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METHODS, APPARATUSES, AND
COMPUTER PROGRAM PRODUCTS FOR
PROCESS FLOW DIAGRAM CREATION
AND EMBEDDING INSIDE CLOUD-HOSTED
PROCESS SIMULATION SYSTEM LIVE WEB
APPLICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of foreign India patent application Ser. No. 202311031544,
filed on May 3, 2023 and entitled “Methods, Apparatuses,
and Computer Program Products For Process Flow Diagram
Creation and Embedding Inside Cloud-Hosted Process
Simulation System Live Web Application,” which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to process
flow diagrams related to industrial assets in an industrial
environment, and more particularly to process flow diagram
creation inside a process simulation system live web appli-
cation.

BACKGROUND

[0003] An industrial environment generally includes
physical assets such machines, sensors, equipment, comput-
ing devices, and/or other types of industrial assets config-
ured to execute one or more industrial processes. Process
simulation tools, such as asset models and process digital
twin systems, are often used to model and/or monitor such
industrial environments.

[0004] However, Applicant has discovered many techno-
logical inefficiencies related to such traditional asset models.

BRIEF SUMMARY

[0005] The details of some embodiments of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

[0006] In accordance with a first aspect of the disclosure,
a computer-implemented method for generating a process
flow diagram that digitally represents one or more assets of
a process or subprocess within an industrial environment is
provided. In at least one example embodiment, an example
method comprises receiving a first graphic representation of
the process or subprocess and the one or more assets of the
process or subprocess, accessing a data model database
corresponding to the process or subprocess and the one or
more assets of the process or subprocess, the data model
database comprising a time series database comprising val-
ues for one or more attributes corresponding to the one or
more assets of the process or subprocess at a plurality of
different times, converting the first graphic representation
into a second graphic representation of the process or
subprocess and the one or more assets of the process or
subprocess, the second graphic representation linked to the
data model database and including values from the data
model database for one or more of the attributes correspond-
ing to the one or more assets of the process or subprocess,
the second graphic representation formatted to enable web

Nov. 7, 2024

browser access, and storing the second graphic representa-
tion in one or more servers or one or more cloud computing
devices and providing web browser access to the second
graphic representation by one or more user devices.

[0007] Insome embodiments, the one or more assets of the
process or subprocess comprise equipment, streams, mea-
surement instruments, calculated values, inputs and/or out-
puts.

[0008] In some embodiments, the first graphic represen-
tation comprises a training simulator graphic representation
of the process or subprocess or a distributed control system
console graphic representation of the process or subprocess.
[0009] In some embodiments, the displayed values from
the data model database comprise live data from the indus-
trial environment and/or calculated data.

[0010] In some embodiments, at least some of the one or
more attributes enable preprocessing calculations, postpro-
cessing calculations, storing inputs to the preprocessing
and/or postprocessing calculations, storing results from the
preprocessing and/or postprocessing calculations, measure-
ment values from the industrial environment, parameter
values to support the preprocessing and/or postprocessing
calculations, and/or simulation results.

[0011] In some embodiments, the second graphic repre-
sentation is linked to the data model database via an appli-
cation program interface.

[0012] In some embodiments, the second graphic repre-
sentation is user-editable.

[0013] In accordance with another aspect of the disclo-
sure, an apparatus for generating a process flow diagram that
digitally represents one or more assets of a process or
subprocess within an industrial environment is provided.
The apparatus comprises at least one processor and at least
one non-transitory memory comprising program code. The
at least one non-transitory memory and the program code are
configured to, with the at least one processor, cause the
apparatus to at least receive a first graphic representation of
the process or subprocess and the one or more assets of the
process or subprocess, access a data model database corre-
sponding to the process or subprocess and the one or more
assets of the process or subprocess, the data model database
comprising a time series database comprising values for one
or more attributes corresponding to the one or more assets of
the process or subprocess at a plurality of different times,
convert the first graphic representation into a second graphic
representation of the process or subprocess and the one or
more assets of the process or subprocess, the second graphic
representation linked to the data model database and includ-
ing values from the data model database for one or more of
the attributes corresponding to the one or more assets of the
process or subprocess, the second graphic representation
formatted to enable web browser access, and store the
second graphic representation in one or more servers or one
or more cloud computing devices and provide web browser
access to the second graphic representation by one or more
user devices.

[0014] In accordance with yet another aspect of the dis-
closure, an example computer program product is provided.
The example computer program product includes at least
one non-transitory computer-readable storage medium hav-
ing computer-readable program code portions stored therein,
the computer-readable program code portions comprising an
executable portion configured to at least receive a first
graphic representation of the process or subprocess and the
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one or more assets of the process or subprocess, access a
data model database corresponding to the process or sub-
process and the one or more assets of the process or
subprocess, the data model database comprising a time
series database comprising values for one or more attributes
corresponding to the one or more assets of the process or
subprocess at a plurality of different times, convert the first
graphic representation into a second graphic representation
of the process or subprocess and the one or more assets of
the process or subprocess, the second graphic representation
linked to the data model database and including values from
the data model database for one or more of the attributes
corresponding to the one or more assets of the process or
subprocess, the second graphic representation formatted to
enable web browser access, and store the second graphic
representation in one or more servers or one or more cloud
computing devices and provide web browser access to the
second graphic representation by one or more user devices.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] Having thus described the embodiments of the
disclosure in general terms, reference now will be made to
the accompanying drawings, which are not necessarily
drawn to scale, and wherein:

[0016] FIG. 1 illustrates a block diagram of a system that
may be specially configured within which embodiments of
the present disclosure may operate;

[0017] FIG. 2 illustrates a block diagram of an example
apparatus that may be specially configured in accordance
with an example embodiment of the present disclosure;
[0018] FIG. 3 illustrates a flow chart for automatically
generating a cloud-hosted process flow diagram, in accor-
dance with an example embodiment of the present disclo-
sure;

[0019] FIG. 4 illustrates a graphical representation of an
industrial process for which a cloud-hosted process flow
diagram may be created, in accordance with an example
embodiment of the present disclosure;

[0020] FIG. 5 is an alternative view of the graphical
representation of FIG. 4;

[0021] FIG. 6 illustrates a shape library for automatically
generating a cloud-hosted process flow diagram, in accor-
dance with an example embodiment of the present disclo-
sure;

[0022] FIG. 7 illustrates a shape configuration screen for
automatically generating a cloud-hosted process flow dia-
gram, in accordance with an example embodiment of the
present disclosure; and

[0023] FIG. 8 illustrates a cloud-hosted process flow dia-
gram, in accordance with an example embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0024] Embodiments of the present disclosure now will be
described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all,
embodiments of the disclosure are shown. Many modifica-
tions and other embodiments 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 description and the associated
drawings. Therefore, it is to be understood that the embodi-
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ments are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions and
the associated drawings describe example embodiments 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 embodiments 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.

[0025] The term “or” is used herein in both the alternative
and conjunctive sense, unless otherwise indicated. Terms
such as “computing,” “determining,” “generating,” and/or
similar words are used herein interchangeably to refer to the
creation, modification, or identification of data. Further,
“based on,” “based on in part on,” “based at least on,”
“based upon,” and/or similar words are used herein inter-
changeably in an open-ended manner such that they do not
indicate being based only on or based solely on the refer-
enced element or elements unless so indicated. Like num-
bers refer to like elements throughout.

[0026] As used herein, the term “comprising” means
including but not limited to and should be interpreted in the
manner it is typically used in the patent context. Use of
broader terms such as comprises, includes, and having
should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, and com-
prised substantially of.

[0027] The phrases “in one embodiment,” “according to
one embodiment,” “in some embodiments,” and the like
generally mean that the particular feature, structure, or
characteristic following the phrase may be included in at
least one embodiment of the present disclosure, and may be
included in more than one embodiment of the present
disclosure (importantly, such phrases do not necessarily
refer to the same embodiment).

[0028] The word “example” or “exemplary” is used herein
to mean “serving as an example, instance, or illustration.”
Any implementation described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous
over other implementations.

[0029] If the specification states a component or feature
“may,” “can,” “could,” “should,” “would,” “preferably,”
“possibly,” “typically,” “optionally,” “for example,” “often,”
or “might” (or other such language) be included or have a
characteristic, that a specific component or feature is not
required to be included or to have the characteristic. Such a
component or feature may be optionally included in some
embodiments, or it may be excluded.

[0030] The term “industrial plant,” “plant,” and/or similar
terms used herein interchangeably may refer to one or more
buildings, complex, or arrangement of components that
perform a chemical, physical, electrical, mechanical pro-
cess, and/or the like for converting input materials into one
or more output products. Non-limiting examples of an
industrial plant include a chemical industrial plant, automo-
tive manufacturing plant, distillery, oil refinery, fabric manu-
facturing plant, and/or the like.

