed
can also be determined by other signal processing methods.

[0017] As an example, the determination as to whether the
detected object is a living being may include analysing the
reflected electromagnetic waves or the corresponding sensor
signals in the time domain for the presence of predetermined
patterns.

[0018] In one or more embodiment, during this analysis,
the reflected electromagnetic waves are checked for the
presence of one or more of the following reference patterns:

[0019] a) reference patterns representing breathing move-
ments of people in predetermined age ranges; b) reference
patterns representing breathing movements of pets. The age
ranges mentioned in a) may for example be between O years
and 1 year, between 1 year and 2 years, between 2 years and
3 years, between 3 years and 5 years, between 5 years and
10 years, and older than 10 years. Naturally, other age ranges
are also conceivable.

[0020] By way of the comparison with reference patterns,
a detected movement pattern can be assigned to a reference
pattern, and a type or state of the movement can thus be
determined. For example, the breathing frequency is
approximately 40-45 breaths/min for newborns, approxi-
mately 35-40 breaths/min for infants, approximately 20-30
breaths/min for toddlers, approximately 16-25 breaths/min
for children and approximately 12-18 breaths/min for adults.
Particularly advantageously, the received reflected waves
may be filtered for example by way of the determined size
of the object, as described above, and a comparison only
made with reference patterns which match the determined
size of the object. This further improves the reliability and
efficiency of the method. To determine whether a detected
movement progression, represented by the reflected waves
received in temporal succession, corresponds to or is suffi-
ciently similar to a reference pattern, mathematical pattern
recognition methods may be used, by means of which for
example regularities in the signal progression can be
detected.

[0021] In a further embodiment, the frequency of the
electromagnetic waves emitted by the radiator is modulated.
In particular, the frequency can be modulated in such a way
that it rises linearly, optionally in discrete steps, and at a
particular value abruptly falls back to the initial value again
(sawtooth pattern), or in such a way that it alternately rises
and falls with a constant rate of change. For example, the
frequency may be modulated in a range between 77 GHz and
81 GHz. As a result of the modulation of the electromagnetic
waves during steady emission of the waves, advantageously
both the differential speed between the sensor and the
irradiated surface and their absolute distance from one
another can be determined simultaneously.
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[0022] In one or more embodiments, the radiator may
include a radar transmitter configured to emit radio waves or
microwaves, and the sensor is set up to receive radio waves
or microwaves.

[0023] In a further embodiment, the radiator has an ultra-
sonic transmitter for emitting electromagnetic waves in the
ultrasonic range, and the sensor is set up to receive ultra-
sonic waves.

[0024] In a further embodiment, the radiator may have a
lighting unit for emitting light that may be within the
infrared range, and the sensor may have a photonic mixer
detector as a receiver. A sensor device that may include a
radiator and the sensor may be implemented as a ToF
camera, where “ToF” stands for “time-of-flight”.

[0025] The radiator and sensor may each be combined to
form a joint sensor device, that may be attached inside the
interior of the vehicle. The radiator and sensor may be
oriented to face the seat or seating region. For example, the
sensor device may be attached in the vehicle ceiling, on the
dashboard, on a seat other than the seat to be irradiated, or
on another interior design item of the vehicle.

[0026] One or more methods described herein may be
used in a vehicle.

[0027] The above configurations and developments may
be combined with one another as desired, within reason.
Further possible configurations, developments and imple-
mentations of the invention comprise combinations, includ-
ing those not explicitly mentioned, of features of the inven-
tion which are described above or in the following in relation
to the embodiments. In particular, a person skilled in the art
will also add individual aspects, as improvements or supple-
ments, to each basic form of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the following, the present invention is described
in greater detail with reference to the embodiments specified
in the schematic drawings, in which:

[0029] FIG. 1 is a schematic functional view of an interior
of a vehicle in accordance with an embodiment of the
present invention;

[0030] FIG. 2 shows the vehicle shown in FIG. 1 during a
step of a method in accordance with an embodiment of the
invention;

[0031] FIG. 3 shows the vehicle shown in FIG. 1 during a
further step of the method in accordance with an embodi-
ment of the invention;

[0032] FIG. 4 shows the vehicle shown in FIG. 1 during a
further step of the method in accordance with an embodi-
ment of the invention;

[0033] FIG. 5 shows the vehicle shown in FIG. 1 during a
further step of the method in accordance with an embodi-
ment of the invention;

[0034] FIG. 6 shows the step of determining whether a
detected object is a living being in accordance with an
embodiment of the invention.

