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(57) ABSTRACT

A production system, the production system comprising the
following: a loading zone for loading and/or unloading at
least one collection carrier, a locating system for locating a
collection carrier in the loading zone, the locating system
being designed to determine the location of a mobile unit
arranged on the collection carrier and/or to capture identi-
fication information stored on the mobile unit, an image-
capturing unit, which is designed to capture image informa-
tion of the loading zone, an image evaluation unit, which is
designed to determine the position of the collection carrier
and/or a state of the collection carrier by the image infor-
mation. A production control method for controlling a pro-
duction system. The production system and the production
control method enable improved order processing. Prepara-
tory and/or follow-up tasks can be automated in a simpler
and easier manner.
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PRODUCTION SYSTEMS AND
PRODUCTION CONTROL METHODS FOR
CONTROLLING A PRODUCTION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims
priority under 35 U.S.C. § 120 from PCT Application No.
PCT/EP2018/071141, filed on Aug. 3, 2018, which claims
priority from German Application No. 10 2017 215 613.9,
filed on Sep. 5, 2017. The entire contents of each of these
priority applications are incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to production systems
including a loading zone for loading and/or unloading of at
least one collection carrier.

BACKGROUND

[0003] Manufacturing orders are usually processed in a
production system. Such a manufacturing order may for
example correspond to the manufacturing order to produce
a predetermined number of one or more specific workpieces
of the same form and type. In general, materials required for
manufacturing are provided in collection carriers. Produced
workpieces are collected in further collection carriers or
workpiece collection carriers, for removal and being trans-
ported away.

[0004] To process a manufacturing order, a manufacturing
program defined in advance generally needs to be carried out
in the production system. Different manufacturing orders,
for example in customized small orders, often require dif-
ferent manufacturing programs.

[0005] Required settings and adjustments of the produc-
tion system to the respective manufacturing programs often
result in considerable additional effort. Manual adjustments
are frequently required.

[0006] For a manufacturing order, any required materials,
tools and/or the like need to be provided in the loading zone.
Suitable collection carriers need to be provided for the
workpieces to be produced. The collection carriers need to
at least have a sufficient free area for receiving the work-
pieces.

[0007] It is often necessary to search for manufacturing
orders to be processed and the associated materials, which is
why considerable losses of time and corresponding costs can
sometimes also occur.

[0008] A materials logistics system for coordinating the
transfer of production material is disclosed in WO 2016/
082883 Al, for example.

SUMMARY

[0009] The systems and methods described herein can
advantageously provide a production system and a produc-
tion-control method by which the processing of a manufac-
turing order, in particular preparatory and follow-up tasks,
can be carried out in a simplified, more cost-effective and
more easily automated manner.

[0010] The production system includes a loading zone for
loading and/or unloading at least one collection carrier, a
positioning system for locating a collection carrier in the
loading zone, wherein the positioning system is configured
to determine the position of a mobile unit on the collection
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carrier and/or to detect identification information stored on
the mobile unit, an image-recording unit that detects image
information for the loading zone, and an image-analysis unit
that determines the status of the collection carrier and/or a
state of the collection carrier using the image information.
An image recording unit does not necessarily record all
image pixels simultaneously; they can be scanned as during
ultrasound images are recorded, can be recorded using
sensors such as pressure sensors, etc.

[0011] It is thus possible to locate a collection carrier, in
particular positioned in the loading zone, by the position of
the mobile unit assigned to the collection carrier being
determined. In some embodiments, the positioning system
may be configured to detect the position and the identifica-
tion information. On the basis of the identification informa-
tion, the mobile unit and thus the collection carrier assigned
thereto can be identified. The mobile unit can thus form an
(optionally indoor) tracking tag.

[0012] In addition, the situation (e.g., status) and/or the
state of the collection carrier can be determined. Therefore,
information is available that could not be obtained by the
positioning system alone, or could only be obtained with a
great deal of effort.

[0013] This information can be used to simplify prepara-
tory and/or follow-up tasks in a manufacturing order. For
example, the searching effort for a manufacturing order can
be reduced by identification information for identifying the
collection carriers required for the manufacturing order
being derived from manufacturing-order data. On the basis
of the identification numbers and the state, it can then be
checked whether the collection carriers required for the
manufacturing order including e.g., the required materials
and/or tools are available and/or whether any required
collection carriers, in particular workpiece collection carri-
ers, are available or need to be booked.

[0014] The loading and/or unloading of the collection
carrier can also be further simplified and improved if infor-
mation regarding the state of the collection carrier is used.

[0015] The mobile unit may include a storage unit, in
which the identification information, in particular a unique
identification number and, e.g., predefined order informa-
tion, can be stored and can be read out therefrom by the
positioning system.

[0016] In this case, both individual production cells as
well as larger production units, for example manufacturing
lines or manufacturing facilities, can be considered to be a
production system. In particular, the production system may
also include a production region. The production region may
include one or more processing machines and/or manual
workstations. In a production system, in particular a pro-
duction cell, the loading zone may be designated as a
separate region. In particular in a larger production unit,
paths, and/or open spaces that are adjacent to production
regions, in particular between individual production regions,
may for example also be provided as loading zones. There-
fore, it is possible for the loading zone to include any
locations at which a collection carrier can be positioned
and/or for which a detection of the position and/or the
situation and/or the state of the collection carrier is desired.