2
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[0031] The term “physical component” with respect to an
industrial plant may refer to asset(s) within or associated
with the industrial plant. Such assets, for example, may
include real-world equipment, systems, or other physical
structures within and/or associated with the industrial plant,
and that is utilized by the industrial plant. For example, a
physical component with respect to an industrial plant may
comprise equipment, systems, or other structures that are
utilized in a process performed by the industrial plant. In an
example context of an oil refinery, non-limiting examples of
a physical component may include a furnace, a pump, a heat
exchanger, a distillation column, and/or the like.

[0032] The term “process simulation model,” which may
also be termed a “data model” or an “asset model,” refers to
a model-based representation of one or more processes of an
industrial plant. A process simulation model may be con-
figured to facilitate designing, developing, analyzing, moni-
toring, controlling, optimizing, and/or the like one or more
processes of the industrial plant. Such processes for
example, may include chemical processes, biological pro-
cesses, and/or the like. In one or more embodiments, a
process simulation model embodies a process flow diagram
that describes the process flow through an industrial plant. A
non-limiting example of a process simulation model is a first
principle-based simulation model that models equipment
and/or processes based on fundamental laws of physics,
thermodynamics, kinetics, chemistry, etc. For example, a
feed stream associated with a gas refrigeration plant may be
defined in a process simulation model in terms of its physical
and/or chemical properties. As another example, a feed
stream associated with a crude oil processing plant may be
defined in a process simulation model in terms of its physical
and/or chemical properties. One or more inputs to a process
simulation model may be fixed input(s), while one or more
inputs to the process simulation model may be variable
input(s). Additionally or alternatively, one or more inputs to
the process simulation model may be a computed value, for
example, by the process simulation model. Additionally or
alternatively, one or more inputs to the process simulation
model may comprise data received from the plant. As a
non-limiting example, such data received from the plant
may comprise equipment and/or process variable measure-
ments (e.g., sensor-based measurements). In one or more
embodiments, execution of a process simulation model
includes performing one or more operations. As a non-
limiting example, the one or more operations may include an
optimization operation with respect to one or more objective
functions (e.g., minimum energy, maximum production,
maximum profit, minimum cost, and/or the like) in order to
determine optimal operating points/conditions for specified
parameter(s). An optimal operating point/condition for a
specified parameter, for example, may describe a stable
operating point/condition for the specified parameter. In
some embodiments, a process simulation model may com-
prise a steady-state model or a dynamic model. For example,
in some embodiments a process simulation model may
simulate a steady state process and/or a dynamic process. In
some embodiments, a process simulation model may be
associated with or otherwise embodied by a digital twin
model.

[0033] A process simulation model may include hundreds
or thousands of assets, and one or more “attributes” may be
associated with each asset. The attributes define a particular
feature or value related to the asset. The attributes may
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comprise, for example, raw data values that are measured in
the plant, such as temperature and flow; values that are used
for calculations within the model, such as conversion factors
or constants; the results of intermediate or final calculations;
or simulation or optimization results.

[0034] A “process flow diagram” (PFD) is a graphic
representation of a process flow through an industrial plant.
A process simulation model is often created from a process
flow diagram. A process flow diagram often includes or is
linked to one or more “process data tables.” A process flow
diagram may include one or more input data tables defining
the inputs to the process simulation model and one or more
output data tables defining the outputs from the process
simulation model. A process flow diagram may include a
source data table that indicates which variables from the
industrial plant should be mapped to which inputs.

[0035] A process simulation model may rely on a “time-
series database” (TSDB), and such a TSDB is often created
as part of creating a process simulation model. Many, if not
most, of the attribute values of a process simulation model
change over time. Such a TSDB records the values of the
attributes at different times. Depending on the state of the
plant and the process models, the time intervals at which the
attributes are recorded may vary.

[0036] A “digital twin model,” “process digital twin,”
“process digital twin system,” and the like refers to a digital,
model-based representation of physical components (e.g.,
equipment, system, processes, etc.) in operation. In one or
more embodiments, a digital twin model is configured to run
with plant data in that incoming data (e.g., operational data)
from the plant is fed into the digital twin model to update the
model. As such, a digital twin model may describe a
representation of equipment and/or processes of an indus-
trial plant that reflects the current operating conditions. A
digital twin model may be used to monitor, refine, control,
predict, and/or optimize operations of the industrial plant. In
some embodiments, the digital twin model may comprise
one or more process simulation models and/or one or more
data-driven models.

[0037] “Cloud-hosted” refers to a resource (for example,
an application, website, etc.) that resides on a server or other
computing device that is accessible to remote users via the
internet or other network. A cloud-hosted resources may be
publicly accessible to any internet connected device or may
be access-restricted such that only authorized users may
access the resource. Cloud-hosted resources are typically
formatted to enable access to the resource via a standard web
browser.

[0038] In at least some conventional training simulator
systems, a process flow diagram that digitally represents one
or more assets of a process or subprocess within an industrial
environment is displayed for a user. At least some such
training simulator systems run on a user’s local computer
(i.e., as a “desktop application™) such that the displayed
process flow diagram is tied to the user’s desktop and
displays only information from the desktop simulator.
[0039] Various embodiments of the present disclosure
address technical challenges related to generating a process
flow diagram that digitally represents one or more assets of
a process or subprocess within an industrial environment.
Specifically, embodiments of the present disclosure enable
generating a cloud-hosted process flow diagram that is
formatted to enable web browser access to the process flow
diagram.
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[0040] Embodiments of the present disclosure receive a
first graphic representation of the process or subprocess and
the one or more assets of the process or subprocess. In some
embodiments, the first graphic representation is a process
flow diagram from a desktop-bound training simulator sys-
tem or distributed control system (DCS). In some embodi-
ments, the assets of the process or subprocess include one or
more of equipment, streams, measurement instruments, cal-
culated values, inputs and/or outputs.

[0041] Embodiments of the present disclosure also access
a process simulation model database corresponding to the
process or subprocess and the one or more assets of the
process or subprocess. In some embodiments, the process
simulation model database comprises a time series database
(TSDB) comprising values for one or more attributes cor-
responding to the assets at a plurality of different times. In
some embodiments, the TSDB is cloud-hosted. In some
embodiment, the TSDB includes attribute values that are
measured at and received from the industrial environment.
In some embodiment, the TSDB includes attribute values
that are calculated or otherwise derived by the process
simulation model.

[0042] Embodiments of the present disclosure convert the
first graphic representation into a second graphic represen-
tation of the process or subprocess and the assets. In some
embodiments, the second graphic representation is linked to
the process simulation model database (i.e., the TSDB). In
some embodiments, the second graphic representation is
formatted to enable web browser access. In some embodi-
ments, the second graphic representation displays attribute
values from the TSDB that are measured at and received
from the industrial environment. In some embodiment, the
second graphic representation displays attribute values from
the TSDB that are calculated or otherwise derived by the
process simulation model.

[0043] Embodiments of the present disclosure store the
second graphic representation in one or more servers or one
or more cloud computing devices and enable web browser
access to the second graphic representation by one or more
user devices over a network.

[0044] Embodiments of the present disclosure herein
include systems, apparatuses, methods, and computer pro-
gram products that enable generating a cloud-hosted process
flow diagram that is formatted to enable web browser access
to the process flow diagram. It should be readily appreciated
that the embodiments of the apparatus, systems, methods,
and computer program product described herein may be
configured in various additional and alternative manners in
addition to those expressly described herein.

[0045] FIG. 1 illustrates a block diagram of an environ-
ment/system 100 in which embodiments of the present
disclosure may operate. Specifically, FIG. 1 illustrates an
industrial plant system 104 system in communication with a
process modeling and simulation system 102. In some
embodiments, the industrial plant system 104 communicates
with the process modeling and simulation system 102 over
one or more communication network(s), for example a
communications network 106. In some embodiments, the
industrial plant system 104 is in communication with a
plurality of plant systems, each identically or similarly
configured to the industrial plant system 104. In some such
embodiments, the process modeling and simulation system
102 may process data associated with each industrial plant
system 104 independently, and/or in some contexts pro-
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cesses data associated with multiple industrial plant systems
104 in the aggregate (e.g., when processing all industrial
plant systems 104 associated with a particular entity, region,
and/or the like). In some embodiments, the process model-
ing and simulation system 102 includes one or more process
simulation models 108. The one or more process simulation
models may at least in part represent a digital twin model.
For example, in some embodiments, the process modeling
and simulation system 102 may comprise a digital twin
model that is the process simulation model 108 or may
comprise a digital twin model that includes one or more
process simulation models 108 and/or one or more data-
driven models. As depicted in FIG. 1, in some embodiments,
the process modeling and simulation system 102 includes
one or more process simulation models 108. As further
depicted in FIG. 1, in some embodiments, the process
modeling and simulation system 102 includes a model data
storage system 112 that may be external (as illustrated) or
internal to the process modeling and simulation system 102.
For example, the model data storage system 112 may be
comprise a part of a separate system in communication with
the process modeling and simulation system 102 (e.g., via
the communications network 106).

