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AUGMENTED MANUFACTURING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of co-pending United States provisional
application no. 62/149,496, filed on April 17, 2015, the entire disclosure of which is incorporated

by reference as if set forth in its entirety herein.

FIELD

[0002] This disclosure relates to methods and systems for facilitating manufacturing,
including embodiments utilizing augmented reality to facilitate the creation and execution of

manufacturing processes.

BACKGROUND

[0003] Modern factories are increasingly equipped with digital technologies. Manufacturing
IT is often installed piecemeal, resulting in a mix of proprietary and open machine interfaces
using multiple machine protocols. Interoperability between existing technologies is an expensive
challenge. The diversity of digital interfaces and protocols makes data collection difficult and
expensive. Data is often siloed in separate systems that require custom engineering effort and
manual labor to facilitate data transfer from one system to another.

[0004] One of the outcomes of this heterogeneous mix of IT in manufacturing is the
continued use of manual, analog means of manufacturing management. Paper still dominates
manufacturing in a way that has been long superseded by digital technologies in many other
industries. Key performance indicators (KPIs) are often tracked within the factory with hand-
drawn graphs on paper or whiteboards making it difficult to track these metrics over meaningful
timeframes.

[0005] The lack of real-time data about the factory floor makes factories slow to adapt to
changes and address problems as they occur. Existing factory floor IT implementations are
insufficient given the needs of manufacturers to remain competitive by increasing product
quality, reducing product errors, remaining flexible to changes and managing a diverse
workforce.

[0006] Existing Human-Machine Interfaces (HMIs) are inflexible in both physical (i.e. the
location of buttons, meters, etc.) and virtual domains (i.e. computer displays of machine

interfaces). They are typically programmed to work with specific devices, such as specific PLCs,
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making reconfiguration require reprogramming at the HMI. These limitations limit the ability of
production engineers to deploy the same HMI to multiple locations and to update a
manufacturer’s Standard Operating Procedures (SOP). The focus of existing HMIs is the
facilitation of machine automation and control by a human operator; they unfortunately do not
provide interfaces for operators on the production lines that guide, assist or measure the human
aspect of production work on manufacturing shop floors.

[0007] Existing control systems for managing and monitoring the work on a factory floor, i.e,,
“manufacturing execution systems” (“MES”), track manufacturing information in real time,
receiving up-to-the-minute data from robots, machine monitors and employees. However, they
are complicated to configure, centralized, and expensive.

[0008] A need exists, therefore, for systems and methods that facilitate manufacturing that

overcome these disadvantages.

SUMMARY

[0009] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description section. This summary is not
intended to identify or exclude key features or essential features of the claimed subject matter,

nor is it intended to be used as an aid in determining the scope of the claimed subject matter.

[0010] In one aspect, embodiments relate to a method of operating a manufacturing system
that may be executed by at least one processor capable of executing instructions encoded on a
computer-readable medium. The method includes defining at least one manufacturing process
using an interactive template retrievable from a storage, wherein the at least one process includes
at least one step; receiving at least one modification to the process via the interactive template
from at least one operator; gathering data related to the performance of the at least one step of the
process; and converting the gathered data related to the performance of the at least one step of

the process into manufacturing results data.

[0011] In one embodiment, the method further includes tracking the identity of the at least

one operator making the at least one modification to the process.

[0012] In one embodiment, the process further includes at least one conditional test. The at

least one conditional test may be conditioned on gathered data.
[0013] In one embodiment, the storage is network connected.

[0014] In one embodiment, the method further includes allocating at least one piece of
machinery to perform at least one step of the process. The at least one piece of machinery may
be a plurality of pieces of machinery of a plurality of types.

2
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[0015] In another aspect, embodiments relate to a manufacturing system. The system
includes a storage providing at least one interactive template wherein the at least one interactive
template defines at least one manufacturing process including at least one step and the at least
one interactive template is configured to interface with at least one operator to enable the at least
one operator to modify the process; and a processing device configured to gather data related to a
performance of the at least one step of the at least one process and further configured to convert

the gathered data into manufacturing results data.

[0016] In one embodiment, the processing device is further configured to track the identity of

the at least one operator modifying the process.

[0017] In one embodiment the process further includes at least one conditional test. The at

least one conditional test may be conditioned on gathered data.
[0018] In one embodiment, the storage is network connected.

[0019] In one embodiment the system further includes at least one piece of machinery for
performing at least one step of the process. The at least one piece of machinery may be a

plurality of pieces of machinery of a plurality of types.

[0020] In yet another aspect, embodiments relate to a server for facilitating manufacturing,
The server includes at least one interactive template retrievable from the server, wherein the at
least one interactive template is used to define at least one manufacturing process including at
least one step; and at least one interface for presenting the interactive template to at least one
operator to enable the at least one operator to create a process, view a process, test a process, or

modify a process in substantially real time.

[0021] In one embodiment, the server further includes storage for recording the identity of
the at least one operator interacting with the interactive template. The storage may be network

connected.

[0022] In one embodiment, the testing the process involves its execution on at least one piece

of machinery.

[0023] In one embodiment, the at least one interactive template is configured to receive at
least one operational parameter from the at least one piece of machinery. The at least one
interactive template may display the received at least one operational parameter in at least
substantially real time. The interactive template may not execute in the absence of the at least
one piece of machinery. The operator may associate at least one piece of machinery with the

process when the process is executed.
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[0024] In one embodiment, testing the process includes simulating the execution of the

process.

[0025] In one embodiment the server is further configured to identify errors in the created

process prior to execution or the runtime configuration.

[0026] In yet another aspect, embodiments relate to a method for facilitating manufacturing,
The method includes retrieving at least one interactive template from a server, wherein the at
least one interactive template is used to define at least one manufacturing process including at
least one step; gathering data related the performance of the at least one step of the at least one
manufacturing process in substantially real time; and converting the gathered data into

manufacturing results data.

[0027] In one embodiment the gathered data includes the identity of the operator performing

the at least one step of the at least one manufacturing process.

[0028] In one embodiment, the method includes issuing commands altering the performance
of the at least one manufacturing process in response to the gathered data or the manufacturing

performance data.

[0029] In one embodiment the conversion of the gathered data into manufacturing
performance data comprises grouping the gathered data according to at least one parameter, and
providing those groups as manufacturing performance data. The at least one parameter may be
selected from the group consisting of time period, time of day, a physical configuration of
components, gathered sensor data, and data provided by an operator during execution of the

process.

[0030] In one embodiment the conversion of the gathered data into manufacturing
performance data includes processing the gathered data to display individual operator

performance.

