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(57) Sammendrag:
The invention relates to a footwear manufacturing robot system comprising: an automated footwear
manufacturing robot; a robot controller configured to control said automated footwear manufacturing
robot; a robot instructions database comprising a plurality of robot manufacturing instructions; and a
system controller communicatively coupled to said robot instructions database and said robot controller.
The automated footwear manufacturing robot is configured to manufacture different footwear assemblies
at least partially, each of said different footwear assemblies associated with footwear assembly
identification information. The system controller is configured to select an elected manufacturing
instruction of said plurality of robot manufacturing instructions based on said footwear assembly
identification information. The robot controller is configured to automatically execute said elected
manufacturing instruction to operate said automated footwear manufacturing robot. The invention further
relates to a method for at least partially manufacturing footwear assemblies.

Fortseettes...



DK 181400 B1




10

15

20

DK 181400 B1

A FOOTWEAR MANUFACTURING ROBOT SYSTEM

Field of the invention

[0001] The present invention relates to footwear manufacturing robot system.
Background of the invention

[0002] Footwear is relatively unique and challenging product to manufacture, since
different products are more or less always required, such as model design, right/left
footwear, different sizes, male/female models etc. Every different footwear may

require different operations.

[0003] As a consequence, it is particularly difficult to automate production and
manufacturing processes, which typically rely on producing identical products. A
conventional solution is to produce every footwear in huge bulks, leaving production
inflexible and increasing the risk of producing surplus footwear which is an

environmental waste.

[0004] Conventional manufacturing of footwear may further be prone to bottlenecks
within a manufacturing line, which increases risk of inefficient and inflexible

production.

[0005] An example of such an application is described in US2021018893A1. The
disclosed system applies automation in relation to process steps to be performed during
manufacturing of footwear. A problem related to the illustrated system is that the
overall manufacturing line is inflexible and the system is subject to "clogging" of the

manufacturing line, thereby reducing the overall efficiency of the system.
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EP 3608865 Al illustrates another type of shoemaking method, including a shoe
making device for web-ordering of a shoe, subsequent manufacturing of the

ordered shoe. Summary of the invention

[0006] The inventors have identified the above-mentioned problems and challenges
related to manufacturing footwear, and subsequently made the below-described

invention which may increase efficiency and flexibility.
[0007] The invention relates to a footwear manufacturing robot system comprising:
an automated footwear manufacturing robot;

a robot controller configured to control said automated footwear manufacturing

robot;

a robot instructions database comprising a plurality of robot manufacturing

instructions; and

a system controller communicatively coupled to said robot instructions database

and said robot controller;

wherein said automated footwear manufacturing robot is configured to manufacture
different footwear assemblies at least partially, each of said different footwear

assemblies associated with footwear assembly identification information,

wherein said system controller is configured to select an elected manufacturing
instruction of said plurality of robot manufacturing instructions based on said footwear

assembly identification information,

wherein said robot controller is configured to automatically execute said elected
manufacturing instruction to operate said automated footwear manufacturing robot and
wherein said system controller is configured to select said elected manufacturing
instruction of said plurality of robot manufacturing instructions based on said footwear
assembly identification information of a target footwear assembly of said different

footwear assemblies.
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[0008] A footwear manufacturing robot system according to the invention may be
capable of performing multiple different operations relating to manufacturing of

footwear, which is advantageous.

[0009] By basing an elected manufacturing instruction on footwear assembly
identification information, it is possible to identify an applicable robot manufacturing
instruction, i.e. an elected manufacturing instruction. Accordingly, a footwear
manufacturing robot system according to the invention may be capable of dynamically
manufacturing of different footwear, such as footwear with different models designs,
male/female models, and sizes, even though such manufacturing require different
robot manufacturing instructions, which is advantageous. Such different robot
manufacturing instructions may for example involve different movement trajectories
of the automated footwear manufacturing robot, different appliance of material (glue,

injection, surface treatment), different tools, etc.

[0010] To manufacture footwear, multiple different manufacturing operations are
typically necessary, for example cutting, stitching, adhering, moulding, lacing, and
brushing. By having a footwear manufacturing robot system according to the invention
which provides access to a plurality of robot manufacturing instructions, it may be
possible for an automated footwear manufacturing robot to perform several of such
different manufacturing operations during manufacturing, which is advantageous. This
may in turn generally increase flexibility and efficiency of manufacturing of footwear,
which is advantageous. The invention may for example be implemented to remove

bottlenecks in footwear manufacturing.

[0011] Furthermore, by having a system controller which regularly selects an elected
manufacturing instruction based on footwear assembly identification information, it is
possible to track operation of complex footwear manufacturing robot systems, which
is advantageous. Such tracking may further permit optimization of such systems,

which is advantageous.
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[0012] Additionally, footwear manufacturing robot systems according to the
invention may generally improve flexibility of footwear production and minimize risk

of producing surplus footwear which is an environmental waste.

[0013] An automated footwear manufacturing robot may be understood as an
automated machine capable of performing one or more footwear-related

manufacturing operations, €.g. based on robot manufacturing instructions.

[0014] A robot controller may be understood as a controller for the automated
footwear manufacturing robot. It may for example facilitate control of actuation of the
robot and/or control of tools of the robot. It may be an integrated part of the automated

footwear manufacturing robot, or it may be a separate unit.

[0015] A footwear assembly may be understood as an intermediate assembly of one
or more footwear parts during the manufacturing of a footwear. A footwear assembly
may further comprise a carrier such as a, fixture, a jig, a last, a transportation vehicle,
or other components assisting the manufacture. To produce a footwear, a footwear
assembly may typically go through a series of footwear-related manufacturing
operations manufacturing. A footwear assembly relating to the footwear to be
produced may thus go through this series of operations to eventually output a footwear.
During the series of operations, the footwear assembly may, for example, gradually
receive additional footwear parts, be transferred from one component (e.g. jig) to
another (e.g. last), and receive surface treatment (e.g. grinding or polishing).
Consequently, the footwear assembly as gradually changed throughout the
manufacturing process. Nevertheless, the invention may relate to manufacturing of any

of the intermediate states of such a footwear assembly.

[0016] Robot manufacturing instructions may be understood as footwear-related
operations which the automated footwear manufacturing robot is capable of carrying
out. Robot manufacturing instructions may further be executable by the robot
controller, e.g. upon executing a robot manufacturing instruction by the robot
controller, the robot controller controls the automated footwear manufacturing robot ,

such that the automated footwear manufacturing is operated, i.e. it performs an
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operation matching the robot manufacturing instruction. A plurality of robot
manufacturing instructions may be understood as a group of different robot
manufacturing instructions which the automated manufacturing robot is capable of

carrying out.

[0017] An elected manufacturing instruction may be understood as a robot
manufacturing instruction of the plurality of robot manufacturing instructions which
has been selected to be carried out by the automated footwear manufacturing robot.
The selection may be based on the footwear assembly identification information, for
example, based on this information, the system controller can identify which
manufacturing instruction is necessary for the next manufacturing step of a given
footwear assembly. Resultingly, the automated footwear manufacturing robot may
thus for example carry out different operations for different footwear with different
footwear assembly identification information. In some embodiments, the footwear
assembly identification information is associated with footwear manufacturing
instructions, which are necessary for at least partially manufacturing of a certain
footwear, and the elected manufacturing instructions correspond to one of these
footwear manufacturing instructions. For example, a footwear manufacturing
instruction may relate to a certain stitching instruction, the robot manufacturing
instructions relate to a plurality of different stitching instructions, where one of these
different stitching instructions match the certain stitching instruction, and accordingly,
the matching stitching instruction of the robot manufacturing instructions is selected
as the elected manufacturing instruction, upon which the automated footwear

manufacturing robot is operated.

[0018] A footwear manufacturing instruction may be understood as an instruction
relating to a footwear-related operation of an arbitrary automated footwear
manufacturing robot, for example to further manufacture a footwear of a footwear
assembly associated with the footwear manufacturing instruction. A series of footwear
manufacturing instructions may be understood as several different footwear
manufacturing instructions relating to the same footwear or footwear assembly. In this

context, a series is not restricted to a particular number, e.g. may be 1, 2, 3, 4, from 5
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to 9, from 10 to 20, or more than 20 footwear manufacturing instructions. A footwear
or footwear assembly may thus be associated with a series of manufacturing
instructions which is necessary to at least partly manufacture the footwear via one or

more automated footwear manufacturing robots.

[0019] A footwear manufacturing instruction is not necessarily in itself an executable
footwear-related instruction but may simply be linked or associated with a robot
manufacturing instruction which can potentially be executed by a robot controller to

operate an automated footwear manufacturing robot.

[0020] In some embodiments, a plurality of robot manufacturing instructions relate
to available parameter spaces of the automated footwear manufacturing robot or
constraints within which the robot is capable of operating. For example, a pick-and-
place robot is capable of moving footwear parts complying with a maximum size and

weight of the parts, from one constrained location to another constrained location.

[0021] Selecting an elected manufacturing instruction may optionally be associated
with at least some automated programming within such parameter spaces and

constraints.

[0022] Footwear assembly identification information associated with a footwear
assembly may be understood as information indicative of model design, size, colour,
materials, footwear type, male/female/unisex model, unique assembly ID, unique
footwear assembly ID, or any combination thereof of the footwear assembly or the
footwear which is to be produced from the footwear assembly. Such information may
for example be stored in a database, e.g. an identification information database, which
is accessible to the system controller. The information may be accessible via the
footwear assembly, e.g. via reading an RFID on the footwear assembly. Such a reading
can directly provide the information or link the footwear assembly to the information
stored in an identification information database. However, embodiments of the
invention do not necessarily rely on reading information via the footwear assembly.

Instead, the system controller may keep track of each individual footwear assembly,
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such that it is capably of linking the each footwear assembly to its associated footwear

assembly identification information.

[0023] Generally, a robot manufacturing instruction may be related to a robot
program which is readable by the robot controller to operate the automated footwear
manufacturing robot. The robot manufacturing instruction itself may or may not be
directly readable by the robot controller. If it not readable, it may instead be associated
with a readable robot program. A robot manufacturing instruction may thus at least be
indicative of an associated or related readable robot program. And when the robot
controller runs such an associated readable robot program, it may thus operate the
automated footwear manufacturing robot according to the robot manufacturing
instruction, for example if a robot manufacturing instruction has been selected as an

elected manufacturing instruction.

[0024] Manufacturing instructions (robot, footwear, and elected) may also be
referred to as process steps, for example a footwear process step, e.g. a footwear
manufacturing instruction relating to trimming may also be referred to as a footwear

process step relating to trimming, e.g. a trimming process step.

[0025] A robot instructions database may be understood as digital storage, which
digitally stores robot manufacturing instructions, or representations of the robot

manufacturing instructions.

[0026] In embodiments of the invention, one or more databases may be distributed
among one or more hard disc drives for digital storage. Thus, one database does not
necessarily rely on one single storage, and one single storage may store several

databases.