[0046] As depicted in FIG. 1, in some embodiments, the
process modeling and simulation system 102 may be in
communication with a historical data storage system 116
that may be external (as illustrated) or internal to the process
modeling and simulation system 102. For example, the
historical data storage system 116 may be a part of a separate
system in communication with the process modeling and
simulation system 102 (e.g., via the communications net-
work 106). In some embodiments, the historical data storage
system 116 comprises a cloud historian collector (CHC) that
uses a Laboratory Information Management System (LIMS)
database that stores historical values for one or more of the
asset attribute values from the industrial plant system 104.

[0047] As depicted in FIG. 1, in some embodiments, the
process modeling and simulation system 102 may be in
communication with a user device 114 that may be external
(as illustrated) or internal to the process modeling and
simulation system 102. In some embodiments, the user
device 114 enables a user to create and interact with a
process simulation model.

[0048] It should be appreciated that the communications
network 106 in some embodiments is embodied in any of a
myriad of network configurations. In some embodiments,
the communications network 106 embodies a public net-
work (e.g., the Internet). In some embodiments, the com-
munications network 106 embodies a private network (e.g.,
an internal localized, or closed-off network between particu-
lar devices). In some other embodiments, the communica-
tions network 106 embodies a hybrid network (e.g., a
network enabling internal communications between particu-
lar connected devices and external communications with
other devices). The communications network 106 in some
embodiments includes one or more base station(s), relay(s),
router(s), switch(es), cell tower(s), communications cable(s)
and/or associated routing station(s), and/or the like. In some
embodiments, the communications network 106 includes
one or more user controlled computing device(s) (e.g., a user
owned router and/or modem) and/or one or more external
utility devices (e.g., Internet service provider communica-
tion tower(s) and/or other device(s)).
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[0049] In some embodiments, each of the components of
the system 100 communicatively are coupled to transmit
data to and/or receive data from one another over the same
or different wireless and/or wired networks embodying the
communications network 106. Such configuration(s)
include, without limitation, a wired or wireless Personal
Area Network (PAN), Local Area Network (LAN), Metro-
politan Area Network (MAN), Wide Area Network (WAN),
and/or the like. Additionally, while FIG. 1 illustrate certain
system entities as separate, standalone entities communicat-
ing over the communications network 106, the various
embodiments are not limited to this architecture. In other
embodiments, one or more computing entities share one or
more components, hardware, and/or the like, or otherwise
are embodied by a single computing device such that
connection(s) between the computing entities are over the
communications network 106 are altered and/or rendered
unnecessary. For example, in some embodiments, the indus-
trial plant system 104 includes some or all of the process
modeling and simulation system 102, such that an external
communications network 106 is not required.

[0050] In some embodiments, the industrial plant system
104 and the process modeling and simulation system 102 are
embodied in an on-premises system within or associated
with the industrial plant. In some such embodiments, the
industrial plant system 104 and the process modeling and
simulation system 102 are communicatively coupled via at
least one wired connection. Alternatively or additionally, in
some embodiments, the industrial plant system 104 embod-
ies or includes the process modeling and simulation system
102, for example as a software component of a single
enterprise terminal.

[0051] The industrial plant system 104 includes any num-
ber of computing device(s), system(s), physical component
(s), and/or the like, that facilitates producing of any number
of products, for example utilizing particular configurations
that cause processing of particular inputs available within
the industrial plant system 104. In some embodiments, the
industrial plant system 104 includes one or more physical
component(s), connection(s) between physical component
(s), and/or computing system(s) that control operation of
each physical component therein. In some embodiments, a
physical component describes asset(s) within or associated
with an industrial plant. Such assets, for example, may
include real-world equipment, systems, or other physical
structures within and/or associated with the industrial plant,
and that is utilized by the industrial plant. For example, a
physical component with respect to an industrial plant may
comprise equipment, systems, or other structures that are
utilized in a process performed by the industrial plant. In an
example context of an oil refinery plant, non-limiting
examples of a physical component may include a furnace, a
pump, a heat exchanger, and/or the like. The industrial plant
system 104, for example, can embody an oil refinery, an
automotive engine manufacturing plant, a distillery, and/or
the like, which includes physical component(s) that perform
particular process(es) to alter properties of inputs to the
component(s). Additionally or alternatively, in some
embodiments the industrial plant system 104 includes one or
more computing system(s) that are specially configured to
operate the physical component(s) in a manner that produces
one or more particular product(s) simultaneously. In some
embodiments, an industrial plant system 104 includes one or
more computing device(s) and/or system(s) embodied in

Nov. 7, 2024

hardware, software, firmware, and/or a combination thereof,
that configure and/or otherwise control operation of one or
more physical component(s) in the corresponding industrial
plant(s). For example, in some embodiments, such comput-
ing device(s) and/or system(s) include one or more program-
mable logic controller(s), MPC(s), application server(s),
centralized control system(s), and/or the like, that control(s)
configuration and/or operation of at least one physical
component. It will be appreciated that different industrial
plant system(s) may include or otherwise be associated with
different physical component(s), computing system(s), and/
or the like.

[0052] The process modeling and simulation system 102
includes one or more computing device(s) and/or system(s)
embodied in hardware, software, firmware, and/or a com-
bination thereof, that can model and/or simulate process(es)
associated with an industrial plant. In some embodiments,
the process modeling and simulation system 102 includes
one or more specially configured application server(s), data-
base server(s), end user device(s), cloud computing system
(s), and/or the like. Additionally or alternatively, in some
embodiments, the process modeling and simulation system
102 includes one or more user device(s) that enables access
to functionality provided by the process modeling and
simulation system 102, for example via a web application,
native application, and/or the like. For example, in some
embodiments, the process modeling and simulation system
102 provides cloud-based functionality to an end-user that
facilitates cloud-based monitoring, controlling, optimiza-
tion, etc., of an industrial plant system, such as industrial
plant system 104

[0053] The process modeling and simulation system 102
can be used for, for example, designing, analyzing, moni-
toring, controlling, and/or optimizing an industrial plant. In
one or more embodiments, the process modeling and simu-
lation system 102 is configured to output data that reflects
optimal operating points/conditions for one or more speci-
fied parameters associated with an equipment and/or process
of an industrial plant, such as an industrial plant embodied
by the industrial plant system 104. For example, the process
modeling and simulation system 102, can be configured to
perform, based at least in part on input data associated with
the industrial plant, one or more modeling operations and/or
simulation operations that facilitates generation of model-
predicted data, wherein the model predicted prediction(s)
may be used to facilitate designing, analyzing, monitoring,
controlling, and/or optimizing equipment and/or process(es)
of an industrial plant. In some embodiments, the process
modeling and simulation system 102 includes one or more
application server(s) and/or database server(s) that provide
such functionality. Additionally or alternatively, in some
embodiments, the process modeling and simulation system
102 includes one or more client device(s), user device(s),
and/or the like, such as user device 114, that enable access
to the functionality provided via the process modeling and
simulation system 102, for example via a web application, a
native application, and/or the like executed on the client
device. In some embodiments, the process modeling and
simulation system 102 includes or embodies a display or
other user interface to which a user-facing interface is
renderable.

[0054] In some embodiments, the process modeling and
simulation system 102 and industrial plant system 104
communicate with one another to perform the various
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actions described herein. For example, in some embodi-
ments, the process modeling and simulation system 102 and
the industrial plant system 104 communicate in order to
generate model-predicted data associated with operation of
the industrial plant (e.g., embodied by the industrial plant
system 104). Additionally or alternatively, in some embodi-
ments, the process modeling and simulation system 102 and
the industrial plant system 104 communicate to facilitate
control or adjustment of operation of physical component(s)
in the industrial plants based at least in part on the generated
model-predicted data. For example, in some embodiments
the process modeling and simulation system 102 and the
industrial plant system 104 can communicate to automati-
cally configure or reconfigure one or more physical compo-
nent(s) of the industrial plant based on the model-predicted
data. In some embodiments, the process modeling and
simulation system 102 includes a process simulation model
108. In some embodiments, the process modeling and simu-
lation system 102 includes a plurality of process simulation
models 108.

