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SYSTEM AND METHOD FOR USING AN INTERNET OF THINGS NETWORK
FOR MANAGING FACTORY PRODUCTION

TECHNOLOGICAL FIELD
[0001] The present disclosure relates generally to the Internet of Things and, in
particular, to an Internet of Things network for efficiently managing a production line in a
factory environment.

BACKGROUND

[0002] Manufacturing plants for large scale apparatuses, such as aircraft, are
composed of multiple production lines and each line may involve the mating of hundreds
of thousands of parts. Various systems and methods currently exist for managing
production lines and the plurality of zones therein. In one example, a technician who is
tasked with mating parts in a particular zone may have to complete a number of time-
intensive steps both before and after actually mating the parts to complete the task. The
process may begin with the technician receiving security clearance for work in the
particular zone, followed by the technician downloading from a workstation instructions
for mating the parts at hand. In some instances, the technician has to mentally synthesize
the instructions and then walk over to the point on the production line for actually mating
the parts, which increases the likelihood of human error and wastes time in the technician
walking back and forth between the point of assembly and the location of the
corresponding instructions and drawings. Additionally, if there is an issue with the
mating process which the technician is unable to resolve, the technician has to call over
an engineer with a higher level of expertise, which consumes additional time. After the
parts are mated, the technician has to return to the workstation to confirm the successful
mating of the parts and perform preconfigured quality assessments thereon.
[0003] Given the fast pace of production environments, and the need for maximizing
both efficiency and accuracy, it may be desirable to have a system and method that more

efficiently and accurately manage a production line.

BRIEF SUMMARY
[0004] In view of the foregoing background, example implementations of the present
disclosure provide a system, method, and computer-readable storage medium for
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managing assembly of a multi-part product in a production environment.

In one example, a system for managing assembly of a multi-part product in a
production environment includes at least one wearable sensor disposed on or about a user's
body; at least one point of assembly sensor disposed in at least one predetermined location
within the production environment; at least one part sensor disposed on at least one of the
parts of the product; a device; and at least one computer. The at least one wearable sensor, the
at least one point of assembly sensor, the at least one part sensor, the device, and the at least
one computer are connected via a network. The at least one computer includes at least one
central processing unit (CPU) and at least one memory having computer readable program
code portions stored therein that when executed by the at least one processing unit, cause the
computer to at least: authenticate the user's location within the production environment based
on data from the wearable sensor and product assembly information; authenticate where the
product is assembled based on data from the point of assembly sensor; authenticate whether
the product is properly assembled based on data from the part sensor and the product
assembly information; and transmit instructional data regarding assembly of the product to
the device when the user's location is authenticated by the at least one computer.

In another example, a method for managing assembly of a multi-part product in a
production environment includes a computer authenticating a user's location within the
production environment based on data from at least one wearable sensor disposed on or about
the user's body. The computer authenticates where the product is assembled based on data
from at least one point of assembly sensor disposed in at least one predetermined location
within the production environment. The computer also authenticates proper assembly of the
product based on data from at least one part sensor disposed on at least one of the parts of the
product. The computer further transmits instructional images pertaining to assembly of the
product to a wearable device having a hands-free display when the user's location is
authenticated by the computer. The instructional images are prohibited from being displayed
on the device when the user's location is not authenticated by the computer. The wearable
sensor, the at least one point of assembly sensor, the at least one part sensor, the computer,
and the device are connected via a network.

In another example, there is provided a computer-readable storage medium for
managing assembly of a multi-part product in a production environment. The computer-
readable storage medium is non-transitory and has computer readable program code portions
stored therein that, in response to execution by one or more central processing units (CPUs)

and or more additional CPUs, cause a computer system to at least authenticate
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a user's location within a production environment based on data from at least one wearable
sensor disposed on or about the user's body, wherein the at least one wearable sensor
comprises a hands-free display; transmit, to a wearable device for display thereon,
instructional images pertaining to instructions for assembly of the product when the user's
location is authenticated; authenticate a location within the production environment where the
product is assembled based on data from at least one point of assembly sensor disposed in at
least one predetermined location within the production environment; and authenticate proper
assembly of the product based on data from at least one part sensor disposed on at least one
of the parts of the product. The computer system, the at least one wearable sensor, the
wearable device, the at least one point of assembly sensor, the at least one part sensor are
connected via a network.