[0035] The accompanying drawings are intended to impart
further understanding of the embodiments of the invention.
They illustrate embodiments and serve, in connection with
the description, to explain principles and concepts of the
invention. Other embodiments and many of the stated
advantages can be derived from the drawings. The elements
of the drawings are not necessarily shown to scale with one
another.
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[0036] In the drawings, like, functionally equivalent and
equivalently operating elements features and components
are provided with like reference numerals in each case
unless otherwise specified.

DETAILED DESCRIPTION

[0037] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be under-
stood that the disclosed embodiments are merely exemplary
of the invention that may be embodied in various and
alternative forms. The figures are not necessarily to scale;
some features may be exaggerated or minimized to show
details of particular components. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for teaching one skilled in the art to variously employ the
present invention.

[0038] US 2018/0170213 A1 describes detection of people
in the vehicle using radar sensors, detection of a presence of
an object and classification of the object as a living person
taking place on the basis of a movement measurement in that
a radar signal of the radar sensor is analysed in the time
domain.

[0039] FIG. 1 shows a vehicle 1 purely schematically as a
rectangular block. The vehicle 1 may in particular be a car
or transporter or generally a passenger transport vehicle. The
vehicle 1 has a detection arrangement comprising at least
one seat 2 arranged in an interior 10 of the vehicle 1. This
may be for example a rear seat of a back row of the vehicle
2. The detection device 100 further has a radiator 31 for
emitting electromagnetic waves E, a sensor 32 for receiving
or detecting reflected electromagnetic waves R, and a detec-
tion device 4.

[0040] As is schematically shown in FIG. 1, the radiator or
transmitter 31 and the sensor or receiver 32 may be com-
bined to form a sensor device 3. Further, an evaluation unit
33 for generating sensor signals S3 may be assigned to the
sensor 32, or the sensor 31 may comprise said unit, for
example in the form of an analogue circuit.

[0041] The radiator 31 is set up to emit electromagnetic
waves of at least one frequency or at least one frequency
band, and serves to emit electromagnetic waves E towards
the at least one seat 2. For example, the radiator 31 may be
formed as a radar transmitter for emitting radio waves or
microwaves, as an ultrasonic transmitter for emitting waves
in the ultrasonic range, or as an optical transmitter or
lighting unit for emitting light waves, in particular in the
infrared range. The radiator 31 may in particular itself be set
up to generate electromagnetic waves.

[0042] The sensor 32 is set up to receive reflected elec-
tromagnetic waves R which have been emitted by the
radiator 31 and reflected on a surface 11. Corresponding to
the radiator 31, the sensor 32 may be implemented as a radar
receiver, as an ultrasonic receiver or as an optical receiver,
as a photonic mixer detector. In the last of these cases, the
sensor device 3 may be implemented using a ToF camera,
where “ToF” stands for “time-of-flight”. As is schematically
shown in FIG. 1, the waves E emitted by the radiator 31 are
directed onto one surface 11, in FIG. 1 by way of example
a surface 2a of the seat 2. This surface 11 reflects at least
some of the emitted waves E as reflected radiation or
reflected electromagnetic waves R, which are detected by
the sensor 32. By way of example and for reasons of clarity,
FIG. 1 only shows irradiation of a small, discrete region of
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the surface 11. Preferably, however, electromagnetic waves
are directed or emitted onto each of a seat surface region 25
and a surface 2a of a backrest of the seat 2, as is symbolically
shown in FIGS. 2 and 4.