[0027] A system controller may be understood as a controller for selecting an elected
manufacturing instruction based on footwear assembly identification information.
Such a selection may typically be performed digitally and automatically. The system
controller may for example be a part of a manufacturing execution system. It may work
in real time, to select one elected manufacturing instruction at a time for each footwear

assembly which are to be handled by the automated footwear manufacturing robot. A
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system controller may simultaneously facilitate selection of elected manufacturing
instructions of several automated footwear manufacturing robots. To perform the task
of selecting an elected manufacturing instruction, the system controller is typically
based on a processer, which is able to process the plurality of robot manufacturing

instructions and the footwear assembly identification information.

[0028] A system controller may further be capable of digitally comparing stored
robot manufacturing instructions and digitally stored footwear manufacturing
instructions to autonomously select an elected manufacturing instruction of the robot

manufacturing instructions.

[0029] Generally, the system controller and the robot instructions database may be a
part of a computer architecture, capable of facilitating at least a part of the invention.
Other suitable parts of the invention, such as a robot controller, may also be part of the
computer architecture. Such a computer architecture may for example comprise one
or more servers, processors, workstation/user interface, digital storage/memory,

executable programs, communication channels, etc.

[0030] In typical embodiments, the robot controller and the system controller are
separate controllers, but in some embodiments, the two controllers are integrated in a

single controller.

[0031] Inanembodiment of the invention, said footwear manufacturing robot system
further comprises a footwear manufacturing line for conveying said different footwear
assemblies between a plurality of manufacturing locations, wherein said automated
footwear manufacturing robot is located at a robot manufacturing location of said

plurality of manufacturing locations.

[0032] A “footwear manufacturing line” is in the present context not only
designating a conventional footwear inline assembly line, but also a branched footwear
assembly line, where the individual footwear assemblies may be routed individually

between different footwear manufacturing robots, including footwear robots
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performing the same task across different models. It is also noted that the term
“footwear manufacturing line” broadly designates a technical measure capable of
transporting a specified footwear assembly from one footwear manufacturing robot
location to another footwear manufacturing robot on another location. As long as such
transport is carried out according to the provisions of the invention, transport measures
may include conveyer, mobile carriages, drones, etc, as long as the footwear individual
footwear assemblies are transported to the relevant and necessary footwear
manufacturing robots at their respective locations in the right order/sequence. Broadly

such technical measured will be referred to as carriers unless otherwise noted.

[0033] In a part or in parts of the total process flow, the footwear assemblies may
advantageously be transported one by one by respective individual carriers. In this part
of the process the footwear assemblies may be individually carried by lasts, which

again are carried by carriers automatically controlled by the system controller.

[0034] In a part or in parts of the total process flow, the footwear assemblies may
advantageously be transported between manufacturing locations by carriers carrying a
plurality of footwear assemblies, e.g. 10, 20, 50 or 100 footwear assemblies. These
carriers may preferably be automatically controlled by the system controller, although
it is possible the some relatively few transports are carried out manually as long as the
system controller has the overall monitoring and routing ability for the automatic

processes carried out just before and just after such manual part process.

[0035] A footwear assembly carrier may for example carry one or a pair of footwear

assemblies.

[0036] In an embodiment of the invention, said system controller is further
configured to route said target footwear assembly to said robot manufacturing location
to establish a target assembly route upon selecting said elected manufacturing

instruction.

[0037] When an elected manufacturing instruction has been selected, the footwear
assembly may further route the target footwear assembly to the automated footwear

manufacturing robot, which is advantageous. By routing, a target assembly route is
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established, which is indicative of the path which the target footwear assembly has to
travel to arrive at the automated footwear manufacturing robot. The target assembly
route may further be readable/executable by the footwear manufacturing line, such that
the line can autonomously convey the target footwear assembly to the automated

footwear manufacturing robot.

[0038] Some footwear manufacturing lines may have branches/branched modules, at
which the footwear assemblies can be conveyed towards different manufacturing
locations. Advantageously, a target assembly route may comprise one or more branch
selections, which are indicative of which of the branched paths of the branches that the
target footwear assembly has to travel to arrive at the automated footwear

manufacturing robot.

[0039] By passing one or more other footwear manufacturing robots (or non-elected
manufacturing locations), the target footwear assembly may be conveyed directly to

the automated footwear manufacturing robot, which is advantageous.

e
W
-

[0040] In a footwear manufacturing robot system as offered by the invention,
dynamical manufacturing of different footwear may be permitted. In such cases,
generating an idle signal is advantageous, since it may permit the footwear
manufacturing robot system that the automated footwear manufacturing robot is now

available for a new footwear assembly.

[0041] The idle signal may be generated by the automated footwear manufacturing
robot, the robot controller, the system controller, or another unit of the system. The
appearance of the idle signal may for example be read by the system controller, or a
reading may at least be forwarded to the system controller, such that is can select a
new elected manufacturing instruction, for example such that the robot controller can
execute the new elected manufacturing instruction to operate the automated footwear

manufacturing robot.
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[0042] The new elected manufacturing instruction may relate to the same footwear
assembly as the elected manufacturing instruction, or it may relate to a different

footwear assembly.

[0043] Accordingly, a different elected manufacturing instruction can be selected for

each footwear assembly, if necessary for manufacturing, which is advantageous.

[0044] An assembly identification receiver is capable of receiving/reading footwear
assembly identification information of the footwear assembly. Thus, it may be possible
to identify presence, type, size, and/or unique ID of the footwear assembly, which is

advantageous.

[0045] An assembly identification receiver may for example be based on machine
vision, or simpler approaches such as reading an identity marking such as a barcode, a

QR code, or an RFID on or near the footwear assembly.

[0046] An assembly identification receiver may also be understood as an identity

reader.

[0047] The transmitter and the receiver may work together to receive input from the
target footwear assembly to link the target footwear assembly to the footwear assembly
identification information. The transmitter and the receiver may be a combined
transceiver. The transmitter may emit radiofrequency radiation, LED radiation, laser

radiation, etc.

[0048] RFID is particularly advantageous, since such an ID can be integrated in the
footwear in an unseeable manner, such that it can be utilized both during
manufacturing, and during use by the consumer. A consumer may for example use the
RFID to receive information relating to the type of footwear, or even the unique
footwear, such as manufacturing information. Such manufacturing information may
for example be production location, environmental/carbon footprint, footwear trivia

etc.



10

15

20

25

DK 181400 B1

12

[0049] Accordingly, the system controller may be capable of retrieving relevant
information based on input from the assembly identification receiver, e.g. retrieving
footwear assembly identification information or a series of footwear manufacturing

instructions, which is advantageous.

[0050] In an embodiment of the invention, said footwear assembly identification
information is associated with a series of footwear manufacturing instructions of said

target footwear assembly.

[0051] By associating the footwear assembly identification information with the
footwear manufacturing instructions, it is possible for the footwear manufacturing
robot system to commence a comparison of the plurality of robot manufacturing
instructions with the series of footwear manufacturing instructions based on the
footwear assembly identification. Further, in systems with a plurality of series of
footwear manufacturing instructions (e.g. different series), it is possible to identify,
e.g. by the system controller, which of the series of footwear manufacturing

instructions are relevant for the comparison.

[0052] Typically, any series of footwear manufacturing instructions are digitally
stored in one or more footwear instruction databases communicatively connected to
the system controller. However, the footwear manufacturing instructions may
alternatively be stored elsewhere, for example in the RFID of a footwear assembly

which also provides the footwear assembly identification information.

[0053] In alternative embodiments, the system controller or an associated
manufacturing execution system tracks individual footwear assemblies of the
manufacturing system. The tracking may for example be performed by controlling
movement of autonomous vehicles of the individual footwear assemblies, which in
turn grant positional information of each unique footwear assembly. This information
can then be used by the system controller to compare relevant robot manufacturing

instructions with relevant footwear manufacturing instructions.
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[0054] By instead having an assembly identification receiver, the system controller
or an associated manufacturing execution system does not need a track record of each
individual footwear assembly. Accordingly, a footwear manufacturing robot system
can simply receive the footwear assembly identification information of a footwear

assembly and consequently carry out operation.
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[0055] A mathematical set may be interpreted in context of set theory of

mathematical logic.

[0056] In an embodiment of the invention, said system controller is configured to
compare said plurality of robot manufacturing instructions with said series of footwear

manufacturing instructions to select said elected manufacturing instruction.

[0057] By comparing said plurality of robot manufacturing instructions with the
series of footwear manufacturing instructions, it may be possible to suitably and

efficiently select an elected manufacturing instruction, which is advantageous.

[0058] By having selection criteria, selection of an elected manufacturing instruction
may be optimized, and it may be possible to handle scenarios where several robot

manufacturing instructions are applicable.

[0059] In some embodiments, a particular footwear manufacturing instruction may
relate directly to a particular robot manufacturing instruction. Thus, selecting the
elected manufacturing instruction becomes a task of identifying the particular robot

manufacturing instruction.

[0060] A part of or the entire series of footwear manufacturing instructions may have
a particular sequence in which the footwear manufacturing instructions have to be
executed. For example, an upper may have to be at least partially assembled and a sole
may have to be provided before the upper and the sole can be mounted together via

direct injection processing. Taking a footwear manufacturing sequence into account
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when selecting an elected manufacturing instruction may thus ensure that footwear is

correctly manufactured, which is advantageous.

[0061] The durations of various operations may determine how rapidly a footwear
assembly can be forwarded in a manufacturing system. Thus, taking manufacturing
durations into account is advantageous. For example, if two footwear assemblies have
two different footwear manufacturing instructions associated with a short and a long
duration, respectively, the system controller may select an elected manufacturing
instruction corresponding to the short duration. Accordingly, the footwear assembly
having a footwear manufacturing instruction associated with a short duration may
quickly receive operation and be forwarded to a next operation at another robot, and,

resultingly, waiting time for the other footwear assembly may be short.

[0062] Some types of footwear assemblies may have a higher priority in production,
for example if this footwear is required to be shipped out of the manufacturing factory
before a certain deadline, or simply as fast as possible. Accordingly, footwear
assemblies may have different footwear priorities, upon which the system controller
can select an elected manufacturing instruction. This enables flexible manufacturing,

which is advantageous.

[0063] For example, if a first footwear assembly is physically closer to the automated
footwear manufacturing robot than a second footwear assembly, an elected
manufacturing instruction relating to the first footwear assembly may be selected,

which may advantageously ensure fast production.

[0064] For example, a first footwear assembly currently being manufactured by an
auxiliary footwear manufacturing robot is not idle, whereas a second footwear
assembly not being manufactured is idle. The system controller may then select an
elected manufacturing instruction matching a footwear manufacturing instruction of

the idle footwear assembly.

[0065] Note the various selection criteria may be combined, e.g. using different

selection criteria priorities, sequences, or weights.
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[0066] In an embodiment of the invention, said different footwear assemblies are
associated with a footwear property, wherein said different footwear assemblies have

at least two unique characteristics of said footwear property.

[0067] Examples of footwear properties are model design, footwear size, footwear

colour, footwear material, model type, footwear type, and footwear assembly ID.

[0068] The different footwear assemblies having at least two unique characteristics
of a footwear property may for example be the different footwear assemblies having
at least two unique characteristics of footwear size, e.g. the different footwear
assemblies have at least two unique footwear sizes, e.g. one footwear assembly
corresponds to footwear of size 42 and another footwear assembly corresponds to size
44 (examples given in Euro sizes). Note that several different footwear assemblies
having the same footwear size, e.g. 43, corresponds to one unique footwear size. A
number of different footwear assemblies having two unique characteristics of a
footwear property (e.g. footwear size) are thus not limited to only two footwear
assemblies, since several of these footwear assemblies can have the same
characteristics. E.g. an ensemble of different footwear assemblies having sizes 41, 42,
42, 42, 42, 43, 44, 44, 45, 45, and 46 have six unique characteristics
(41,42,43,44,45,46) of footwear size.