In this regard, example implementations may include a point of use wearable device
that provides a hands-free display to a user who assembles the product within the production
environment, at least one wearable sensor disposed on or about the user’s body, at least one
point of assembly sensor disposed in least one predetermined location within the production
environment, and at least one part sensor disposed on at least one of the parts of the product.
The system further includes at least one computer having at least one central processing unit
(CPU) and at least one memory, the memory including product assembly information such as
instructional images pertaining to assembly of the product, information regarding where the
product should be assembled in the production environment, information regarding
verification of whether the product has been properly assembled, and product assembly
records. The point of use wearable device, wearable sensor, point of assembly sensor, part
sensor, and computer are connected via a network such as of the Internet, a wireless local area
network, and Ethernet network, or an intranet.

[0005] In some examples, the computer authenticates the user’s location within the
production environment based on data from the wearable sensor and the product assembly
information, and the computer transmits the instructional images to the point of use wearable
device. The user is able to view the instructional images in the point of use wearable device
while assembling the product. The computer also authenticates where the product is
assembled based on data from the point of assembly sensor and authenticates whether the
product is properly assembled based on data from the part sensor and the product assembly

information.
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[0006] In some examples, a 3D printer is connected to the network for making part or a
prototype of a part for the product. The wearable sensor may be disposed on the user’s
clothing or is a part of the point of use wearable device. The instructional images may
include technical drawings, three dimensional drawings, photographs, videos, and text. The
point of use wearable device may be glasses or a headset. Additionally, the point of use

wearable device may include a camera for recording photographs and video of assembly of

the product.
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[0007] The features, functions and advantages discussed herein may be achieved
independently in various example implementations or may be combined in yet other
example implementations, further details of which may be seen with reference to the

following description and drawings.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0008] Having thus described example implementations of the disclosure in general
terms, reference will now be made to the accompanying drawings, which are not
necessarily drawn to scale, and wherein:
[0009] FIG. 1 illustrates a system comprised of an loT network for managing a
production line in a factory environment in accordance with an example implementation
of the present disclosure;
[0010] FIG. 2 is flowchart including various steps in a method of using the IoT
network in a factory environment accordance with an example implementation of the
present disclosure;
[0011] FIG. 3 is a flowchart including various steps in a method of using the [oT
network in a factory environment in accordance with an example implementation of the
present disclosure;
[0012] FIG. 4 is a method for processing system sensor data in accordance with an
example implementation of the present disclosure;
[0013] FIG. 5 is a block diagram of aircraft production and service methodology; and

[0014] FIG. 6 is a schematic illustration of an aircraft.

DETAILED DESCRIPTION
[0015] Some implementations of the present disclosure will now be described more
fully hereinafter with reference to the accompanying drawings, in which some, but not all
implementations of the disclosure are shown. Indeed, various implementations of the
disclosure may be embodied in many different forms and should not be construed as
limited to the implementations set forth herein; rather, these example implementations are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the disclosure to those skilled in the art. For example, unless otherwise
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indicated, reference something as being a first, second or the like should not be construed
to imply a particular order. Also, something may be described as being above something
else (unless otherwise indicated) may instead be below, and vice versa; and similarly,
something described as being to the left of something else may instead be to the right,
and vice versa. Like reference numerals refer to like elements throughout.

[0016] Example implementations of the present disclosure relate generally to use of
an Internet of Things (IoT) network for more efficiently and accurately managing a
production line including the design, build, and testing phases therein. The Internet of
Things (IoT) is the interconnection of uniquely identifiable computing devices within the
existing Internet infrastructure. Such computing devices may be in the form of sensors
and actuators, for example, which are linked through wired and wireless networks via the
Internet. Example implementations of the present disclosure will be primarily described
in conjunction with aerospace applications. It should be understood, however, that
example implementations may be utilized in conjunction with a variety of other
applications, both in the aerospace industry and outside of the aerospace industry.

[0017] Referring now to FIG. 1, a system 100 for using the IoT network 120 to
integrate work pieces on a factory floor is illustrated according to example
implementations of the present disclosure. For example, the system 100 may comprise
one or more backend computing devices 102 (also referred to herein as a backend system
102), including a processor and memory for storing a number of databases, as explained
in more detail below. Such databases may include information such as technical
drawings, three dimensional drawings, photographs, videos, and text-based instructions
for mating system and susbsystem parts 110 of an aircraft at different points on a
production line.