[0031] In yet another aspect, embodiments relate to a method for analyzing manufacturing,
The method includes gathering data related to the performance of at least one manufacturing
process; classifying the gathered data into at least one classification; distributing the gathered
data to at least one database selected from a plurality of databases, wherein the selection of the at
least one database is dependent on the at least one classification; querying, using an analytic
module, at least one instance of data from the at least one database; and converting the at least

one instance of queried data into manufacturing results data.
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[0032] In one embodiment gathering data related to performance of at least one
manufacturing process includes gathering data related to performance of multiple manufacturing
processes. The multiple manufacturing processes may be multiple versions of a single
manufacturing process. The method may further include displaying the differences between the

multiple versions of the single manufacturing process.

[0033] In one embodiment, querying the at least one instance of data includes querying at

least one instance of data from multiple database.
[0034] In one embodiment, the at least one queried database is chosen based on the query.

[0035] In yet another aspect, embodiments relate to a system for facilitating manufacturing.
The system includes a network-connected storage containing a master database relating to at
least one process performed by at least one operator at a facility;, a local server located at the
facility containing a copy of the master database so that the at least one process may be
performed by the at least one operator at the facility during a first time period in which the
network-connected storage is not accessible, wherein the local server is configured to store data
related to the performance of the at least one process during the first time period in which the
network-connected storage is not accessible, and communicate the data related to the
performance of the at least one process to the network-connected storage during a second time

period in which the network-connected storage is accessible.

[0036] In yet another aspect, embodiments relate to a hierarchical system for facilitating
manufacturing. The system includes at least one piece of machinery located in a first hierarchy
layer and configured to perform at least one process, wherein the at least one process includes at
least one step; at least one at least one processing device located in a second hierarchy layer and
in operable communication with the at least one piece of machinery and configured to gather
data related to the performance of the at least one process, wherein the at least one processing
device is configurable to be in operable communication with at least one other piece of
machinery based on the at least one other piece of machinery’s location in the first hierarchy
layer and the at least one processing device’s location in the second hierarchy layer; and a
plurality of user interfaces associated with the at least one piece of machinery, wherein at least
two of the plurality of user interfaces are synchronized to display a same step of the

manufacturing process simultaneously.

[0037] In one embodiment, the at least one processing device is configured to communicate

data related to the performance of the at least one process to a network-connected storage.
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[0038] In one embodiment, the at least one processing device maintains a state associated
with the performance of the at least one process, wherein the plurality of user interfaces utilize
the maintained state and changes to the maintained state are reflected in the plurality of user

interfaces.

[0039] In yet another aspect, embodiments relate to a method for facilitating a manufacturing
process. The method includes providing a user interface or enabling at least one operator to
input instructions regarding a process to be performed in a workspace, wherein the process may
be defined by an interactive template that is readily modifiable so the at least one operator can
modify the at least one process; gathering, via at least one sensor device, data regarding a
physical environment of the workspace in which the process is to be performed; communicating
the data regarding the physical environment of the workspace to a processing device; and
identifying, via the processing device, at least one characteristic of the physical environment of

the workspace so that the process can be performed in the workspace.

[0040] In one embodiment, the user interface, the sensor device, and the processing device

are contained in the same physical package.

[0041] These and other features and advantages, which characterize the present non-limiting
embodiments, will be apparent from a reading of the following detailed description and a review
of the associated drawings. It is to be understood that both the foregoing general description and
the following detailed description are explanatory only and are not restrictive of the non-limiting

embodiments as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures may be
represented by a like numeral. For purposes of clarity, not every component may be labeled in
every drawing. Various embodiments will now be described, by way of example, with reference
to the accompanying drawings, in which:

[0043] FIG. 1 illustrates a manufacturing system in accordance with one embodiment;

[0044] FIG. 2A illustrates a distributed process editing and deployment system in accordance

with one embodiment;
[0045] FIG. 2B presents one embodiment of a process execution system;

[0046] FIG. 3A presents an exemplary interface for editing processes in accordance with one

embodiment;
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[0047] FIG. 3B presents an exemplary interface for editing triggers in accordance with one

embodiment;

[0048] FIGS. 4A-B illustrate hierarchical manufacturing operating systems in accordance

with two embodiments;
[0049] FIG. 5 presents exemplary stations in accordance with multiple embodiments;

[0050] FIG. 6 illustrates one example of a hierarchical manufacturing system in accordance

with FIGS. 4A-B;

[0051] FIG. 7A illustrates a cloud-local hybrid storage configuration in accordance with one

embodiment;

[0052] FIG. 7B illustrates a cloud-local hybrid storage configuration in accordance with

another embodiment;
[0053] FIG. 8 illustrates an analytics system in accordance with one embodiment;

[0054] FIG. 9 depicts a flowchart of a method of operating a manufacturing system in

accordance with one embodiment;

[0055] FIG. 10 depicts a dashboard including a plurality of interfaces for presenting process

manufacturing results data in accordance with one embodiment;

[0056] FIG. 11 depicts a flowchart of a method for facilitating manufacturing in accordance

with one embodiment;

[0057] FIG. 12 depicts a flowchart of a method for analyzing manufacturing processes in

accordance with one embodiment;

[0058] FIG. 13 depicts a flowchart of a method for facilitating a manufacturing process in

accordance with one embodiment;

[0059] In the drawings, like reference characters generally refer to corresponding parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead

being placed on the principles and concepts of operation.

DETAILED DESCRIPTION

[0060] Various embodiments are described more fully below with reference to the
accompanying drawings, which form a part hereof, and which show specific exemplary
embodiments. However, embodiments may be implemented in many different forms and should

not be construed as limited to the embodiments set forth herein; rather, these embodiments are
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provided so that this disclosure will be thorough and complete, and will fully convey the scope
of the embodiments to those skilled in the art. Embodiments may be practiced as methods,
systems or devices.  Accordingly, embodiments may take the form of a hardware
implementation, an entirely software implementation or an implementation combining software
and hardware aspects. The following detailed description is, therefore, not to be taken in a

limiting sense.

[0061] Reference in the specification to “one embodiment” or to “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the
embodiments is included in at least one embodiment of the invention. The appearances of the
phrase “in one embodiment” in various places in the specification are not necessarily all referring

to the same embodiment.

[0062] Some portions of the description that follow are presented in terms of symbolic
representations of operations on non-transient signals stored within a computer memory. These
descriptions and representations are used by those skilled in the data processing arts to most
effectively convey the substance of their work to others skilled in the art. Such operations
typically require physical manipulations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical, magnetic or optical signals capable of being stored,
transferred, combined, compared and otherwise manipulated. It is convenient at times,
principally for reasons of common usage, to refer to these signals as bits, values, elements,
symbols, characters, terms, numbers, or the like. Furthermore, it is also convenient at times, to
refer to certain arrangements of steps requiring physical manipulations of physical quantities as

modules or code devices, without loss of generality.

