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MONITORING A VEHICLE CARGO SPACE
FOR OBJECTS CONNECTED TO
BEACON-TRANSMITTING DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to application
DE102021115220.8, filed 1n the German Patent and Trade-
mark Office on Jun. 11, 2021, which 1s incorporated herein
by reference 1n 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable.

BACKGROUND OF THE INVENTION

The present invention relates to a method and a system for
monitoring an object mnventory 1n a cargo space for objects
connected to beacon-transmitting devices, a vehicle
equipped with such a system, and a computer program
product and a computer-readable data carrier.

A vehicle cargo space 1s a storage space 1n which various
objects can be loaded, 1.e. a storage space that can be loaded
with objects and from which objects can be unloaded. In
particular, a cargo space may be a cargo space of a vehicle,
for example the cargo space of a commercial motor vehicle,
a delivery van, or a trunk or other interior space of any other
motor vehicle. A cargo space in the sense of the present
invention does not require delimitation by walls. The space
above an open loading area, for example an open loading
area of a commercial vehicle, 1s also referred to herein as
cargo space. A vehicle herein with a cargo space i1s 1n
particular a motor vehicle, but ships, airplanes, or railroad
cars for example may also have cargo spaces of which the
object mnventory can be monitored via the method presented.
In some embodiments, a storage room or other interior space
ol a property or any other monitorable area of interest may
also be a cargo space 1n the sense of the present invention.

In order to keep an up-to-date overview of an inventory of
objects 1n a cargo space, even if they may be located at
previously unspecified places within the cargo space and/or
may be unloaded and reloaded several times, for example,
wherein the arrangement of the objects in the cargo space
may change each time, there 1s a wide range of monitoring,
options, often optimized for a specific application. Thus,
object inventory monitoring may be useful for example
when tradesmen want to keep an overview of whether the
tools, spare parts, and other work equipment provided 1n the
company vehicle are actually on board, both before and after
respective job assignments. A delivery vehicle in which
goods or parcels to be delivered at various locations are
transported 1s also suitable for use of the presented system.
However, the terms “object” and “object stock™ are not
limited to tools or objects to be transported or stored, but
refer to all countable entities, for example also humans or
ammals, 1f they carry a corresponding beacon-transmitting
(1.e., tracking) device. Thus, the system presented here may
for example also be used to monitor stock of a livestock
transporter, or whether all members of a tour group are on
the bus. The object inventory of the cargo space is the
totality of all objects that can be monitored via the presented
method and which are currently located in the cargo space.

Published patent application US2020/0405223A1

describes a system for automatic and adaptive monitoring of
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objects, 1n which a transmitter transmits to a receiver via a
wireless transmission channel, wherein the multipath
received signals modulated by the environment and a
detected motion of a monitored object are evaluated 1n order
to adjust the reception to the respective current channel state,
in order to optimize the tracking of the object.

U.S. Pat. No. 10,872,311B2 describes a system via which
objects or customers equipped with an array of radio-
frequency 1dentification (RFID) transmuitters can be tracked
in a retail store. At least one of the customer’s transmitters
1s always to be detectable via a receiving antenna.

In U.S. Pat. No. 10,197,661B1, 1t 1s provided that a device

having two operating states receives beacon identification
signals from beacon transmitters 1n a first state and deter-
mines the received signal strength. If said signal strength
exceeds a threshold value, the device emits signal bursts 1n
the ultrasonic and/or infrared range 1 a second state, in
order to use them to locate the position of the beacon

transmuitter.

Published patent application CN1104358256A presents a
load management system in which the distance of objects
from a loading area 1s determined using ultrasonic sensors,
and the objects are identified by evaluating signals from
RFID transmitters attached to them.

U.S. Pat. No. 9,462,357B2 describes an automatic object
tracking system 1n which tools are equipped with RFID
transmitters, and suitable receivers are used to determine the
range of the recerver 1n which the tool 1s located, or whether
it 1s out of range of the transmitter monitoring the destination
position.

U.S. Pat. Nos. 8,970,377B2 and 9,640,054B2 respectively
show a tracking system for objects, in particular tools, from
a cargo space. The objects have RFID transmitters and the
cargo space has a suitable recerver, wherein when the object
1s removed from the cargo space, 1t 1s booked out of the
inventory list. A piece of information about whether the
cargo space 1s closed, possibly combined with a piece of
movement information if the cargo space 1s part of a vehicle,
1s used as a trigger to determine whether sufliciently strong
signals are again received from the cargo space for all
objects. If this 1s not the case, the position of the missing
object may be captured and displayed using GPS, or the
intended position of the missing object 1n the cargo space
may be displayed.

The known systems and methods described 1n the above
prior art require, for example, the actual determination or
tracking of the object position using additional detection
systems such as GPS or ultrasound, or they impose require-
ments on the state of motion or position of an object, require
a plurality of receivers and/or transmitters, or do not provide
for adaptation to different reception situations, and are
therefore complex and/or potentially error-prone.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a possi-
bility for monitoring an object inventory 1n a cargo space,
which ensures an accurate determination of the object inven-
tory 1n the cargo space 1n a simple and robust manner, even
under diflerent scenarios or scenarios that change over time.

Such an object 1s achieved according to the present
invention via a method for monitoring an object inventory n
a cargo space for objects connected to beacon-transmitting
devices, as well as a system for monitoring an object
inventory in a cargo space for objects connected to beacon-
transmitting devices.
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According to a first aspect of the present invention, a
method for monitoring an object inventory in a cargo space
for objects connected to beacon-transmitting devices
(wherein the beacon-transmitting devices transmit beacon
identification signals 1ndividually associated with the
respective objects) comprises the step of receiving, via a
beacon-receiving device, of beacon identification signals
from at least one monitored cargo space, a determination of
signal strengths, via a monitoring device connected to the
beacon receiving device, of received beacon identification
signals and beacon repetition periods associated therewith.
Further, a check 1s made, via the monitoring device, of
whether the received beacon identification signals 1dentify
objects 1n an object inventory of the cargo space wherein the
check 1s based on comparisons of the signal strengths of the
respective recerved beacon identification signals with cur-
rent signal strength threshold values respectively associated
with them and comparing the respectively associated beacon
repetition periods with these respectively associated current
repetition period threshold values. In addition, the method
comprises the step of detecting, via the monitoring device,
whether the cargo space 1s currently in a first state or a
second state. Loading operations ol objects connected to
beacon-transmitting devices 1n the cargo space are permis-
sible only 1n the first state. Only 1f the cargo space 1s
currently 1n the second state, an adjustment of the respective
current signal strength threshold values and the respective
current repetition period threshold values associated with the
respective received beacon identification signals 1s made as
a function of the respective associated currently received
beacon i1dentification signals and associated beacon repeti-
tion periods.