[0018] A technician on the factory line may be equipped with a known point of use
wearable device 104, such as Google® glasses or Golden-i® wearable headsets. Such
wearable devices 104 enable the technician, for example, to download from backend
system102 and view on the display screen of the wearable device 104 drawings and
instructions pertaining to the technician’s mating task. The wearable device 104 may be
operated by voice commands and head movements, and may include a video camera and

a customizable interface. The technician on the factory line may be further equipped with
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one or more integrated circuit sensors 108 that may be disposed on the uniform or
clothing of the technician for detecting his or her location and position. In some
examples, the technician’s wearable sensor 108 may be integrated with the point of use
wearable device 104. Similarly, integrated circuit sensors 112 may be disposed
throughout the factory, such as in particular zones and in specific locations within such
zones, which are referred to herein as point of assembly sensors 112. For example,
within a particular zone, point of assembly sensors 112 may be dispersed at various
locations on the factory floor and on the aircraft itself. In addition to transmitting data
regarding the location of product assembly, point of assembly sensors 112 may transmit
data regarding the status of the environment at the point of assembly. Sensors 110 may
be further disposed on the plethora of parts that must be mated at particular points on the
factory line. Sensors 104, 108, 110, and 112 are collectively referred to herein as “system
sensors.”

[0019] In an example implementation of the present disclosure, the foregoing
components of the system 100, including the backend system 102, wearable device 104,
wearable sensors 108, and parts sensors 110, and point of assembly sensors 112, are
interconnected within a global computer network, thereby forming the IoT network 120.
System 100 may also include a 3-D printer 114, also forming part of the IoT network 120.
It should be understood that, in example implementations of the present disclosure,
communication within the IoT network may be configured as the Internet, a wireless
local area network, an Ethernet network, and/or an intranet.

[0020] FIG. 2 illustrates a method 200 of using the system 100 according to example
implementations of the present disclosure. As shown at block 202, the method may
include the step of the technician entering into a predefined zone on the factory floor
within which the technician has been assigned to perform a particular task or series of
tasks. The predefined zone may be a secure or restricted area. The predefined zone
parameters may be stored in the backend system 102 of the IoT network 120.

[0021] As shown in block 204, when the technician enters an assigned zone on the
factory floor, the technician’s wearable sensors 108 are activated and establish
communication with the backend computing device 102 to validate the technician’s

presence within the zone, the timing of the technician’s presence within the zone based
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on the a master production schedule, the technician’s access to the network, and the
technician’s level of access to certain data within the network. For example, if the
technician’s location is not authenticated by computing device 102, data may be
prohibited or instructional images may be prevented from being transmitted to or
displayed by wearable device 104. As shown in blocks 206 and 208, once the technician
receives location and network validation, he or she may receive images (e.g., text
instructions, three dimensional drawings, photographs, and videos) via the display screen
of the wearable device 104 that pertain to the designated task, such as the mating of
multiple aircraft parts. Once the technician has reviewed the instructions and images, he
or she may authenticate his or her understanding of the task to be performed and the
corresponding instructions, as shown in block 210. If no such authentication is provided,
the technician may request assistance from a higher level engineer and/or may request
replacement or supplemental instructions, as shown in block 212. On the other hand, if
the technician authenticates the instructions and images for the task at hand (block 210),
the technician validates the task (block 214), and commences performance of the task
(block 216), such as by mating the specified parts. The technician’s hands are free to
perform the task, and he or she is able to move about the zone as needed, all while
viewing the task instructions and images on the wearable device 104.