[0043] By means of the evaluation unit 33 of the sensor
31, a sensor signal S3 is generated from the received waves
R. The sensor signal S3 may for example represent a transit
time or transit length which the waves E, R require for the
path from the radiator 31 to the surface 11 and back to the
receiver 32 and/or a frequency of the reflected waves R and
optionally of the emitted waves E. Thus, a distance d1
between the surface 11 and the sensor device 3 or sensor 32,
and optionally a differential speed, a change in the distance
dl, can be determined from the sensor signal S3. The
evaluation unit 33 is connected to the sensor 32 and option-
ally also to the radiator 31.

[0044] The detection device 4 is set up to process the
sensor signals S3, and connected for this purpose to the
sensor device 3 or to the radiator 31 and sensor 32, for
example via the evaluation unit 33 by means of a wired or
wireless communications interface (not shown). As is sche-
matically shown in FIG. 1, the detection device 4 may be set
up for digital data processing and have a processor 41, such
as a CPU, and a data memory 41, such as a non-volatile data
memory, such as a flash memory or a hard disk. Further, the
processing device 4 may also have an analogue-digital
converter (not shown) so as to convert the received sensor
signals S3 into digital signals if the sensor signals S3 are
provided by the evaluation unit 33 as analogue signals.
[0045] The detection device 4 may be configured to carry
out a method which is explained in the following by way of
example with reference to FIG. 1 to 6. In this context, the
detection device 4 or a control device (not shown) may be
set up to generate control commands which cause the sensor
device 3 to emit electromagnetic waves E.

[0046] In a first step of the method, electromagnetic waves
E are emitted towards the seat 2, electromagnetic waves E
of at least one frequency or at least one frequency band
being emitted by means of the radiator 31. Optionally, the
frequency of the emitted waves E is modulated, for example
in a range between 77 GHz and 81 GHz. As was explained
previously, the waves R reflected by the surface 11 are
received by means of sensors 32, and the evaluation unit 33
generates corresponding sensor signals S3 which are con-
veyed to the detection device 4.

[0047] In a further step, the detection device 4 detects
from the sensor signals S3 whether an object X is present on
the seat 2. This is shown by way of example in FIG. 2, which
shows a suitcase as the object X set down on the seat surface
25 of the seat 2. An object X is detected from a transit time
of the emitted and the reflected electromagnetic waves E, R
between the radiator 31, the surface 11, in FIG. 2 formed by
the surface of the object X, and the sensor 32. A distance
measurement or a distance comparison thus takes place. As
can be seen in FIG. 1, which shows irradiation of the seat 2
without an object X, the sensor 32 is arranged at a reference
distance d0 from the seat 2, such as from the surface 2a of
the backrest of the seat 2. If no object X is located on the seat
2, the detection device 4 determines from the run time of the
waves E, R that the surface 11 on which the waves E are
reflected is arranged at a distance corresponding to the
reference distance d0. In this context, the transit time of the
waves E, R corresponds to a reference transit time. The
reference distance d0 may include a particular tolerance, for
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example so as to take account of an adjustment of the seat
2. Further, the reference distance d0 may be recalibrated
from time to time, for example when a door of the vehicle
is opened. If an object X is present on the seat 2, such as a
suitcase, as in FIGS. 2 and 3, or a baby in a child seat, as in
FIG. 4, or an adult person, as in FIG. 5, a distance d1 from
a surface 11 formed by the object X is detected which is
smaller than the reference distance d0. In this context, the
detection device 4 determines that the transit time of the
waves E, R is less than the reference transit time.

[0048] FIG. 3 shows an optional step of the method for
determining a size of the object X from the reflected
electromagnetic waves R. As was explained above, electro-
magnetic waves E may be emitted onto the seat 2 in a planar
manner, as is schematically shown in FIG. 3 by the plurality
of arrows which symbolise the emitted waves E. If an object
X is positioned on the seat 2, the emitted waves E are
partially reflected by the surface 11 of the object X and on
the surface 2a, 2b of the seat 2. Since this results in different
transit times or distances between the sensor 32 and the
reflected surface, it can be identified from the reflected
waves R which regions of the surface 2a, 25 of the seat 2 are
occupied by the object X. From this, the detection device 4
calculates an area occupied by the object X. To determine
the size of the object X, the determined area can be com-
pared with a reference area, for example the total area
irradiated by the sensor device 3.