[0069] Having a footwear manufacturing robot system being able to at least partially
manufacture different footwear assemblies with unique footwear characteristics is

advantageous since it increases flexibility of the system.

[0070] By having the robot manufacturing instruction being related to the unique
characteristics, it is possible to rapidly switch between footwear assemblies with
different unique characteristics by successively selecting different elected

manufacturing instructions, which is advantageous.

[0071] Different series of footwear manufacturing instructions may further relate too

unique characteristics, for example a first series of footwear manufacturing
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instructions relate to a first unique characteristic (e.g. a first model design) and a
second series of footwear manufacturing instructions relate to a second unique
characteristic (e.g. a second model design). The first and second series may then relate

to different footwear assemblies.

[0072] The elected manufacturing instruction may for example relate to a
characteristic of two unique characteristics of a footwear colour, e.g. relate to a first

colour of two different colours.
[0073] In an embodiment of the invention, said footwear property is model design.

[0074] Different model designs may for example be assembled of different footwear
parts to provide different properties or different aesthetic looks. A model design of one
footwear may for example be based on an upper assembled by one number of pieces
(e.g. 3 leather pieces), while a model design of another footwear is based on an upper
assembled by another number of pieces (e.g. 4 leather pieces). Such two footwears
thus have different model designs. In contrast to two footwears of the same model
design (but with different sizes), two footwears of different model designs cannot be
scaled in size to match each other. Different model designs may also be assembled of

differently shaped footwear parts.

[0075] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of model

design, i.e. footwear assemblies with different model designs.

[0076] A closing system of a footwear may for example be a lacing-based closing
system, hook-and-loop-based closing system (e.g. Velcro-based closing system), step-

in closing system (e.g. including elastic bands) or any combination thereof.

[0077] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of closing

system, 1.e. footwear assemblies with different closing systems.
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[0078] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of footwear

size, 1.e. footwear assemblies with different footwear sizes.
[0079] A footwear colour may also be understood as a footwear colour composition.

[0080] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of footwear

colour, i.e. footwear assemblies with different footwear colours/colour compositions.

[0081] A footwear material may also be understood as a footwear material

composition.

[0082] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of footwear

material, i.e. footwear assemblies with different footwear material/colour materials.

[0083] Model type may for example may male type, female type, or unisex type.
Thus, in embodiments of the invention, the different footwear assemblies may have at

least two different model types.

[0084] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of model type,

i.e. footwear assemblies with different model types.
[0085] Footwear types may for example be shoes, sandals, boots, loafers, etc.

[0086] A footwear manufacturing robot according to the invention may thus
successively handle footwear assemblies of two unique characteristics of footwear

type, i.e. footwear assemblies with different footwear types.

[0087] A footwear assembly ID may be a unique ID associated with the footwear or
footwear assembly. For example via an RFID embedded in a footwear part or
elsewhere on a footwear assembly. Such a footwear assembly ID may then be used to

identify each different footwear assembly, for example to link the footwear assembly



10

15

20

25

DK 181400 B1

18

to its associated series of footwear manufacturing instructions. An RFID located in/on
the footwear assembly may thus be indicative of the footwear assembly ID of the
footwear assembly, and may for example be readable by a assembly identification

receiver.

[0088] Generally, a specific footwear property of a footwear assembly may be
understood as the footwear property of the resulting footwear manufactured by
performing operations on that footwear assembly. E.g. a footwear assembly associated
with a footwear manufacturing instructions relating to a particular footwear size may

yield footwear of that particular footwear size after manufacturing.

[0089] A series of footwear manufacturing instructions may relate to other footwear
properties than a plurality of robot manufacturing instructions. A series of footwear
manufacturing instructions may for example relate to model deign, footwear size,
footwear colour, footwear material, model (male/female/unisex), footwear type, or any
combination thereof, whereas a plurality of robot manufacturing instructions only

relates to a subset of these properties, for example footwear size.
[0090]

[0091] In some embodiments of the invention, the footwear manufacturing robot
system is not only capable of manufacturing different footwear assemblies having at
least two unique characteristics of a footwear property, but further capable of
manufacturing footwear assemblies having several unique characteristics of several

different footwear properties.

[0092] In some embodiments, the different footwear assemblies have at least two
unique characteristics of a fourth footwear property, which is different from the first,

second, and third footwear property.

[0093] In some embodiments, the different footwear assemblies have at least two
unique characteristics of a fifth footwear property, which is different from the first,

second, third, and fourth footwear property.
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[0094] The second, third, fourth, fifth, and any other footwear properties may for

example be selected from the first footwear properties presented within the disclosure.

[0095] For example, different footwear assemblies having at least two unique colours
and two unique sizes. Or, for example, different footwear assemblies having at least

two unique model designs, two unique model types, and two unique footwear types.

[0096] In an embodiment of the invention, said system controller is configured to
select said target footwear assembly from said different footwear assemblies by
comparing said plurality of robot manufacturing instructions with said series of

footwear manufacturing instructions.

[0097] The footwear manufacturing robot system may be capable of selecting a
target footwear assembly based on various input such as footwear assembly
identification information or series of footwear manufacturing instructions, which is
advantageous. Accordingly, the footwear manufacturing robot system may ensures
that the automated footwear manufacturing robot operate on a footwear assembly

which it is capable of handling, which is advantageous.

[0098] The footwear manufacturing robot system may be capable of handling several
footwear assemblies, e.g. a first and a second footwear assembly, where each of the
footwear assemblies have different series of footwear manufacturing instructions. This

increases flexibility of the system, which is advantageous.

[0099] If two footwear assemblies are available for further manufacture, the system
controller may then compare the plurality of robot manufacturing instructions the
footwear manufacturing instructions of both footwear assemblies to select an elected
manufacturing instruction. The automated footwear manufacturing robot may then
proceed to manufacture one of the footwear assemblies, i.e. the target footwear

assembly, based on the elected manufacturing instruction.
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[0100] For example, each series of footwear manufacturing instructions is associated
with a particular footwear assembly, a unique footwear assembly, and/or a footwear

assembly relating to a particular size, model design, or type of footwear.

[0101] By having a footwear instructions database, any footwear manufacturing

instructions may be rapidly available to the system controller, which is advantageous.

[0102] In an embodiment of the invention, said plurality of robot manufacturing
instructions comprises unique robot manufacturing instructions for said at least two

unique characteristics of said footwear property.
[0103]

[0104] By having unique robot manufacturing instructions for unique characteristics
of several footwear properties, the footwear manufacturing robot system may be
capable of rapidly at least partly manufacturing at least one of these footwear

assemblies, which is advantageous.

[0105] For different footwear assemblies, the attachment of a footwear part to a jig
may require a different operations of an automated footwear manufacturing robot, such

as different trajectories.

[0106] For different footwear assemblies, the loading/de-loading of a footwear part
on a frame may require a different operations of an automated footwear manufacturing

robot, such as different trajectories.

[0107] For different footwear assemblies, picking and placing a footwear part may
require a different operations of an automated footwear manufacturing robot, such as
different trajectories. The footwear part may for example be placed on a second
footwear part, or on frame, jig, last, or other vehicle of transportations and/or

attachment.
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[0108] Stitching may for example be performed to fixate two footwear parts, e.g. a
first and a second footwear part. Or stitching may be performed to stitch a footwear

part to a fixture. Stitching may for example be 2D stitching or 3D stitching.

[0109] For different footwear assemblies, stitching may require different operations

of an automated footwear manufacturing robot, such as different stitching patterns.

[0110] Optimal mould temperature may for example vary for different footwear

assemblies.

[0111] The insertion may potentially be prior to or after heating the mould.
Potentially, several footwear parts may be inserted into the mould, such as a sole and
an upper. The trajectory for inserting the footwear part may vary for different footwear

assemblies.

[0112] The amount of mould material may be different for different footwear

assemblies.

[0113] The cementing operation may vary for different footwear assemblies, e.g.
amount of cementing material, pattern of applied cementing material, trajectory for

applying the cemented material etc.

[0114] Lasting and de-lasting may require different robot operations for different

footwear assemblies, such as different trajectories.

[0115] Glue and adhesion patterns may be different for different footwear

assemblies.

[0116] Pressing duration and temperature may be different for different footwear

assemblies.

[0117] Cutting patterns and the resulting footwear parts may be different for different
footwear assemblies. The cutting of a footwear part may produce a footwear part, or,

alternatively, remove the footwear part from a jig/fixture.
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[0118] Brushing, polishing, grinding, and trimming patterns/trajectories may be
different for different footwear assemblies. Trimming a sole of the footwear assembly

may improve finish after moulding.
[0119] Lacing operations may be different for different footwear assemblies.

[0120] A part of a footwear assembly may be cleaned prior to placing a footwear part
onto it. E.g., a mould may be cleaned prior to placing a footwear part in the mould.

The cleaning process may be different for different footwear assemblies.

[0121] A quality control may for example involve machine vision, for example of
the final footwear, or of the footwear assembly at an intermediate stage of

manufacturing. The quality control may be different for different footwear assemblies.

[0122] Generally, a series of footwear manufacturing instructions may comprise any
combination of specific manufacturing instructions (attaching, loading, de-loading,
picking and placing, stitching, mould heating, mounting a sole, inserting, injection
moulding, cementing, lasting, de-lasting, gluing, adhering, pressing, cutting, brushing,
polishing, grinding, trimming, lacing, cleaning, quality controlling). Similarly, a
plurality of robot manufacturing instructions may comprise any combination of
specific manufacturing instructions. In various embodiments of the invention, the
specific manufacturing instructions in the series of footwear manufacturing
instructions are not necessarily the same as the specific manufacturing instructions in
the plurality of robot manufacturing instructions. However, typically, at least one
specific manufacturing instruction of the plurality of robot manufacturing instructions
match a specific manufacturing instruction of the series of footwear manufacturing
instructions. For example, the series of footwear manufacturing instructions may
comprise all automated manufacturing instructions necessary for manufacturing the
footwear, while the plurality of robot manufacturing instructions only comprise a
single manufacturing instruction (e.g. stitching). In such a case, the robot
manufacturing instructions may further relate to stitching of different model designs
of footwear assemblies. L.e., the robot is capable of performing stitching operations on

footwear assemblies relating to different model designs.
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[0123] Since specific manufacturing instructions are different for different footwear,
having such manufacturing instructions as a part of the footwear manufacturing
instructions and/or robot manufacturing instructions may ensure correct production of

different footwear, which is advantageous.

[0124] Proximity detection may ensure that the automated footwear manufacturing
robot has actually received a footwear assembly or the correct footwear assembly,

which is advantageous.

[0125] The assembly proximity detector and the assembly identification receiver
may optionally be a combined unit, e.g. where the assembly proximity information is
also used to link the footwear assembly to its associated footwear assembly
identification information. Thus, several functions may be performed in a single

action, which is advantageous.