[0022] Upon completion of the designated task, the technician may close out the task,
as shown in block 218, to commence the quality assurance analysis, as referenced in
block 220. A supervisor or engineer, for example, may access the task instructions and
images from the backend system 102 (block 222), and compare them to the mated parts.
The data on the mated parts may originate from parts sensors 110 and point of assembly
sensors 112. The supervisor may also verify the environmental parameters in which the
parts were mated based on data from the point of assembly sensors 112. Additionally, the
technician’s wearable device 104 may have uploaded photographs and/or video of the
mated parts to the backend system 102 which can be accessed by the quality reviewer for
comparison to the task instructions and drawings. In one implementation of the present
disclosure, if the quality reviewer detects a problem the quality reviewer may
communicate with technician while on the factory floor via the technician’s wearable

device 104. In another implementation of the present invention, if a modification is
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needed for a part, the technician and/or higher level engineer is able to communicate
instructions to a 3D printer 114 within the zone to produce modified parts on site. In
various implementations, 3D data and instructions from the backend system may be
communicated to the 3D printer 114 to make an actual part or prototype part during
performance of the designated task. When the quality reviewer is satisfied with the
performance of the task, the reviewer approves the technician’s work, such as with a
digital signature, as shown in block 224.

[0023] Concurrently with the technician initiated interactions recited above with
respect to FIG. 2, the backend system 102 actively performs system 100 checks within
the IoT network 120 to ensure accurate and efficient performance of tasks by the
technician. Specifically, as shown in block 302 of FIG. 3, when data is received from the
system sensors, such as data identifying technician location and/or position (sensors 108),
parts location and/or configuration (sensors 110), or point of assembly location (sensors
112), the system 100 accesses the corresponding data in the backend system 102, as
shown in block 304, to determine whether the system sensor data can be validated.
Examples of information that may be stored in the backend system 102 include
information pertaining to factory status, tooling systems, compliance systems, regulatory
systems, assembly records, environmental conditions, material constraints, and the like.
As shown in block 306, if the system sensor data matches the data in the backend system
102, the system 100 validates the sensor data and moves on to similarly process the next
slice of incoming system sensor data. However, if any point of time the system sensor
data does not match the data in the backend system 102, an alert is generated, as shown in
block 308. There are could be an infinite number scenarios that could trigger an alert
according to implementations of the present disclosure including, without limitation,
when a technician is not in a designated zone, when all of the parts needed for a particular
kit are not within close enough proximity of one another, when a kit of parts to be
assembled is not in the correct location on the factory floor, when parts are assembled at
an incorrect location on the aircraft, and/or when parts have not been correctly
assembled. Any system 100 alert may be electronically transmitted to predefined
workers such as supervisors and higher level engineers for human oversight and

intervention, as needed. In example implementations of the present disclosure, the back
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end system 102 can be networked via the cloud to other networks relating to various
segments of the business including product design, planning, logistics, and quality.
[0100] FIG. 4 illustrates a method for processing system sensor data as generally
described above with respect to blocks 302 and 304 in FIG. 3. As shown in block 402,
the backend system 102 assesses the number of sensors within a specified zone on the
factory floor and checks the system sensor data, as shown in block 404. The backend
system 102 selects the optimal type of communication link with the system sensors based
on the number of such system sensors and preconfigured policy rules, as shown in block
406. Once the type of communication link has been determined, the link is activated
such that data from system sensors is pushed and analytics can be performed on the data,
as shown in block 410. The analytics may be based on the rules of the designated zone
and the number of system sensors therein. Data sorting, as illustrated in block 412, is
based on similar parameters. The sorted data may be output in the form of a report, as
illustrated in block 414, and stored in a database, as illustrated in block 416. The data
may be stored in the database as unstructured data, structured data, or any suitable format
for further analysis. The backend system 102 is then able to make rules-based decisions
by comparing the system sensor data with the preconfigured data stored in the backend
system 102, as shown in block 418. If there is a lack of correlation between the system
sensor data and the preconfigured data stored in the backend system 102 (block 420), an
alert is triggered, as shown in block 422 and as described above.

[0101] According the example implementations of the present disclosure, the IoT
network 120 provides factories with increased opportunity for more efficient and accurate
production resulting from the [oT network’s 120 provision of a repeatable approach to
aggregating work instructions at various levels and production lifecycles. Additional
benefits include optimization in both human and non-human resources (e.g, parts and
supplies), as well as enhanced production line planning. Because the [oT network 120 of
the present disclosure is configured to capture and monitor the tasks being performed,
opportunities for quality review and training are also significantly enhanced. Significant
cost savings can be derived from faster and more accurate production.

[0102] According to example implementations of the present disclosure, the various

components of the system 100, including system sensors and back end system 102, may
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be implemented by various means including hardware, alone or under direction of one or
more computer program code instructions, program instructions or executable computer-
readable program code instructions from a computer-readable storage medium.