[0063] However, all of these and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied to these quantities. Unless
specifically stated otherwise as apparent from the following discussion, it is appreciated that
throughout the description, discussions utilizing terms such as “processing” or “computing” or
“calculating” or “determining” or “displaying” or the like, refer to the action and processes of a
computer system, or similar electronic computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the computer system memories or registers
or other such information storage, transmission or display devices. Portions of the present
disclosure include processes and instructions that may be embodied in software, firmware or
hardware, and when embodied in software, may be downloaded to reside on and be operated

from different platforms used by a variety of operating systems.
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[0064] The present disclosure also relates to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a computer readable
storage medium, such as, but is not limited to, any type of disk including floppy disks, optical
disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs), random access
memories (RAMs), EPROMs, EEPROMs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for storing electronic instructions, and
each may be coupled to a computer system bus. Furthermore, the computers referred to in the
specification may include a single processor or may be architectures employing multiple

processor designs for increased computing capability.

[0065] The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may also be used with
programs in accordance with the teachings herein, or it may prove convenient to construct more
specialized apparatus to perform one or more method steps. The structure for a variety of these
systems is discussed in the description below. In addition, any particular programming language
that is sufficient for achieving the techniques and implementations of the present disclosure may
be used. A variety of programming languages may be used to implement the present disclosure

as discussed herein.

[0066] In addition, the language used in the specification has been principally selected for
readability and instructional purposes and may not have been selected to delineate or
circumscribe the disclosed subject matter. Accordingly, the present disclosure is intended to be

illustrative, and not limiting, of the scope of the concepts discussed herein.

[0067] Unless specifically stated otherwise as apparent from the following discussion, it is
appreciated that throughout the description, discussions utilizing terms such as “processing” or
“computing” or “calculating” or “determining” or “displaying” or the like, refer to the action and
processes of a computer system, or similar electronic computing device, that manipulates and
transforms data represented as physical (electronic) quantities within the computer system

memories or registers or other such information storage, transmission or display devices.

[0068] Certain aspects of the present invention include process steps and instructions that
could be embodied in software, firmware or hardware, and when embodied in software, could be
downloaded to reside on and be operated from different platforms used by a variety of operating

systems.
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[0069] The language used in the specification has been principally selected for readability
and instructional purposes, and may not have been selected to delineate or circumscribe the
inventive subject matter. Accordingly, the disclosure of the present invention is intended to be

illustrative, but not limiting, of the scope of the invention, which is set forth in the claims.

[0070] In the context of the present application, the terms “operator” and “user” may be used
interchangeably. These terms may refer to a person within a facility who designs and/or
performs some procedure. Moreover, the term “operator” may refer to a single operator or

multiple operators.

[0071] Features of the present invention relate generally to a system of components that
increases the flexibility of manufacturing systems while providing new tools and capabilities.
These embodiments deliver a web-based, networked manufacturing platform that enables
companies to automate, instrument, and analyze production environments, and allows users to

easily create standard work processes and deploy them to production lines.

[0072] Embodiments of the system allow for the integration of standard automation
equipment such as PLCs, sensors, and displays to control manufacturing operations and
processes. Built to support manufacturing, a server backend logs all operations in the context of
production lines and enables rich user interfaces with rich analytics. The Augmented

Manufacturing system can be deployed on existing IT infrastructure or on network-based servers.

[0073] In overview, an operator defines a process, such as a process for the manufacturing of
a product, using templates that may be edited graphically. Each process includes a set of steps
that a user must perform in order to accomplish the process. Each step in the process may be
associated with one or more pieces of machinery on the floor to achieve the execution of the
process, either in advance or at execution time. Each step may also provide various forms of
instruction, monitoring, and feedback to aid the user of the associated machinery in performing
the process. Data may be collected regarding the user’s performance, analyzed, and used to
inform the operator who may in turn edit the process with the goal of improving its execution.
Once defined, the process is effectively an “app” or application that is executed on the
manufacturing “operating system” that is provided by various embodiments of the present

invention.

[0074] These manufacturing applications intrinsically address the issue of instrumentation in
the creation of the process, resulting in application with a graphical user interface that can span
multiple interfaces (tablet, mobile, projected, HMD, etc) simultaneously and adaptively. The

execution of the process itself is monitored and measured because the user interface is

10
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implemented in a web browser, providing usage statistics, etc. The accompanying analytics
system permits the variables in a process step (time spent, process triggers, etc) to be reviewed
and analyzed during and after execution. The application itself offers flow control based on

triggers, that are created without requiring traditional programming.

[0075] FIG. 1 depicts the overall architecture of a system 100 for facilitating manufacturing
in accordance with one embodiment of the invention. The system 100 includes three

components.

[0076] The server 102 may be an on-premise or off-premise network-based server (which
may be implemented internally as a collection of individual servers which present a single
unified interface) which manages manufacturing processes, user interfaces, data collection
stations, data analysis and mining, and system users (i.e. manufacturing engineers, managers, and
line operators). This server 102 can interact with existing IT infrastructure to collect data from
computers, import/export current orders, update supply chain data, etc. via connector(s) 108
Users may log into this server 102 via the web to design processes, view the current state of

factory operations, and view and design analytics.

[0077] A cell (gateway) 104 collects information from the factory floor and sends it to the
server 102. In various embodiments it is implemented, as hardware, software, or a combination
thereof. A cell 104 features containerized driver execution, so that it can collect data from a
variety of sources and provide it to the server 102 in connection with process execution and
analytics. Containerization permits the driver to be revised during execution without taking the

manufacturing process oftline.

[0078] A typical installation includes a plurality of cells 104, although FIG. 1 only shows
one cell 104 for simplicity’s sake. The cell 104 can connect to, for example, a PLC to record
output from the PLC, an RFID reader, a barcode scanner, etc. The cell 104 typically does not
have a physical user interface, although various embodiments of a cell 104 may have, e.g., an
embedded server that offers a web-based interface accessible by a web browser. The cell 104
can be implemented as a piece of hardware that physically connects to machinery to actively or
passively collect information, or as a software program that provides an interface between
commonly found machine network interfaces and server 102. The cells 104 may connect to the
server 102 and various other computing devices via any type of hardwired or wireless connection

(e.g., Ethernet, 802.11x, Bluetooth, etc.).

[0079] The interface 106 may be any type of graphical user interface device with which an

operator interacts. These interfaces may be implemented as touchscreen computers, digital

11
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tablets, interactive projector-camera systems, or head-mounted displays (HMDs). Operators can
log in and log out using these interfaces 104, view standard work procedures and instructions,
call for maintenance, review factory-floor machine configuration settings, and report information
through forms, among other capabilities. The design and functions offered to operators may be
created by manufacturing engineers interacting with software running on the server 102.
Interfaces 106 may be used as mobile devices on the floor by managers, quality control

personnel, or other employees who do not work at a specific station or location.

[0080] Connector 108 is a device (such as a computer) that runs connectors of different types
(SQL, HTTP, etc.) to retrieve data from existing IT systems 112 and provide that data to the
server 102 and in turn to an operator via an interface device 106 (tablet, etc.). Data
communications through the connector 108 may be bidirectional, using the connector 108 to
report data collected by server 102 and the other components of the present system back to the
legacy IT systems 112. The interface between the inventive system and the legacy system
provided by the connector 108 enables analytics using legacy data and manufacturing results
data captured from the operation of the system. Embodiments of the connector 108 may act as a
standard interface server (e.g., OPC-UA, ERP) to allow for integration of the connector 108 into

existing plant-floor infrastructure.