[0049] If the presence of an object X has been detected,
the detection device 4 detects movements Al, A2, A3 of the
object X from the sensor signals S3. This may for example
comprise determining a relative speed between the sensor 32
and the surface 11 of the object X which reflects the waves
E emitted by the radiator 31. For this purpose, the detection
device 4 may apply conventional signal processing algo-
rithms to the sensor signals S3. For example, a frequency
shift between the emitted waves E and the reflected waves
R can be detected by the detection device 4 to determine the
relative speed.

[0050] As is shown by way of example in FIG. 5, a person
or in general a living being L. performs particular move-
ments. For example, a person regularly moves his arms, as
symbolised by arrow Al in FIG. 5, his legs, as symbolised
by arrow A2 in FIG. 5, or his head. Further, in mammals and
people, the ribcage moves as a result of breathing, as is
indicated by arrow A3 in FIG. 5. An object X in the form of
an item is typically stationary or only moves in the form of
vibrations, which are transmitted to the object X via the
vehicle 1. Thus, the processing device 4 can determine from
the detected movements Al, A2, A3 of the object X whether
the detected object X is a living being B.

[0051] The detection of movements Al, A2, A3 of the
object X now only takes place under the condition that the
presence of an object X has been established during the
distance determination. This has the advantage that simple,
rapid detection of an object can take place using compara-
tively simple means, and complex detection of movements
is only carried out when it is required. This improves the
reliability and efficiency of the method.

[0052] Optionally, the detection of movements A1, A2, A3
of the object X may be linked to the further condition that
the determined size of the object X is less than a reference
value for the size. As can be seen from a comparison of
FIGS. 3, 4 and 5, a baby sitting in a child seat (FIG. 4) is
smaller than the suitcase shown in FIG. 3 or the adult person
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shown in FIG. 5. Assuming that objects X in the form of
items such as suitcases, boxes or the like can be left behind
in the interior 10 of the vehicle 1 and that adult people
usually stay behind in the interior 10 of their own volition,
during the detection of these objects X it may be irrelevant
for further steps, for example the generation of a warning
signal by the vehicle 1 to notify the driver or another
responsible person of the occupancy of the seat 2, whether
or not the detected object X is a living being L. This further
improves the efficiency of the method.

[0053] Optionally, the reflected electromagnetic waves or
the sensor signals S3 may moreover be filtered on the basis
of the determined size of the object X. The filtering may for
example take place using band-pass filters or the like, it
being possible for the corresponding filters to be imple-
mented either in analogue in the evaluation unit 33 or in
digital as software stored in the data memory 41. For
example, it may be determined in tests which movements are
typical of people or children of a particular age and thus of
approximately a particular external constitution and size,
and which sensor signals S3 result from this. From the
determined size, it can thus be predetermined by the detec-
tion device 4 which information contained in the sensor
signals S3, for example in the form of frequencies of the
relative speed between the object X and the sensor device 3,
should be filtered. The movements A1, A2, A3 of the object
X are subsequently detected from the filtered reflected
waves R or sensor signals S3 by means of the detection
device 4.

[0054] To determine whether the detected object X is a
living being B, the detection device 4 may analyse the
reflected electromagnetic waves R or the sensor signals S3
in the time domain for the presence of particular patterns.
This is shown schematically by way of example in FIG. 6.
FIG. 6 is a graph of a progression of the sensor signal S3
over time. In FIG. 6, time is plotted on the x-axis 5 and a
signal variable of the sensor signal S3 is plotted on the y-axis
6. The signal variable may for example represent a relative
speed or an absolute distance or another movement variable.
The detection device 4 compares this progression over time
of the optionally filtered sensor signal S3 with a reference
progression or a reference pattern SR, which represents a
particular known type of movement of an object X or living
being L. For example, it has been found that the movement
of the ribcage produced by breathing generates a signal
progression pattern which is regular, or periodic with a
frequency in a particular range. Using known pattern rec-
ognition algorithms, the processing device 4 can determine
whether the progression of the sensor signal S3 corresponds
to or is close to a known reference pattern SR. For this
purpose, by way of example, a plurality of reference patterns
SR may be stored in the data memory 42 of the detection
device 4, for example reference patterns which represent
breathing movements of people in predetermined age
ranges, such as between 0 years and 1 year, between 1 year
and 2 years, between 2 years and 3 years, between 3 years
and 5 years, between 5 years and 10 years, or older than 10
years. Reference patterns which represent a breathing move-
ment of different pets such as dogs or cats may also be stored
in the data memory 42 of the processing device 4.