[0017] A collection carrier may in particular be a work-
piece collection carrier or may include such a carrier. It may
for example be a pallet or basket or may include such a pallet
or basket.
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[0018] The image-recording unit may be designed in dif-
ferent ways.
[0019] In some embodiments, the image-recording unit

can be a camera. A camera can be easily installed on the
production system or in the vicinity thereof and the image
information can be directly analyzed. Production systems
can thus also be retrofitted with such an image-recording
unit and such a positioning system. The camera may be
installed in a fixed manner or may be movable. It may also
be used for other tasks, e.g., during unloading or loading or
for safety purposes.

[0020] The image-recording unit can, however, also be in
the form of an ultrasound sensor, in particular including an
additional sound source.

[0021] The image information does not have to be overly
detailed in every instance. In some circumstances, very
highly pixelated image information is sufficient for recog-
nizing a collection carrier. Therefore, the image-recording
unit may, e.g., include pressure sensors and/or a light-barrier
network on the loading zone, e.g., at a distance of from 5 to
25 cm. If it is known to the image-analysis unit that only a
few standardized collection carriers having known dimen-
sions are on the loading zone, high pixelation is sufficient.
[0022] The image-recording unit may, however, also con-
sist of receiver units, which are designed to receive addi-
tional information that the mobile units transmit to the
receiver units (e.g., via sound, light, in particular IR, Blu-
etooth, RFID, NFC, or similar communication interfaces).
Using this information, the image-recording unit can ascer-
tain which collection carriers are distributed in the loading
zone, and in particular in which position. The image-analy-
sis unit then establishes a connection between this informa-
tion and the knowledge of the collection carrier dimensions
and thus determines the situation of the collection carrier
and/or its state.

[0023] Further configurations of image-recording units for
determining image information for the loading zone are
possible.

[0024] Generally, an image-recording unit is understood to
be a recording unit that is designed to detect, in cooperation
with the image-analysis unit, a) information that is sufficient
to detect the situation of the collection carrier in the loading
zone and/or b) the state of a collection carrier in the loading
zone. An image-recording unit is understood to be a record-
ing unit that is designed to produce, in cooperation with the
image-analysis unit, a) an image of the loading zone that is
sufficient to detect the situation of the collection carrier in
the loading zone and/or b) the state of a collection carrier in
the loading zone.

[0025] If a collection carrier is not present or a particular
collection carrier to be positioned is not located in the
region, in particular the loading zone, monitored by the
positioning system, the positioning system can also be
configured to detect predefined error and/or absence infor-
mation as the position of this collection carrier.

[0026] A particularly advantageous embodiment results if
the positioning system is a radio positioning system or
includes such a radio positioning system. In particular, it
may be an indoor radio positioning system. A radio posi-
tioning system can detect a plurality of mobile units virtually
simultaneously, can position them spatially in high resolu-
tion and can identify and/or differentiate them. It can cover
large areas or large spaces in a cost-effective manner. The
mobile unit can be positioned in a contact-free manner and
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s0 as not to be perceived by an employee. For example, the
employee is therefore not unnecessarily distracted from their
work activities.

[0027] The mobile unit may be configured to reflect and/or
emit radio signals adapted to the positioning system. The
positioning system may include at least one transmitting
and/or receiving unit configured to receive and analyze these
signals. The positioning system, in particular the transmit-
ting and/or receiving unit, may include one or more anten-
nas. These may be distributed spatially to achieve particu-
larly safe monitoring of the loading zone. The production
system includes at least three transmitting and/or receiving
units to locate the mobile unit by triangulation.

[0028] In particular, the positioning system may be an
ultra-wide-band measuring system. An ultra-wide-band
measuring system can operate with comparatively low trans-
mission power. The positioning system, in particular the
ultra-wide-band measuring system, can determine the posi-
tion by trilateralization and/or by triangulation. One or more
already known pieces of position information can be used as
a starting point by the transmitting and/or receiving units of
the positioning system.

[0029] The positioning system may be configured to detect
the position of the collection carrier with an accuracy of less
than 1 m, e.g., of less than 0.3 m. The positioning system can
emit, receive and/or process signals having a particularly
broad frequency spectrum, e.g., in the single-digit to double-
digit gigahertz range. The signals may thus have particularly
steep edges. As a result, the position can be particularly
accurately determined. In practice, it has been found that
such accuracy can particularly reduce the searching effort
mentioned at the outset, for example. Therefore, it can not
only be determined whether the collection carrier is in the
loading zone, but also where it is in the zone.

[0030] The image-analysis units can also be designed to
determine an actual loading state, a load factor, availability,
non-availability, a position, a situation of a free area and/or
a situation of a free space on the collection carrier as a status
of the collection carrier. On the basis of the actual loading
state, the system can thus determine whether or how the
collection carrier is loaded. For example, the system can
determine whether, and if yes, where, a sufficient free area
is available on the collection carrier to receive workpieces to
be produced. For example, the system can also determine
whether the collection carrier is already completely full.
[0031] It may also be provided that the production system
includes a loading device for loading and/or unloading the
collection carrier. The loading device may in particular be
designed for the automated or at least partially automated
loading and/or unloading of the collection carrier.