[0126] By having a local controller databased for digitally storing the elected
manufacturing instruction, a slow transfer of the elected manufacturing instruction
from the robot instructions database to the robot controller may be avoided,
particularly of multiple assemblies require the same manufacturing, which is

advantageous.

[0127] In an embodiment of the invention, said plurality of robot manufacturing

instructions is associated with at least two different robot tools.

[0128] In an embodiment of the invention, said elected manufacturing instruction is
a first elected manufacturing instructions, wherein said system controller is further
configured to select a second elected manufacturing instruction of said plurality of
robot manufacturing instructions, wherein said robot controller is further configured

to execute said second elected manufacturing instruction to operate said automated
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footwear manufacturing robot, wherein said first elected manufacturing instruction

and said second elected manufacturing instruction are different.

[0129] In an embodiment of the invention, said first elected manufacturing
instruction is associated with a first robot tool of said at least two different robot tools,
wherein said second elected manufacturing instruction is associated with a second

robot tool of said at least two different robot tools.

[0130] By having robot manufacturing instructions being associated with different
tools, the flexibility of the robot system is increased, which is advantageous. an
automated footwear manufacturing robot may for example both perform cutting with

a cutting tool and stitching with a stitching tool.

[0131] The series of footwear manufacturing instructions may for example be
updated by changing a footwear manufacturing instruction corresponding to the
elected manufacturing instruction, e.g. removing or changing a status. Thus, the series
of footwear manufacturing instructions may provide an improved indication of which

manufacturing instructions remain to be executed.

[0132] The assembly manufacturing status may be used to independently track the
status of manufacturing of a given footwear assembly, which is advantageous. This
status may for example be a separate digital entry in a database, independent of the

series of footwear manufacturing instructions.

[0133] Inanembodiment of the invention, said footwear manufacturing robot system

comprises:
an auxiliary automated footwear manufacturing robot;

an auxiliary robot controller configured to control said auxiliary automated

footwear manufacturing robot; and
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wherein said system controller is communicatively coupled to said auxiliary robot

controller,

wherein said plurality of robot manufacturing instructions comprises a first subset of
robot manufacturing instructions and a second subset of robot manufacturing

instructions,

wherein said first subset of robot manufacturing instructions are for said robot
controller and said second subset of robot manufacturing instructions for said auxiliary

robot controller,

wherein said auxiliary automated footwear manufacturing robot is configured to

manufacture said different footwear assemblies at least partially.

[0134] In an embodiment of the invention, said system controller is further
configured to select an auxiliary elected manufacturing instruction of said second

subset of robot manufacturing instructions,

wherein said auxiliary robot controller is configured to automatically execute said
auxiliary elected manufacturing instruction to operate said auxiliary automated

footwear manufacturing robot.

[0135] Some embodiments thus comprise two automated footwear manufacturing
robots (non-auxiliary and auxiliary), which may for example perform different tasks,

which may advantageously improve flexibility and work pace of the system.

[0136] Iftwo different automated footwear manufacturing robots and their respective
controllers have different subsets of robot manufacturing instructions, the system
controller may select an elected manufacturing instruction of one of the two subsets,
such that the robot associated with that subset may operate to manufacture the footwear
accordingly. That robot may then be understood as then the (non-auxiliary) automated
footwear manufacturing robot, while the other robot may be understood as the

auxiliary automated footwear manufacturing robot.
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The drawings

[0137] Various embodiments of the invention will in the following be described with

reference to the drawings where

fig. 1 illustrates schematically a footwear manufacturing robot system according to an

embodiment of the invention,

fig. 2 illustrates schematically a footwear manufacturing robot system according to

another embodiment of the invention,

fig. 3 illustrates schematically a footwear manufacturing robot system according to an

embodiment of the invention with two automated footwear manufacturing robots,

fig. 4 illustrates a block diagram of selection of an elected manufacturing instruction
based on a comparison with different series of footwear manufacturing instructions

according to an embodiment of the invention,

fig. 5 illustrates a block diagram of selection of an elected manufacturing instruction
based on a comparison with a plurality of robot manufacturing instructions relating to

unique footwear sizes according to an embodiment of the invention,
fig. 6 illustrates method steps according to an embodiment of the invention,

fig. 7 illustrates abstract representations of robot manufacturing instructions, footwear
manufacturing instructions, and elected manufacturing instructions according to an

embodiment of the invention,
fig. 8A-D illustrates a footwear manufacturing line within the scope of the invention

fig. 9 illustrates a routed embodiment of a footwear manufacturing line within the

scope of the invention,

fig. 10 illustrates a further routed embodiment of a footwear manufacturing line within

the scope of the invention, and where
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fig. 11 illustrates a further routed embodiment of a footwear manufacturing line within
the scope of the invention where the manufacturing line is implemented in

manufacturing stages,
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Detailed description

[0138] Fig. 1 illustrates schematically a footwear manufacturing robot system 1

according to an embodiment of the invention.

[0139] This particular embodiment has an automated footwear manufacturing robot
2 configured to perform trimming of footwear assembly after mounting the upper of a
footwear assembly to the sole of that footwear assembly via direct injection moulding.
Such a moulding process may leave a ridge in the moulded material around the
perimeter of the shoe due to an imperfect fit of the mould parts. An automated footwear
manufacturing robot 2 with a robot tool (not shown) in the form of a trimming, cutting,
deburring, or polishing tool may then apply its robot tool to remove or smoothen this

ridge.

[0140] The exemplary robot 2 has a plurality of robot joints connecting a robot base
to the robot tool. Each of the joints are rotatable, such that the position and the
orientation of the robot tool can be freely adjusted within the constraints of the robot
2. The joints, and thus the position and orientation of the robot tool, are controlled by
a robot controller 3. In this particular embodiment, the robot controller 3 further
controls the robot tool, but note that in other embodiments, the robot tool is not

controlled by the robot controller.

[0141] A robot instructions database 4 has a plurality of robot manufacturing
instructions 6a, 6b, ..., upon which the robot 2 is capable of operating. In this particular
embodiment, the database 4 is a hard disk drive which is a part of computer
architecture, further comprising a system controller 5. And the system controller 5 is
a processer, which is capable of processing various digitalized instructions and select

a particular instruction for the automated footwear manufacturing robot 2.

[0142] Each of the robot manufacturing instructions 6a, 6b, ... relate to trimming a
particular footwear assembly of different footwear assemblies. Each different size and
model design require a unique trimming trajectory by the robot. Accordingly, each of
the different robot manufacturing instructions 6a, 6b, ... stored in the robot instructions

database corresponds to a trimming operation of a particular footwear assembly.
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[0143] The illustration further shows a footwear assembly 9 located in a vicinity of
the robot 2, such that the robot 2 is able to apply its robot tool to the footwear assembly
9. In this particular illustration, the footwear assembly 9 is a shoe assembly, in which
an upper has recently been attached to a sole via direct injection moulding, leaving a

ridge requiring trimming.

[0144] The footwear assembly 9 is associated with footwear assembly identification
information 14. Upon this information 14, the system controller 5 selects an elected
manufacturing instruction 8 of the plurality of robot manufacturing instructions 6a, 6b,

..., which corresponds to trimming of the particular footwear assembly 9.

[0145] This elected manufacturing instruction 8a is then provided to the robot
controller 3 by the system controller 5. Accordingly, the robot controller 3
automatically executes the elected manufacturing instruction 8 to operate the
automated footwear manufacturing robot 2. As a result, the robot 2 moves in a
particular trajectory to apply its trimming tool to remove the ridge of the particular

footwear assembly 9.

[0146] Thus, the footwear assembly 9 is partly manufactured by the footwear
manufacturing robot system 1 via an elected manufacturing instruction 8 selected

based on footwear assembly identification information 14 of that assembly 9.

[0147] The principles of the exemplary embodiment of fig. 1 may also be applied to
other automated footwear manufacturing tasks than the exemplified trimming task, for
example some of the automated footwear manufacturing tasks exemplified within this

disclosure.

[0148] Fig. 2 illustrates schematically a footwear manufacturing robot system 1

according to another embodiment of the invention.

[0149] The embodiment of fig. 2 has elements which are substantially similar to the
embodiment of fig. 1.

[0150] The embodiment of fig. 2 however relates to an automated footwear

manufacturing robot 2 capable of performing direct injection processing. Here, a
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footwear upper may be attached to a sole by injection of a polymer, e.g. polyurethane
between the upper, the sole, and one or more mould parts, which together forms a
casting cavity for the polymer. Upon curing of the polymer (e.g. via cooling), the
polymer may then bind the upper to the sole. Alternatively, a sole may be cast directly

by the polymer.

[0151] For different footwear assemblies, the required amount of injected material,
and the exact composition of the material may vary. The exact composition may in

turn determine hardness, colour, adhesion, flexibility etc.

[0152] Thus, when one footwear assembly is being manufactured by the automated
footwear manufacturing robot 2, one manufacturing activity is necessary, and when
another is footwear assembly is being manufacturing by the robot 2, another
manufacturing activity is necessary. Each of the various robot manufacturing
instructions 6a, 6b, ... correspond to a direct injection processing manufacturing action
of a particular footwear assembly (dependent on model design, footwear size, and

model type of the footwear assembly to be manufactured).

[0153] In this embodiment, the footwear assembly 9 is associated with footwear
assembly identification information, which comprises a footwear assembly ID 15, and
a series of footwear manufacturing instructions 7a, 7b, ..., which are required to be
carried out to manufacture the footwear. One of these footwear manufacturing
instructions 7a, 7b, ... relate to direct injection processing of the footwear assembly 9.

Others may for example relate to trimming, lacing, polishing, quality control, etc.

[0154] The footwear assembly ID 16 is a unique ID of the footwear assembly 9,
which uniquely identifies the exact footwear assembly and further identifies model

design, footwear size, and model type.

[0155] In this embodiment, the footwear assembly identification information 14, and
hence the footwear assembly ID 16 and the footwear manufacturing instructions 7a,
7b, is tracked by the system controller 5, which autonomously tracks position and

status of the various footwear assemblies being handled in the system. An automated



10

15

20

25

DK 181400 B1

31

conveyer system partially controlled by the system controller 5 is able to forward a

footwear assembly to the automated footwear manufacturing robot 2.

[0156] The Footwear assembly identification information 14 can for example be
stored on a footwear instructions database communicatively connected to the system
controller 5. In alternative embodiments, it can be stored on a readable storage in the

vicinity or on the footwear assembly 9.

[0157] As a footwear assembly is to be manufactured by the footwear manufacturing
robot system 1, the system controller 5 compares the plurality of robot manufacturing
instructions 6a, 6b, ... with the series of footwear manufacturing instructions 7a, 7b,
... to identify that a direct injection processing instruction of the robot manufacturing
instructions 6a, 6b, ... match a required direct injection processing instruction of the
footwear manufacturing instructions 7a, 7b, .... Consequently, the system controller 5
selects this matching direct injection processing instruction of the robot manufacturing

instructions 6a, 6b, ... as an elected manufacturing instruction 8.