Loading operations comprise loading operations, in which
the cargo space i1s loaded with objects, and unloading
operations, 1 which objects are unloaded from the cargo
space. Loading operations are permissible only 1n the first
state of the cargo space, 1.¢., 1n the context of the presented
system, loading operations are carried out only when the
cargo space 1s 1n the first state; otherwise, they are prohib-
ited. The first state 1s thus an unstable state, in which the
object inventory in the cargo space i1s not fixed, but can
change. In a preferred embodiment, prohibited loading
operations are also made impossible by structural or tech-
nical measures. A prohibited loading operation 1s for
example the throwing of an object onto an open cargo bed,
even 1 the cargo space, 1n this case the cargo bed, 1s 1n the
second state. Another example of a prohibited loading
operation 1s the loading or unloading of a cargo space that
1s 1n the second state and which 1s actually closed, after
forcible opening. The second state, on the other hand, 1s a
stable state 1n which the object inventory in the cargo space
1s fixed and does not change durmg this state. The first and
second states of the cargo space differ from one other 1n that
the system that carries out the method according to the
present mvention classifies the cargo space as being in the
first or second state based on user input or analysis of state
parameters of the cargo space and/or the environment. This
may comprise a visible change of state of the cargo space
(for example a vehicle with cargo space in motion or not,
storage space gate closed or not), but 1s not limited to visible
changes.

A beacon signal 1s preferably comprised of a radio signal
transmitted repeatedly at fixed intervals, e.g., fixed repetition
periods, by a beacon-transmitting device. A beacon 1denti-
fication signal 1s a beacon signal in which the transmitted
radio signal transmits an identification, 1.e. 1dentifier, which
1s associated with the beacon transmitter. Beacon identifi-
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cation signals may be used for example with short-range
communication systems, for example Bluetooth systems,
but also with systems that use longer-range radio signals.

The monitoring device connected to the beacon-receiving,
device evaluates the beacon i1dentification signals received
by the beacon-receiving device. The respective signal
strength (1.e., the received field strength) as well as the
repetition perlods (1.., the duration of the intervals at which
the respective beacon identification signal 1s repeated) and
the identification, which 1s transmitted with the signal, of the
respective beacon transmitter, and thus of the object con-
nected to 1t, are determined. The magnitude of the signal
strength may be represented for example as an RSSI (re-
ceived signal strength indicator) value. The monitoring
device 1s also configured to carry out the remaining steps of
the method. For this purpose, the monitoring device com-
prises suitable means, 1 particular an electronically pro-
grammable device comprising at least a processor and a
memory in which sections of code of a computer program
product are stored, which, when executed by the processor,
configure the monitoring device to carry out steps of the
method. The method may also be referred to as a computer-
implemented method, since at least one method step 1is
carried out using a computer program.

A current signal strength threshold value and an associ-
ated current repetition period threshold value are associated
with each of the received beacon identification signals. In
one embodiment, an 1dentical initial signal strength thresh-
old value and an 1dentical initial repetition period threshold
value may initially be associated with each of the recerved
beacon 1dentification signals, respectively, prior to the first
adjustment step. In a further embodiment, 1t 1s provided that
different 1nitial signal strength threshold values and 1nitial
repetition period threshold values are associated with dif-
terent types of beacon-transmitting devices. Furthermore, 1n
one embodiment, 1t 1s provided that previously determined
initial signal strength threshold values and 1nitial repetition
period threshold values for beacon i1dentification signals are
kept 1n a memory, i1 the respective objects with the associ-
ated beacon-transmitting devices have already belonged to
the object inventory of the cargo space at earlier times.

Thus, the method described comprises providing an 1ndi-
vidual signal strength threshold value and repetition period
threshold value for each of the beacon transmitters of which
the beacon identification signal 1s received, wherein, instead
of using static threshold values, exactly when the cargo
space 1s 1n the second state, 1n which no permissible loading
operation can occur, these individual signal strength thresh-
old values and repetition period threshold values, which are
used to decide whether or not the respective associated
objects are 1n the cargo space, are adjusted to the current
reception situation. In this way, 1t 1s easily taken into account
that the respective recerving situation may have changed due
to previous loading operations 1n the first state. For example,
objects may have been added to the object inventory for the
first time or again, or objects may have been removed from
the object inventory, and/or the position of the objects 1n the
cargo space may have changed relative to one other, such
that the beacon 1dentification signals could be modulated or
attenuated differently due to changed multipath propagation.
In addition, the signal strength of the beacon transmitter may
also have degraded due to depleted power resources. Which-
ever reasons may require an adjustment of the threshold
values 1s 1rrelevant 1n respect of the presented method.

A system that operates according to the method described
does not require means for actual position tracking of the
objects using other sensors or a variety of signals, but rather
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evaluates only the signal strengths of the respective beacon
identification signals and the repetition periods thereof, 1n
principle also independently of whether or not the objects
are moving. Similarly, 1t 1s permissible for different beacon-
transmitting devices to use different repetition periods and
signal strengths for their beacon identification signals.

By continuously adjusting the threshold values individu-
ally when the opportunity arises 1n the second state, 1n which
it 1s more likely that the received beacon identification
signals will identily objects 1n the cargo space object inven-
tory, an individually optimized decision can be made for
cach object as to whether the object 1s on board, e.g., within
the cargo space.

In one embodiment of the method, the detection of
whether the cargo space 1s currently in the first state or the
second state comprises determining the second state based
on a signal that 1s received via a user input interface. In that
regard, the user communicates via the user input interface
that a loading operation has been completed and that no
turther loading operation will follow for the time being.

In one embodiment 1n which the cargo space 1s a part of
a vehicle, the detection of whether the cargo space 1is
currently in the first state or the second state comprises
determining the second state by detecting movement of the
vehicle at a speed above a speed threshold value. The speed
threshold value 1s greater than 0 km/h, preferably at least 5
km/h (kilometers per hour), for example 10 km/h. More
preferably, the speed threshold value 1s greater than a speed
of the vehicle at which maneuvers can be performed with the
vehicle. For example, the speed threshold value 1s 30 km/h.
Beacon 1dentification signals received in the second state
have a very high probability of belonging to objects that are
currently in the cargo space of the vehicle, since beacon-
transmitting devices outside the vehicle do not remain
permanently within the range of the receiving device 1n the
vehicle.

In a preferred embodiment, the method comprises, when
the cargo space 1s currently 1n the second state, a check for
changes 1n the beacon repetition intervals of the received
beacon 1dentification signals, and a classification of an
object 1dentified by a respective beacon identification signal
as being in the object inventory only if the respectively
associated beacon repetition interval remains constant dur-
ing the current second state. If the cargo space is part of a
vehicle and the vehicle 1s moving at a speed above the speed
threshold value, which 1s at least high enough that the
vehicle 1s likely to perform a maneuver not only 1n a fixed
area, only beacon repetition intervals between beacon 1den-
tification signals remain constant when the object connected
to the associated transmitter device 1s 1n the cargo space, so
that the current object inventory may be determined in a
particularly simple way.

When the cargo space i1s currently in the first state, a
turther embodiment of the method comprises the steps of
checking whether the received beacon 1dentification signals
identily objects in the object inventory of the cargo space,
checking whether the current repetition period threshold
values respectively associated with beacon repetition peri-
ods associated with the respective received beacon ident-
fication signals have been exceeded, and classiiying the
objects associated with the respective beacon 1dentification
signals as not being in the object mventory 1if the respec-
tively associated current repetition period threshold values
are exceeded. In one embodiment, the repetition period
threshold value corresponds to the repetition period, 1.e., the
repetition interval of the beacon 1dentification signal. Thus,
in the first state, in which loading operations are permissible,
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it may be determined very quickly in particular whether an
unloading operation has just taken place. In a further
embodiment, the repetition period threshold value 1s a
function of the repetition period, but 1s greater, for example
greater by a fixed time value, or 1t corresponds to a multiple
length of the repetition period. This increases reliability and
ensures that i1t 1s not, for example, a short-term reception
disturbance.