[0081] In one embodiment, the functionality of the wvarious interfaces discussed herein
(including but not limited to those offering process editing, process execution, and process
analytics) is offered through an implementation using web technologies such as HTMLS. This
permits the interfaces to be used across a variety of devices supporting a web browser
environment and also allows for the easy integration of various types of media in a standard

fashion.

[0082] FIG. 2A depicts one example of an architecture of a system for process deployment
and process editing. Multiple editors (two are illustrated — 204, 204’) may edit the same process
concurrently from different locations in real time. This system may receive new processes and
edits to existing processes from one or more users, and may include: a factory server 208 with an
editing backend 212, a database 216, and a player backend 220; and one or more machines 224,

224’ located on a factory floor for executing the process, for example.

[0083] Editors 204, 204° may access and edit processes via an interactive template presented
on a user interface. The user interface may be displayed on, for example, a PC, laptop, tablet, or

a smartphone.
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[0084] The editing backend 212 may accept changes from one editor 204 and provide the
updated version of the process to the other editor(s) 204’ substantially in real-time. These
updates allow all editors 204 to view the same version of the process as it is being edited. In the
event that multiple editors 204 modify the same data or process step at the same time (e.g., if
network latency caused one editor 204 not to see another’s edits prior to accepting a new edit),

then the editing backend 212 may apply a last-write-wins rule to resolve the conflict.

[0085] The player backend 220 may be in communication with the database 216 and may
monitor the database 216 for updates to one or more process(es). When updates are identified,
the player backend 220 may in turn send the updates out to the appropriate machines on the
factory floor to implement the modified process. These machines 224, 224’ may return
information describing the state of the machine on the factory floor, and the player backend may

save that machine state information to the database 216.

[0086] This process-centric approach allows for the automated collection of information on
the activities and behaviors of machines and operators in a manufacturing setting. Currently
collection of such information is often manual, laborious and error prone. Embodiments of the
present invention also provide a high degree of granularity in the collecting data at the level of
individual steps in a manufacturing process. This data may be analyzed to allow production

engineers to tune a production process and reduce its cost.

[0087] FIG. 2B presents an embodiment of the player backend 220 in more detail. The
backend 220 serves as the operator’s interface to the executing process as the operator performs
the various steps of the process using the machines 224. In this embodiment, the player backend
220 is in a device that is separate from the factory server 208, such as a tablet, PC, laptop, cell

phone, etc.

[0088] In this embodiment, the backend 220 includes a user interface 224, a state manager
228, and a database abstraction layer 232 that serves as the backend’s interface 220 to a client
cache 236. The state manager 228 on the backend 220 is in communication with the state
manager 240 on the factory server 208, which may be co-located with the backend 220 or

situated in a different location.

[0089] As the state of the backend 220 changes through the performance of the specified
process, the changes in state are tracked by the backend state manager 228 and stored in the
cache 236 through the data base abstraction layer 232. Changes in the state may be displayed to
the operator via the user interface 224, as well as directions, instructions, graphics, etc., intended

to instruct the operator through the performance of the process. The user interface 224 also
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permits the operator to provide input to the system, e.g., confirming the completion of various

steps in the process.

[0090] Changes in the state of the backend 220 are also communicated to the factory server
208, whose state manager 240 similarly stores those changes in its canonical database 244 via its

own abstraction layer 248.

[0091] The existence of the cache 236 permits the backend 220 to operate while avoiding the
latency inherent in communications with the factory server 208 because the backend 220 can
respond to user interactions with the information in the cache 236. Transactions with the cache
236 can be later duplicated in the canonical database 244 via the factory server state manager
240 and abstraction layer 248 to ensure that operators interacting with the canonical database
(e.g., by editing processes, etc.) are receiving accurate information concerning the performance

of the process.

[0092] The server 208 can also effect changes to the backend 220 (e.g., the processes
executing on the backend 220) by duplicating updates to the canonical database 244 and sending
them to the abstraction layer 232 of the backend 220 for storage in the client cache 236.

[0093] As mentioned previously, in various embodiments editors may interact with
interactive templates to create and/or modify a process, such as a manufacturing process. These
templates may be similar in appearance to a flowchart or other process diagram that may be
created using traditional presentation software. However, these templates allow operators to
readily view and modify processes by, e.g., embedding logical tests and conditions in the

graphical depictions of a process.

[0094] This permits an operator to, in real time, take an existing manufacturing application,
edit the application, and deploy the revised application with integrated data collection facilities
without requiring traditional programming. By way of contrast, current approaches to MES have
a rigid configuration that is not changeable by the operator, with limited data collection and

interfaces.

[0095] FIG. 3A presents an example of a process template being edited. This editor 300 may
be presented to an operator via an internet connection and viewed on an operator user interface
such as one implemented on a PC, laptop, tablet, smartphone, smartwatch, or the like. This
editor 300 may be augmented reality-based and presented as interactive imagery projected by a
projection device on a surface (e.g., using a SPROUT 3D AIO desktop computer, available from
Hewlett-Packard Company of Palo Alto, CA). As discussed above, the editor 300 may be
implemented using web technologies such as HTMLS, permitting the ready use of the editor 300
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and related interfaces across a variety of devices supporting a web browser and permitting the

incorporation of various media.

[0096] The editor 300 includes a process design canvas 302 in which an operator may
implement a process by “dragging and dropping” a variety of widgets, text, 3D data, CAD
databases, and other types of indicia. As shown, an operator may specify instructions for a
particular step in a process in the form of text and arrows, such as an instruction to place an
object in the center of a highlighted region. The canvas 302 may also include various
predetermined criteria requiring, e.g., certain operator information, credentials, etc., to be

satisfied to prevent the unauthorized modification of processes.

[0097] In one embodiment the bottom of the editor 300 includes a widget and navigation
panel 304. Widgets may be any of a variety of graphical, dynamic, or interactive indicia that can
be placed in the editor portion 300 of the interface. Types of widgets that can be added to a
process include arbitrary static text; dynamic text (e.g., a text element that automatically displays
the description of the current (displayed) step); buttons operable by an operator to change the
state of the process (e.g., go to the previous or next step, bring up a contextual menu, or signal an
alert); shapes such as circles, squares, arrows, projection targets, etc.; images; videos; timers;
data input elements such as checkboxes, radio buttons, text and numeric entry fields, drop-down
selectors, and other standard GUI data input elements; image capture elements (e.g., captured
from on-board and/or external sensor devices), video conferencing portals; indicators such as
gauges, lights, and other indicators that respond to and or reflect data input; and visualizations or
graphs resulting from the analysis of process data (e.g., a running graph of average cycle time,
the number of process completions by the operator, contextual data about the current state of the

process).