[0055] In some embodiments, a process simulation model
108 is a model-based representation of one or more assets of
an industrial plant (e.g., industrial plant embodied by the
industrial plant system 104). A process simulation model
108 may comprise one or more asset models, that each
represent an asset associated with the industrial plant system
104. An asset may include equipment and/or processes
associated with the industrial plant system 104 (e.g., indus-
trial plant thereof) and/or their units. One or more inputs to
process simulation model 108 may be fixed input(s), while
one or more inputs to process simulation model 108 may be
variable input(s). Additionally or alternatively, one or more
inputs to the process simulation model may be a computed
value. In one or more embodiments, an input to the process
simulation model 108 that is a computed value is determined
(e.g., computed) by the process simulation model 108
embodied by the process modeling and simulation system
102. Additionally or alternatively, one or more inputs to the
process simulation model may comprise data received from
the industrial plant system 104. Such data (e.g., plant data)
may comprise operational data received from the plant, such
as process variable measurements and/or equipment variable
measurements. In an example context, one or more equip-
ment and/or processes associated with the industrial plant
system 104 may include sensor devices for measuring
certain variables (e.g., temperature, pressure, etc.) with
respect to the equipment and/or processes. In some embodi-
ments, a particular process simulation model 108 may be a
first principle-based simulation model that models equip-
ment and/or processes based on fundamental laws of phys-
ics, thermodynamics, kinetics, chemistry, etc. For example,
a feed stream associated with a gas refrigeration plant, or a
crude oil processing plant may be defined in the process
simulation model 108 in terms of its physical and/or chemi-
cal properties. Additionally or alternatively, one or more
inputs to the process simulation model may comprise his-
torical data related to the industrial plant system 104, such
as from a historical data storage system 116. Such historical
data may comprise operational data, such as process variable
measurements and/or equipment variable measurements,
captured from the plant over a prior predetermined time
period.

[0056] In one or more embodiments, process simulation
model 108 can implement an algorithm based on inter-
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related asset models for the industrial plant (e.g., embodied
by the industrial plant system 104) to model and/or simulate
assets of the plant, and to generate prediction(s). In some
embodiments, prediction(s) may comprise model-predicted
data that represent or otherwise reflect predicted plant per-
formance, comparison of current plant performance against
historical plant performance to detect changes associated
with operation of the plant such as changes in equipment
and/or process(es). Additionally or alternatively, the model-
predicted data may comprise data indicative of operating
points/condition(s) for one or more equipment and/or pro-
cess variables. In one or more embodiments, process simu-
lation model 108 may facilitate designing, developing, ana-
lyzing, monitoring, controlling, optimizing, and/or the like
of one or more equipment and/or processes of the industrial
plant. Such processes, for example, may include chemical
processes, biological processes, and/or the like. In one or
more embodiments, process simulation model 108 embodies
a process flow diagram that describes the process flow
through the industrial plant.

[0057] In one or more embodiments the process modeling
and simulation system 102 and/or the process simulation
model 108 may represent a digital twin (e.g., digital twin
model) with respect to an industrial plant embodied by the
industrial plant system 104. For example, as described
above, in one or more embodiments, the process simulation
model 108 is a digital twin model of one or more processes
of the industrial plant. For example, in some examples, the
process modeling and simulation system 102 comprises a
digital twin model that is a process simulation model 108. In
some examples, the process modeling and simulation system
102 comprises a digital twin model that includes one or more
process simulation. A digital twin model with respect to an
industrial plant may describe a model-based representation
of physical components (e.g., equipment, system, processes,
etc.) in operation. The digital twin model (e.g., process
simulation model 108 thereof) may be configured to run
with plant data in that incoming data from the plant is fed
into the digital twin model to update the model. As described
above, plant data (e.g., operational data) may include mea-
surements of one or more measured process variables and/or
equipment variables. As such, a digital twin model may
describe at least in part a representation of equipment and/or
processes of an industrial plant that reflects the current
operating conditions, and may be used to monitor, refine,
control, predict, and/or optimize operations of the industrial
plant. Additionally or alternatively, the digital twin model
may be used to collect and store various data associated with
the operation of the industrial plant.

[0058] In one or more embodiments, execution of a pro-
cess simulation model 108 includes performing one or more
operations to output prediction(s) (e.g., model-predicted
data) that reflect operation of the industrial plant embodied
by the industrial plant system 104, and that in turn can be
used for monitoring, controlling, analyzing, and/or optimiz-
ing equipment and processes of the industrial plant. As a
non-limiting example, the one or more operations may
include an optimization operation with respect to one or
more optimization objective functions (e.g., minimum
energy, maximum production, maximum profit, minimum
cost, and/or the like) and/or constraints in order to determine
optimal operating points/conditions for specified parameter
(s). An optimal operating point/condition for a specified
parameter, for example, may describe a stable operating
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point/condition for the specified parameter. Non-limiting
examples of constraints with respect to an optimization
operation include physical equipment limits, safe operating
limits, product quality specifications, product flows (mini-
mum or maximum limits), energy use, feed availability,
and/or the like. In some embodiments, a process simulation
model 108 may comprise a steady-state model or a dynamic
model in that the process simulation model 108 may be a
steady state representation or dynamic representation of
process(es) of and industrial plant.

[0059] FIG. 2 illustrates a block diagram of an example
apparatus that may be specially configured in accordance
with an example embodiment of the present disclosure.
Specifically, FIG. 2 depicts an example computing apparatus
200 specially configured in accordance with at least some
example embodiments of the present disclosure. In some
embodiments, the process modeling and simulation system
102, and/or a portion thereof is embodied by one or more
system(s), such as the apparatus 200 as depicted and
described in FIG. 2. The apparatus 200 includes processor
202, memory 204, input/output circuitry 206, communica-
tions circuitry 208, display 210, process modeling and
simulation circuitry 212, and process flow diagram conver-
sion circuitry 214. In some embodiments, the apparatus 200
is configured, using one or more of the sets of circuitry
202-214 to execute and perform the operations described
herein.

[0060] In general, the terms computing entity (or “entity”
in reference other than to a user), device, system, and/or
similar words used herein interchangeably may refer to, for
example, one or more computers, computing entities, desk-
top computers, mobile phones, tablets, phablets, notebooks,
laptops, distributed systems, items/devices, terminals, serv-
ers or server networks, blades, gateways, switches, process-
ing devices, processing entities, set-top boxes, relays, rout-
ers, network access points, base stations, the like, and/or any
combination of devices or entities adapted to perform the
functions, operations, and/or processes described herein.
Such functions, operations, and/or processes may include,
for example, transmitting, receiving, operating on, process-
ing, displaying, storing, determining, creating/generating,
monitoring, evaluating, comparing, and/or similar terms
used herein interchangeably. In some embodiments, these
functions, operations, and/or processes can be performed on
data, content, information, and/or similar terms used herein
interchangeably. In this regard, the apparatus 200 embodies
a particular, specially configured computing entity trans-
formed to enable the specific operations described herein
and provide the specific advantages associated therewith, as
described herein.

[0061] Although components are described with respect to
functional limitations, it should be understood that the
particular implementations necessarily include the use of
particular computing hardware. It should also be understood
that in some embodiments certain of the components
described herein include similar or common hardware. For
example, in some embodiments two sets of circuitry both
leverage use of the same processor(s), network interface(s),
storage medium(s), and/or the like, to perform their associ-
ated functions, such that duplicate hardware is not required
for each set of circuitry. The use of the term “circuitry” as
used herein with respect to components of the apparatuses
described herein should therefore be understood to include
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particular hardware configured to perform the functions
associated with the particular circuitry as described herein.
[0062] Particularly, the term “circuitry” should be under-
stood broadly to include hardware and, in some embodi-
ments, software for configuring the hardware. For example,
in some embodiments, “circuitry” includes processing cir-
cuitry, storage media, network interfaces, input/output
devices, and/or the like. Alternatively or additionally, in
some embodiments, other elements of the apparatus 200
provide or supplement the functionality of another particular
set of circuitry. For example, the processor 202 in some
embodiments provides processing functionality to any of the
sets of circuitry, the memory 204 provides storage function-
ality to any of the sets of circuitry, the communications
circuitry 208 provides network interface functionality to any
of the sets of circuitry, and/or the like.