[0055] If the detection device 4 has determined that the
detected object is a living being [, a detection signal S4 is
outputted by the detection device 4, as is shown symboli-
cally in FIGS. 4 and 5. The detection device 4 may for
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example generate an electrical signal as a detection signal S4
and provide it to a communications interface (not shown).
Using the detection signal S4, for example a warning device
(not shown) such as a control light for generating a visual,
acoustic or haptic warning signal may be brought about. If
the detection device 4 determines that the detected object X
is not a living being L, a base signal S5 may be outputted by
the detection device 4, for example in the form of an
electrical voltage less than a threshold, as is shown sym-
bolically in FIG. 3.

[0056] Although the present invention has been fully
described by way of preferred embodiments in the above, it
is not limited thereto, but rather can be modified in a variety
of ways.

[0057] The following is a list of reference numbers shown
in the Figures. However, it should be understood that the use
of these terms is for illustrative purposes only with respect
to one embodiment. And, use of reference numbers corre-
lating a certain term that is both illustrated in the Figures and
present in the claims is not intended to limit the claims to
only cover the illustrated embodiment.

LIST OF REFERENCE NUMERALS

[0058] 1 Vehicle

[0059] 2 Seat

[0060] 2a Surface of a backrest of the seat
[0061] 2b Seat surface region

[0062] 3 Sensor device

[0063] 4 Detection device

[0064] 5 x-axis

[0065] 6 y-axis

[0066] 10 Interior

[0067] 11 Surface

[0068] 31 Radiator

[0069] 32 Sensor

[0070] 33 Evaluation unit

[0071] 41 Processor

[0072] 42 Data memory

[0073] 100 Detection arrangement
[0074] A1-A3 Movements

[0075] B Living being

[0076] dO Reference distance

[0077] d1 Determined distance

[0078] E Emitted electromagnetic waves
[0079] S3 Sensor signals

[0080] S4 Detection signal

[0081] S5 Base signal

[0082] SR Reference pattern

[0083] R Reflected electromagnetic waves
[0084] X Object

While exemplary embodiments are described above, it is not
intended that these embodiments describe all possible forms
of the invention. Rather, the words used in the specification
are words of description rather than limitation, and it is
understood that various changes may be made without
departing from the spirit and scope of the invention. Addi-
tionally, the features of various implementing embodiments
may be combined to form further embodiments of the
invention.

What is claimed is:

1. A method of detecting a living being disposed on a seat
of a vehicle, the method comprising:
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emitting electromagnetic waves at a predetermined fre-
quency or at a predetermined frequency band towards
the seat by means of an electromagnetic radiator;

receiving reflected electromagnetic waves reflected from
a surface by means of a sensor;

detecting an object disposed on the seat based on a transit
time of the emitted electromagnetic waves and the
reflected electromagnetic waves between the electro-
magnetic radiator, the surface and the sensor by means
of a detection device;

detecting movement of the object from the reflected

electromagnetic waves by means of the detection
device if the object has been detected;
determining whether the detected object is a living being
based on the detected movements of the object; and

outputting a detection signal from the detection device in
response to determining that the detected object is a
living being.

2. The method of claim 1, wherein the detecting the object
step includes determining a size of the object based on the
reflected electromagnetic waves.

3. The method of claim 2, further comprising determining
an area occupied by the object by comparing reflected
electromagnetic waves from an occupied area with reflected
electromagnetic waves from a reference area.