[0032] The loading device may be configured to carry out
a loading and/or unloading process depending on the situ-
ation and/or state of the collection carrier. For example, a
produced workpiece or another object to be deposited on the
collection carrier can be controlled depending on the posi-
tion, the situation, in particular the orientation, of the col-
lection carrier and/or the position and/or situation of a free
area on the collection carrier. The loading and/or unloading
process can thus be carried out with particularly high
process reliability. The collection carrier can additionally be
particularly efficiently loaded since, for example, a plurality
of' workpieces can be in a particularly tightly packed manner.
[0033] It is particularly advantageous for the production
system to include a display and control unit, such as a
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touch-display unit. Information regarding a pending manu-
facturing order can thus be transmitted to the employee. The
employees can input required data, for example data
required for order processing, via the display and control
unit. The data can then subsequently be used for production
control.

[0034] It is also possible for the production system to
include a central production management system. The pro-
duction system can also be part of a larger production unit,
the production unit then including a central production
management system. The central production management
system may for example be a management execution system
(MES) or may include such a system. The production system
can thus exchange information with the central production
management system or store information there and/or
retrieve information therefrom. For example, the production
system may obtain information regarding a manufacturing
order to be processed. The production system can transmit
determined information, for example regarding the position,
situation, and/or state of the collection carrier, or regarding
the success of a manufacturing step, to the central produc-
tion management system.

[0035] The collection carrier can thus be managed over a
plurality of production systems, for example.

[0036] The production system can include a sheet-metal
processing system. Orders having a large number of order
types, for example in the form of single orders and/or small
orders, are often handled in sheet-metal processing systems.
The effort mentioned at the outset for preparatory and/or
follow-up tasks thus carries particular weight in sheet-metal
processing systems, and therefore the advantages of produc-
tion system become particularly apparent.

[0037] In another aspect, the production-control methods
for controlling production systems can include:

[0038] A) detecting the position and/or identification
information of a collection carrier by a positioning system;
[0039] B) determining the situation and/or state of the
collection carrier by an image-recording unit and an image-
analysis unit;

[0040] C) booking, removing, loading, and/or unloading
the collection carrier depending on the detected position
and/or the detected identification information, in particular
depending on the situation and/or the determined state of the
collection carrier.

[0041] Another method step/further method steps can be
carried out before, after, and/or between the method steps
(A), (B), and (C). For example, the method steps (A) and (B)
can be carried out simultaneously or in any order.

[0042] The positions of the collection carrier, in particular
within the loading zone, can thus be determined. On the
basis of the identification information, the collection carrier
can be identified. In addition, further information, in par-
ticular regarding the situation and/or the state of the collec-
tion carrier, can be detected. A collection carrier that is
missing for a manufacturing order can thus be determined
and booked or requested, for example. A collection carrier
that is already full, for example, can be removed, for
example transported on to a subsequent processing station.
The collection carrier can also be loaded and/or unloaded. In
this case, the booking, removing, loading, and/or unloading
takes place depending on the detected position and/or the
detected identification information. For example, the collec-
tion carrier can be loaded precisely and particularly efficient
on the basis of the knowledge if its situation and state. In
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particular, the loading device can arrange produced work-
pieces on a free area of the collection carrier in a precise and
space-saving manner.

[0043] Both the position and the identification information
can be detected by the positioning system. It can thus be
ensured that the collection carrier is positioned in a clearly
identified manner.

[0044] Particularly precise positioning can be carried out
by the positioning system. The information optically
obtained by the image-recording unit and the image-analysis
unit can supplement or complete the information that can be
determined by the positioning system. It is particularly
advantageous for the positioning system not to be designed
optically, but as a radio positioning system, for example.
Previously routine manual inputs, e.g., regarding the posi-
tion and situation of a collection carrier in the loading zone,
can be omitted as a result.

[0045] In a particularly advantageous class of production-
control methods, it is provided that an actual loading state,
a load factor, availability, non-availability, a position, a
situation of a free area and/or a situation of a free space on
the collection carrier is determined as a status. For example,
it can also be determined whether the collection carrier is
already completely full and/or needs to be removed, in
particular transported away.

[0046] A loading and/or unloading sequence can be auto-
matically selected and/or adjusted depending on the actual
loading state. One or more control programs can be stored
in a storage unit of the production system. The control
program(s) can then be retrieved depending on the actual
loading state. The control programs may, for example, be
configured depending on the type of manufacturing order.
They may for example provide that certain workpieces are
brought to, in particular deposited in, certain positions, in
particular free spaces, on the collection carrier.

[0047] Tt is also possible for the loading and/or unloading
sequence to be adapted to the extent that a collection carrier
is automatically booked and/or is automatically removed
from the production system.

[0048] Before processing an order in the production sys-
tem, the information obtained in steps (A) and/or (B) can be
compared with requirements of the order, in particular with
identification information for required collection carriers,
the position, situation, and/or the state thereof. For example,
it can be checked in advance whether all the required
collection carriers are available in the loading zone, whether
all the required materials and tools are available, for
example, and/or whether sufficient free space is available in
one or more collection carriers for depositing the workpieces
to be produced in the collection carrier(s).

[0049] It is also possible that information regarding the
booking, removal, loading and/or unloading of the collection
carrier of step (C) is transmitted to and/or received by a
central production management system. For example, the
success and/or lack of success of a working step, determined
information such as the position of the collection carrier, its
situation, and/or its state can be booked to a manufacturing
order and/or a collection carrier, in particular to a collection
carrier assigned to the manufacturing order, in the central
production management system.