In a further embodiment, the check of whether the
received beacon i1dentification signals 1dentily objects 1n the
object inventory of the cargo hold when the cargo hold 1s
currently 1n the second state comprises checking whether the
signal strengths of the respective received beacon identifi-
cation signals exceed the current signal strength threshold
values respectively associated with them, and classifying an
object 1dentified by a respective beacon identification signal
as being 1n the object mventory only 1if the respectively
associated current signal strength threshold wvalue 1s
exceeded. In this simple, robust manner, 1n the second state,
in which no loading operations are permissible, an individu-
alized assessment 1s made for each object as to whether or
not the object 1s 1n the cargo space. If the received signal
strength 1s below the current signal strength threshold value
associated with the associated beacon identification signal,
the object 1s classified as still being within reception range
but not positioned within the cargo space.

In an exemplary embodiment, 1t 1s provided that, in order
to check whether the signal strengths of the respective
received beacon identification signals exceed the current
signal strength threshold values respectively associated with
them, respectively moving signal strength average values
are determined for the signal strengths of the respective
received beacon identification signals over associated slid-
ing windows comprising several beacon repetition periods.
That 1s, mstead of comparing the actual signal strengths
measured in each case with the associated threshold values,
moving average values of the respective measured signal
strengths are determined over the duration of several beacon
repetition periods, and said averages are compared with the
threshold values. In this way, the reliability of the respective
comparison result may be increased, since the decrease 1n
signal strengths from signals outside the cargo space, which
for example 1n the case of a vehicle, emanate from objects
that have previously been unloaded and are initially still
located 1 the vicimty of the vehicle, 1s only taken into
account on a weighted basis and, in addition, it 1s possible
to compensate for momentary reception problems.

In one embodiment of the method, it 1s provided that the
adjustment of the current signal strength threshold values
respectively associated with the respective recerved beacon
identification signals, as a function of the respective asso-
ciated currently received beacon 1dentification signals, com-
prises, during the second state, determining the respectively
associated current signal strength threshold values using a
sliding-window function, as a function of a sequence of
signal strength values of the respective associated most
recently received beacon identification signals. The sliding-
window function 1s for example a moving-average function
in which a moving average value over the selected sliding
window 1s determined. In a preferred embodiment, the
sliding-window function 1s a moving-minimum function, in
which the moving minimum 1s determined over the selected
sliding window, which 1s continuously updated as the sliding
window 1s shifted.

In a further embodiment, the adjustment of the respective
current signal strength threshold values respectively associ-
ated with the respective received beacon 1dentification sig-
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nals, as a function of the respective associated currently
received beacon 1dentification signals, comprises, during the
second state, determining the respectively associated current
signal strength threshold values using a statistical classifi-
cation method, as a function of a sequence of signal strength
values of the respective associated most recently recerved

beacon 1dentification signals. In an exemplary embodiment,
the statistical classification method uses a discriminant func-
tion or separation function. In this case, a discriminant
analysis 1s performed in which a score value 1s associated
with each observation, 1.e. with each detected signal strength
value. The score value 1s then used to determine a group
association of the respective observation and the boundaries
between them. Preferably, linear discriminant functions are
used.

In yet another embodiment, the adjustment of the respec-
tive current signal strength threshold values respectively
associated with the respective recerved beacon 1dentification
signals, as a function of the respective associated currently
received beacon identification signals, comprises, during the
second state, determining the respectively associated current
signal strength threshold values using an online machine-
learning method, as a function of a sequence of signal
strength values of the respective associated most recently
received beacon 1dentification signals. In an online machine-
learning method, data become available sequentially, in this
case bursts of beacon identification signals 1n a sequence of
repetition periods, and with each newly received current
beacon 1dentification signal, prediction values for the next
expected data or beacon 1dentification signals are continu-
ously updated. In a preferred embodiment, the online
machine-learning method comprises an online deep-learning,
method, 1.e. a deep or multilayer learning method, in which
at least one artificial neural network comprising a plurality
of layers 1s continuously trained on the basis of the many
sequentially mncoming input signals, 1n this case the newly
received current beacon identification signals, to decide
whether or not the respectively received beacon 1dentifica-
tion signal belongs to an object 1n the cargo space. As the
operating time continues, optimized, increasingly accurate
results are achieved by continuously adjusting or (re)cali-
brating the current signal strength threshold values and
repetition period threshold values respectively associated
with the beacon identification signals. In a preferred
embodiment, the artificial neural network used 1s also
already trained in advance, preferably in a scenario that 1s
suitable for the current use of the cargo space. In a preferred
embodiment, the deep-learming method 1s used with a
Q-learning algorithm, 1.e. a reinforcement machine-learning
method that does not require a model of the environment.

According to a second aspect of the present invention, a
system for monitoring an object imventory in a cargo space
for objects connected to beacon-transmitting devices,
wherein the beacon-transmitting devices transmit beacon
identification signals i1ndividually associated with the
respective objects, comprises a cargo space lor objects
connected to beacon-transmitting devices, a beacon-rece1v-
ing device for recerving beacon 1dentification signals at least
from the cargo space, and a monitoring device connected to
the beacon-receiving device, wherein the system 1s config-
ured to carry out a method according to the first aspect of the
present invention. In the embodiments, the beacon-transmit-
ting devices may also be comprised by the system. In further
embodiments, 1n addition, the objects connected to the
beacon-transmitting devices are also comprised by the sys-
tem.
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In an exemplary embodiment of the system, the cargo
space 1s a portion of a vehicle, for example a trunk, another
interior, or a cargo area of a motor vehicle, or a cargo space
for example of an airplane, helicopter, ship, or train car.
According to a third aspect of the present invention, a
vehicle comprises a system according to the second aspect
of the present invention.

According to a fourth aspect of the present invention, a
computer program product comprises sections ol code that,
when loaded from a memory 1to a processor of a program-
mable device of a system for momitoring an object inventory
In a cargo space for objects connected to beacon-transmit-
ting devices, configure the system to carry out a method
according to the first aspect of the present invention. In this
case, the sections of code, 1.e. the program code, of the
computer program product, correspond to a computer pro-
gram that comprises instructions via which the system 1s
caused to carry out steps of the method. In particular, the
monitoring device may comprise a programmable device,
¢.g., a computer, with a processor and a memory. According
to a fifth aspect of the present invention, a computer-
readable data carrier comprises a computer program product
according to the fourth aspect of the present invention. A
computer-readable data carrier may be both a computer-

readable storage medium and a data carrier signal. A com-
puter-readable storage medium 1s a medium suitable for
storing soltware, for example a CD-ROM, a DVD, a Blu-
Ray disc, a USB stick, a hard disk, etc. A data carrier signal
enables wired or wireless transmission of the sections of
code.

Thus, the advantages and features of the method accord-
ing to the present invention for monitoring an object inven-
tory 1n a cargo space lor objects connected to beacon-
transmitting devices, including embodiments thereof, are
also implemented 1n the context of a system for monitoring
an object mnventory 1n a cargo space for objects connected to
beacon-transmitting devices, a vehicle comprising said sys-
tem, a computer program product, and a computer-readable
data carrier.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

Further advantages of the present invention are apparent
from the detailed description and the figures. The present
invention 1s also described in greater detail below 1n con-
nection with the Ifollowing description of exemplary
embodiments with reference to the accompanying figures.