[0098] The aforementioned widgets may be parameterized by size, location, rotation, color,
and other attributes. As discussed below, the parameters of a widget may change in response to
values internal to the process, such as process state or variable values, or in response to data
values collected from the work floor. The operator may edit the canvas (i.e., the process) by
“dragging and dropping” widgets to their desired positions. Additionally, the interface 300 may
include a widget editing portion 306. The widget editing portion 306 may be used to, for

example, change the color and/or size of particular widgets presented on the interface.

[0099] In this embodiment, on the left side of the interface, there is a step editing portion 308
outlining the different steps of a process. These steps may include “Weigh batch,” “Insert batch

into furnace,” and “Heat batch in furnace.” Therefore, an operator can click on a particular step
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to easily navigate between and edit each step of the process. The “weigh batch” title, etc., are

labels that may be given by the user of the system instead of anything inherent to process.

[00100] Processes may have a “master” template on which a collection of widgets or other
types of graphical elements may be arranged. These elements may be visible by default on every
canvas associated with every step associated with the template. This is analogous to the
“master” slide offered on traditional presentation software. However, while operators
traditionally use such software to make static, non-instrumented, file based standard work
instructions, embodiments of the present invention allow similar efforts to result in the creation
of manufacturing applications with automated data collection and analytics capabilities that can

instruct operators while addressing the conditional nature of most manufacturing processes.

[00101] Operators may also define triggers to more closely control a process, and FIG. 3B
presents an exemplary interface 310 for editing triggers in accordance with one embodiment.
Triggers may be assigned to specific steps, the master template, or individual widgets placed on
a canvas. Triggers may take the form of an if/then or an if/then/else rule. That is, one or more
predicates based on event(s) or value(s) are evaluated and, if true, then a process-related action
or actions may take place. An optional fallback step may be specified if the condition isn’t met.
An example trigger that illustrates the mechanism could be: 1. IF [temperature sensor at this
station] EMITS [temperature-measured] AND [temperature-measured. Celsius > 25] 2. THEN
[goto=step “over-temperature”]. This permits the handling of the interactive nature of
manufacturing applications without requiring the operator to undertake traditional programming

tasks.

[00102] In this example, the first part (1) is the predicate which must evaluate to true, and the
second part (2) is the action that will occur. The first component of the predicate, [temperature
sensor at this station] selects among the different devices that emit messages corresponding to
events. The process itself can emit messages, for example, if an internal timer expires. The
second component of the predicate [temperature-measured] indicates the type of message that
was emitted, and the third component, [temperature-measured.celsius > 25] is an additional
predicate over data that is part of the emitted event. The second part of the trigger, the then part,
describes the action that should be taken. In this example, the action “goto-step” will be taken,
parameterized with “over-temperature,” the name of the step to which the process should

transition.

[00103] Triggers may be based on values or states that are internal to the process itself, such
as variable values, timers, the results of mathematical computations, etc., or values that are

external to the process, such as sensor values, data retrieved from a data store, etc.
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[00104] This example is merely one type of trigger that may be implemented in a process.
Widgets may be used to trigger a variety of other types of actions such as going to the previous
or next step; going to an arbitrary step; completing, restarting, or aborting a process; logging out;
invoking a contextual menu or navigating its contents; filling a data entry field; storing the
contents of an event’s data in a process variable for storage or use in the process; triggering an

alert condition; triggering an image capture, or the like.

[00105] Widgets may also contain anti-circumvention mechanisms implemented as triggers or
otherwise to prevent operators from intentionally or inadvertently manipulating collected data.
For example, without such mechanisms, an operator could artificially influence their average
cycle time or other collected statistics by, e.g., pressing the “next” button repeatedly. One such
anti-circumvention mechanism to prevent this kind of manipulation is to disable the “next”

button for a fraction of the expected cycle time.

[00106] Process designs can be versioned (archived). When a process is “published,” it is
made non-editable and stored as a version. Any further changes to a published process may be
made instead to a copy of the published process which may also be published when the changes
are complete. This ensures that any data captured during the execution of a process can later be

associated with the process version in use at the time of execution.

[00107] The versioning of processes also enables “A/B testing” and other forms of process
optimization. When different versions are published and performed, data related to performance
may be gathered and analyzed to determine the effects of various changes to a process. In some
embodiments, processes achieve a similar effect by permitting some of their steps to be

performed in random or varying order.

[00108] Embodiments of the present invention effectively organize the elements in a process
in a hierarchy to allow for more efficient organization and re-organization when required. FIGS.
4A and 4B depict exemplary hierarchy configurations 400a and 400b, respectively. System
hierarchy 400a includes, as the top level of the hierarchy, a factory 402a (meaning the physical
facility where operations (manufacturing or otherwise) take place). Zones 404a and lines 406a
are conceptual grouping units that can be used to organize operations according to the operator’s
needs. The terms “line” and “zone” can be chosen by the end user, and are merely exemplary
terms here. For example, a factory can be divided into zones based on, e.g., geography, and
equipment in a zone can in turn be organized into lines based on, e.g., the products manufactured

by those pieces of equipment.
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[00109] A station 408a is a grouping unit that may map to the equipment (or pieces of
equipment) used by a single operator. Stations typically have at most one operator logged into
them at once, and typically have at most one process running at a time. The station 408a may

include a cell 410a that includes a device 412a.

[00110] As discussed previously, the cell 410a may be hardware, software, or a combination
thereof that connects to devices 421a, monitors their communications and other signals, and
translates the monitored information into events that are provided to a server (such as the server
102 of FIG. 1). Cells 410a are associated with stations 408a and can be connected to multiple

devices 412a.

[00111] A device 412a is a piece of manufacturing hardware that the system 400a interfaces
with. Example devices 412a include PLCs, environmental sensors, computerized numerical
control (CNC) machines, barcode and RFID readers, etc. — essentially any piece of
manufacturing equipment that can be monitored, connected to a cell 410a, or otherwise

integrated with some information technology via, e.g., a database connector.

[00112] All devices 412a (e.g., machinery) associated with a station 408a are synchronized
with respect to the process currently running for that station 408a. For example, when a process
comprised of many steps is executing on a station 408a, all devices 412a associated with the
station 408a will be on the same step in the process. It is noted that each devices 412a may
display different information for the same step, as is appropriate. For example, separate left-side
and right-side displays may show material relevant to their portion of the step. System 400a also
includes a Ul device 414a. This may be an operator interface that displays a GUI for a process

as it executes.

[00113] The hierarchy displayed in FIG. 4B is similar to that discussed above in connection
with FIG. 4A. The common elements are not repeated here, but it is worth noting that in system
400b the line 406b and the cell 416b are at the same hierarchical level. Connector 414b connects
cell 416b (that corresponds to a device 418b) with the factory 402b. In other words, the cell
416b and the device 418b are not required to be inside the station 408b, and in fact may be in

disparate physical locations.