[0050] The processing of the manufacturing order can thus
be monitored and/or controlled over a plurality of produc-
tion systems, for example within one larger production unit
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and/or even over a plurality of operational facilities, which
may be at large distances from one another.

[0051] It is possible for the central production manage-
ment system to be part of a virtual computing center, for
example, a cloud-based computing center, and to be
arranged in a computing center available over a data inter-
face and/or to be formed in such a computing center. For the
management, required computing power can thus be
dynamically adapted to respective present requirements.
Interlinking the provided information with other participants
involved in the processing and/or use of the manufacturing
order can be facilitated. Previously unavailable production-
process information or production-process information that
was only available with difficulty can thus be made available
to the participants and can be used thereby for further,
overall reductions in costs and/or time.

[0052] Further features and advantages of the invention
will become apparent from the following detailed descrip-
tion of an embodiment of the invention with reference to the
figures of the drawings, which show details essential to the
invention, and from the claims. The individual features can
be implemented in variants of the invention either individu-
ally or in any combination.

DESCRIPTION OF DRAWINGS

[0053] FIG. 1 is a schematic view of a production system
as described herein.

[0054] FIG. 2 is a flow chart of a method for using the
production system of FIG. 1.

DETAILED DESCRIPTION

[0055] FIG. 1 schematically shows a production system 10
or production cell that includes a loading zone 12 adjacent
to a production region 14. A collection carrier 16 is located
in the loading zone 12 (a pallet in this example) and a mobile
unit 18 is fixed to the collection carrier 16. By determining
the position of the mobile unit 18, the position of the
collection carrier 16 can be determined.

[0056] Workpieces 20 that have already been produced are
placed on the collection carrier 16. A loading device 22 is
provided for loading and/or unloading the collection carrier
16 with workpieces 20. The loading device 22 is configured
to move workpieces 20 from the collection carrier 16 into
the production region 14 and back into the loading zone 12
and into the collection carrier 16.

[0057] A positioning system 24 includes a plurality of
transmitting and receiving units, with two positioning sys-
tems 24 shown in FIG. 1. The positioning system 24 is
configured to position mobile units 18 to determine the
position thereof. By positioning the mobile unit 18, the
position of the collection carrier 16 can thus be determined.
[0058] The positioning system is a radio positioning sys-
tem, such as an ultra-wide-band measuring system. Accord-
ingly, the positioning system 24 is capable of positioning the
mobile unit 18 and the collection carrier 16 assigned thereto
with a spatial resolution of less than 30 cm.

[0059] An image-recording unit 26, to which an image-
analysis unit 28 is connected, is part of the production
system 10. In this example, the image-recording unit 26 is a
CCD camera. For simplicity, FIG. 1 shows one image-
recording unit 26 but a plurality of image-recording units 26
can be provided. A plurality of image-recording units 26 can
ensure that the loading zone 12 is completely optically
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scanned, and obstacles in the field of view of an image-
recording unit 26 can be compensated for by the field of
view or image from another image-recording unit 26.
[0060] The image-recording unit 26 and the image-analy-
sis unit 28 are together configured to optically monitor the
loading zone 12. The image-recording unit 26 and the
image-analysis unit 28 are configured to determine the
situation and an actual loading state of the collection carrier
16.

[0061] The image-analysis unit 28 is part of a control unit
30 that is a computing unit. The positioning system 24 and
the image-recording unit 26 (via the image-analysis unit 28)
are also in a data connection with the control unit 30. Both
the information from the positioning system 24 and the
optical information from the image-recording unit 26 or the
information obtained therefrom by the image-analysis unit
28, in particular regarding the situation and the state of the
collection carrier 16, are available in the control unit 30. For
example, the collection carrier 16 includes a free arca 40,
which is recognized as such by the image-analysis unit 28.
By the control unit 30, this information is combined with the
information regarding the position of the collection carrier
16 provided by the positioning system 24, on the basis of
identification information 42 on the mobile unit 18.

[0062] The mobile unit 18 includes a storage unit, in
which the identification information 42, such as a unique
identification number and predefined order information can
be stored and can be read out therefrom by the positioning
system 24. In this embodiment, this identification informa-
tion 42 is additionally printed on the mobile unit 18 such that
it can be read by an employee. The positioning system 24 is
designed to also read out this identification information 42
from the mobile unit 18 or to request and receive the
information from the mobile unit 18.

[0063] A display and control unit 32 is on the control unit
30 and includes a touch-display unit that displays production
information to an employee and allows an employee to input
additional data required for a manufacturing order.

[0064] The control unit 30 is also in a data connection with
a central production management system 36 via a data
interface 34, being a data network such as a wide area
network (WAN). The central production management sys-
tem 36 is part of a virtual computing center such as a cloud
38.

[0065] At least one computer program product is stored in
an executable manner in the central production management
system 36. This program product can be executed in the
cloud 38 in operation. The computer program product is
designed to manage and monitor a plurality of or all manu-
facturing orders to be processed. In some embodiments, one
or more control programs, which are specifically tailored to
different manufacturing orders or order types and are
intended for the optimized control of loading and unloading
processes, are stored in the central production management
system 36 such that they can be retrieved, as explained in
greater detail below.