[0158] The elected manufacturing instruction 8 is digitally transferred from the robot
instructions database 4 to a local controller database 11 communicatively connected
to the robot controller 3 of the automated footwear manufacturing robot 2. From the
local controller database 11, the instruction 8 is rapidly available and thus executable
for the robot controller 3. Furthermore, if several similar footwear assemblies are to
be processed consecutively, the elected manufacturing instruction 8 does not need to
be transferred from the robot instructions database 4 to the robot controller 3 or its
local controller database 11 each time an assembly is received by the automated
footwear manufacturing robot 2. Instead, the instruction 8 can be reused from the local
controller database 11, to minimize data transfer and increase efficiency of the system

1.

[0159] With the elected manufacturing instruction 8 on the local controller database
11, the automated footwear manufacturing robot 2 performs direct injection processing

accordingly, injecting the required amount of material for the footwear assembly 9.
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[0160] Thus, the footwear assembly 9 is partly manufactured by the footwear
manufacturing robot system 1 via an elected manufacturing instruction 8 selected by
comparing a plurality of robot manufacturing instructions 6a, 6b, ... with a series of

footwear manufacturing instructions 7a, 7b, ....

[0161] In this embodiment, the footwear assembly 9 is provided to the automated
footwear manufacturing robot 2 on a last and inserted into the required mould parts. In
other words, the footwear assembly 9 includes a last and mould parts for direct

injection moulding.

[0162] In other embodiments, the automated footwear manufacturing robot 2 (or an
assisting robot) inserts the footwear assembly 9 into the required mould parts as a part

of the direct injection moulding instruction selected by the system controller 5.

[0163] Again, the principles of the exemplary embodiment of fig. 2 may also be
applied to other automated footwear manufacturing tasks than the exemplified direct
injection processing task, for example some of the automated footwear manufacturing

tasks exemplified within this disclosure.

[0164] Fig. 3 illustrates schematically a footwear manufacturing robot system 1
according to an embodiment of the invention with two automated footwear

manufacturing robots 2a, 2b.

[0165] The embodiment of fig. 3 has elements which are substantially similar to the

embodiments of previous figures 1 and 2.

[0166] However, in contrast to previously illustrated embodiments, the embodiment
in fig. 3 comprises two automated footwear manufacturing robots 2a, 2b, each of the

robots being controller by a respective robot controller 3a, 3b.

[0167] A first robot 2a of the robots 2a,2b is configured to apply glue to footwear
parts. The second robot 2b of the robots 2a,2b is configured to pick and place footwear
parts, e.g. to stack/align several footwear parts of a footwear assembly on top of each

other. In this particular embodiment, the first robot 2a is an automated parallel
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manipulator in the form of a delta robot with a glue-applying tool. The second robot

2b is a 6-axis robot arm with a vacuum pick-and-place tool.

[0168] The robot instructions database 4 comprises a plurality of robot
manufacturing instructions 6aa, 6ab, 6ba, 6bb, ..., wherein one subset 6aa, 6ab,... of
the plurality of instructions are instructions for the first robot 2a, and another subset

6ba, 6bb, ... of the plurality of instructions are instructions for the second robot 2b.

[0169] This embodiment further comprises a footwear instructions database 12,
which comprises footwear assembly identification information 14, herein series of
footwear manufacturing instructions 7a, 7b, ..., of various footwear assemblies (note

that for simplicity only one series is shown).

[0170] The automated manufacturing robot system 1 further comprises an RFID
reader 13 for reading RFIDs on different footwear assemblies. Upon registering an
RFID via the RFID reader 13, the footwear assembly is linked to its particular footwear
assembly identification information 14 and its series of footwear manufacturing

instructions 7a, 7b, ... of the footwear instructions database 11.

[0171] In the particular illustration, a footwear assembly 9 in the form of shoe vamp
with an embedded RFID 10 is located near the RFID reader 13. The RFID reader 13
is thus able to register/receive/read the RFID 10 of this exact footwear assembly to

identify that footwear assembly.

[0172] The system controller 5 now links the footwear assembly 9 having the RFID
10 to a particular series of footwear manufacturing instructions 7a, 7b, ... of the
footwear instructions database 11. Based on the series of footwear manufacturing
instructions 7a, 7b, ... and the plurality of robot manufacturing instructions 6aa, 6ab,
6ba, 6bb, ..., the system controller 5 selects an elected manufacturing instruction.
Furthermore, the system controller 5 selects a robot of the two robots 2a,2b which is
to carry out the elected manufacturing instruction. The selection of a robot can for
example be a direct consequence of the selection of an elected manufacturing
instruction. E.g. if the elected manufacturing instruction is from one subset 6aa,

6ab this corresponds to selecting the first robot 2a, and if the elected

EREE)
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manufacturing instruction is from the other subset 6ba, 6bb,..., this corresponds to

2

selecting the second robot 2b.

[0173] In this particular illustration, the second robot 2b is selected, and hence the
first robot 2a may be understood as the auxiliary automated footwear manufacturing
robot. Consequently, the first robot may be understood as the (non-auxiliary)
automated footwear manufacturing robot, and its robot controller 3b then
automatically executes the elected manufacturing instruction to operate the second

robot 2b.

[0174] Resultingly, the second robot 2b picks and places the footwear assembly 9
according to a trajectory which is based on footwear assembly identification

information 14 of that footwear assembly.

[0175] As the system controller 5 selects an elected manufacturing instruction and,
optionally, a robot to carry out this instruction, it can optionally take into account a
footwear manufacturing sequence of the series of footwear manufacturing instructions
7a, 7b, .... For example, the footwear assembly 9 may require a particular placement
performed by the second robot 2b, before the first robot 2a is able to correctly apply
glue to the footwear assembly 9. Hence, the footwear manufacturing sequence defines
that the particular manufacturing instruction corresponding to placement by the second
robot 2b is performed before the particular manufacturing instruction corresponding

to applying glue by the first robot 2a.

[0176] Further the system controller 5 may optionally select both a first elected
manufacturing instruction for the first robot 2a and a second elected manufacturing
instruction for the second robot 2b, such that these two instructions can be executed
on the respective robot controllers 3a,3b simultaneously or consecutively (for example

according to a footwear manufacturing sequence).

[0177] Again, the principles of the exemplary embodiment of fig. 3 may also be
applied to other automated footwear manufacturing tasks than the exemplified
combination of tasks, for example any single task of combination of tasks of the

automated footwear manufacturing tasks exemplified within this disclosure.
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[0178] Fig. 4 illustrates a block diagram of selection of an elected manufacturing
instruction 8 based on a comparison with different series of footwear manufacturing
instructions (7aa, 7ab, 7ac, 7ad, ...; 7ba, 7bb, 7bc, 7bd, ...; and 7ca, 7cb, 7cc, 7cd, ...)

according to an embodiment of the invention.

[0179] Here, an automated footwear manufacturing robot 2 is configured to
manufacture different footwear assemblies at least partially. The particular robot 2 is
a footwear impregnation robot, which apply a surface coating to footwear via a

spraying tool.

[0180] The robot 2 is associated with a plurality of robot manufacturing instructions
6a, 6b, ..., each of the different instructions respectively corresponding to spraying

different footwear assemblies.

[0181] The footwear manufacturing robot system, which the automated footwear
manufacturing robot 2 is a part of, has three different footwear assemblies 9a,9b,9¢
which are available for further manufacturing. A first footwear assembly 9a is
associated with footwear assembly identification information 14a comprising a first
series of footwear manufacturing instructions 7aa, 7ab, 7ac, 7ad, ..., a second footwear
assembly 9b is associated with footwear assembly identification information 14b
comprising a second series of footwear manufacturing instructions 7ba, 7bb, 7bc, 7bd,

.., and a third footwear assembly 9c is associated with footwear assembly

identification information 14¢ comprising a third series of footwear manufacturing

instructions 7ca, 7cb, 7cc, 7¢d, ...

[0182] The three footwear assemblies 9a,9b,9¢ have different model designs, which
require different manufacturing instructions for manufacturing. The first footwear
assembly 9a relates to a leather shoe, the second footwear 9b assembly relates to a

leather boot, while the third footwear assembly 9c relates to a rubber boot.

[0183] In the illustration, the second footwear assembly 9b is equipped with a last

and mould parts, which qualifies this assembly 9b for direct injection processing.
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[0184] In the embodiment, the plurality of robot manufacturing instructions 6a, 6b,

. are compared to the different series of footwear manufacturing instructions 7aa,
7ab, 7ac, 7ad, ..., 7ba, 7bb, 7bc, 7bd, ..., 7ca, 7cb, 7cc, 7cd, ... to select an elected
manufacturing instruction 8. The comparison is performed by a system controller,
which is not shown. In the comparison, the controller identifies whether any
manufacturing instructions of the different series of different footwear manufacturing
instructions 7aa, 7ab, 7ac, 7ad, ..., 7ba, 7bb, 7bc, 7bd, ..., 7ca, 7cb, 7cc, 7cd, ... match
any manufacturing instructions of the plurality of robot manufacturing instructions 6a,

6b

5 e

[0185] In the exemplary embodiment, a manufacturing instruction 7ab of the first
footwear assembly 9a and a manufacturing instruction 7bc of the second footwear
assembly 9b match two respective manufacturing instructions of the plurality of robot
manufacturing instructions 6a, 6b, .... In contrast, no manufacturing instruction
associated with the third footwear assembly match a manufacturing instruction of the

plurality of footwear manufacturing instructions.

[0186] The footwear manufacturing robot is thus in principle capable of partly
manufacturing two different footwear assemblies 9a,9b. However, it can only
manufacture one assembly at a time. The system controller thus further has to select
which one of the footwear assemblies 9a,9b are to be manufactured next by the

automated footwear manufacturing robot.

[0187] The second footwear assembly 9b is currently equipped with moulds for
direct injection processing, and is thus not ready for surface coating/surface finishing
via spraying yet. This unavailability for spraying may for example be facilitated by a
footwear manufacturing sequence, which defines a sequence of the manufacturing
instructions, for example that direct injection processing is to be performed prior to

footwear impregnation.

[0188] Hence, the system controller identifies that the first footwear assembly 9a is
to be manufactured via an elected manufacturing instruction 8 based on a

manufacturing instruction 6b of the plurality of robot manufacturing instructions 6a,
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6b which match a manufacturing instruction 7ab of the footwear manufacturing

instructions 7aa, 7ab, 7ac, 7ad, ... of this footwear assembly 9a. The first footwear
assembly 9a may thus be understood as the target footwear assembly, which has been

selected, e.g. by the system controller.

[0189] In other situations or embodiments, a system controller may alternatively
select/deselect footwear assemblies based on parameters, constraints, and/or selection
criteria such as robot manufacturing durations, footwear assembly priorities, physical
locations of footwear assemblies, idle status of footwear assemblies, or any

combination thereof.

[0190] Fig. 5 illustrates a block diagram of selection of an elected manufacturing
instruction 8 based on a comparison with a plurality of robot manufacturing
instructions 6a, 6b, 6¢, 6d relating to unique footwear sizes according to an

embodiment of the invention.