[0103] In one example, one or more apparatuses may be provided that are configured
to function as or otherwise implement the system 100 and respective elements shown and
described herein. In examples involving more than one apparatus, the respective
apparatuses may be connected to or otherwise in communication with one another in a
number of different manners, such as directly or indirectly via a wireline or wireless
network or the like.

[0104] Generally, an apparatus of exemplary implementation for the backend system
102 of the present disclosure may include one or more of a number of components such
as a processor (e.g., processor unit) connected to a memory (e.g, storage device), as
described above. The processor is generally any piece of hardware that is capable of
processing information such as, for example, data, computer-readable program code,
instructions or the like (generally “computer programs,” e.g., software, firmware, etc.),
and/or other suitable electronic information. More particularly, for example, the
processor may be configured to execute computer programs, which may be stored
onboard the processor or otherwise stored in the memory (of the same or another
apparatus). The processor may be a number of processors, a multi-processor core or
some other type of processor, depending on the particular implementation. Further, the
processor may be implemented using a number of heterogeneous processor systems in
which a main processor is present with one or more secondary processors on a single chip.
As another illustrative example, the processor may be a symmetric multi-processor system
containing multiple processors of the same type. In yet another example, the processor may
be embodied as or otherwise include one or more application-specific integrated circuits
(ASICs), field-programmable gate arrays (FPGAs) or the like. Thus, although the processor
may be capable of executing a computer program to perform one or more functions, the
processor of various examples may be capable of performing one or more functions without
the aid of a computer program.

[0105] The memory is generally any piece of hardware that is capable of storing

information such as, for example, data, computer programs and/or other suitable
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information either on a temporary basis and/or a permanent basis. The memory may
include volatile and/or non-volatile memory, and may be fixed or removable. Examples
of suitable memory include random access memory (RAM), read-only memory (ROM), a
hard drive, a flash memory, a thumb drive, a removable computer diskette, an optical
disk, a magnetic tape or some combination of the above. Optical disks may include
compact disk — read only memory (CD-ROM), compact disk — read/write (CD-R/W),
DVD or the like. In various instances, the memory may be referred to as a computer-
readable storage medium which, as a non-transitory device capable of storing
information, may be distinguishable from computer-readable transmission media such as
electronic transitory signals capable of carrying information from one location to another.
Computer-readable medium as described herein may generally refer to a computer-
readable storage medium or computer-readable transmission medium.

[0106] In addition to the memory, the processor may also be connected to one or
more interfaces for displaying, transmitting and/or receiving information. The interfaces
may include a communications interface (e.g., communications unit) and/or one or more
user interfaces. The communications interface may be configured to transmit and/or
receive information, such as to and/or from other apparatus(es), network(s) or the like.
The communications interface may be configured to transmit and/or receive information
by physical (wireline) and/or wireless communications links. Examples of suitable
communication interfaces include a network interface controller (NIC), wireless NIC
(WNIC) or the like.

[0107] The user interfaces may include a display and/or one or more user input
interfaces (e.g., input/output unit). The display may be configured to present or
otherwise display information to a user, suitable examples of which include a liquid
crystal display (LCD), light-emitting diode display (LED), plasma display panel (PDP) or
the like. The user input interfaces may be wireline or wireless, and may be configured to
receive information from a user into the apparatus, such as for processing, storage and/or
display. Suitable examples of user input interfaces include a microphone, image or video
capture device, keyboard or keypad, joystick, touch-sensitive surface (separate from or

integrated into a touchscreen), biometric sensor or the like. The user interfaces may
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further include one or more interfaces for communicating with peripherals such as
printers, scanners or the like.