[00114] FIG. S depicts an exemplary production line 500 organized in accordance with the
principles of the hierarchy discussed in FIG. 4. Each station 502a, 502b, and 502c¢ typically has
at most one operator logged into it, and is in operable communication with its own cell 504a,

504b, and 504c, respectively. The same operator can be logged into several stations
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simultaneously, however. The cells may be implemented as hardware, software, or a

combination of both, for example, as necessary to interface with the appropriate device.

[00115] Hardware components 506a, 506b, and 506¢ that are associated with the same station
(each of 502a, 502b, and 502c¢ respectively) are treated as a unit. For example, in a station
comprising a cell 504a and a tablet interface 502a, the data captured by the cell 504a—which is
itself connected to factory floor equipment and sensor(s) S06a—is transmitted to the server (such
as server 102) and also used to change what is displayed on the user interface on the tablet 502a

at that station.

[00116] FIG. 6 depicts a chart 600 representing one example of a manufacturing facility
organized according to the system hierarchy 400a of FIG. 4A. As can be seen, the ACME
Corporation 604 has two factories, New York 608 and Georgia 608’.

[00117] New York 608 has a metalworking zone 612 that is depicted as instrumented and
equipped as discussed herein. The press line 616 has a brake station 620 and a stamping station
620’. Each station 620 in turn has a table 624 and a cell 628. The same discussion applies to the
painting line 616’.

[00118] The configurations of the systems in FIGS. 4A—6 provide a number of advantages for
manufacturing operations and the like. For one, the architecture enables granular comparison of
operational manufacturing data across different production lines and sites. Additionally, the
hierarchical configuration allows operators to dynamically configure which machinery (i.e.,
devices) and sensors correspond to each other and other layers in the hierarchy. This also

facilitates reconfiguring and reprogramming components of the system.

[00119] FIG. 7A depicts a cloud-local hybrid architecture 700 in accordance with one
embodiment of the invention. This hybrid architecture may be used to provide an additional
level of resiliency for the system and to minimize or at least improve issues due to latency. The
architecture 700 may include a cloud-based storage 702 and in communication with a local

storage 704 via an internet connection 706.

[00120] Existing systems may be heavily dependent on cloud-based storages for operation.
This is not ideal, however, as this configuration may suffer from network-based latency
associated with querying information from the cloud-based storage and retrieving the
information from the cloud-based storage. Additionally, this type of configuration requires an

internet connection that may occasionally become unavailable for a variety of reasons.

[00121] The system 700 of FIG. 7A, however, overcomes these disadvantages. For example,

states of stations 708 may be stored in local storage 704 and communicated amongst each other
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without being required to communicate directly with the cloud-based storage 702. Therefore,
operations may continue even in the event that communications through the internet connection

706 are disrupted or otherwise unavailable.

[00122] The cloud-based storage 702 may include a master database 710 containing
information relating to a process performed, configured, edited, tested, etc. by an operator. The
local storage 704 may include a copy 712 of the master database 710. Therefore, a process
normalizing utilizing the master database 710 for data storage and retrieval may still be
performed, and information regarding the performance of the process may be gathered, even
during a time period in which the cloud-based storage 702 is inaccessible (e.g., due to a disabled
internet connection 706). Once the cloud-based storage 702 becomes accessible again, this
information may be communicated to the cloud-based storage 702 and the local database 712 and

master database 710 may otherwise be synchronized, if desired.

[00123] FIG. 7B illustrates another embodiment of cloud-local hybrid storage. It shares
several elements with the embodiment of FIG. 7A. It also depicts the process service on the
server side and the local backup process service and process database that is used when the
server is unavailable, discussed above in connection with FIG. 2. It also depicts the

synchronization of the event handling service between the cloud and the local instantiation.

[00124] Features of the present invention also enable advanced analytic techniques for
analyzing information related to process performance. FIG. 8 depicts a schematic of an analytics
process 800 in accordance with one embodiment of the invention. Data 802 regarding the
performance of a process may be grouped into states, i.e., data points in a process, and are meant

to capture all data related to the work flow.

[00125] The gathered data 802 may be transmitted to multiple back ends 804. The particular
backend receiving the data 802 may depend on the type of data 802, the volume of data 802, etc.
This permits certain backends 804 to be optimized to address certain types of data 802. For
example, a backend 804 may include a distributed database to process a large amount of
unstructured data, while another backend 804’ may utilize an SQL database to process smaller

amounts of structured data, etc.

[00126] The analytics module 806 may then, for example, compile an analytic to be executed
across one or multiple backends 804. For example, a received query may be parsed by the
analytics module 806 and configured to run across multiple backends 804 or a specific backend

804 based on the query. This allows for, among other features, incremental changes to analytics
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(queries), offline processing of queries, and more efficient statistical analysis of data from

various data sources.

[00127] FIG. 9 depicts a flowchart of a method 900 for operating a manufacturing operating
system in accordance with one embodiment. This method may be executed by least one

processor capable of executing instructions encoded on a computer-readable medium

[00128] Step 902 involves defining at least one manufacturing process using an interactive
template retrievable from a storage wherein the at least one process includes at least one step.
This manufacturing process and the included steps may relate to heating processes, cutting
processes, drilling processes, welding processes, logistics-related processes, assembly-related
processes, or the like. This list of manufacturing processes is not meant to be exhaustive and it is
expressly contemplated that other types of manufacturing processes may be defined in
accordance with the features of the invention. One of ordinary skill would recognize that
appropriate non-manufacturing processes would also be suitable for use with embodiments of the

present invention.

[00129] As discussed above, the at least one process may be defined via an interactive editing
process using a template such as the one depicted in FIG. 3. Operators such as engineers or the
like may utilize various widgets to enter instructions defining one or more steps of the process
for later execution by an operator. The templates may be retrievable from a network-connected

storage. This storage may be a cloud-based storage or a local storage, for example.

[00130] Step 904 involves receiving at least one modification to the process via the interactive
template. As mentioned previously, the operator may interact with the template in a variety of
ways to create, edit, test, or otherwise modify a process. A modification may include, e.g., a
change to an operating temperature, a change to the temporal length for performing of a step, a
change to the placement location of an article, or the like. This list of potential modifications to
a process 1s not meant to be exhaustive, and it is expressly contemplated that other modifications
may be made (and may depend on the particular process) in accordance with the features of the

invention.

[00131] Step 906 involves gathering data related to the performance of at least one step of the
process. This data may be gathered in a variety of ways such as various sensor devices
surrounding, instrumenting, or otherwise in operable communication with the operator

performing the step, the workpiece, the work station, an instrumented tool, etc.