FIG. 1 1s a schematic representation of an example of a
method for monitoring an object inventory 1n a cargo space
for objects comnected to beacon-transmitting devices,
according to one embodiment of the present invention.

FIG. 2 1s a schematic illustration of an example of
adjusting current signal strength threshold values and rep-
ctition period threshold values associated with received
beacon 1dentification signals, for a method for monitoring an
object mventory 1n a cargo space for objects connected to
beacon-transmitting devices, according to another embodi-
ment of the present invention.

FIG. 3 1s a schematic representation of an example of an
evaluation of received data for a method for monitoring an
object inventory 1n a cargo space for objects connected to
beacon-transmitting devices, according to vyet another
embodiment of the present invention.

FIG. 4 1s a schematic representation of an example of
updating the object inventory for a method for monitoring an
object inventory 1n a cargo space for objects connected to
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beacon-transmitting devices, according to yet another
embodiment of the present invention.

FIG. 5 1s a schematic representation of a further example
of updating the object inventory for a method for monitoring
an object inventory 1n a cargo space for objects connected to
beacon-transmitting devices, according to vyet another
embodiment of the present invention.

FIG. 6 1s a schematic representation of an example of a
vehicle comprising a system for monitoring an object inven-
tory 1n a cargo space for objects connected to beacon-
transmitting devices, according to yvet another embodiment
of the present invention.

It 1s understood that other embodiments may be used and
structural or logical changes may be made without departing
from the scope of protection of the present invention. It 1s
understood that the features of the various exemplary
embodiments described above and below may be combined,
unless specifically indicated otherwise. Therefore, the
description 1s not to be construed 1n a limiting sense, and the
scope of protection of the present invention 1s defined by the
appended claims.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

FIG. 1 shows a flowchart of an example method 100 for
monitoring an object imnventory 1n a cargo space for objects
connected to beacon-transmitting devices, according to an
embodiment of the present invention, wherein the beacon-
transmitting devices transmit beacon identification signals
individually associated with the respective objects. It does
not matter which objects are involved i1 each of the objects
1s connected by the signals of a beacon-transmitting device
connected to the object, for example glued, clamped,
screwed on, built into the object, or connected to or carried
by the object 1n another manner. The method 100 begins in
an 1nitial state 101, started for example by a start command
controlled by a user or an environmental parameter (for
example startup of the vehicle, actuation of a cargo door,
time of day, etc.). In one embodiment, 1t may be provided to
load 1nitial settings for operating parameters, for example an
initial state of the cargo space, a stored list of a most recently
detected object inventory, data sets with most recently
applicable or global, 1.e. default, initial values for signal
strength threshold values and repetition period threshold
values at least for the beacon identification signals that
identily objects of the most recently detected object inven-
tory. The following steps of the method are repeated until the
method 1s terminated.

In a next step 102, beacon identification signals are
received from at least one monitored cargo space. In other
words, a cargo space of which the object inventory 1s to be
monitored has a beacon-receiving device via which beacon
identification signals can be received 1f the associated
objects with active beacon-transmitting devices are located
in the cargo space and possibly within receiving range 1n the
vicinity of (i.e., outside of) the cargo space. The reception
range depends on the signal transmission technology used
between the transmitting and receiving devices. In a pre-
terred embodiment, a short-range communication technique
1s used, of which the range 1s usually less than 100 meters,
for example 50 meters, preferably up to 10 meters. For
example, the transmitting and receiving devices may be
Bluetooth® transmitters and receivers.

In a next step 103, a determination of the respective signal
strengths and the associated beacon repetition intervals, 1.e.
the intervals at which the beacon i1dentification signals that
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identify the same object are received again, 1s made for
beacon 1dentification signals received by the beacon-receiv-
ing device. This determination of the required information
from the received signals 1s carried out via a monitoring
device that 1s connected to the beacon-recerving device and
which comprises a suitable interface as well as a control
device, for example a computer or other suitably pro-
grammed programmable device.

Based on comparisons of the signal strengths of the
respective recerved beacon identification signals with these
respectively associated current signal strength threshold
values, and comparisons of the respectively associated bea-
con repetition intervals with these respectively associated
current repetition period threshold values, the monitoring
device then checks 104 whether the received beacon 1den-
tification signals 1dentily objects 1n an object inventory of
the cargo space.

In this context, a step 105 of detecting 1s first provided, via
the monitoring device, whether the cargo space 1s currently
in a first state Z1 or a second state Z2, wherein loading
operations ol objects connected to beacon-transmitting
devices 1n the cargo space are permissible only 1n the first
state Z1, but not 1n the second state Z2. Since, 1n the first
state Z1, the composition of the object inventory 1n the cargo
space may change due to loading and unloading, while 1n the
second state, the object inventory remains unchanged, 1.e.
stable, the first state Z1 1s also referred to as an unstable
state, and the second state 72 1s referred to as a stable state.

Only during the second state, with this method, which
does not require tracking the actual, continuously updated
position data of the individual objects and 1s therefore very
simple and robust, 1t 1s ensured that each object that 1s
located 1n the cargo space remains there over the entire time
period during the second state. Since the object mventory
and the arrangement of the objects 1n the cargo space may
change with each loading and unloading operation in the
first state 71, signal strengths and repetition periods of
received beacon identification signals detected until then
may be subject to changes and modulations due to altered
attenuations and shielding, reflections, overlaps and inter-
ferences, so that an adjustment or (re)calibration of the
associated threshold values 1s therefore to be carried out 1f
these changes are determined for the objects located 1n the
cargo space, at least during the course of the state. Therelore,
only when the cargo space 1s currently 1n the second state
(indicated by “Z2” in FIG. 1), an adjustment 106 of the
current signal strength threshold values and the current
repetition period threshold values respectively associated
with the respective received beacon 1dentification signals 1s
provided, as a function of the respective associated currently
received beacon 1dentification signals and associated beacon
repetition periods.

Detecting step 105 whether the cargo space 1s currently 1n
the first state or the second state may comprise for example
determining the second state based on a signal that 1is
received via a user input interface. It the cargo space 1s part
of a vehicle, detecting step 105 whether the cargo space 1s
currently 1n the first state or the second state may comprise
determining the second state by detecting movement of the
vehicle at a speed above a speed threshold value, wherein
the speed threshold value 1s preferably selected to be high
enough to conclude on the basis thereof that the vehicle 1s
not moving solely for maneuvering.

The step 106 of adjusting the respective current signal
strength threshold values associated with the respectively
received beacon identification signals, as a function of the
respective associated current recerved beacon identification
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signals, may, depending on the embodiment, for example
comprise, during the second state, determining the respec-
tively associated current signal strength threshold values
using a sliding-window function, as a function of a sequence
of signal strength values of the respective associated most
recently received beacon identification signals, and/or dur-
ing the second state, determining the respectively associated
current signal strength threshold values using a statistical
classification method, as a function of a sequence of signal
strength values of the respective associated most recently
received beacon 1dentification signals, or determining them
during the second state using an online machine-learning
method, as a function of a sequence of signal strength values
ol the respective associated most recently received beacon
identification signals.

In the embodiment of the method shown 1in FIG. 1, when
the cargo space 1s currently 1n the second state, a check 107
1s provided for detecting changes in the beacon repetition
intervals of the recerved beacon 1dentification signals. IT the
beacon repetition interval respectively associated with a
beacon identification signal remains constant during the
current second state (indicated by “+” 1n FIG. 1), the object
identified by a respective beacon identification signal may
be classified at step 108 as being in the object inventory of
the cargo space.