[0066] FIG. 2 schematically shows a production-control
method 100 for controlling a production system correspond-
ing to the production system 10 of FIG. 1. In a first step 110,
the production system 10 and the collection carrier 16 are
first prepared. This preparation includes the mobile unit 18
being assigned unique identification information 42 that is
stored in the unit such that it can be retrieved. The collection
carrier 16 thus can be uniquely identified. For control
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purposes, this identification information 42 can additionally
be printed or displayed on the mobile unit 18.

[0067] This identification information 42 and all the infor-
mation required for a manufacturing order are stored in the
central production management system 36. If a plurality of
manufacturing orders are stored, the central production
management system 36 selects a manufacturing order to be
processed and transmits the associated order data such as
identification numbers of the collection carrier(s) 16
required for the order processing or of the mobile units 18
assigned thereto, to the control unit 30 via the data interface
34. In some embodiments, the central production manage-
ment system 36 also transmits one or more specific control
programs to the control unit 30, in which an optimized
loading and/or unloading sequence or strategy is pro-
grammed for the manufacturing-order-specific control of the
loading device 22. For the following description, for sim-
plicity only the collection carrier 16 together with its mobile
unit 18 are used.

[0068] The control unit 30 makes this information avail-
able to an employee for information and control by the
output and control unit 32. The employee then starts the
processing of the manufacturing order by actuating the
output and control unit 32.

[0069] In a subsequent step 112, the positions and the
identification information of all the collection carriers in the
loading zone 12 and the identification information thereof
are detected by the positioning system 24.

[0070] In a step 114, on the basis of this information it is
checked whether all the collection carriers 16 required for
the manufacturing order are located in the loading zone 12.
The determined identification information is compared with
the identification information stored in the manufacturing
order.

[0071] Ifthe collection carrier 16 (path marked by a minus
in FIG. 2) is missing, it is booked in a step 116 and is
provided in the loading zone 12 and its position is deter-
mined again if necessary. It can be provided by the employee
or by an automatic transport system, which advantageously
can be controlled by the control unit 30.

[0072] In a subsequent step 118, the situation of the
collection carrier 16 and its actual loading state is then
determined by the image-recording and image-analysis units
26, 28. It is determined how the collection carrier 16 is
oriented relative to the loading zone 12 and where on the
collection carrier required materials and workpieces 20 to be
processed are deposited.

[0073] Depending on the position, the identification infor-
mation 42, and the actual loading state, a suitable control
program such as an unloading program is selected on the
control unit 30 or is transmitted from the central production
management system 36 to the control unit via the data
interface 34, and is executed on the control unit 30. An
unloading strategy specifically tailored to the manufacturing
order and to the collection carrier 36 is stored in the control
program, such that the loading device 22 precisely grips all
the elements required for the manufacturing the workpieces
20, and efficiently transports them from the collection carrier
16 to the production region 14 on optimized transport paths
and thus unloads the collection carrier 16 according to the
manufacturing order with minimal time required. In this
process, each individual transport instance of a workpiece
20 is reported to the central production management system
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36 by the control unit 30 via the data interface 34 and is
registered therein by the system.

[0074] In the following step 120, the workpieces 20 are
processed in the production region 14 according to the order.
The collection carrier 16 is then loaded with the processed
workpieces 20 in a step 122.

[0075] For safety reasons, the position of the collection
carrier 16 is first detected by the positioning system 24 and
its position and current actual loading state are determined
by the image-recording and image-analysis units 26, 28.
Similarly to step 118, the loading device 22 is controlled by
a loading program executed on the control unit 30, such that
the collection carrier 16 is loaded with the workpieces 20
again. Likewise similarly, the workpieces 20 are individu-
ally booked out in the central production management
system 36.

[0076] Once the loading is complete, the success of the
processing step and the actual loading state is transmitted
back from the control unit 30 to the central production
management system 36 via the data interface 34. Therefore,
at any point in time, a virtual portrayal of the current
production situation in the production system 10 can be
produced by the central production management system 36.
[0077] In a subsequent step 124, depending on the manu-
facturing order, the collection carrier 16 is brought to a
downstream production system for further processing or—if
the workpieces 20 are complete—is brought into a delivery
warehouse for delivery.

[0078] In summary, described is a production system 10
and a production-control method 100 for controlling a
production system 10, by which and in which, respectively,
identification information 42 and/or a position is detected by
a positioning system 24 and a situation and a state, such as
an actual loading state, of a collection carrier 16 is deter-
mined by an image-recording unit 26 and an image-process-
ing unit.

[0079] On the basis of combined processing of this infor-
mation, the collection carrier 16 can be booked for process-
ing a manufacturing order as required, can be loaded and/or
unloaded, and after completion of the manufacturing order,
can be removed from the production system 10. Previously
required preparatory and/or follow-up tasks are thus reduced
to a minimum or are avoided altogether. The production
system 10 can be particularly flexibly and easily adapted to
a wide range of types of manufacturing order by the quick
detection of this individual information. The processing of
the manufacturing order can be accelerated by the omission
of previous sources of losses of time. This and other
information relating to the manufacturing order can be
stored and centrally managed in a central production man-
agement system 36. The level of automation of the produc-
tion system 10 can thus be significantly increased in a simple
manner.