[0063] In some embodiments, the processor 202 (and/or
co-processor or any other processing circuitry assisting or
otherwise associated with the processor) is/are in commu-
nication with the memory 204 via a bus for passing infor-
mation among components of the apparatus 200. In some
embodiments, for example, the memory 204 is non-transi-
tory and may include, for example, one or more volatile
and/or non-volatile memories. In other words, for example,
the memory 204 in some embodiments includes or embodies
an electronic storage device (e.g., a computer readable
storage medium). In some embodiments, the memory 204 is
configured to store information, data, content, applications,
instructions, or the like, for enabling the apparatus 200 to
carry out various functions in accordance with example
embodiments of the present disclosure.

[0064] The processor 202 may be embodied in a number
of different ways. For example, in some example embodi-
ments, the processor 202 includes one or more processing
devices configured to perform independently. Additionally
or alternatively, in some embodiments, the processor 202
includes one or more processor(s) configured in tandem via
a bus to enable independent execution of instructions, pipe-
lining, and/or multithreading. The use of the terms “proces-
sor” and “processing circuitry” should be understood to
include a single core processor, a multi-core processor,
multiple processors internal to the apparatus 200, and/or one
or more remote or “cloud” processor(s) external to the
apparatus 200.

[0065] In an example embodiment, the processor 202 is
configured to execute instructions stored in the memory 204
or otherwise accessible to the processor. Alternatively or
additionally, the processor 202 in some embodiments is
configured to execute hard-coded functionality. As such,
whether configured by hardware or software methods, or by
a combination thereof, the processor 202 represents an entity
(e.g., physically embodied in circuitry) capable of perform-
ing operations according to an embodiment of the present
disclosure while configured accordingly. Alternatively or
additionally, as another example in some example embodi-
ments, when the processor 202 is embodied as an executor
of software instructions, the instructions specifically config-
ure the processor 202 to perform the algorithms embodied in
the specific operations described herein when such instruc-
tions are executed.

[0066] As one particular example embodiment, the pro-
cessor 202 is configured to perform various operations
associated with the process simulation model 108. In some
embodiments, the processor 202 includes hardware, soft-
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ware, firmware, and/or a combination thereof, for imple-
menting one or more algorithms to model and simulate the
execution of defined process(es) within the process simula-
tion model 108, for example, based on inter-related asset
models associated with the industrial plant system 104. For
example, in some embodiments, the processor 202 includes
hardware, software, firmware, and/or a combination thereof,
for performing a variety of calculations associated with the
process simulation model 108. In some embodiments, the
processor 202 can facilitate storing, sending and/or receiv-
ing data associated with the execution of the process simu-
lation model 108 among various components of the system
100. For example, in some embodiments, to facilitate inte-
gration of the process simulation model 108, various data
associated with performing various functionalities of the
process simulation model 108 are stored in the model data
storage system 112 and accessible to the process simulation
model 108. As such, in some embodiments, the process
simulation model 108 can store, send, and/or receive data
associated with executing the process simulation model 108
utilizing a single repository (e.g., model data storage system
112). In some embodiments, such data may include current
live data generated by the industrial plant system 104,
current simulated data (e.g., current model-predicted data
generated by a process simulation model 108), historical live
data, historical simulated data (e.g., historical model-pre-
dicted data generated by a process simulation model). It
would be appreciated that these are examples, and not
intended to be limiting.

[0067] In some embodiments, the apparatus 200 includes
input/output circuitry 206 that provides output to the user
and, in some embodiments, to receive an indication of a user
input. In some embodiments, the input/output circuitry 206
is in communication with the processor 202 to provide such
functionality. The input/output circuitry 206 may comprise
one or more user interface(s) and in some embodiments
includes a display 210 that comprises the interface(s) ren-
dered as a web user interface, an application user interface,
a user device, a backend system, or the like. In some
embodiments, the input/output circuitry 206 also includes a
keyboard, a mouse, a joystick, a touch screen, touch areas,
soft keys a microphone, a speaker, and/or other input/output
mechanisms. In various examples of the present disclosure,
the display 210 may include a liquid crystal display (LCD),
a light-emitting diode (LED) display, a plasma (PDP) dis-
play, a quantum dot (QLED) display, and/or the like. The
processor 202 and/or input/output circuitry 206 may be
configured to control one or more functions of one or more
user interface elements through computer program instruc-
tions (e.g., software and/or firmware) stored on a memory
accessible to the processor (e.g., memory 204, and/or the
like). In some embodiments, the input/output circuitry 206
includes or utilizes a user-facing application to provide
input/output functionality to a client device and/or other
display associated with a user.

[0068] In some embodiments, the apparatus 200 includes
communications circuitry 208. The communications cir-
cuitry 208 includes any means such as a device or circuitry
embodied in either hardware or a combination of hardware
and software that is configured to receive and/or transmit
data from/to a network and/or any other device, circuitry, or
module in communication with the apparatus 200. In this
regard, in some embodiments the communications circuitry
208 includes, for example, a network interface for enabling
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communications with a wired or wireless communications
network. Additionally or alternatively in some embodi-
ments, the communications circuitry 208 includes one or
more network interface card(s), antenna(s), bus(es), switch
(es), router(s), modem(s), and supporting hardware, firm-
ware, and/or software, or any other device suitable for
enabling communications via one or more communications
network(s). Additionally or alternatively, the communica-
tions circuitry 208 includes circuitry for interacting with the
antenna(s) and/or other hardware or software to cause trans-
mission of signals via the antenna(s) or to handle receipt of
signals received via the antenna(s). In some embodiments,
the communications circuitry 208 enables transmission to
and/or receipt of data from user device, one or more asset(s)
or accompanying sensor(s), and/or other external computing
device in communication with the apparatus 200.

[0069] In some embodiments, the apparatus 200 includes
process modeling and simulation circuitry 212. The process
modeling and simulation circuitry 212 includes hardware,
software, firmware, and/or a combination thereof, config-
ured to perform various functionalities associated with the
process simulation model 108. In some embodiments, the
process modeling and simulation circuitry 212 includes
hardware, software, firmware, and/or a combination thereof
configured to perform a variety of calculations to simulate
the execution of defined process(es) associated with the
industrial plant system 104. In some embodiments, the
process modeling and simulation circuitry 212 is configured
to simulate process(es)/equipment conditions based on first-
principles modelling.

[0070] In some embodiments, the process modeling and
simulation circuitry 212 is configured to perform steady-
state simulations. In some embodiments, the process mod-
eling and simulation circuitry 212 is configured to perform
dynamic simulations. In some embodiments, the process
modeling and simulation circuitry 212 includes hardware,
software, firmware, and/or a combination thereof, config-
ured to create or receive and maintain process flow diagrams
(e.g., process definition document(s)) which simulate a
general flow of plant processes/equipment of the plant
embodied by the industrial plant system 104. The process
flow diagrams can define asset models and their associated
properties utilized by the process simulation model 108 to
perform a simulation of the process. In some embodiments,
the process flow diagram is configured to model relation-
ships between processes/equipment of the plant. The process
flow diagram model, for example, may relate individual
processing equipment (e.g., pumps, heat exchangers, distil-
lation unit, etc.) to the performance parameters of overall
plant process. In some embodiments, the process simulation
model 108 is configured perform one or more of its calcu-
lations (e.g., implement one or more algorithms) within the
process flow diagram. In some embodiments, the process
modeling and simulation circuitry 212 includes a separate
processor, specially configured field programmable gate
array (FPGA), or a specially programmed application-spe-
cific integrated circuit (ASIC).

[0071] In some embodiments, the process modeling and
simulation circuitry 212 includes hardware, software, firm-
ware, and/or a combination thereof, configured to receive
input data from the model data storage system 112, perform,
based on the input data, a variety of calculations to simulate
the execution of a defined process(es) associated with the
industrial plant system 104, and generate predictions (e.g.,
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model-predicted data) that may be used to, for example,
monitor, control, and/or optimize the industrial plant system
104 (e.g., plant thereof). In some of the embodiments,
substantially all of the data utilized by the process simula-
tion model 108 to perform its various functionalities is
stored in the model data storage system 112.

[0072] In some embodiments, the apparatus 200 includes
process flow diagram conversion circuitry 214. The process
flow diagram conversion circuitry 214 includes hardware,
software, firmware, and/or a combination thereof, that per-
forms various functionalities associated with generating a
process flow diagram. In some embodiments, the process
flow diagram conversion circuitry 214 includes hardware,
software, firmware, and/or a combination thereof, that con-
vert a first type of process flow diagram into a second,
cloud-hosted type of process flow diagram that is formatted
to enable web browser access to the process flow diagram,
as described in more detail below.

[0073] For example, in some embodiments, the process
flow diagram conversion circuitry 214 includes hardware,
software, firmware, and/or a combination thereof, for receiv-
ing a first graphic representation of the process or subpro-
cess and the one or more assets of the process or subprocess.
[0074] In some embodiments, the process flow diagram
conversion circuitry 214 includes hardware, software, firm-
ware, and/or a combination thereof, for accessing a process
simulation model database corresponding to the process or
subprocess and the one or more assets of the process or
subprocess.