In the embodiment of the method shown 1n FIG. 1, when
the cargo space 1s currently in the second state, it 1s also
provided beforehand that the check i1n step 104 of whether
the received beacon 1dentification signals identily objects in
the object imnventory of the cargo space comprises a check
111 of whether the signal strengths of the respective received
beacon i1dentification signals exceed the current signal
strength threshold values respectively associated with them.
Only if the respectively associated current signal strength
threshold value 1s exceeded (indicated by “+” 1n FIG. 1), the
object identified by the respective beacon identification
signal 1s classified at step 108 as being in the object
inventory of the cargo space. In this context, the step 111 of
checking whether the signal strengths of the respective
received beacon identification signals exceed the current
signal strength threshold values respectively associated with
them may comprise for example determining respectively
moving signal strength average values for the signal
strengths of the respective received beacon identification
signals over associated sliding windows comprising a plu-
rality of beacon repetition intervals.

If the check 107 for changes in the beacon repetition
intervals of the received beacon 1dentification signals shows
that the beacon repetition interval respectively associated
with a beacon identification signal does not remain constant
during the current second state (indicated by “-" 1n FIG. 1),
or i the check 111 for whether the signal strengths of the
respective recerved beacon identification signals exceed the
current signal strength threshold values respectively associ-
ated with them shows that the respectively associated cur-
rent signal strength threshold value 1s not exceeded (indi-
cated by “=” 1n FIG. 1), the objects associated with the
respective beacon identification signals are classified at step
110 as not being 1n the object inventory 1n the embodiment
of the method shown 1n FIG. 1.

If, 1n the step 105 of detecting whether the cargo space 1s
currently 1 a first state Z1 or a second state 72, 1t is
determined that the cargo space 1s currently in the first state
(indicated by “Z1” in FIG. 1), 1n which first loading opera-
tions of objects connected to beacon-transmitting devices in
the cargo space are permissible, the step 104 of checking
whether the received beacon identification signals identify
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objects 1n the object inventory of the cargo space comprises
a step 109 for checking whether the current repetition period
threshold values associated with beacon repetition periods
respectively associated with the respective received beacon
identification signals have been exceeded. If this results 1n
the respectively associated current repetition period thresh-
old values being exceeded (indicated by “+” in FIG. 1), the
objects associated with the respective beacon 1dentification
signals are classified at step 110 as not being 1n the object
inventory. If this 1s not the case (indicated by “-"" 1n FI1G. 1),
the object inventory remains unchanged at this point and 1t
1s checked in step 112 whether the method should be
terminated, for example due to an abort signal received via
a user interface. If the method 1s to be terminated (indicated
by “+” i FIG. 1), the method ends at step 113. This may
include, for example, storing a list including the current
object 1inventory, and signal strength threshold values and
repetition period threshold values currently respectively
associated with the objects, 1n order to be able to be used as
suitable 1nitial values when the method 1s carried out again.
I the method 1s not to be terminated (indicated by “-” 1n
FIG. 1), the reception of beacon identification signals is
continued at step 102.

FIG. 2 shows a flowchart of an example of adjusting
current signal strength threshold values and repetition period
threshold values associated with recerved beacon identifi-
cation signals, for a method for monitoring an object inven-
tory 1n a cargo space for objects connected to beacon-
transmitting devices, according to another embodiment of
the present invention. In the situation shown in FIG. 2,
beacon 1dentification signals have already been received at
the start 201 and are ready for evaluation, shown in FIG. 2
as recerved data ED. In the example shown, the cargo space
1s determined 1n step 202 to be 1n a second state Z2, 1n which
no loading operations are permitted and which 1s therefore
suitable for adjusting or updating the threshold values asso-
ciated with the beacon 1dentification signals. In the case of
a vehicle, for determining the state, 1t may for example have
been checked that the vehicle 1s moving at a mimmimum speed
that precludes movement solely for the purpose of maneu-
vering the vehicle. In the case of a motor vehicle, this
minimum speed may for example be more than 5 km/h, for
example 30 km/h. In the embodiment shown, the received
beacon identification signals, 1.e. received data ED, are now
evaluated 1n step 203, and associated signal strengths and
beacon repetition intervals or associated beacon repetition
frequencies are determined and, based on these current
values, an adjustment step 204 of the current signal strength
threshold values associated with the respective recerved
beacon identification signals or an adjustment step 2035 of
the associated repetition period threshold values i1s per-
formed. In FIG. 2, the method for the current received data
ED ends 1n step 206 or continues with the next recerved data.

FIG. 3 shows a flowchart for an example method of an
evaluation of received data, 1.e. beacon identification sig-
nals, for monitoring an object inventory 1n a cargo space for
objects connected to beacon-transmitting devices, according
to yet another embodiment of the present invention. In this
case, the system 1s 1 a state Z2 in which no loading
operations are permissible. In the embodiment shown, the
beacon 1dentification signals, 1.e. received data ED, recerved
at the beginning step 301 are now evaluated in step 302, and
associated signal strengths and beacon repetition intervals,
or associated beacon repetition frequencies, are determined.
In addition, the i1dentification, 1.e. an i1dentifier or a unique
identification feature of the beacon identification signal, 1s
detected 1n step 303 or read out, and then 1t 1s checked 1n step
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304 whether an adjustment of the associated signal strength
and repetition period threshold values has already been
made beforehand, 1.e., whether a calibration already exists
for the beacon identification signal. If this 1s the case
(indicated by “+” in FIG. 3), in the next step 305, a
comparison 1s made of the signal strength of the received
beacon 1dentification signal with the current signal strength
threshold value associated with 1t. This may be done, for
example, as a comparison of the currently sensed RSSI value
with an associated current RSSI threshold value.

If a check 1n step 306 to determine whether the signal
strength of the recerved beacon identification signal exceeds
the current signal strength threshold value associated with i1t
shows that the threshold value 1s not exceeded (indicated by
“~” 1 FIG. 3), the object associated with the beacon
identification signal 1s classified in step 307 as not being 1n
the object inventory and the received data are discarded, and
the method ends at step 308 for the current recerved data ED
or continues with the next recerved data. It the check 1n step
306 shows that the threshold value has been exceeded
(indicated by “+” 1n FIG. 3), the received beacon i1dentidi-
cation signal, 1.e., the current received data, are classified 1n
step 309 as usable for further processing, in which the
decision as to whether the associated object 1s 1n the object
inventory 1s to be made on the basis of an entire sequence of
received data, for example for determining a moving aver-
age value or the like. In an alternative embodiment, the
associated object may also be classified directly as being 1n
the object inventory.

In the example shown, it 1s also provided that the specific
data extracted from the current received data, in particular
the current signal strength or the current RSSI value, are
provided 1n step 310 for further processing. This may for
example include caching the specific data along with the
identification, e.g., the identifier, of the object. The depicted
method section ends at step 311 mitially for the current
received data ED or continues with the next recerved data.