[0080] By indoor positioning and an indoor positioning
system 24, the positioning of the mobile unit 18 can take
place solely by an analysis unit, e.g., without manual inter-
action. Previous systems for positioning workpieces or
orders in manufacturing plants have the drawback that lost
workpieces or orders have to be sought manually. It has been
found that these manual searching processes in manufactur-
ing plants having a high number of small, constantly chang-
ing orders, e.g., in job-order manufacturing plants, make up
an extremely high proportion of the non-productive time.
Using the positioning and the described system, the posi-
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tions of the workpieces 20 and thus the orders can be called
up, filtered, or located in a targeted manner on a screen, for
example. The need for time-consuming manual processes
searching for workpieces 20, but also for tools or persons,
can thus be drastically reduced in (steel working and/or
sheet-metal working) industrial manufacturing.

[0081] The concepts described herein are based on the use
of'a 2D/3D indoor positioning system as a starting point for
location-dependent information processing. The positioning
system 24, in particular the mobile units 18, may optionally
be equipped with further sensor technology, for example
with at least one acceleration and/or position sensor, and
thus further act as a starting point for position-dependent
information processing. This allows for location-dependent
(and optionally position-dependent) interaction in the
2D/3D indoor positioning system during production or
manufacturing control and allows manufacturing processes
to be optimized. For example, virtual barriers (gates) and
zones can be used to monitor and control a manufacturing
process and downstream production steps in an automated
manner. This can take place in real time.

[0082] The use of such positioning systems 24, when
taking into account the expected processes in a manufactur-
ing facility, is also possible in the specific environment of
steel working and/or sheet-metal working industrial manu-
facturing. Accordingly, such positioning systems can be
integrated in a manufacturing control system (also referred
to herein as a production control system or manufacturing
execution system (MES)). By taking into account the
expected processes in a manufacturing facility, the use of
such positioning systems 24 is possible despite the steel and
sheet metal since metal workpieces 20 can reflect and shield
the electromagnetic signals used. The systems can still be
used even when the metal workpieces 20 are also moved in
terms of their location, and the position and orientation of
the reflection surfaces is thus constantly changing.

[0083] When using 2D/3D indoor positioning systems 24,
a level of complexity may arise during the simple, dynamic
allocation of obtained position information to physical com-
ponents. The concepts disclosed herein address this com-
plexity and make it possible, for example, to allocate pro-
duction orders having an allocated identifier without the
complex interaction of a mobile unit 18, by which the
position information to be allocated is obtained.

[0084] Indoor positioning systems 24 allow material flows
in the manufacturing within a manufacturing facility to be
imaged in a detailed manner into the digital processing. The
positioning systems 24 make it easier to locate the objects/
persons involved in the manufacturing within the production
environment. If tools, equipment, or carriers are initially
equipped with a locatable mobile unit 18 of the positioning
system 24, these can be accordingly allocated to digital
information in a manual or automated manner in the digital
control system. This also relates to objects that are tempo-
rarily involved in the manufacturing, such as production
orders or service personnel. Temporarily required dynamic
allocations may arise repeatedly, and are only required in the
manufacturing facility for a few hours, days, or weeks. To
facilitate and ensure the dynamic allocation of the mobile
units 18 to new production orders in a simple and reliable
manner, the process aids proposed herein can be used.
[0085] The indoor positioning can be carried out using the
methods disclosed herein to an accuracy of less than 30 cm,
e.g., less than 10 cm, in a manufacturing facility that cannot
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be reached by GPS satellite signals and has a floor area in the
range of e.g., 1 hectare. This accuracy is essentially not
possible with other technologies (Bluetooth, Wi-Fi, WLAN,
infrared, mobile radio, or RFID). Many requirements need
to be taken into account when positioning workpieces 20,
orders, persons (e.g., operators) and/or tools. Industrial
manufacturing is increasingly geared towards manufactur-
ing small batches having many individual working steps
(manufacturing processes such as cutting, bending, grinding,
surface treatment) at different workstations, such as machine
workstations and manual workstations. Therefore, several
hundred different orders which all require different working
steps often need to be handled in one day. Once just one
disruption occurs, the manufacturing control can very
quickly become very unclear. Semi-processed orders or
orders that have not been processed at all are sought by
individual persons in the manufacturing facility and the
status thereof is ascertained, and this is time-consuming.
This status is then transmitted to the manufacturing control.
This can result in a considerable loss of time during the
actual manufacturing.

[0086] Owing to the increasingly rapid processing steps
during productive processing and as the number of different
orders having increasingly small numbers of identical parts
increases, such stoppages can occur increasingly frequently.
The losses of time caused thereby reduce the productive
time. If orders, workpieces 20, persons, e.g., operators, and
tools are to be found rapidly, the positioning disclosed herein
at least helps some of these units to reduce lost time. The
positioning meets the very high requirements for industrial
manufacturing.

[0087] Positioning in real time is the aim in industrial
manufacturing; the positioning needs to be so accurate in
terms of position that mobile units 18 can be reliably found
and/or the processing steps can be reliably allocated. It has
been become clear that positioning that is only accurate to 1
m is not sufficient for this purpose. Positioning which has to
be re-calibrated every time the radiation behavior of elec-
tromagnetic waves changes, caused e.g., by movement of
metal workpieces 20 in the manufacturing facility, is disad-
vantageous and often cannot be used. The positioning should
also be flexible, it should be possible to combine several
orders into one order, it should be possible to split one order
into several orders, etc. The positioning should be simple to
operate. It should be fail-safe.