[0191] Here, an automated footwear manufacturing robot 2 is configured to
manufacture different footwear assemblies at least partially. The particular robot 2 is
equipped with a stitching tool and is configured to stitch one or more footwear parts
of a footwear assembly, for example stitch two parts together. Particularly, each
manufacturing instruction of a plurality of robot manufacturing instructions 6a, 6b, 6¢,
6d associated with the robot 2 relate to a stitching instruction corresponding to a
particular footwear size. That is, a first manufacturing instruction 6a corresponds to
stitching of a footwear assembly with a small footwear size, a last manufacturing
instruction 6d corresponds to stitching of a footwear assembly with a large footwear
size, and the remaining two footwear instructions 6b,6¢c correspond to stitching

footwear assemblies with two intermediate footwear sizes.

[0192] The footwear manufacturing robot system, which the automated footwear
manufacturing robot 2 is a part of, is supplied with a footwear assembly 9 comprising
footwear parts which requires stitching. The footwear assembly 9 is associated with
footwear assembly identification information 14 having a single footwear

manufacturing instruction 7 relating to the required stitching. The footwear
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manufacturing instruction is compared to the plurality of robot manufacturing
instructions offered by the footwear manufacturing robot system. One of the robot
manufacturing instructions 6¢ correspond to the footwear manufacturing instruction,
and that robot manufacturing instruction is then selected as an elected manufacturing

instruction.

[0193] Accordingly, the robot controller (not shown), controlling automated
footwear manufacturing robot 2, automatically executes the elected manufacturing

instruction 8 to operate the robot 2 to partially manufacture the footwear assembly 9.

[0194] Fig. 7 illustrates abstract representations of robot manufacturing instructions
6, footwear manufacturing instructions 7, and elected manufacturing instructions 8

according to an embodiment of the invention.

[0195] The robot manufacturing instructions 6 and the footwear manufacturing
instructions 7 are each illustrated to form an area, representing a mathematical set of
robot manufacturing instructions 6 and a mathematical set of footwear manufacturing

instructions 7, respectively.

[0196] The intersectional area of these two sets form a third area/mathematical set
(instruction set intersection), which represents potential elected manufacturing

instructions 8.

[0197] In some embodiments, when an elected manufacturing instruction is to be
selected, it can thus be selected from the set of manufacturing instructions provided by
the intersection of the mathematical sets of robot manufacturing instructions 6 and

footwear manufacturing instructions 7.

[0198] Note that embodiments of the invention are not limited to selection of an
elected manufacturing instruction according to the abstract representations of

mathematical sets.

[0199] Fig. 8 illustrates an exemplary way of routing a footwear assembly FA though

a footwear manufacturing line FLINE according to an embodiment of the invention.
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[0200] A “footwear assembly” within the context of the present invention is
understood broadly at a gathering of a number of footwear parts at any time during
manufacture of a footwear from the time initial footwear parts has been gathered or
prepared, even before mutual attachment of the gathered footwear parts, e.g. by
stitching until a final footwear has been mounted with a sole and footwear has been
finished and ready for packaging. In other words, when a footwear assembly proceeds
during a manufacturing process, components and features may be accumulated into

the footwear assembly and the footwear assembly be further processed.

[0201] It is noted that the footwear assembly in a preferred embodiment of the
invention is uniquely defined/identified across not only sizes or variants of a footwear

model but also across footwear models.

[0202] In other words, the ID — or in practice the associated identification
representation — may be applied for a combined setting the programs of the respective
footwear manufacturing robot and also an automatic routing of the footwear further

along the manufacturing process of the footwear manufacturing line FLINE.

[0203] A “footwear manufacturing line” is in the present context not only
designating a conventional footwear inline assembly line, but also a branched footwear
assembly line, where the individual footwear assemblies may be routed individually
between different footwear manufacturing robots, including footwear robots
performing the same task across different models. It is also noted that the term
“footwear manufacturing line” broadly designates a technical measure capable of
transporting a specified footwear assembly from one footwear manufacturing robot
location to another footwear manufacturing robot on another location. As long as such
transport is carried out according to the provisions of the invention , transport measures
may include conveyer, mobile carriages, drones, etc, as long as the footwear individual
footwear assemblies are transported to the relevant and necessary footwear
manufacturing robots at their respective locations in the right order. Broadly such

technical measured will be referred to as carriers unless otherwise noted.
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[0204] Tt should generally be understood according to an embodiment of the
invention that the term routing will indicate that the footwear assembly’s
transportation path from the start/input to the final output is not given just by e.g. size
and model. This means in practice that a certain footwear assembly, which according
to its design is going to end up as a footwear of e.g. a certain size and as a certain
model may now be associated with design information, size information, etc so that a
(unique) identification representation stored in a database accessible for the system
controller and thereby facilitating that the system controller can lead the footwear
assemblies to and through the required manufacturing steps (elsewhere referred to as

“instructions”) — but also in the right order.

[0205] In the illustrated footwear manufacturing line FLINE, a footwear assembly
FA is transported under the control of a system controller SCON communicating with
a database DB. In the illustrated embodiment a footwear manufacturing robot (not
shown) is located at a number of footwear manufacturing locations FML, in the present
exemplary embodiment there are three manufacturing locations. Higher numbers of
footwear manufacturing locations may be applied within the scope of the invention

depending on how large capacity the footwear manufacturing line need to have.

[0206] The database contains information, e.g. a number of unique records, each
designating a footwear assembly and essentially designating a final footwear to be
produced. The records should include footwear identification representation
designating each footwear assembly and preferably also a number of attributes

including e.g. model, model characteristics, size, etc.

[0207] The presently illustrated footwear assemble FA is shown as being transported
from a first location FLOC to a second location SLOC via a number of footwear
manufacturing locations FML. In the present embodiment, the number of footwear
manufacturing locations FML is essentially just one for reasons of simplicity, e.g. the
footwear manufacturing location FML between the first location FLOC and the second

location SLOC.
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[0208] The illustrated footwear assembly FA is initially scanned in fig. 8A by a
identity reader IDR reading an identity marking IDM. The identity marking may e.g.
be fixedly attached to a part of the footwear assembly, in particular to the upper of a
footwear assembly. The identity may either be confirmed of established during
scanning and the footwear assembly identity representation is communicated the
communicatively coupled system controller thereby informing the system controller

SCON that a footwear assembly is ready for transport to the first location.

[0209] In fig. 8B, the footwear assembly has now arrived to the first location FLOC
where a footwear manufacturing robot (not shown) is performing a manufacturing step
according to a footwear manufacturing instruction. In the present context, such
instruction could be stitching of footwear parts of a footwear assembly into a footwear
assembly comprising an upper. The stitching task is performed specifically according
to what is required based on the registered identification footwear representation and
what is contained and defined in the database of the system controller and/or the
footwear manufacturing robot FMR (not shown). In other words, the operation
performed at the footwear manufacturing location, the first location FLOC, is
performed and triggered on the basis of the read unique ID by reading the identity

marking.

[0210] Subsequently, again based in the read ID marking, the system controlled
initiated transportation of the footwear assembly FA to another footwear
manufacturing robot FMR is illustrated in fig 8C, where a footwear manufacturing
robot (not shown) is performing a manufacturing step according to a footwear
manufacturing instruction. In the present context, such instruction could be an
automatic lasting of the previously manufactured upper onto a last. In fig. 8C, the ID
marking attached to the footwear assembly is not read, but the system controller
determines the unique identity e.g. by deducing the location of the footwear assembly
by knowing the transport time from the last know location of fig. 8B. Numerous
different methods of correlating the correct identity of the footwear assembly FA may
be applied within the scope of the invention as long as the exact identity of the footwear

assembly cannot be mistaken.
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[0211] The known identity of the footwear assembly at the footwear manufacturing
location FML of fig. 8C is then applied as an automatic measure for transporting the
footwear assembly to the second location SLOC, the footwear manufacturing location

FML.

[0212] In fig. 8D, at the second location SLOC, the identity is then determined by
reading an identity marking associated but not fixedly attached to the footwear
assembly. The identity marking may e.g. be carried by the last and actually be a unique
ID, uniquely identifying the last to the system controller and paired to the identity of
the footwear assembly in fig. 8D, thereby facilitating a unique identification of the
footwear assembly, again without directly at the spot, reading the identity marking

attached to the footwear assembly FA.

[0213] The point of the above explanation is to illustrate that the identity of a
footwear assembly may be monitored in many different ways throughout the footwear
manufacturing process directly at the different manufacturing locations, but also that
is possible, and sometimes even advantageous, to establish the identification
representation of the footwear assembly by supplementary methods as long as the
system controller can unambiguously control the transport of the footwear assembly
between the footwear manufacturing locations FML and at the same time ensure the

proper manufacturing steps are made at the footwear manufacturing locations.

[0214] It should be noted in relation to fig. 8A-D and also the below figures 9 to 11,
there the identity representation of the individual footwear assemblies are monitored
directly or indirectly throughout the manufacturing line, thereby availing the system
controller to invoke a switching of the configuration of a footwear manufacturing
robot, i.e. switching between variants of a process step (e.g. stitching or polishing)
before a footwear assembly arrives to a footwear manufacturing robot, thereby

minimizing idle time of the footwear manufacturing robot and footwear assembly.

[0215] Moreover, it should be noted that the system controller is furthermore able to
route footwear assemblies to both optimize the use of all available footwear

manufacturing robots, but also minimize the automatic switching between variants of
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footwear manufacturing instruction(s) at the respective footwear manufacturing

robots.
[0216] Fig. 9 illustrates a further embodiment of the invention.

[0217] The illustrated embodiment shows a footwear manufacturing line FLINE
having a transportation path TP which is branched into two branches of transportations
paths, B1 and B2 and then, each again into three further transportation paths B1A,
B1B, B1C and B2A, B2B, B2C, respectively.

[0218] A system controller (not shown) is configured for routing a plurality of
footwear assemblies FA on footwear carriers FAC. Although many carriers (and
respective footwear assemblies) may be deployed, only one is shown in the present
illustration in order to illustrated the functionality easier. It should be noted that the
identity of each footwear assembly FA must be monitored throughout the illustrated
system, e.g. as illustrated in fig. 8 A-8D, when routed through the transportation path
under control by the system controller. It should also be noted that the illustrated
system may only illustrate a part of a footwear manufacturing line FLINE. The system
may be expanded to include the desired/required footwear manufacturing robots FMR
provided that the system controller can monitor and control the routing between the
footwear manufacturing robots FMR at their footwear manufacturing locations FML
and that the required processing steps of each footwear model to be produced is

available via a configurable transportation path.

[0219] The illustrated branching may thus bring the footwear assembly carrier FAC
from a footwear manufacturing line input FLINI to two footwear manufacturing line

outputs FLINO under the control of the system controller.
[0220] The system controller may thus control both:

[0221] Which footwear manufacturing robots FMR (the one(s) on one of the
transport paths B1A, B1B, B1C, B2A, B2B, B2C, and
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[0222] The setting of the specific footwear manufacturing instruction at the selected
footwear manufacturing robots FMR needed to obtain the desired processing of the

specific footwear assembly.

[0223] The setting may be controlled directly by central control by the system
controller of the footwear manufacturing robot in question when the footwear

assembly arrives and are ready for processing.

[0224] The setting may also be controlled by the central control by the system
controller of the footwear manufacturing robot in question by locally
storage/programming of the different possible variants of the footwear manufacturing
instruction at the footwear manufacturing robots and then letting the routing combined
with the established identity of the footwear assembly at the “routed-to” footwear

manufacturing robots determine which variant of an instruction is to be executed.