If the check 1n step 304 to determine whether the asso-
ciated signal strength and repetition period threshold values
have already been adjusted shows that this 1s not the case
(indicated by “-” i FIG. 3), 1.e., if no calibration has vyet
been performed for the beacon identification signal, 1n a next
step 312, a comparison 1s made of the signal strength of the
received beacon identification signal with a general 1nitial
signal strength threshold value that 1s determined indepen-
dently of the specific beacon 1dentification signal. This can
be done for example as a comparison ol the currently
detected sensed RSSI value with an associated general mitial
RSSI threshold value. In a preferred embodiment, this
general 1nitial signal strength threshold value or nitial RSSI
threshold value 1s set high enough that subsequent ambigu-
ous values are unlikely to result in the object being classified
as being 1n the object inventory, but are likely to result 1n the
received data being discarded.

If a check 1n step 313 to determine whether the signal
strength of the received beacon identification signal exceeds
the general nitial signal strength threshold value shows that
the general initial signal strength threshold value i1s not
exceeded (indicated by “~"" 1n FI1G. 3), the object associated
with the beacon 1dentification signal 1s classified in step 307
as not being 1n the object inventory, and the received data are
discarded. If the verification step 313 shows that the initial
signal strength threshold value has been exceeded (indicated
by “+” 1n FI1G. 3), the received beacon i1dentification signal,
1.e. the current received data, are classified 1n step 309 as
usable for further processing, and the specific data extracted
from the current receirved data are provided 1n step 310 for
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turther processing. In an alternative embodiment, the asso-
ciated object may also be classified directly as being 1n the
object inventory.

FIG. 4 shows a flowchart of an example method of
updating the object inventory for monitoring an object
inventory in a cargo space for objects connected to beacon-
transmitting devices, according to yet another embodiment
of the present invention. In this case, the system 1s in a state
72 1n which no loading operations are permissible. Specific
data extracted from the current received data ED, e.g., the
current recerved beacon identification signal, are provided at
step 401. In a preferred embodiment, said data were deter-
mined and provided in an evaluation such as that shown in
FIG. 3.

In a next step 402, a check 1s made to determine whether
a minimum number of detections using usable extracted
specific data have already been made for the beacon 1den-
tification signal, 1.e., whether repetitions of the beacon
detection signal are already being received over a minimum
number of associated repetition periods. IT this 1s not the
case (indicated by “-"" in FIG. 4), the update 1s terminated
at step 403 or continued with other received data. The
specific data provided are not discarded but are cached 1n
case further detections follow. If a minimum number of
detections with usable extracted specific data have already
been performed for the beacon identification signal (indi-
cated by “+” 1n FIG. 4), 1t 1s checked 1n step 404 whether the
associated signal strength and repetition period threshold
values have already been adjusted, 1.e., whether a calibration
already exists for the beacon identification signal. If this 1s
the case (indicated by “+” 1n FIG. 4), 1n a following step, a
determination 1s made of a moving average value for the
signal strength of the received beacon identification signal
over a sliding window, the length of which, in one embodi-
ment, corresponds to the duration of the minimum number
ol associated repetition periods, and a comparison 1s made
in step 405 of the average value with a current signal
strength threshold value associated with the respective bea-
con 1dentification signal. This may take place, for example,
as a comparison of the average currently detected RSSI
value with an associated current RSSI threshold value. In
one embodiment, the current threshold value 1s adjusted or
updated using a machine-learning method based on the
previously received beacon identification signal. If a check
in step 406 to determine whether the average signal strength
of the received beacon identification signal exceeds the
current signal strength threshold value associated with 1t
shows that the threshold value 1s not exceeded (1indicated by
“~” 1 FIG. 3), the update 1s terminated at step 408 or
continued with other recerved data. If the check in step 406
shows that the threshold value 1s exceeded (indicated by “+”
in FIG. 4), the object associated with the received beacon
identification signal 1s classified in step 407 as being 1n the
object inventory of the cargo space.

If the check in step 404 of whether an adjustment of the
associated signal strength and repetition period threshold
values has already been performed previously shows that
this 1s not the case (indicated by “-” i FIG. 3), 1.e., 1f no
calibration 1s yet available for the beacon identification
signal, 1n a next step, a determination 1s made of a moving
average value for the signal strength of the receirved beacon
identification signal over a sliding window, the length of
which, 1mn one embodiment, corresponds to the duration of
the mimnimum number of associated repetition periods, and a
comparison 1s made 1n step 409 of the average value of the
signal strength of the received beacon identification signal
with a general 1mnitial signal strength threshold value that 1s
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determined independently of the specific beacon 1dentifica-
tion signal. If a check 1n step 410 to determine whether the
average signal strength of the received beacon 1dentification
signal exceeds the general initial signal strength threshold
value shows that the threshold value 1s not exceeded (1indi-
cated by “-"" 1n FIG. 3), the update 1s terminated at step 408
or continued with other received data. If the check 1n step
410 shows that the threshold value 1s exceeded (indicated by
“+” 1n FIG. 4), the object associated with the received
beacon 1dentification signal 1s classified in step 407 as being,
in the object inventory of the cargo space.

FIG. 5 shows a flowchart of another example of updating
the object inventory for a method for monitoring an object
inventory 1n a cargo space for objects connected to beacon-
transmitting devices, according to yet another embodiment
of the present invention. In the example shown, the cargo
space 1s 1n a state Z1 1 which loading operations are
permissible. In this case, information stored for objects from
the object mventory at the time of the last update and the
repetition period associated with the beacon information
signal associated with the object are provided 1n step 301,
for example, retrieved from an object inventory list or
database. At fixed time 1ntervals 502, for example every two
seconds, or at time intervals of which the duration corre-
sponds at least to the associated repetition period or 1s
preferably a multiple thereol, it 1s then determined 1n step
503 when the associated beacon identification signal was
last detected. If a check 1n step 504 to determine whether a
current repetition period threshold value associated with the
respective object or the beacon repetition interval of the
associated beacon 1dentification signal has been exceeded
shows that the associated beacon i1dentification signal was
detected again before reaching the repetition period thresh-
old value (indicated by “+” in FIG. §5), the object 1s still
classified as being 1n the object inventory, and the check of
the object ends at step 503 for the time being, wherein 1t 1s
possible to continue with the next object or to repeat the
check as long as the cargo space remains in the state in
which loading operations are permissible, 1.e. the object
inventory can change. If the check in step 504 that the
associated current repetition period threshold value has been
exceeded shows that the associated beacon identification
signal was not detected again before the repetition period
threshold value was reached (indicated by “-”" 1n FIG. §), the
object 1s classified in step 506 as no longer being in the
object inventory.

FIG. 6 shows a schematic representation of an example of
a vehicle comprising a system for monitoring an object
inventory in a cargo space for objects connected to beacon-
transmitting devices, according to yet another embodiment
of the present invention. The vehicle 620 comprises a system
600 for monitoring an object inventory 1n a cargo space 601
for objects connected to beacon-transmitting devices,
wherein 1n the embodiment shown, the objects with their
beacon-transmitting devices are also components of the
system. The objects are shown i FIG. 6 as boxes or
packages with transmitting devices attached to them over a
flat surtace. However, said objects may also be other objects,
for example tools or personal 1tems, which contain suitable
transmitting devices or are attached to said devices. In the
situation shown in FIG. 6, some objects 607, 608, 609 with
beacon-transmitting devices 610, 611, 612 are loaded in
cargo space 601, while other objects 613, 614 with beacon-
transmitting devices 615, 616 are outside cargo space. The
beacon-transmitting devices 610, 611, 612, 615, 616 trans-
mit beacon identification signals that are individually asso-

ciated with the respective objects 607, 608, 609, 613, 614.
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The vehicle 620 1s depicted as a delivery van with a cargo
space 601. Depending on the objects to be loaded, the cargo

space may for example also be the trunk or the passenger
compartment of a passenger vehicle.