[00132] Step 908 involves converting the gathered data related to the performance of the at

least one step of the process into a format providing manufacturing results data. The data
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gathered in step 906 may be processed into a variety of data points useful for analyzing the
performance of the process. For example, the gathered data may be converted into various
derivatives, including but not limited to simple averages (i.e., a means(s)), weighted averages,
standard deviations, etc. This information may also be presented to an operator tabularly or

graphically via an interface to an operator.

[00133] FIG. 10 depicts an example of a dashboard 1000 with a plurality of interfaces
presenting process-related data that may be gathered and generated in connection with a process
like that presented in FIG. 9. As shown, this data may be presented in the form of bar graphs,

line graphs, scatter plots, or other type of display that is easily readable for an operator.

[00134] Embodiments of the invention make various analytics available in connection with
the execution of processes. Notable displays include return on investment in process and, as
discussed above, the results of testing that vary the execution of a process to identify possible

optimizations (e.g., A/B testing).

[00135] FIG. 11 depicts a flowchart of a method 1100 for facilitating manufacturing in
accordance with one embodiment. This method may be performed in a manufacturing facility
such as a factory or the like. Step 1102 involves retrieving at least one interactive template from
a network-connected server. The at least one interactive template is used to define at least one
manufacturing process including at least one step. This storage may be a cloud-based storage or
a local storage, for example. Steps 1104, 1106, and 1108 are similar to steps 904, 906, and 908
of FIG. 9 and are not repeated here.

[00136] FIG. 12 depicts a flowchart of a method 1200 for analyzing manufacturing processes
in accordance with one embodiment. Step 1202 involves gathering data related to performance
of at least one manufacturing process. This step may be similar to step 906 of FIG. 9, for

example.

[00137] Step 1204 involves classifying the gathered data into at least one classification.
Classifications are ways of organizing data points in a process and are meant to capture all data

related to a work flow.

[00138] Step 1206 involves distributing the gathered data to at least one database, wherein the
database receiving the gathered data is selected based on the classification of the data. As
mentioned previously, certain kinds of data are better suited for certain back ends. For example,
a distributed database may be preferable for a large amount of data, and SQL database may be

preferable smaller amounts of data, etc.
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[00139] Step 1208 involves querying, using an analytic module, at least one instance of data
from the at least one database. A query may be configured to run across multiple database or a
specific database may be selected based on the query. This allows for, among other features,
incremental changes to analytics (queries), offline processing of queries, and more efficient

statistical analysis of data in data sources.
[00140] Step 1210 is similar to step 908 of FIG. 9 and is not repeated here.

[00141] FIG. 13 depicts a flowchart of a method 1300 for facilitating a manufacturing process
in accordance with one embodiment. Step 1302 involves providing a user interface for enabling
at least one operator to input instructions regarding a process to be performed in a workspace,
wherein the process may be defined by an interactive template that is readily modifiable so the at
least one operator can modify the at least one process. The user interface may be configured as a
PC, laptop, tablet, smartphone, or the like. The interactive template may be similar to the

interactive template discussed in steps 902 and 904 of FIG.9, for example.

[00142] Step 1304 involves gathering, via at least one sensor device, data regarding a physical
environment of the workspace in which the process is to be performed. This data may relate to
the position/location of certain devices in the workspace such as a table, tool device, machinery,
and other objects in the environment. This information may be gathered by sensor devices such

as LIDAR, stereoscopic cameras, or the like.

[00143] Step 1306 involves communicating the data regarding the physical environment of
the workspace to a processing device. This information may be communicated via any type of

hardwired or wireless connection.

[00144] Step 1308 involves identifying, via the processing device, at least one characteristic
of the physical environment of the workspace so that the process can be performed in the
workspace. The processing device may identify the locations of certain devices, for example, so
that the process, as defined by an operator in step 1302, can be performed in the physical

environment.

[00145] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as appropriate.
For instance, in alternative configurations, the methods may be performed in an order different
from that described, and that various steps may be added, omitted, or combined. Also, features
described with respect to certain configurations may be combined in various other

configurations. Different aspects and elements of the configurations may be combined in a
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similar manner. Also, technology evolves and, thus, many of the elements are examples and do

not limit the scope of the disclosure or claims.

[00146] Embodiments of the present disclosure, for example, are described above with
reference to block diagrams and/or operational illustrations of methods, systems, and computer
program products according to embodiments of the present disclosure. The functions/acts noted
in the blocks may occur out of the order as shown in any flowchart. For example, two blocks
shown in succession may in fact be executed substantially concurrently or the blocks may
sometimes be executed in the reverse order, depending upon the functionality/acts involved.
Additionally, or alternatively, not all of the blocks shown in any flowchart need to be performed
and/or executed. For example, if a given flowchart has five blocks containing functions/acts, it
may be the case that only three of the five blocks are performed and/or executed. In this

example, any of the three of the five blocks may be performed and/or executed.

[00147] A statement that a value exceeds (or is more than) a first threshold value is equivalent
to a statement that the value meets or exceeds a second threshold value that is slightly greater
than the first threshold value, e.g., the second threshold value being one value higher than the
first threshold value in the resolution of a relevant system. A statement that a value is less than
(or is within) a first threshold value is equivalent to a statement that the value is less than or
equal to a second threshold value that is slightly lower than the first threshold value, e.g., the
second threshold value being one value lower than the first threshold value in the resolution of

the relevant system.

[00148] Specific details are given in the description to provide a thorough understanding of
example configurations (including implementations). However, configurations may be practiced
without these specific details. For example, well-known circuits, processes, algorithms,
structures, and techniques have been shown without unnecessary detail in order to avoid
obscuring the configurations. This description provides example configurations only, and does
not limit the scope, applicability, or configurations of the claims. Rather, the preceding
description of the configurations will provide those skilled in the art with an enabling description
for implementing described techniques. Various changes may be made in the function and

arrangement of elements without departing from the spirit or scope of the disclosure.

[00149] Having described several example configurations, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the disclosure.
For example, the above elements may be components of a larger system, wherein other rules

may take precedence over or otherwise modify the application of various implementations or
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techniques of the present disclosure. Also, a number of steps may be undertaken before, during,

or after the above elements are considered.

[00150] Having been provided with the description and illustration of the present application,
one skilled in the art may envision variations, modifications, and alternate embodiments falling
within the general inventive concept discussed in this application that do not depart from the

scope of the following claims.
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CLAIMS

1. A method of operating a manufacturing system, the method comprising executing the
following steps by at least one processor capable of executing instructions encoded on a
computer-readable medium:

defining at least one manufacturing process using an interactive template retrievable from
a storage, wherein the at least one process includes at least one step;

receiving at least one modification to the process via the interactive template from at least
one operator,

gathering data related to the performance of the at least one step of the process; and

converting the gathered data related to the performance of the at least one step of the

process into manufacturing results data.

1.1.  The method of claim 1, further comprising tracking the identity of the at least one

operator making the at least one modification to the process.

1.2, The method of claim 1, wherein the process further includes at least one conditional test.

1.3 The method of claim 1.2, wherein the at least one conditional test is conditioned on

gathered data.