[0075] In some embodiments, the process flow diagram
conversion circuitry 214 includes hardware, software, firm-
ware, and/or a combination thereof, for converting the first
graphic representation into a second graphic representation
that is formatted to enable web browser access.

[0076] In some embodiments, the process flow diagram
conversion circuitry 214 includes hardware, software, firm-
ware, and/or a combination thereof, for storing the second
graphic representation in one or more servers or one or more
cloud computing devices and providing web browser access
to the second graphic representation by one or more user
devices.

[0077] Having described example systems, apparatuses,
data architectures, and model implementations in accor-
dance with the present disclosure, example processes for
automatic generation of a process simulation model and
associated time-series database within a process simulation
system (such as process modeling and simulation system
102) will now be discussed. It will be appreciated that each
of the flowcharts depicts an example computer-implemented
process that is performable by one or more of the appara-
tuses, systems, devices, and/or computer program products
described herein, for example utilizing one or more of the
specially configured components thereof.

[0078] The blocks indicate operations of each process.
Such operations may be performed in any of a number of
ways, including, without limitation, in the order and manner
as depicted and described herein. In some embodiments, one
or more blocks of any of the processes described herein
occur in-between one or more blocks of another process,
before one or more blocks of another process, in parallel
with one or more blocks of another process, and/or as a
sub-process of a second process. Additionally or alterna-
tively, any of the processes in various embodiments include
some or all operational steps described and/or depicted,
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including one or more optional blocks in some embodi-
ments. With regard to the flowcharts illustrated herein, one
or more of the depicted block(s) in some embodiments is/are
optional in some, or all, embodiments of the disclosure.
Optional blocks are depicted with broken (or “dashed”)
lines. Similarly, it should be appreciated that one or more of
the operations of each flowchart may be combinable,
replaceable, and/or otherwise altered as described herein.

[0079] FIG. 3 illustrates a flowchart including example
operations of an example process for generating a cloud-
hosted process flow diagram that is formatted to enable web
browser access to the process flow diagram. Specifically,
FIG. 3 illustrates an example computer-implemented pro-
cess 300. In some embodiments, the process 300 is embod-
ied by computer program code stored on a non-transitory
computer-readable storage medium of a computer program
product configured for execution to perform the process as
depicted and described. Alternatively or additionally, in
some embodiments, the process 300 is performed by one or
more specially configured computing devices, such as the
apparatus 200 alone or in communication with one or more
other component(s), device(s), system(s), and/or the like. In
this regard, in some such embodiments, the apparatus 200 is
specially configured by computer-coded instructions (e.g.,
computer program instructions) stored thereon, for example
in the memory 204 and/or another component depicted
and/or described herein and/or otherwise accessible to the
apparatus 200, for performing the operations as depicted and
described. In some embodiments, the apparatus 200 is in
communication with one or more external apparatus(es),
system(s), device(s), and/or the like, to perform one or more
of the operations as depicted and described. For example,
the apparatus 200 in some embodiments is in communica-
tion with separate physical component(s) of one or more
industrial plants, and/or the like. For purposes of simplifying
the description, the process 300 is described as performed by
and from the perspective of the apparatus 200.

[0080] Insome embodiments, the process 300 described in
FIG. 3 of converting desktop resident process flow diagrams
to web accessible process flow diagrams is performed in
batch. That is, a complete set of process flow diagrams is
processed simultaneously.

[0081] At block 302, a processor (such as, but not limited
to, the processor 202 of the apparatus 200 described above
in connection with FIG. 2, along with the process flow
diagram conversion circuitry 214) receives a first process
flow diagram that is a graphic representation of a process
flow in an industrial plant, such as process flow diagram 400
of FIG. 4. In some embodiments, the first process tflow
diagram is a training process flow diagram from an HMI
(human-machine interface) of a desktop-bound training
simulation system. Such a training process flow diagram
may be linked to a local (i.e., desktop resident) process
simulation model database. In some embodiments, the first
process flow diagram comprises a plurality of first process
flow diagrams. In some embodiments, the first process flow
diagram comprises a plurality of pages or sheets. In some
embodiments, there are one or more links between at least
two pages or sheets of a multi-page or multi-sheet first
process flow diagram. In some embodiments, the first pro-
cess flow diagram is not formatted to enable web browser
access or display. In some embodiments, the first process
flow diagram comprises a .htm file.
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[0082] While embodiments of the disclosure are described
herein as converting a process flow diagram to a cloud-
hosted, web-accessible process flow diagram, it should be
appreciated that such a conversion will typically involve
multiple (and potentially large numbers of) process flow
diagrams.

[0083] As seen in FIG. 4, the first process flow diagram
typically comprises one or more graphical icons represent-
ing specific assets and/or processes within the industrial
plant. Illustrated in FIG. 4, as an example, are a plurality of
graphical icons representing control valves 402, pumps 404,
fans 406, distillation columns 408, and data displays 410
that display one or more attribute values related to a corre-
sponding asset. In some embodiments, the first process flow
diagram comprises one or more links to one or more other
pages or other first process flow diagrams. In some embodi-
ments, the first process flow diagram may comprise one or
more faceplates that display additional details (such as
additional attribute values) related to a corresponding asset.
FIG. 5 is an alternative view of the graphical representation
of FIG. 4, highlighting a pop-up faceplate 512. In some
embodiments, key equipment and controllers may have
supplementary data available through such faceplates,
allowing user interaction with the model.

[0084] Other process flow diagrams may depict icons
representing different valve types (check valves, control
valves, shut-off valves of various designs), compressors,
turbines, vessels, heat exchangers, or any other process
equipment or combinations thereof. In addition, since this
process equipment comes in many different designs, differ-
ent icons may be used to represent different classes of a
particular equipment item. For example, distillation column
408 (labeled “T-200”) is depicted with an icon showing three
different diameters to reflect the actual equipment swaging.
Other columns with a uniform diameter may be depicted
accordingly. Additionally different Training Simulator and
DCS vendors use different libraries of shapes in developing
their flowsheets. The cloud hosted shape library may emu-
late these variations, offering a multiplicity of shapes for a
particular equipment or replacing with a “standard” shape at
the user’s discretion. The shape mapping in FIG. 6 (de-
scribed below) summarizes and defines these choices.
[0085] Returning to FIG. 3, at block 304, a processor (such
as, but not limited to, the processor 202 of the apparatus 200
described above in connection with FIG. 2, along with the
process flow diagram conversion circuitry 214) analyzes the
first process flow diagram received at block 302 and deter-
mines the shapes (i.e., the graphical icons) in the first
process flow diagram, the layout of the shapes (i.e., where on
the page each shape resides), the data connectivity of each
shape (where appropriate), pop-up faceplates, and any
embedded connectivity links between multiple pages or
sheets within a set. In some embodiments, the processor
identifies the file type of the first process flow diagram (e.g.,
an .htm file) to enable determination of the shapes, layout,
etc. in the first process flow diagram as the file type typically
dictates certain characteristics of the diagram (e.g., naming
conventions, etc.). In some embodiments, determining the
data connectivity of the shapes involves determining the
links to specific assets and attributes in a local (i.e., desktop
resident) database.

[0086] At block 306, a processor (such as, but not limited
to, the processor 202 of the apparatus 200 described above
in connection with FIG. 2, along with the process flow
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diagram conversion circuitry 214) determines replacement
shapes for each of the shapes determined in the first process
flow diagram. In some embodiments, one or more predeter-
mined libraries of replacement shapes is/are provided, such
that the replacement shapes are determined from the library
(ies) of replacement shapes. In some embodiments, a dif-
ferent library of replacement shapes is available for each
different file/graphic type of the first process flow diagram.
In some embodiments, a single library of replacement
shapes comprises multiple lists of shapes for multiple dif-
ferent file/graphic types of the first process flow diagram. In
some embodiments, the library of replacement shapes
includes a plurality of different shapes of a first, non-web-
accessible type, each with a corresponding replacement
shape of a second, web-accessible type. In some embodi-
ments, the replacements shapes are predetermined based on
one or more matching characteristics to a corresponding
shape of a first, non-web-accessible type. In some embodi-
ments, the one or more matching characteristics include, but
are not limited to, asset type, size, color/grayscale, and/or
type of industrial process (chemical industrial plant, distill-
ery, oil refinery, etc.).