[0225] Fig. 10 illustrates a further advantageous embodiment of the invention,
showing a footwear manufacturing line FLINE comprising a number of footwear
manufacturing robots FMR at respective footwear manufacturing locations FML. The
footwear manufacturing line includes a number of branched transportation paths TP
and footwear assemblies carriers FAC may carry footwear assemblies FA along the
transportation paths and the routing may, as in the above embodiment, be controlled

by a system controller (not shown).

[0226] Again, the illustrated footwear manufacturing robots, as in the above
illustrated embodiments, may be configured automatically upon or just before arrival
of the footwear assembly to the footwear manufacturing robots, again facilitating a
combined routing and dynamic re-configuration of the footwear manufacturing robots
FMR, thereby making it possible to produce different models of a footwear on one
manufacturing line at the same time, and dynamically even switch between
manufacturing of one model solely and then another model solely, and in between
produce both models at the same time. The routing and the dynamic possibility of

reconfiguring the footwear manufacturing robots makes it possible to have an
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extremely high load on the manufacturing line and also to ensure that manufacturing

robots are kept busy, dynamically.

[0227] The branching/routing controlled by the system controller further allows the
system controller to bypass a footwear manufacturing robot requirement maintenance

and adapt the manufacturing to the intended production.

[0228] A further feature of the present invention is the transportation path by design
includes at bypass path BPP (formed by a part of the transportation path TP) by means
of which a footwear assembly may be sent to bypass the shown footwear
manufacturing robots if they are busy or not configured the planned process step (e.g.
a trimming instruction) or an intended variant of the trimming instruction. The
footwear assembly may then be transported, under control by the system controller to
further footwear manufacturing robots down the line (not shown) fit for the purpose as

is or when reconfigured.

[0229] Tt is furthermore possible to return a non-processed footwear assembly back
in the system by a return transportation path RTP and even form a que FQ until it is
routed back to the now available footwear manufacturing robots. The point is that the
bypass path BPP makes it possible to route past busy footwear manufacturing robots
and back into the system via the return transportation path RTP, and in a possible que,

without making obstacles and blocking the manufacturing line.

[0230] Furthermore the illustrated manufacturing line is designed with a breakout
transportation path to footwear manufacturing locations FML operated manually by
workers FMW . Such an operation would still be supervised by the system controller
and the individual footwear assemblies FA may be individually routed this breakout

line, e.g. for quality inspection, manual operations, etc.

[0231] It should also be noted that the manufacturing line may be separated in
different groups, each group carrying our different stages of the manufacturing.
Different types of transportation may also be applied to transfer footwear assemblies

between such footwear manufacturing stages.
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[0232] An interesting and attractive feature of the footwear manufacturing line of
e.g. fig. 9, 10 and 11 is that a footwear assembly (carried by a carrier) may overtake

other footwear assemblies (carried by other carriers).

[0233] In other words, specified footwear assemblies, footwear models, etc may be

given priority in the manufacturing line within the scope of the invention.

[0234] A further interesting and attractive feature of the footwear manufacturing line
of e.g. fig. 9, 10 and 11 is that a footwear assemblies may be monitored dynamically
to adjust the routing throughout the complete manufacturing line if so desired.
Footwear assembly “traffic jam” may thus be dealt with by re-routing footwear
assemblies to other available footwear manufacturing robots capable of performing the

required process step(s).
[0235] Fig. 11 illustrates such a division of the manufacturing line into stages.

[0236] The exemplary illustrated footwear manufacturing line FLINE comprises
three footwear manufacturing stages FMSA, FMSB and FMSC. The three footwear
manufacturing stages FMSA, FMSB and FMSC respectively includes footwear
manufacturing robots FMRA, FMRB and FMRC.

[0237] The system controller is communicatively coupled with the footwear
manufacturing robots FMRA, FMRB and FMRC and is also communicatively coupled
for control of footwear assembly carriers FAC moving footwear assemblies from one
footwear manufacturing robot to another in order to establish and provide the process
steps defined by the respective series of footwear manufacturing instructions of each
respective footwear assembly FA. Only a few of the relatively hight amount of
footwear assembly carries (each carrying respective footwear assemblies) are shown

for reasons of simplicity.

[0238] The first footwear manufacturing stage FMSA may e.g. include the process
steps stacking, stitching and lasting, i.e. providing a stacking footwear manufacturing
instruction, a stitching footwear manufacturing instruction for providing an upper and

a lasting a footwear manufacturing instruction. The first footwear manufacturing stage
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also includes a footwear manufacturing location FML configured for a manual process
step, e.g. quality control and it is also monitored by the system controller SCON.
Groups or individual footwear assemblies may be carried by footwear assembly
carriers from the first footwear manufacturing stage FMSA to the second footwear

manufacturing stage FMSB.

[0239] The second footwear manufacturing stage FMSB may be fed with lasted
uppers under control by the system controller SCON. The first process step may be
performed by preparing molds for injection molding onto the uppers and the second

process step may e.g. include the injection molding of a sole onto the upper as such.

[0240] Groups or individual footwear assemblies may be carried by footwear
assembly carriers from the second footwear manufacturing stage FMSB to the second

footwear manufacturing stage FMSC.

[0241] The third footwear manufacturing stage FMSC may be configured for
different process steps required for finalizing the footwear, such steps includes

removal of molds, trimming of the sole, polishing of the uppers, lacing, de-lasting, etc.

[0242] In real life the illustrated footwear manufacturing stages FMSA, FMSB and
FMSC may include different series of process step/footwear manufacturing
instructions. The overall intention of the illustrated footwear manufacturing stages is
to make it clear to the skilled person that different process steps may be grouped in

different stages.

[0243] As mentioned elsewhere in the present application, the transportation
between footwear manufacturing robots and footwear manufacturing locations and
footwear manufacturing stages may be carried out in several different ways within the

scope of the invention.

[0244] As long as such transport is carried out according to the provisions of the
invention , transport measures may include conveyer, mobile carriages, drones, etc, as
long as the footwear individual footwear assemblies are transported to the relevant and

necessary footwear manufacturing robots at their respective locations in the right



10

15

20

25

DK 181400 B1

48

order. Broadly such technical measured will be referred to as carriers unless otherwise
noted. It is also noted that a footwear manufacturing line within the scope of the
invention may include different types of transportation and combinations of different

types of transportation.

[0245] In the illustrated three footwear manufacturing stages FMSA, FMSB and
FMSC, FMSA and FMSC may e.g. be implemented by electromagnetically driven

carriages and the carriers in FMSB may e.g. be implemented by a walking beam.

[0246] A technical way of implementing the embodiments or parts of the
embodiments of fig. 8A-D to fig. 11 may be e.g. be described in WO2015042409A1.

[0247] WO2015042409A1 thus discloses a mechanical structure of a transportation
path which may be applied to implement the transportation between footwear

manufacturing locations within the scope of the invention.

[0248] EP3501880, “Linear drive system having central, distributed and group
control,” discloses an example a linear drive system which may be controlled and
applied according to the provision of the present invention. In this document, carriers
are referred to as movers. It is also noted that this document refers to segment
controllers mutually communicating with a central controller. In the present context,
such controllers would broadly be designated as the system controller, thus implying

the system controller of the present invention may be distributed.

[0249] EP1907257, “Guideway activated magnetic switching of vehicles”, illustrates
technical measured for obtaining a switching between different branches, an example

of routing within the scope of the present invention.

[0250] EP1277186, “Passive position-sensing and communications for vehicles on
a pathway”, illustrates one way of sensing the position of the carriers on a

transportation patch which may be applied within the scope of the invention.

[0251] Footwear manufacturing robots as referred to in relation to fig. 1 to 4 may be
regarded as a robots configured for performed a certain process step. A process step 1s

also in the present application referred to as a footwear manufacturing instruction.
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[0252] Different types of types of robots which may be applied in a system within
the scope of the invention are described below. Preferably these robots, the footwear
manufacturing robots, should be implemented to perform different variants of a
footwear manufacturing instruction for the purpose of covering the same process step
for different models with the same footwear manufacturing robot, and preferably a
shifting between such different variants of a footwear manufacturing instruction
should be carried out dynamically, dynamically based on what model is routed to the

footwear manufacturing robot.

[0253] An example of a of a footwear manufacturing robot which may be adapted
for work within the scope of the invention is described WO 2020/173532 A2
(published 03.09.2020) and titled “Method of manufacturing a footwear”. The
document relates to a method whereby a leather base layer and a leather attachment
layer are provided, whereby the leather base layer and the leather attachment layer are
fixed against each other with an intermediate application of adhesive between them
and integrated as part of a footwear. Steps of the manufacturing may be automated,
e.g. in an automated manufacturing robot line, using an automatic stacking
arrangement, an automatic adhesive arrangement and an automatic curing

arrangement.

[0254] It is noted that an automatic arrangement in the context of the cited
international application is e.g. referring to a unit or a number of automatically
operated units working automatically at least between an input and an output of the
arrangement. The transfer to the input(s) and from the output(s) may thus be

implemented as manual, semi-automatic or automatic processes.

[0255] An further example of a of a footwear manufacturing robot which may be
adapted for work within the scope of the invention is described International patent
application no. PCT/DK2020/050386 titled “Automatic stitching of footwear parts”
(filed 18.12.2020, priority date 20.12.19). The document discloses that in connection
with manufacturing of footwear, e.g. footwear being assembled of at least two
footwear parts, an identifier may be provided for identifying a fixture, a base layer or

at least one of the footwear parts. Hereby, the identity of an actual piece of footwear
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being made may be identified along a manufacturing line by use of a control system

and the control system may perform the appropriate next step in the manufacturing.

[0256] Hence, the identity of the actual piece of footwear being manufactured may
be known, e.g. whether it is the fixture, the base layer or at least one of the footwear
parts that are proceeding along the manufacturing line that is identified. Thus, when
proceeding along the manufacturing line and through the processing steps, the control
system may read the identity and perform the correct next step to be performed. Thus,
it may for example be possible that the control system, when identifying the actual
fixture, the actual base layer and/or an actual footwear part, may know that it is left
hand shoe being made in size 39 with a specific colour and that the next step is addition
of a facing. The control system may thus retrieve such a shoe part and place it in the
correct position, where after the fixture may be conveyed further on for fixation of the
facing and subsequent automated stitching of the facing to the assembly. Hence, it will
be understood that due to the identifier, the actual footwear being made may be
understood as effectively controlling the manufacturing and processing steps, e.g.
being the actual controller itself, in that the specific steps being performed will depend
on the actual identity of the footwear being manufactured. The identifiers used may be

RFID devices or similar electronic devices.

[0257] An further example of a of a footwear manufacturing robot which may be
adapted for work within the scope of the invention is described in International patent
application no. PCT/DK2020/050245 titled “Automated footwear manufacturing line
and method of operating such manufacturing line” (filed 03.09.2020, priority date
26.02.20)). The document relates to a method of manufacturing at least a part of a
footwear in an automatic manufacturing line, e.g. including at least one automated
further step of automatically stacking, automatically activating or curing a further
leather attachment layer onto a leather base layer and a leather attachment layer already

bonded to each other.