1.4 The method of claim 1 wherein the storage is network connected.

1.5 The method of claim 1 further comprising allocating at least one piece of machinery to

perform at least one step of the process.

1.6 The method of claim 1.5 wherein the at least one piece of machinery is a plurality of

pieces of machinery of a plurality of types.

2. A manufacturing system comprising:

a storage providing at least one interactive template, wherein the at least one interactive
template defines at least one manufacturing process including at least one step, and the at least
one interactive template is configured to interface with at least one operator to enable the at least

one operator to modify the process; and
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a processing device configured to gather data related to a performance of the at least one
step of the at least one process and further configured to convert the gathered data into

manufacturing results data.

2.1 The system of claim 2 wherein the processing device is further configured to track the

identity of the at least one operator modifying the process.

2.2.  The system of claim 2, wherein the process further includes at least one conditional test.

2.3.  The system of claim 2.2, wherein the at least one conditional test is conditioned on

gathered data.

2.4  The system of claim 2 wherein the storage is network connected.

2.5.  The system of claim 2 further comprising at least one piece of machinery for performing

at least one step of the process.

2.6 The system of claim2.5 wherein the at least one piece of machinery is a plurality of

pieces of machinery of a plurality of types.

3. A server for facilitating manufacturing, the server comprising:

at least one interactive template retrievable from the server, wherein the at least one
interactive template is used to define at least one manufacturing process including at least one
step; and

at least one interface for presenting the interactive template to at least one operator to
enable the at least one operator to create a process, view a process, test a process, or modify a

process in substantially real time.

3.1.  The server of claim 3, further comprising storage for recording the identity of the at least

one operator interacting with the interactive template.

3.2 The server of claim 3.1 wherein the storage is network connected.

3.3.  The server of claim 3, wherein testing the process involves its execution on at least one

piece of machinery.
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3.4.  The server of claim 3, wherein the at least one interactive template is configured to

receive at least one operational parameter from the at least one piece of machinery.

3.5. The server of claim 3.4, wherein the the at least one interactive template displays the

received at least one operational parameter in at least substantially real time.

3.6.  The server of claim 3, wherein testing the process comprises simulating the execution of

the process.

3.7.  The server of claim 3 further configured to identify errors in the created process prior to

execution or the runtime configuration.

3.8.  The server of claim 3.3 wherein the interactive template will not execute in the absence

of the at least one piece of machinery.

3.9.  The server of claim 3.3 wherein the operator associates at least one piece of machinery

with the process when the process is executed.

4. A method for facilitating manufacturing, the method comprising:

retrieving at least one interactive template from a server, wherein the at least one
interactive template is used to define at least one manufacturing process including at least one
step;

gathering data related to the performance of the at least one step of the at least one
manufacturing process in substantially real time; and

converting the gathered data into manufacturing performance data.

4.1.  The method of claim 4, wherein the gathered data includes the identity of the operator

performing the at least one step of the at least one manufacturing process.
42  The method of claim 4 further comprising issuing commands altering the performance of

the at least one manufacturing process in response to the gathered data or the manufacturing

performance data.
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4.3  The method of claim 4 wherein the conversion of the gathered data into manufacturing
performance data comprises grouping the gathered data according to at least one parameter, and

providing those groups as manufacturing performance data.

4.4  The method of claim 4.3 wherein the at least one parameter is selected from the group
consisting of time period, time of day, a physical configuration of components, gathered sensor

data, and data provided by an operator during execution of the process.

4.5  The method of claim 4 wherein the conversion of the gathered data into manufacturing
performance data comprises processing the gathered data to display individual operator

performance.

5. A method for analyzing manufacturing, the method comprising:

gathering data related to the performance of at least one manufacturing process;

classifying the gathered data into at least one classification;

distributing the gathered data to at least one database selected from a plurality of
databases, wherein the selection of the at least one database is dependent on the at least one
classification;

querying, using an analytic module, at least one instance of data from the at least one
database; and

converting the at least one instance of queried data into manufacturing results data.
5.1.  The method of claim 5, wherein gathering data related to performance of at least one
manufacturing process comprises gathering data related to performance of multiple

manufacturing processes.

5.2, The method of claim 5.1, wherein the multiple manufacturing processes are multiple

versions of a single manufacturing process.

5.3.  The method of claim 5.2 further comprising displaying the differences between the

multiple versions of the single manufacturing process.

5.4.  The method of claim 5, wherein querying at least one instance of data includes querying

at least one instance of data from multiple databases.

29



10

15

20

25

30

35

WO 2016/168785 PCT/US2016/028013
5.5.  The method of claim 5, wherein the at least one queried database is chosen based on the

query.

6. A system for facilitating manufacturing, the system comprising;
a network-connected storage containing a master database relating to at least one process
performed by at least one operator at a facility; and
a local server located at the facility containing a copy of the master database so that the at
least one process may be performed by the at least one operator at the facility during a first time
period in which the network-connected storage is not accessible, wherein the local server is
configured to:
store data related to the performance of the at least one process during the first
time period in which the network-connected storage is not accessible, and
communicate the data related to the performance of the at least one process to the
network-connected storage during a second time period in which the network-connected

storage is accessible.

7. A hierarchical system for facilitating manufacturing, the system comprising:

at least one piece of machinery located in a first hierarchy layer and configured to
perform at least one process, wherein the at least one process includes at least one step;

at least one processing device located in a second hierarchy layer and in operable
communication with the at least one piece of machinery and configured to gather data related to
the performance of the at least one process, wherein the at least one processing device is
configurable to be in operable communication with at least one other piece of machinery based
on the at least one other piece of machinery’s location in the first hierarchy layer and the at least
one processing device’s location in the second hierarchy layer; and

a plurality of user interfaces associated with the at least one piece of machinery, wherein
at least two of the plurality of user interfaces are synchronized to display a same step of the

manufacturing process simultaneously.

7.1.  The system of claim 7, wherein the at least one processing device is configured to
communicate data related to the performance of the at least one process to a network-connected

storage.

7.2 The system of claim 7 wherein the at least one processing device maintains a state

associated with the performance of the at least one process, wherein the plurality of user
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interfaces utilize the maintained state and changes to the maintained state are reflected in the

plurality of user interfaces.

8. A method for facilitating a manufacturing process, the method comprising:

providing a user interface for enabling at least one operator to input instructions
regarding a process to be performed in a workspace, wherein the process may be defined by an
interactive template that is readily modifiable so the at least one operator can modify the at least
one process,;

gathering, via at least one sensor device, data regarding a physical environment of the
workspace in which the process is to be performed,;

communicating the data regarding the physical environment of the workspace to a
processing device; and

identifying, via the processing device, at least one characteristic of the physical

environment of the workspace so that the process can be performed in the workspace.

8.1 The method of claim 8 wherein the user interface, the sensor device, and the processing

device are contained in the same physical package.
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