[0087] Referring to FIG. 6, an example library 600 of
replacement shapes is illustrated. FIG. 6 illustrates an
example mapping of shapes between a source shape library
(HMI shapes) and the cloud hosted shape library. Where
possible this mapping is preferably an automated process,
and this view is presented for verification. In some embodi-
ments, missing shapes in the cloud hosted shape library are
identified allowing for a suitable replacement to be created
or identified. In the example of FIG. 6, a list 602 of original
shapes that have been determined at block 302 from the first
process flow diagram is illustrated on the left side of the
figure. In the illustrated example there are twenty-one shapes
in the list of original shapes, but typically a much greater
number of shapes would be determined and replaced. On the
right side of the figure, a list of replacement, web-accessible
shapes 604 is illustrated. In the illustrated example, the list
of replacement shapes 604 comprises a corresponding
replacement shape for each original shape in the list 602 of
original shapes.

[0088] In some embodiments, the list of replacement
shapes is user-editable such that a user can change the
suggested replacement shape to a different replacement
shape. In some embodiments, a user can select one of the
pairs of original/replacement shapes to see details of the
original and replacement shapes. Referring to FIG. 7, an
example detail display page 700 is illustrated. In the
example of FIG. 7, one or more details 702 of the original
shape (“AGITATOR_U.sha” in the illustrated example) is
shown and one or more details 704 of the suggested replace-
ment shape (“usld. AGITATOR_U” in the illustrated
example) is shown. In some embodiments, a thumbnail
image 706 of the original shape and/or the suggested
replacement shape is shown. In some embodiments, a user
can select a different replacement shape if desired.

[0089] In some embodiments, there may not be a sug-
gested replacement shape for every original shape. In such
a situation, there may be one or more blank spaces in the list
of replacement shapes 604 in FIG. 6. In some embodiments,
a user is prompted to identify a replacement shape, such as
by browsing to and selecting a replacement shape from some
other source. In some embodiments, a user is able to skip
identifying a replacement shape for any blank spaces, in
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which case the cloud-hosted, web-accessible process flow
diagram will be generated with one or more shapes missing.
In some embodiments, the generated cloud-hosted, web-
accessible process flow diagram is user-editable to add any
missing shapes after the cloud-hosted, web-accessible pro-
cess flow diagram is generated.

[0090] Returning to FIG. 3, at block 308, a processor (such
as, but not limited to, the processor 202 of the apparatus 200
described above in connection with FIG. 2, along with the
process flow diagram conversion circuitry 214) generates
new data connectivity for the replacement shapes (where
appropriate) and generates data calls for the new data
connections. Some or all of the shapes of the first flowsheet
have links to specific assets and attributes in a local (i.e.,
desktop resident) database, as determined at block 304. In
some embodiments, the links in the generated flowsheet are
changed to point to a cloud-hosted TSDB. In some embodi-
ments, a user identifies the cloud-hosted TSDB by browsing
to and selecting the TSDB in a file directory. In some
embodiments, the asset and attribute names are consistent in
the local database and the cloud-hosted TSDB, such that the
shapes, data displays, and faceplates in the generated flow-
sheet are automatically linked to the appropriate asset/
attribute once the link to the cloud-hosted TSDB is estab-
lished. In some embodiments, the asset and attribute names
are not consistent in the local database and the cloud-hosted
TSDB, such that data connectivity needs to be updated in the
generated flowsheet to use the asset and attribute names as
they appear in the cloud-hosted TSDB. With the cloud-
hosted TSDB identified, conventional API (application pro-
gram interface) calls are generated to extract the data from
the cloud-hosted TSDB corresponding to each shape in the
generated flowsheet.

[0091] In some embodiments, by linking the generated
flowsheet to the cloud-hosted TSDB it is possible to display
both live data from the industrial plant and calculated data
from the process simulation model, as the TSDB often
includes both types of data. If it is desired to display data
(whether live data from the industrial plant and calculated
data from the process simulation model) that was not linked
to the flowsheet received at block 302, links to the additional
data will need to be generated and added.

[0092] At block 310, a processor (such as, but not limited
to, the processor 202 of the apparatus 200 described above
in connection with FIG. 2, along with the process flow
diagram conversion circuitry 214) generates the web-acces-
sible process flow diagrams, one for each of the first process
flow diagrams received, using the replacement shapes and
the updated data connectivity. In some embodiments, all of
the web-accessible process flow diagrams are generated in a
batch. In some embodiments, the web-accessible process
flow diagrams are generated in a scalable vector graphics
(.svg) format. In some embodiments, each of the web-
accessible process flow diagrams is given a unique address-
able location, such as a uniform resource locator (URL).
Where needed, links from one web-accessible process flow
diagram to another web-accessible process flow diagram are
created and embedded in the appropriate web-accessible
process flow diagram. In some embodiments, such links
between web-accessible process flow diagrams are in the
form of an embedded URL. The generated web-accessible
process flow diagrams are saved to one or more servers or
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one or more cloud computing devices and web browser
access to the web-accessible process flow diagrams is pro-
vided.

[0093] In some embodiments, the cloud-hosted, web-ac-
cessible process flow diagram generated at block 310 is
user-editable to add any missing shapes, change shapes,
change layout, etc.

[0094] Referring now to FIG. 8, an example generated
web-accessible process flow diagram 800 is illustrated. As is
seen comparing the process flow diagram 400 of FIG. 4 to
the process flow diagram of FIG. 8, the example generated
web-accessible process flow diagram 800 is not identical to
the received process flow diagram 400 but has essentially
the same layout and the same (although not identical)
graphical icons and data displays. [llustrated in FIG. 8, as an
example, are a plurality of graphical icons representing
control valves 802, pumps 804, fans 806, distillation col-
umns 808, and data displays 810 that display one or more
attribute values related to a corresponding asset.

CONCLUSION

[0095] Although an example processing system has been
described above, implementations of the subject matter and
the functional operations described herein can be imple-
mented in other types of digital electronic circuitry, or in
computer software, firmware, or hardware, including the
structures disclosed in this specification and their structural
equivalents, or in combinations of one or more of them.
[0096] Embodiments of the subject matter and the opera-
tions described herein can be implemented in digital elec-
tronic circuitry, or in computer software, firmware, or hard-
ware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or
more of them. Embodiments of the subject matter described
herein can be implemented as one or more computer pro-
grams, i.e., one or more modules of computer program
instructions, encoded on computer storage medium for
execution by, or to control the operation of, information/data
processing apparatus. Alternatively, or in addition, the pro-
gram instructions can be encoded on an artificially generated
propagated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal, which is generated to encode
information/data for transmission to suitable receiver appa-
ratus for execution by an information/data processing appa-
ratus. A computer storage medium can be, or be included in,
a computer-readable storage device, a computer-readable
storage substrate, a random or serial access memory array or
device, or a combination of one or more of them. Moreover,
while a computer storage medium is not a propagated signal,
a computer storage medium can be a source or destination of
computer program instructions encoded in an artificially
generated propagated signal. The computer storage medium
can also be, or be included in, one or more separate physical
components or media (e.g., multiple CDs, disks, or other
storage devices).

[0097] The operations described herein can be imple-
mented as operations performed by an information/data
processing apparatus on information/data stored on one or
more computer-readable storage devices or received from
other sources.

[0098] The term “data processing apparatus” encompasses
all kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or



US 2024/0369990 Al

combinations, of the foregoing. The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application-specific
integrated circuit). The apparatus can also include, in addi-
tion to hardware, code that creates an execution environment
for the computer program in question, e.g., code that con-
stitutes processor firmware, a protocol stack, a repository
management system, an operating system, a cross-platform
runtime environment, a virtual machine, or a combination of
one or more of them. The apparatus and execution environ-
ment can realize various different computing model infra-
structures, such as web services, distributed computing and
grid computing infrastructures.

[0099] A computer program (also known as a program,
software, software application, script, or code) can be writ-
ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand-alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or information/
data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store
one or more modules, sub-programs, or portions of code). A
computer program can be deployed to be executed on one
computer or on multiple computers that are located at one
site or distributed across multiple sites and interconnected
by a communication network.

[0100] The processes and logic flows described herein can
be performed by one or more programmable processors
executing one or more computer programs to perform
actions by operating on input information/data and gener-
ating output. Processors suitable for the execution of a
computer program include, by way of example, both general
and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and information/data
from a read-only memory or a random access memory or
both. The essential elements of a computer are a processor
for performing actions in accordance with instructions and
one or more memory devices for storing instructions and
data. Generally, a computer will also include, or be opera-
tively coupled to receive information/data from or transfer
information/data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto-optical
disks, or optical disks. However, a computer need not have
such devices. Devices suitable for storing computer program
instructions and information/data include all forms of non-
volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[0101] To provide for interaction with a user, embodi-
ments of the subject matter described herein can be imple-
mented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor,
for displaying information/data to the user and a keyboard
and a pointing device, e.g., a mouse or a trackball, by which

Nov. 7, 2024

the user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be
received in any form, including acoustic, speech, or tactile
input. In addition, a computer can interact with a user by
sending documents to and receiving documents from a
device that is used by the user; for example, by sending web
pages to a web browser on a user’s client device in response
to requests received from the web browser.