[0258] The automatic manufacturing line according to the cited international
application is applied for the purpose of implementing a plurality of manufacturing

sequences, each manufacturing sequence including the process of assembling footwear
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parts into a final footwear item or at least an intermediate footwear product including
at least a part of a footwear upper preferably including at least a vamp and/or a quarter

attached with at least a further footwear upper part.

[0259] It is noted that the automatic manufacturing line includes at least one
processing unit and a communication network controlling the operation of an
automated stacking arrangement, e.g. a pick and place device in the form of a robot,
the operation of activating the applied adhesive and automatically forcing the layers
together during at least a part of the curing phase. Moreover, it may be set up as an
automatic process that is adapted to automatically ensure that optionally required
cooling, passively or actively provided, is controlled to ensure that the relevant layers
are mutually attached and cured enough to safely pass them on into a next step/station
of the manufacturing process. This next step may e.g. be automatic or manual stitching
of the bonded footwear parts into a 3D upper, a subsequent automatic cementing or
DIP process for the purpose of gathering/attaching the footwear upper to a sole, a
subsequent cutting of superfluous sole material, automatic polishing of the footwear,

etc.

[0260] In the cited International patent application it is noted that a robot may for
example be a robot arm, an articulated robot, a SCARA robot, a delta robot and a
cartesian coordinate robot, but that the robots are not restricted to a particular type, and
that a skilled person may select any type of robot for a given part of a production line
that skilled person finds suitable. As disclosed, a robot may for example be
programmed to repetitively carry out specific actions over and over with a high degree
of accuracy, for example relying on exact placement of footwear parts. A robot may
also rely on e.g. a visual detection system VDS to locate footwear parts and perform a
required operation. A robot may for example be a six-axis robot arm, which allows the
robot tool to be moved at any angle to any location within the limitations of the robot

arm.

[0261] The disclosed robot arm may be attached to a robot gripperl, which allows it
to pick up and place items such as footwear parts, such as leather base layers and

leather attachment layers. Such a robot tool may for example be a part of a pick-and-
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place device or an automatic stacking arrangement. Another robot tool may be a robot
stitching tool, for example be used to stitch footwear parts together, for example 2D
footwear parts or 3D footwear parts, for example as a supplement to adhesive. Another
robot tool may be a robot adhesive appliance tool, which may be used to apply
adhesive. Another robot tool may be a robot vacuum gripper, which may be used to
pick up and place items such as footwear parts. In other embodiments, a robot tool
may for example be used to force the leather base layer and the leather attachment
layer against each other under a pressure, to activate the adhesive, to cool or cure the

adhesive etc.

[0262] An further example of a of a footwear manufacturing robot which may be
adapted for work within the scope of the invention is described Danish patent
application no. DK PA 2020 70841 titled “A mould device for direct injection
moulding of footwear, a system comprising such a mould device and a direct injection
moulding system” (filed 16.12.2020). The document relates to direct injection
moulding system for manufacturing of footwear, which system is configured for
conveying at least one mould device from one station to a subsequent station out of a
plurality of stations and wherein direct injection moulding manufacturing of footwear
may be enabled in an automated manner, e.g. by one or more of the stations comprising
equipment to provide the required handling of the mould device, injection of injection

material, etc.

[0263] The mould device may comprise an identifier, e.g. an RFID device, which
identifier is associated with one or more parts of the mould device. Thereby, it may be
achieved that the mould device, which may be moved, transported conveyed, stored,
etc, for example when it is containing a moulded footwear part that for example is
within a curing process, may be identified, tracked, etc, by use of said identifier.
Furthermore, it is noted that said identifier may furthermore serve for facilitating
retrieval of data relating to a possible moulded footwear part that may be contained
within the mould device. Even further, it is noted that the mould device may comprise
more than one identifier, e.g. one for the side mould(s), one for the bottom mould, etc.

and that a last may also comprise an identifier, such that these parts may be identified



DK 181400 B1
53

on their own, e.g. in case that they are being transported, processed, prepared, etc. in
separate flows and combined for a moulding process at a later stage. Also, it is noted
that an identifier may comprise e.g. circuit(s) relevant for information related to the

mould device.
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[0264] List of reference signs:
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S1-S3

FMRS
AFMR
RCON
RIDB
SCON
RMI
FMI
EMI
FA

ID
FLINE
FAC

Footwear manufacturing robot system
Automated footwear manufacturing robot
Robot controller

Robot instructions database

System controller

Robot manufacturing instruction
Footwear manufacturing instruction
Elected manufacturing instruction
Footwear assembly

RFID

Local controller database

Footwear instructions database

RFID reader

Footwear assembly identification information

Footwear assembly ID

Method steps

Footwear manufacturing robot system
Automated footwear manufacturing robot
Robot controller

Robot instructions database

System controller

Robot manufacturing instruction
Footwear manufacturing instruction
Elected manufacturing instruction
Footwear assembly

RFID/NFS

Footwear manufacturing line

Footwear assembly carrier
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Footwear manufacturing location
First location

Second location

Identity marking

Carrier identity marking
Identity reader

Footwear manufacturing robot

Footwear manufacturing line return path

Footwear assembly attribute

Footwear assembly model

First process step
Second process step

Transportation paths

DK 181400 B1



10

15

20

25

DK 181400 B1

56

Patentkrav
1. Fodtejsfremstillingsrobotsystem (1) omfattende:
en automatisk fodtejsfremstillingsrobot (2);

en robotstyreenhed (3), der er konfigureret til at styre den automatiske

fodtejsfremstillingsrobot;

en robotinstruksdatabase (4), der omfatter et antal robotfremstillingsinstrukser

(6a, 6b, ...); og

en systemstyreenhed (5), der er kommunikativt koblet til robotinstruksdatabasen

(4) og robotstyreenheden (3);

hvor den automatiske fodtejsfremstillingsrobot (2) er konfigureret til at fremstille
forskellige fodtejskomponenter (9) 1 det mindste delvist, hvor der er tilknyttet
fodtejskomponentidentifikationsoplysninger  til  hver af de  forskellige

fodtejskomponenter,

hvor systemstyreenheden (5) er konfigureret til at udvaelge en valgt
fremstillingsinstruks (8) blandt flerheden af robotfremstillingsinstrukser (6a, 6b, ...)

baseret pa fodtejskomponentidentifikationsoplysningerne (14),

hvor robotstyreenheden (3) er konfigureret til automatisk at udfere den valgte
fremstillingsinstruks (8) om at anvende den automatiske fodtejsfremstillingsrobot (2),
kendetegnet ved, at systemstyreenheden (5) er konfigureret til at udvelge den valgte
fremstillingsinstruks (8) blandt flerheden af robotfremstillingsinstrukser baseret pa
fodtejskomponentidentifikationsoplysningerne (14) for en malfodtejskomponent (9)

blandt de forskellige fodtejskomponenter (9).

2. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af de foregaende
krav,  hvor  fodtegjsfremstillingsrobotsystemet  yderligere = omfatter  en
fodtejsfremstillingslinje (FLINE) til transport af de forskellige fodtejskomponenter

mellem et antal fremstillingslokationer (FML), hvor den automatiske
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fodtejsfremstillingsrobot (2) befinder sig pa en robotfremstillingslokation (FML)
blandt flerheden af fremstillingslokationer, hvor systemstyreenheden (5) yderligere er
konfigureret til at sende malfodtejskomponenten til robotfremstillingslokationer for at

etablere en malkomponentvej efter udvalgelse af den valgte fremstillingsinstruks (8).

3. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af de foregaende
krav, hvor fodtejskomponentidentifikationsoplysningerne (14) er tilknyttet en reekke

fodtejsfremstillingsinstrukser (7) for malfodtejskomponenten.

4. Fodtejsfremstillingsrobotsystem (1) ifelge krav 3, hvor systemstyreenheden (5) er
konfigureret til at sammenligne flerheden af robotfremstillingsinstrukser (6) med
rekken af fodtejsfremstillingsinstrukser (7) for at udvealge den valgte

fremstillingsinstruks.

5. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af de foregaende
krav, hvor de forskellige fodtejskomponenter (9) er tilknyttet en fodtejsegenskab, hvor
de forskellige fodtegjskomponenter (9) har 1 det mindst to unikke karakteristika for
fodtejsegenskaben, hvor flerheden af robotfremstillingsinstrukser (6) omfatter unikke
robotfremstillingsinstrukser (6) for de 1 det mindste to unikke karakteristika for

fodtejsegenskaben.

6. Fodtejsfremstillingsrobotsystem ifelge krav 5, hvor fodtejsegenskaben er

modeldesign.

7. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af krav 3 til 6, hvor
systemstyreenheden (5) er konfigureret til at udveelge malfodtejskomponenten (9)
blandt de forskellige fodtegjskomponenter (9) ved at sammenligne flerheden af

robotfremstillingsinstrukser (6) med raekken af fodtejsfremstillingsinstrukser (7).

8. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af de foregaende
krav, hvor flerheden af robotfremstillingsinstrukser (6) er tilknyttet i det mindste to

forskellige robotvarktejer,

hvor den valgte fremstillingsinstruks (8) er en forste valgt fremstillingsinstruks, hvor

systemstyreenheden (5) yderligere er konfigureret til at udvealge en anden valgt
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fremstillingsinstruks blandt flerheden af robotfremstillingsinstrukser (6), hvor
robotstyreenheden (3) yderligere er konfigureret til at udfere den anden valgte
fremstillingsinstruks om at anvende den automatiske fodtejsfremstillingsrobot (2),
hvor den forste valgte fremstillingsinstruks og den anden valgte fremstillingsinstruks

er forskellige,

hvor den forste valgte fremstillingsinstruks er tilknyttet et forste robotverktej blandt i
det mindste to forskellige robotvarktejer, hvor den anden valgte fremstillingsinstruks

er tilknyttet et andet robotverktej blandt i det mindste to forskellige robotvearktejer.

9. Fodtejsfremstillingsrobotsystem (1) ifelge et hvilket som helst af de foregaende

krav, hvor fodtejsfremstillingsrobotsystemet omfatter:
en automatisk hjelpefodtejsfremstillingsrobot (2);

en hjelperobotstyreenhed (3), der er konfigureret til at styre den automatiske

hjlpefodtejsfremstillingsrobot; og
hvor systemstyreenheden (5) er kommunikativt koblet til hjeelperobotstyreenheden,

hvor flerheden af robotfremstillingsinstrukser (6) omfatter en forste delmangde af

robotfremstillingsinstrukser og en anden delmengde af robotfremstillingsinstrukser,

hvor den forste delmeangde af robotfremstillingsinstrukser er til robotstyreenheden (3)
og den anden  delmangde af  robotfremstillingsinstrukser er  til

hjelperobotstyreenheden,

hvor den automatiske hjelpefodtejsfremstillingsrobot er konfigureret til at samle

forskellige fodtejskomponenter (9) 1 det mindste delvist,

hvor systemstyreenheden (5) yderligere er konfigureret til at udvalge en valgt
hjelpefremstillingsinstruks (8) fra den anden delmaengde af

robotfremstillingsinstrukser (6),
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hvor hjaelperobotstyreenheden (3) er konfigureret til automatisk at udfere den valgte
hjelpefremstillingsinstruks  (8) om  at  anvende den  automatiske

hjeelpefodtejsfremstillingsrobot.
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