The system 600 comprises a beacon-recerving device 602
for recerving beacon identification signals from at least the
cargo space 601. For this purpose, in the embodiment
shown, the receiving device 602 1s arranged in the cargo
space 601 1tself. A monitoring device 603 1s connected to the
beacon-receiving device 602. In the embodiment shown,
said monitoring device comprises a programmable device
603 that has 1n particular a processor 6035 and a memory 606
with a computer program product that comprises sections of
code which, when executed by the processor 605 of the
programmable device 604 of the system 600, cause the
system 600 to execute a method for monitoring an object
inventory in a cargo space for objects connected to beacon-
transmitting devices, for example the method 100 illustrated
in FIG. 1. In this way, a robust system 1s available 1n which
it can be easily monitored whether or not objects are 1n the
cargo space, based only on the detection and evaluation of
the individual beacon identification signals.

It 1s understood that in the various embodiments of the
method according to the present invention, the method steps,
although described according to a certain ordered sequence,
could 1n part be carried out 1n a sequence different from that
described herein. It 1s further understood that certain steps
could be performed simultaneously or sequentially, singly or
multiple times, that other steps could be added, or that
certain steps described herein could be omitted. In other
words, the present descriptions are provided for the purpose
of 1llustrating specific embodiments and should not be
construed as limiting the disclosed subject matter.

The term “and/or” as used in the description, when used
in a series of two or more elements, means that any of the
listed elements may be used alone, or any combination of
two or more of the listed elements may be used. For
example, 11 a composition 1s described as comprising com-
ponents A, B, and/or C, the composition may comprise A
alone; B alone; C alone; A and B 1n combination; A and C
in combination; B and C in combination; or A, B, and C 1n
combination.

LIST OF REFERENCE SIGNS

100 Method

101 Start

102 Receive beacon identification signals from at least
one monitored cargo space

103 Determine signal strengths of received beacon iden-
tification signals and beacon repetition periods.

104 Check whether the received beacon identification
signals 1dentily objects 1n an object mventory of the
cargo space.

105 Detect whether the cargo space 1s currently 1n a first
state or a second state

106 Adjust the current signal strength threshold values
and repetition period threshold values associated with
the respective received beacon identification signals.

107 Check for changes 1n the beacon repetition 1ntervals
of the received beacon 1dentification signals

108 Classily an object 1dentified by a respective beacon
identification signal as being in the object inventory

109 Check whether the current repetition period threshold
values respectively associated with beacon repetition
periods associated with the respective received beacon
identification signals have been exceeded.
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110 Classity the objects associated with the respective
beacon 1dentification signals as not being in the object
iventory.

111 Check whether the signal strengths of the respective
received beacon identification signals exceed the cur-
rent signal strength threshold values respectively asso-
ciated with them.

112 Check whether the method 1s to be terminated

113 End

201 Start

202 Determine that the cargo space 1s 1n the second state

203 Evaluate recetved data

204 Adjust the current signal strength threshold values
associated with the recerved beacon identification sig-
nals

205 Adjust the associated repetition period threshold
values

206 End

301 Start

302 Evaluate recerved data

303 Detect the 1dentification of the beacon identification
signal

304 Check whether the associated signal strength and
repetition period threshold values have already been
previously adjusted

305 Compare the signal strength of the received beacon
identification signal with the associated current signal
strength threshold value

306 Check whether the signal strength of the receirved
beacon 1dentification signal exceeds the associated cur-
rent signal strength threshold value

3077 Classily an object 1dentified by a beacon identifica-
tion signal as not being in the object mventory

308 End

309 Classily a beacon 1dentification signal as being usable
for further processing

310 Provide the specific data extracted from the current
received data for further processing

311 End

312 Compare the signal strength of the received beacon
identification signal with a general initial signal
strength threshold value

313 Check whether the signal strength of the received
beacon 1dentification signal exceeds the general nitial
signal strength threshold value

401 Provide the specific data extracted from the current
received data

402 Check whether a minimum number of detections
have been made with usable extracted specific data

403 Finish update

404 Check whether an adjustment of the associated signal
strength and repetition period threshold values has
already been made

405 Determine a moving average value and compare 1t
with a current signal strength threshold value associ-
ated with the respective beacon 1dentification signal

406 Check whether the average signal strength of the
received beacon identification signal exceeds the asso-
ciated current signal strength threshold value

407 Classily the object associated with the recerved
beacon 1dentification signal as being in the object
inventory of the cargo space

408 Finish update

409 Compare the average value of the signal strength of
the beacon identification signal with an initial signal
strength threshold value
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410 Check whether the average signal strength of the
beacon 1dentification signal exceeds the initial signal
strength threshold value

501 Provide information stored for objects from the object
inventory

502 Determined time interval

503 Determine when the associated beacon 1dentification
signal was last detected

504 Check whether a current repetition period threshold
value associated with the associated beacon 1dentifica-
tion signal has been exceeded

505 Terminate the check of the object

506 Classity the object as no longer being in the object
inventory

600 System

601 Cargo space

602 Beacon-receiving device

603 Monitoring device

604 Programmable device

605 Processor
606 Memory

607 Object
608 Object
609 Object
610 Beacon-transmitting device
611 Beacon-transmitting device

612 Beacon-transmitting device
613 Object

614 Object

615 Beacon-transmitting device

616 Beacon-transmitting device

ED Received data

71 First state

Z2 Second state

What 1s claimed 1s:

1. A method for momitoring an object mnventory in a cargo
space for objects connected to respective beacon-transmit-
ting devices, wherein the beacon-transmitting devices trans-
mit beacon identification signals individually associated
with the respective objects, the method comprising the steps
of:

receiving beacon identification signals from at least one

monitored cargo space using a beacon-receiving
device;

determining signal strengths of received beacon 1dentidi-

cation signals and beacon repetition periods associated
therewith using a monitoring device connected to the
beacon-receiving device;

checking whether each received beacon identification

signal 1dentifies a respective object 1n the object mnven-
tory of the cargo space based on comparisons of the
signal strengths of the respective received beacon 1den-
tification signals with current signal strength threshold
values respectively associated with them and on com-
parisons of the respectively associated beacon repeti-
tion periods with respective associated current repeti-
tion period threshold values;

detecting whether the cargo space 1s currently 1n a first

state or a second state, wherein loading and unloading
operations ol the objects connected to beacon-trans-
mitting devices in the cargo space are permissible 1n the
first state and not permissible in the second state; and
adjusting the respective current signal strength threshold
values respectively associated with the respective
received beacon identification signals and respectively
associated current repetition period threshold values 1n
response to signal strengths of received beacon identi-
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fication signals and beacon repetition periods deter-
mined only during the second state.

2. The method of claim 1, wherein the step of detecting
whether the cargo space 1s currently in the first state or the
second state comprises identifying the second state 1n
response to a signal that 1s received via a user input interface.

3. The method of claim 1, wherein the cargo space is part
of a vehicle, and wherein the step of detecting whether the
cargo space 1s currently in the first state or the second state
comprises 1dentifying the second state 1n response to move-
ment of the vehicle at a speed above a speed threshold value.