[0108] As indicated above, program code instructions may be stored in memory, and
executed by a processor, to implement functions of the backend system 102. As will be
appreciated, any suitable program code instructions may be loaded onto a computer or
other programmable apparatus from a computer-readable storage medium to produce a
particular machine, such that the particular machine becomes a means for implementing
the functions specified herein. These program code instructions may also be stored in a
computer-readable storage medium that can direct a computer, a processor or other
programmable apparatus to function in a particular manner to thereby generate a
particular machine or particular article of manufacture. The instructions stored in the
computer-readable storage medium may produce an article of manufacture, where the
article of manufacture becomes a means for implementing functions described herein.
The program code instructions may be retrieved from a computer-readable storage
medium and loaded into a computer, processor or other programmable apparatus to
configure the computer, processor or other programmable apparatus to execute operations
to be performed on or by the computer, processor or other programmable apparatus.
[0109] Retrieval, loading and execution of the program code instructions may be
performed sequentially such that one instruction is retrieved, loaded and executed at a
time. In some example implementations, retrieval, loading and/or execution may be
performed in parallel such that multiple instructions are retrieved, loaded, and/or
executed together. Execution of the program code instructions may produce a computer-
implemented process such that the instructions executed by the computer, processor or
other programmable apparatus provide operations for implementing functions described
herein.

[0110] Execution of instructions by a processor, or storage of instructions in a
computer-readable storage medium, supports combinations of operations for performing
the specified functions. It will also be understood that one or more functions, and
combinations of functions, may be implemented by special purpose hardware-based
computer systems and/or processors which perform the specified functions, or

combinations of special purpose hardware and program code instructions.
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[0111] As referenced above, examples of the present disclosure may be described in
the context of aircraft manufacturing and service. As shown in FIGS. 5 and 6, during
pre-production, illustrative method 500 may include specification and design (block 502)
of aircraft 602 and material procurement (block 504). During production, component and
subassembly manufacturing (block 506) and system integration (block 508) of aircraft
602 may take place. Thereafter, aircraft 602 may go through certification and delivery
(block 510) to be placed in service (block 512). While in service, aircraft 602 may be
scheduled for routine maintenance and service (block 514). Routine maintenance and
service may include modification, reconfiguration, refurbishment, etc. of one or more
systems of aircraft 602.

[0112] Each of the processes of illustrative method 500 may be performed or carried
out by a system integrator, a third party, and/or an operator (e.g., a customer). For the
purposes of this description, a system integrator may include, without limitation, any
number of aircraft manufacturers and major-system subcontractors; a third party may
include, without limitation, any number of vendors, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity, service organization, and so
on.

[0113] As shown in FIG. 6, aircraft 602 produced by illustrative method 500 may
include airframe 612 with a plurality of high-level systems 600 and interior 614.
Examples of high-level systems 600 include one or more of propulsion system 604,
electrical system 606, hydraulic system 608, and environmental system 610. Any
number of other systems may be included. Although an aerospace example is shown, the
principles disclosed herein may be applied to other industries, such as the automotive
industry. Accordingly, in addition to aircraft 602, the principles disclosed herein may
apply to other vehicles, e.g., land vehicles, marine vehicles, space vehicles, etc.

[0114] Apparatus(es) and method(s) shown or described herein may be employed
during any one or more of the stages of the manufacturing and service method 500. For
example, components or subassemblies corresponding to component and subassembly
manufacturing 506 may be fabricated or manufactured in a manner similar to components
or subassemblies produced while aircraft 602 is in service. Also, one or more examples

of the apparatus(es), method(s), or combination thereof may be utilized during production
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stages 506 and 508, for example, by substantially expediting assembly of or reducing the
cost of aircraft 602. Similarly, one or more examples of the apparatus or method
realizations, or a combination thereof, may be utilized, for example and without
limitation, while aircraft 602 is in service, e.g., maintenance and service stage (block
1116).

[0115] Different examples of the apparatus(es) and method(s) disclosed herein
include a variety of components, features, and functionalities. It should be understood
that the various examples of the apparatus(es) and method(s) disclosed herein may
include any of the components, features, and functionalities of any of the other examples
of the apparatus(es) and method(s) disclosed herein in any combination, and all of such
possibilities are intended to be within the spirit and scope of the present disclosure.
[0116] Many modifications and other implementations of the disclosure set forth
herein will come to mind to one skilled in the art to which this disclosure pertains having
the benefit of the teachings presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the disclosure is not to be limited to the
specific implementations disclosed and that modifications and other implementations are
intended to be included within the scope of the appended claims. Moreover, although the
foregoing descriptions and the associated drawings describe example implementations in
the context of certain example combinations of elements and/or functions, it should be
appreciated that different combinations of elements and/or functions may be provided by
alternative implementations without departing from the scope of the appended claims. In
this regard, for example, different combinations of elements and/or functions than those
explicitly described above are also contemplated as may be set forth in some of the
appended claims. Although specific terms are employed herein, they are used in a

generic and descriptive sense only and not for purposes of limitation.