[0088] In general, the concepts disclosed herein can make
it possible to increase the process reliability, to optimize
throughput times, and to accordingly optimize the produc-
tion costs. Specifically, the concepts disclosed herein may
bring about a significant time saving in the manufacturing
process in some cases, the manufacturing process extending
e.g., from the production of a required quantity of parts
through to the correct transfer to a subsequent process (e.g.,
a subsequent metal-processing step). Several orders can
further be implemented virtually simultaneously with high
process reliability. The concepts disclosed herein further
allow for simple allocation of workpieces 20 as part of the
positioning system 24. Open orders can thus be optimized
despite the complexity of several orders needing to be
processed simultaneously.

[0089] It is possible to flexibly process different process
sequences with the associated time saving if machines such
as laser-cutting machines and/or punching machines are
incorporated in the partially automated production process.
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The error prevention and the automatic, correct booking of
workpieces 20, processing steps, etc., can form the basis for
data-based real-time control of the metal processing (e.g.,
the steel and sheet-metal manufacturing). Accordingly,
machine tools which are used when preparing small batch
sizes of workpieces can accordingly also be integrated in
manufacturing which is controlled by an MES as part of
industry 4.0.

[0090] Aspects described herein are based in part on the
knowledge that, with the accuracy and reliability of new
positioning systems based on ultra-wide band (UWB) tech-
nology, for example having a position-determining accuracy
of less than 30 cm, e.g., less than 10 cm, the use of indoor
positioning systems is possible in a useful manner as part of
industrial manufacturing.

[0091] The positioning systems that are described herein
are intended for integration in industrial manufacturing are
based on mobile units 18 (also referred to herein as “tags™)
and stationary transceivers (also referred to herein as
“anchors™). During integration in industrial manufacturing,
for determining the position of a workpiece 20, generally an
object (“assets™), each of these is provided with at least one
mobile unit 18 and is brought into a functional or spatial
relationship with the unit (also referred to herein as a
physical or spatial allocation). The mobile units 18 are
generally electronic components which are capable of com-
municating with the transceivers, in particular by UWB
communications technology. Each mobile unit can have its
own time-determining unit (“clock™) for establishing propa-
gation times.

[0092] The positioning system 24 can include a plurality
of transceiver units and at least one mobile unit 18. The
positioning system 24 may further cooperate with the MES.
For example, an analysis unit of the positioning system 24
may be designed as part of the MES.

[0093] The transceiver units can be configured to transmit
UWRB radio signals to the mobile units 18 and to receive
UWRB radio signals therefrom.

[0094] The distance between a spatially movable mobile
unit 18 and a transceiver unit that is installed in a fixed
manner can be determined by the time the signal requires to
cover the distance between the two units. If the distances of
several transceiver units are ascertained of which each of the
positions are already known, the spatial position of the
mobile unit 18 in relation to the transceiver units can be
determined by triangulation, for example.

[0095] For determining a propagation time, the transceiver
unit and the mobile unit(s) 18 can have highly accurate
clocks that can accurately determine the time to a few
nanoseconds or even to just fractions of a nanosecond. Even
if the clocks in the transceiver unit and the mobile unit 18 are
highly accurate, the clocks are not necessarily synchronized.
Different methods for synchronizing clocks or eliminating
errors can be used following from the asynchronous clock
progression. For example, one of the transceiver units, e.g.,
acting as the master positioning unit, can thus transmit a
signal at a first time T1 and a second signal at a second time
T2. The time difference T2-T1 may be known to the mobile
unit 18 or may be transmitted together with the signals, such
that the unit can synchronize to the time of the transceiver
units. Alternatively, the mobile unit 18 can transmit two
signals in a known time interval Ta. In this case, the
transceiver unit can ascertain the synchronization deviation
on the basis of its own time measurement with its own clock
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from the reception of the first signal to the reception of the
second signal and can calculate the deviation from the
distance measurement. The time interval between the first
signal and the second signal should be low so that the mobile
unit 18 has not moved significantly in this time. The time
interval can be selected by the mobile unit 18 such that it is
a predetermined multiple or fraction of the time that the
mobile unit 18 requires from the reception of a signal to
which it should respond through to the output of the first
signal.

[0096] The transceiver units can further be connected to
the analysis unit by wireless or wired communication con-
nections.

[0097] The mobile units 18 can for example only com-
municate via the transceiver units. Alternatively or addition-
ally, the mobile units can independently communicate with
the analysis unit/MES via other communication connections
(for example a WLAN connection).

[0098] In general, the data communication of the trans-
ceiver units and the mobile units 18 with a manufacturing-
control system, in particular with the MES, may be possible
bidirectionally.

[0099] In some embodiments, WLAN transmitting sta-
tions may be integrated in the transceiver units of the
positioning system for data access to the manufacturing-
control system, such that digital data is accessible in the
manufacturing facility via the transceiver units in a mobile
manner, e.g., using smartphones or tablets. The integration
of the WLAN transmitting stations in the transceiver units
can simplify the installation and operation of a data-com-
munication system in the manufacturing facility.