4. The method of claim 1, further comprising the steps of:

checking for changes in the beacon repetition intervals of

the received beacon identification signals when the
cargo space 1s 1n the second state; and

classitying an object 1dentified by a respective beacon

identification signal as being in the object iventory
only if the respectively associated beacon repetition
interval remains constant during the current second
state.

5. The method of claim 1, wherein the step of checking
whether the received beacon identification signals identify
objects 1 the object mventory of the cargo space 1s com-
prised of checking whether the current repetition period
threshold values respectively associated with respective
beacon repetition periods associated with the respective
received beacon i1dentification signals have been exceeded,
and wherein the method further comprises the step of:

classitying the objects associated with the respective

beacon 1dentification signals as not being in the object
inventory when the respectively associated current rep-
ctition period threshold values are exceeded while the
cargo space 1s 1n the first state.

6. The method of claim 1, wherein the step of checking
whether the received beacon identification signals identify
objects 1n the object mventory of the cargo space 1s com-
prised of checking whether the signal strengths of the
respective recerved beacon identification signals exceed the
current signal strength threshold values respectively associ-
ated with them, and wherein the method further comprises
the step of:

classitying an object 1dentified by a respective beacon

identification signal as being in the object mventory
only 1 the respectively associated current signal
strength threshold value 1s exceeded when the cargo
space 1s currently in the second state.

7. The method of claim 6, wherein, 1n order to check
whether the signal strengths of the respective receirved
beacon 1dentification signals exceed the current signal
strength threshold values respectively associated with them,
respective signal strength moving average values are deter-
mined for the signal strengths of the respective receirved
beacon i1dentification signals over associated sliding win-
dows comprising several beacon repetition periods.

8. The method of claim 1, wherein the step of adjusting
the current signal strength threshold values respectively
associated with respective received beacon identification
signals 1s comprised of determining the respectively asso-
ciated current signal strength threshold values during the
second state using a shiding-window function, which 1s a
function of a sequence of signal strength values of the
respective associated most recently received beacon 1denti-
fication signals.

9. The method of claim 1, wherein the step of adjusting
the current signal strength threshold values respectively
associated with respective received beacon identification
signals 1s comprised of determining the respectively asso-
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ciated current signal strength threshold values during the
second state using a statistical classification method, which
1s a function of a sequence of signal strength values of the
respective associated most recently received beacon identi-
fication signals.

10. The method of claim 1, wherein the step of adjusting
the current signal strength threshold values respectively
associated with respective received beacon identification
signals 1s comprised of determining the respectively asso-
ciated current signal strength threshold values during the
second state with an online machine-learming method, which
1s a function of a sequence of signal strength values of the
respective associated most recently received beacon identi-
fication signals.

11. A system for monitoring an object inventory in a cargo
space for objects connected to beacon-transmitting devices,
wherein the beacon-transmitting devices transmit beacon
identification signals 1ndividually associated with the
respective objects, comprising:

a cargo space configured to receive the objects connected

to beacon-transmitting devices;

a beacon-receiving device for receiving beacon i1dentifi-
cation signals from the beacon-transmitting devices at
least from the cargo space; and

a monitoring device connected to the beacon-receiving
device and comprising a programmable device,
wherein the programmable device 1s configured to:

determine signal strengths of received beacon identifica-
tion signals and beacon repetition periods associated
therewith using the monitoring device;

check whether each received beacon 1dentification signal
identifies a respective object 1n the object inventory of
the cargo space based on comparisons of the signal
strengths of the respective recerved beacon 1dentifica-
tion signals with current signal strength threshold val-
ues respectively associated with them and on compari-
sons of the respectively associated beacon repetition
periods with respective associated current repetition
period threshold values;

detect whether the cargo space 1s currently 1n a first state
or a second state, wherein loading and unloading opera-
tions of the objects connected to beacon-transmitting
devices 1n the cargo space are permissible 1n the first
state and not permissible 1n the second state; and

adjusting the respective current signal strength threshold
values respectively associated with the respective
received beacon identification signals and respectively
associated current repetition period threshold values 1n
response to signal strengths of received beacon identi-
fication signals and beacon repetition periods deter-
mined only during the second state.

12. The system of claim 11, wherein the programmable
device 1s configured to detect whether the cargo space 1s
currently 1n the first state or the second state by i1dentifying
the second state 1n response to a signal that 1s received via
a user iput 1ntertace.

13. The system of claim 11, wherein the cargo space 1s
part of a vehicle, and wherein the programmable device 1s
configured to detect whether the cargo space 1s currently 1n
the first state or the second state by 1dentifying the second
state 1n response to movement ol the vehicle at a speed
above a speed threshold value.

14. The system of claim 11, wherein the programmable
device 1s configured to check for changes in the beacon
repetition 1ntervals of the received beacon identification
signals when the cargo space 1s 1n the second state, and to
classily an object 1dentified by a respective beacon 1denti-
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fication signal as being in the object inventory only 1if the
respectively associated beacon repetition interval remains
constant during the current second state.

15. The system of claim 11, wherein checking whether the
received beacon 1dentification signals 1dentify objects in the
object mventory of the cargo space 1s comprised of the
programmable device checking whether the current repeti-
tion period threshold values respectively associated with

respective beacon repetition periods associated with the
respective received beacon identification signals have been
exceeded, and wherein the programmable device 1s further
configured to classily the objects associated with the respec-
tive beacon identification signals as not being 1n the object
inventory when the respectively associated current repeti-
tion period threshold values are exceeded while the cargo
space 1s 1n the first state.

16. The system of claim 11, wherein checking whether the
received beacon identification signals 1dentily objects 1n the
object mventory of the cargo space 1s comprised of the
programmable device checking whether the signal strengths
of the respective received beacon identification signals
exceed the current signal strength threshold values respec-
tively associated with them, and wherein the programmable
device 1s further configured to classily an object identified
by a respective beacon 1dentification signal as being in the
object inventory only 1if the respectively associated current
signal strength threshold value 1s exceeded when the cargo
space 1s currently in the second state.

17. The system of claim 11, wherein checking whether the
signal strengths of the respective received beacon i1dentii-
cation signals exceed the current signal strength threshold
values respectively associated with them 1s based on using,
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respective signal strength moving average values to deter-
mine the signal strengths of the respective received beacon
identification signals over associated sliding windows com-
prising several beacon repetition periods.

18. The system of claim 11, wherein the programmable
device adjusts the current signal strength threshold values
respectively associated with respective received beacon
identification signals by determiming the respectively asso-
ciated current signal strength threshold values during the
second state using a sliding-window function, which 1s a
function of a sequence of signal strength values of the
respective associated most recently received beacon 1denti-
fication signals.

19. The system of claim 11, wherein the programmable
device adjusts the current signal strength threshold values
respectively associated with respective received beacon
identification signals by determiming the respectively asso-
ciated current signal strength threshold values during the
second state using a statistical classification method, which
1s a function of a sequence of signal strength values of the
respective associated most recently received beacon 1denti-
fication signals.

20. The system of claim 11, wherein the programmable
device adjusts the current signal strength threshold values
respectively associated with respective received beacon
identification signals by determining the respectively asso-
ciated current signal strength threshold values during the
second state with an online machine-learning method, which
1s a function of a sequence of signal strength values of the
respective associated most recently received beacon 1denti-
fication signals.
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