13



CLAIMS

I. A system for managing assembly of a multi-part product in a production environment
comprising:
at least one wearable sensor disposed on or about a user's body;
at least one point of assembly sensor disposed in at least one predetermined location
within the production environment;
at least one part sensor disposed on at least one of the parts of the product;
a device; and
at least one computer, wherein the at least one wearable sensor, the at least one point
of assembly sensor, the at least one part sensor, the device, and the at least one computer are
connected via a network, and wherein the at least one computer comprises at least one central
processing unit (CPU) and at least one memory having computer readable program code
portions stored therein that when executed by the at least one processing unit, cause the
computer to at least:
authenticate the user's location within the production environment based on
data from the wearable sensor and product assembly information;
authenticate where the product is assembled based on data from the point of
assembly sensor;
authenticate whether the product is properly assembled based on data from the
part sensor and the product assembly information; and
transmit instructional data regarding assembly of the product to the device

when the user's location is authenticated by the at least one computer.
2. The system of claim 1 wherein the device comprises a wearable device comprising a
hands-free display and wherein the instructional data comprises instructional images

regarding assembly of the product.

3. The system of claim 2 wherein the wearable sensor is disposed on the user's clothing

or is a part of the wearable device.

4. The system of claim 2 wherein the wearable device is a device selected from the

group consisting of glasses and headsets.

14



5. The system of claim 2 wherein the wearable device comprises a camera for recording

photographs and video of assembly of the product.

6. The system of claim 2 wherein if the user's location is not authenticated by the at least
one computer, the instructional images are not transmitted to the wearable device for display

to the user.

7. The system of claim 1 further comprising a 3D printer that is connected to the

network for making a part or a prototype of a part for the product.

8. The system of claim 1 wherein the network is selected from the group consisting of

the Internet, a wireless local area network, an Ethernet network, and an intranet.

9. A method for managing assembly of a multi-part product in a production environment
comprising the steps of:

a computer authenticating a user's location within the production environment based
on data from at least one wearable sensor disposed on or about the user's body;

the computer authenticating where the product is assembled based on data from at
least one point of assembly sensor disposed in at least one predetermined location within the
production environment;

the computer authenticating proper assembly of the product based on data from at
least one part sensor disposed on at least one of the parts of the product;

the computer transmitting instructional images pertaining to assembly of the product
to a wearable device comprising a hands-free display when the user's location is authenticated
by the computer, wherein the instructional images are prohibited from being displayed on the
device when the user's location is not authenticated by the computer,

wherein the wearable sensor, the at least one point of assembly sensor, the at least one

part sensor, the computer, and the device are connected via a network.

10. The method of claim 9 further comprising the step of the computer providing

instructions to a 3D printer for making a part or a prototype of a part for the product.

11.  The method of claim 9 wherein the instructional images are selected from the group

consisting of technical drawings, three dimensional drawings, photographs, videos, and text.
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12. The method of claim 9 further comprising the step of the wearable device recording

photographs and video of assembly of the product.

13. The method of claim 9 further comprising the step of the computer generating an alert

if the product is assembled at a location other than the predetermined location.

14.  The method of claim 9 further comprising the step of the computer generating an alert

if product is improperly assembled.

15. A computer-readable storage medium for managing assembly of a multi-part product
in a production environment, the computer-readable storage medium being non-transitory and
having computer readable program code portions stored therein that, in response to execution
by one or more central processing units (CPUs) and or more additional CPUs, cause a
computer system to at least:

authenticate a user's location within a production environment based on data from at
least one wearable sensor disposed on or about the user's body, wherein the at least one
wearable sensor comprises a hands-free display;

transmit, to a wearable device for display thereon, instructional images pertaining to
instructions for assembly of the product when the user's location is authenticated;

authenticate a location within the production environment where the product is
assembled based on data from at least one point of assembly sensor disposed in at least one
predetermined location within the production environment; and

authenticate proper assembly of the product based on data from at least one part
sensor disposed on at least one of the parts of the product,

wherein the computer system, the at least one wearable sensor, the wearable device,
the at least one point of assembly sensor, the at least one part sensor are connected via a

network.
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