[0100] The UWB technology uses frequency ranges of,
e.g., from 3 GHz to 5 GHz, the UWB technology using a
relatively wide frequency range for forming signal curves
(communications frameworks) that are strictly limited in
terms of time. For it to be possible to namely locate an object
that is transmitting radio waves as precisely as possible, a
signal having very steep edges is required. This means that
the signal has a rectangular signal curve over time rather
than a sinusoidal curve. A signal is required in which a
plurality of sinusoidal signals having different frequencies
are superimposed. This is because a plurality of sinus signals
having different frequencies can form a signal that has a
steep edge and can approximate a substantially rectangular
curve over time. This means that a plurality of frequencies
from a wide-band frequency spectrum have to be available
to form a signal. Accordingly, UWB technology, which has
a wide-band frequency spectrum, is suitable for precise
locating. The technology and the frequency bands that can
be used in UWB technology are described in the “IEEE
802.15-2015” standard, for example.

[0101] An LED can be provided on the mobile unit 18 as
an exposed element of the human-readable information. The
LED may visually communicate coded information to the
human by different colors, flashing frequencies or flashing
patterns. A flashing LED is easier to recognize at long
distances than a display, for example. Therefore, a signal
device such as an LED has particular advantages if e.g., a
mobile unit 18 is being sought. It can be addressed by an
operator in a remote-controlled manner and can then be
made noticeable by a signal device. Additionally or alter-
natively, it can output a noise signal. Such remote-controlled
addressing can for example be carried out by another mobile
unit 18 or via another, portable, device, e.g., a smartphone
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or tablet, or via the analysis unit. It can, however, also be
carried out directly, e.g., via near-field sensors (e.g., Blu-
etooth, NFC, or IR).

[0102] The mobile unit 18 can further include individual
sensors or several different sensors for ascertaining the
position, the acceleration, the movement in space by a
gyrosensor, the temperature, magnetic field, electrical field,
humidity, brightness, sound, vibrations, etc. These may be
used for additional functions.

OTHER EMBODIMENTS

[0103] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.

What is claimed is:

1. A production system, comprising:

a loading zone for loading and unloading of at least one
collection carrier,

a positioning system for locating the at least one collec-
tion carrier in the loading zone, wherein the positioning
system is configured to determine the position of a
mobile unit on the collection carrier and/or to detect
identification information stored on the mobile unit,

an image-recording unit that detects image information
for the loading zone, and

an image-analysis unit that determines one or both of a
situation of the collection carrier and a state of the
collection carrier using the image information.

2. The production system of claim 1, wherein the posi-
tioning system comprises an ultra-wide-band measuring
system.

3. The production system of claim 1, wherein the posi-
tioning system detects the position of the collection carrier
with an accuracy of less than 1 meter.

4. The production system of claim 3, wherein the posi-
tioning system detects the position of the collection carrier
with an accuracy of less than 0.3 meters.

5. The production system of claim 1, wherein the image-
analysis unit determines one or more of an actual loading
state, a load factor, availability, non-availability, a position,
a situation of a free area, and a situation of a free space on
the collection carrier as a state of the collection carrier.

6. The production system of claim 1, further comprising
a loading device for loading or unloading the collection
carrier.

7. The production system of claim 6, wherein the loading
device carries out a loading or unloading process depending
on the state of the collection carrier.

8. The production system of claim 1, further comprising
a display and control unit.

9. The production system of claim 8, wherein the display
and control unit comprises a touch-display unit.
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10. The production system of claim 1, further comprising
a central production management system.

11. The production system of claim 10, wherein the
production system comprises a sheet-metal processing sys-
tem.

12. A method for controlling a production system, the
method comprising:

detecting one or both of a position and identification

information of a collection carrier via a positioning

system,

determining one or both of a situation and state of the

collection carrier via an image-recording unit and an

image-analysis unit; and

booking, removing, loading, or unloading the collection

carrier depending on one or both of the detected

position and the detected identification information,
wherein the production system comprises:

a loading zone for loading and unloading of the col-
lection carrier,

a positioning system for locating the collection carrier
in the loading zone, wherein the positioning system
is configured to determine the position of a mobile
unit on the collection carrier and/or to detect iden-
tification information stored on the mobile unit,

the image-recording unit that detects image informa-
tion for the loading zone, and

the image-analysis unit that determines one or both of
the situation of the collection carrier and the state of
the collection carrier using the image information.

13. The method of claim 12, wherein one or both of the
detected position and the detected identification information
comprises the situation or a determined state of the collec-
tion carrier.

14. The method of claim 12, wherein one or more of an
actual loading state, a load factor, availability, non-avail-
ability, a position, a situation of a free area, and a situation
of a free space on the collection carrier is determined as the
state.

15. The method of claim 14, wherein a loading or unload-
ing sequence is automatically selected and/or adjusted
depending on the actual loading state.

16. The method of claim 12, wherein before processing an
order in the production system, the information obtained in
the detecting and determining steps is compared with
requirements of the order.

17. The method of claim 16, wherein the requirements of
the order include one or more of identification information
for required collection carriers, the position, situation, and
the state thereof.

18. The method of claim 12, wherein information regard-
ing the booking, removal, loading and/or unloading of the
collection carrier is transmitted to or received by a central
production management system.
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