4. The method of claim 2, wherein the detecting move-
ment steps includes determining a size of the object being
less than a reference size value.

5. The method of claim 4, further comprising filtering the
reflected electromagnetic waves based on the determined
size of the object and wherein the detecting movement step
includes the filtering of the reflected electromagnetic waves.

6. The method of claim 1, wherein the detecting move-
ment step includes determining a relative speed of the
emitted electromagnetic waves with respect to the reflected
electromagnetic waves.

7. The method of claim 1, wherein determining whether
the detected object is a living being step includes analyzing
the reflected electromagnetic waves in a time domain to
detect predetermined patterns.

8. The method of claim 7, wherein the predetermined
patterns are associated with breathing movement of one or
more people within a predetermined age range or breathing
movements of one or more pets.

9. The method of claim 1, wherein the emitting step
includes modulating the electromagnetic waves in a range
between 77 GHz and 81 GHz.

10. A detection arrangement for use in a vehicle including
at least one seat for use by a person, the detection arrange-
ment comprising:

an electromagnetic radiator configured to emit electro-

magnetic waves at least one frequency or within at least
one frequency band;

a sensor configured to receive reflected electromagnetic

waves reflected from a surface within the vehicle; and

a detection device connected to the sensor and the elec-

tromagnetic radiator, wherein the detection device is
configured to detect an object disposed on the seat.

11. The detection arrangement of claim 10, wherein the
electromagnetic radiator includes a radar transmitter config-
ured to emit radio waves or microwaves, and wherein the
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sensor is configured to receive reflected radio waves or
reflected microwaves, each reflected from the seat, the
object, or the person.

12. The detection arrangement of claim 10, wherein the
electromagnetic radiator includes an ultrasonic transmitter
configured to emit electromagnetic waves within an ultra-
sonic frequency range, and wherein the sensor is configured
to receive reflected electromagnetic waves ultrasound waves
within the ultrasonic frequency range.

13. The detection arrangement of claim 10, wherein the
electromagnetic radiator includes a lighting unit configured
to emit light within an infrared frequency range, and wherein
the sensor includes a photonic mixer detector configured to
receive reflected light within the infrared frequency range.

14. The method of claim 3, wherein the determining an
area occupied by the object step includes determining a size
of the object by comparing the reflected electromagnetic
waves from the occupied area with reflected electromagnetic
waves from the reference area.

15. The method of claim 6, wherein the detecting move-
ment step includes determining a frequency shift of the
emitted electromagnetic waves with respect to the reflected
electromagnetic waves.

16. A method of detecting occupancy in a vehicle, the
method comprising:

emitting electromagnetic waves at a predetermined fre-

quency from an electromagnetic radiator towards a seat
disposed in the vehicle;

receiving, by a sensor, reflected electromagnetic waves

reflected from a surface; and

comparing, by a processor, a first distance traveled by the

electromagnetic waves to a second distance traveled by
the reflected eclectromagnetic waves to determine
whether a person, or an object, or a pet is disposed on
the seat.

17. The method of claim 16, further comprising receiving
an adjustment position of the seat and altering the first
distance traveled by the electromagnetic waves based on the
adjustment position of the seat.

18. The method of claim 16, further comprising compar-
ing a first number of reflected electromagnetic waves
reflected from a surface of the seat to a second number of
reflected electromagnetic waves reflected from the person,
or the object, or the pet to determine a size of the person, or
the object, or the pet.

19. The method of claim 18, further comprising measur-
ing a first speed of a first reflected electromagnetic wave
reflected from the surface of the seat to a second speed of a
second reflected electromagnetic wave reflected from the
person, or the object, or the pet to determine whether the
person, or the object, or the pet is moving.

20. The method of claim 16, further comprising:

receiving, by the processor from the sensor, a signal

progression pattern indicative of an absolute distance
between the person, or the object, or the pet and the
sensor within a first period, or movement of the person,
or the object, or the pet with respect to the sensor within
a second period; and

comparing the signal progression pattern to a stored

reference pattern.
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