[0102] Embodiments of the subject matter described
herein can be implemented in a computing system that
includes a back-end component, e.g., as an information/data
server, or that includes a middleware component, e.g., an
application server, or that includes a front-end component,
e.g., a client computer having a graphical user interface or
a web browser through which a user can interact with an
implementation of the subject matter described herein, or
any combination of one or more such back-end, middleware,
or front-end components. The components of the system can
be interconnected by any form or medium of digital infor-
mation/data communication, e.g., a communication net-
work. Examples of communication networks include a local
area network (“LLAN™) and a wide area network (“WAN”),
an inter-network (e.g., the Internet), and peer-to-peer net-
works (e.g., ad hoc peer-to-peer networks).

[0103] The computing system can include clients and
servers. A client and server are generally remote from each
other and typically interact through a communication net-
work. The relationship of client and server arises by virtue
of computer programs running on the respective computers
and having a client-server relationship to each other. In some
embodiments, a server transmits information/data (e.g., an
HTML page) to a client device (e.g., for purposes of
displaying information/data to and receiving user input from
a user interacting with the client device). Information/data
generated at the client device (e.g., a result of the user
interaction) can be received from the client device at the
server.

[0104] While this specification contains many specific
implementation details, these should not be construed as
limitations on the scope of any disclosures or of what may
be claimed, but rather as descriptions of features specific to
particular embodiments of particular disclosures. Certain
features that are described herein in the context of separate
embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and
even initially claimed as such, one or more features from a
claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed
to a subcombination or variation of a subcombination.
[0105] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all illus-
trated operations be performed, to achieve desirable results.
In certain circumstances, multitasking and parallel process-
ing may be advantageous. Moreover, the separation of
various system components in the embodiments described
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above should not be understood as requiring such separation
in all embodiments, and it should be understood that the
described program components and systems can generally
be integrated together in a single software product or pack-
aged into multiple software products.

[0106] Thus, particular embodiments of the subject matter
have been described. Other embodiments are within the
scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order
and still achieve desirable results. In addition, the processes
depicted in the accompanying figures do not necessarily
require the particular order shown, or sequential order, to
achieve desirable results. In certain implementations, mul-
titasking and parallel processing may be advantageous.

What is claimed is:

1. A computer-implemented method for generating a
process flow diagram that digitally represents one or more
assets of a process or subprocess within an industrial envi-
ronment, the method comprising:

receiving a first graphic representation of the process or
subprocess and the one or more assets of the process or
subprocess;

accessing a data model database corresponding to the
process or subprocess and the one or more assets of the
process or subprocess, the data model database com-
prising a time series database comprising values for one
or more attributes corresponding to the one or more
assets of the process or subprocess at a plurality of
different times;

converting the first graphic representation into a second
graphic representation of the process or subprocess and
the one or more assets of the process or subprocess, the
second graphic representation linked to the data model
database and including values from the data model
database for one or more of the attributes correspond-
ing to the one or more assets of the process or subpro-
cess, the second graphic representation formatted to
enable web browser access; and

storing the second graphic representation in one or more
servers or one or more cloud computing devices and
providing web browser access to the second graphic
representation by one or more user devices.

2. The method of claim 1, wherein the one or more assets
of the process or subprocess comprise equipment, streams,
measurement instruments, calculated values, inputs and/or
outputs.

3. The method of claim 1, wherein the first graphic
representation comprises a training simulator graphic rep-
resentation of the process or subprocess or a distributed
control system console graphic representation of the process
or subprocess.

4. The method of claim 1, wherein the displayed values
from the data model database comprise live data from the
industrial environment and/or calculated data.

5. The method of claim 1, wherein at least some of the one
or more attributes enable preprocessing calculations, post-
processing calculations, storing inputs to the preprocessing
and/or postprocessing calculations, storing results from the
preprocessing and/or postprocessing calculations, measure-
ment values from the industrial environment, parameter
values to support the preprocessing and/or postprocessing
calculations, and/or simulation results.
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6. The method of claim 1, wherein the second graphic
representation is linked to the data model database via an
application program interface.

7. The method of claim 1, wherein the second graphic
representation is user-editable.

8. An apparatus for generating a process flow diagram that
digitally represents one or more assets of a process or
subprocess within an industrial environment, the apparatus
comprising at least one processor and at least one non-
transitory memory comprising program code, wherein the at
least one non-transitory memory and the program code are
configured to, with the at least one processor, cause the
apparatus to at least:

receive a first graphic representation of the process or

subprocess and the one or more assets of the process or
subprocess;
access a data model database corresponding to the process
or subprocess and the one or more assets of the process
or subprocess, the data model database comprising a
time series database comprising values for one or more
attributes corresponding to the one or more assets of the
process or subprocess at a plurality of different times;

convert the first graphic representation into a second
graphic representation of the process or subprocess and
the one or more assets of the process or subprocess, the
second graphic representation linked to the data model
database and including values from the data model
database for one or more of the attributes correspond-
ing to the one or more assets of the process or subpro-
cess, the second graphic representation formatted to
enable web browser access; and

store the second graphic representation in one or more

servers or one or more cloud computing devices and
provide web browser access to the second graphic
representation by one or more user devices.

9. The apparatus of claim 8, wherein the one or more
assets of the process or subprocess comprise equipment,
streams, measurement instruments, calculated values, inputs
and/or outputs.

10. The apparatus of claim 8, wherein the first graphic
representation comprises a training simulator graphic rep-
resentation of the process or subprocess or a distributed
control system console graphic representation of the process
or subprocess.

11. The apparatus of claim 8, wherein the displayed values
from the data model database comprise live data from the
industrial environment and/or calculated data.

12. The apparatus of claim 8, wherein at least some of the
one or more attributes enable preprocessing calculations,
postprocessing calculations, storing inputs to the preprocess-
ing and/or postprocessing calculations, storing results from
the preprocessing and/or postprocessing calculations, mea-
surement values from the industrial environment, parameter
values to support the preprocessing and/or postprocessing
calculations, and/or simulation results.

13. The apparatus of claim 8, wherein the second graphic
representation is linked to the data model database via an
application program interface.

14. The apparatus of claim 8, wherein the second graphic
representation is user-editable.

15. A computer program product for generating a process
flow diagram that digitally represents one or more assets of
a process or subprocess within an industrial environment,
the computer program product comprising at least one



US 2024/0369990 Al

non-transitory computer-readable storage medium having
computer-readable program code portions stored therein, the
computer-readable program code portions comprising an
executable portion configured to:
receive a first graphic representation of the process or
subprocess and the one or more assets of the process or
subprocess;
access a data model database corresponding to the process
or subprocess and the one or more assets of the process
or subprocess, the data model database comprising a
time series database comprising values for one or more
attributes corresponding to the one or more assets of the
process or subprocess at a plurality of different times;
convert the first graphic representation into a second
graphic representation of the process or subprocess and
the one or more assets of the process or subprocess, the
second graphic representation linked to the data model
database and including values from the data model
database for one or more of the attributes correspond-
ing to the one or more assets of the process or subpro-
cess, the second graphic representation formatted to
enable web browser access; and
store the second graphic representation in one or more
servers or one or more cloud computing devices and
provide web browser access to the second graphic
representation by one or more user devices.
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16. The computer program product of claim 15, wherein
the one or more assets of the process or subprocess comprise
equipment, streams, measurement instruments, calculated
values, inputs and/or outputs.

17. The computer program product of claim 15, wherein
the first graphic representation comprises a training simu-
lator graphic representation of the process or subprocess or
a distributed control system console graphic representation
of the process or subprocess.

18. The computer program product of claim 15, wherein
the displayed values from the data model database comprise
live data from the industrial environment and/or calculated
data.

19. The computer program product of claim 15, wherein
at least some of the one or more attributes enable prepro-
cessing calculations, postprocessing calculations, storing
inputs to the preprocessing and/or postprocessing calcula-
tions, storing results from the preprocessing and/or postpro-
cessing calculations, measurement values from the industrial
environment, parameter values to support the preprocessing
and/or postprocessing calculations, and/or simulation
results.

20. The computer program product of claim 15, wherein
the second graphic representation is linked to the data model
database via an application program interface.
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