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400 receiving a request for generating a simulation model by a user device (128A-N).

/ The request comprises asset information associated with an asset (122, 124A-N,

and 126) in a plant environment (106). Further, the method includes generating

the simulation model associated with the asset (122, 124A-N, and 126) based on

ﬂ the received asset information and a pre-stored asset information in a cloud data-
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METHOD AND SYSTEM FOR PROVISIONING SIMULATION MODEL GENERATION
IN A CLOUD COMPUTING ENVIRONMENT

Description

The present invention relates to cloud computing systems and
more particularly relates to a method and system for
provisioning simulation model generation in a cloud computing

environment.

Simulation models with real time capabilities are preferably
used, for example, in an Operator Training System (0OTS) or in
systems for virtual commissioning (VIBM) in the process industry
environment. Simulation content and models are a key element for
any given simulation software. Generally, simulation model
development is done manually in the simulation software by
extracting information and the behavior of a field device and
converting the behavior into a mathematical model. Also, all the
simulation models are maintained by the simulation software
locally as a collection of libraries. Some of the critical use
cases of a simulation software are development, testing and
maintenance of simulation models for wvarious field devices such
as motor, wvalve, pump, conveyor, hydraulic and the like. Manual
implementation and testing of locally stored simulation models
lead to different problems for any simulation software. Few of

the problems are highlighted below.

Development cost for simulation models are huge and time
consuming. All the detailed characteristics and behavioral data
of a field device should be collected from the asset profile and
finally a simulation expert has to develop it manually. Hence

the development cost is huge.
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Availability of simulation model is another most important
concern in today’s dynamic growing Dbusiness requirement.
Development and testing of simulation models consume increased
amount of time and the developed simulation models are specific
to manufacturers. However, in order to meet the market
requirement, available simulation software 1s not up to the

expectations.

There are currently some methods that exist to generate the
simulation models. These methods are used with any available
simulation software and plant engineering data. However, these
methods need expert user intervention to create simulation
objects. In a first method, elements controlled by programmable
logic controller (PLC) have unique identification, so a list of
elements are retrieved from a PLC program. Relations of elements
are also extracted from PLC programs, because there are
references in the PLC code between elements that are connected.
Hence, topology of controlled system is incorporated in the PLC
program. The control logic consists of structured methods, so
variables and object’s relationship are transformed to the
language of the simulation software. However, this approach
relies on data which are available in production database and
PLC code. In another method, a set of workflow and user roles
for automatic model generation mechanism is disclosed. However,

in this approach a simulation specialist is required.

In light of above, there is a need for an improved method and
system for provisioning simulation model generation in a cloud

computing environment.

Therefore, it is an object of the present invention to provide a
method and system for provisioning simulation model generation

in a cloud computing environment.
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The object of the present invention is achieved by a method for
provisioning simulation model generation in a cloud computing
environment. The method comprises receiving a request for
generating a simulation model from a user device. The request
comprises asset information associated with an asset in a plant
environment. The asset information comprises asset profile data
comprising asset configuration information, asset physical block
information, test data set, asset alarms and the like. In an
embodiment, the asset comprises servers, robots, switches,
automation devices, programmable logic controllers (PLC)s, human
machine interfaces (HMIs), input output modules, motors, wvalves,
pumps, actuators, sensors and other industrial equipment(s). In
an embodiment, each of the assets in the plant environment is
associated with a profile, referred as asset profile file. The
asset profile file comprises asset configuration information,
asset specification information, asset faults, asset alarms and
the 1like. The asset profile file 1is shared along with the

request from the user device.

The method comprises generating the simulation model associated
with the asset based on the received asset information and a

pre—-stored asset information in a cloud database.

The pre-stored asset information corresponds to the last
received version of the asset information associated with the
asset in the plant environment. The pre-stored asset information
may correspond to one or more pre-stored simulation models
associated with the asset, one or more pre-stored asset
parameters, historical asset information, and sample dataset for

the asset.

The method comprises validating the simulation model associated

with the asset based on real-time asset information received
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from the plant environment. In an embodiment, the real-time
asset information is received from the plant environment via a
cloud agent located at the plant environment. In an embodiment,
the real-time asset information is received from one or more
assets in the plant environment, where the one or more assets
are capable of communicating the asset information directly to

the cloud computing system.

Additionally, the method comprises outputting the simulation
model associated with the asset on a user interface of the user

device.

In a preferred embodiment, the method comprises storing the

simulation model associated with the asset in a cloud database.

In another preferred embodiment, in generating the simulation
model associated with the asset based on the received asset
information and the pre-stored asset information, the method
comprises determining behavior of the asset using one or more
asset parameters associated with the asset 1in the plant
environment. The one or more asset parameters comprises asset
characteristics, asset location, asset behavior trends, asset
tag information, and/or asset faults. The behavior of the asset
indicates the physical behavior of an asset in the form of

equation or relationship between the different asset parameters.

Further, the method comprises generating a plurality of test
data associated with the behavior of the asset. The test data
may or may not be available with the asset information as time
series data sets. However, it can be generated on the fly based

on the minimum and maximum limit of the asset parameters.

Furthermore, the method comprises deriving a mathematical model

associated with the asset based on the test data and the
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determined behavior of the asset. A mathematical model of the
asset comprises mathematical equations depicting the behavior of
the assets. In this preferred embodiment, in deriving a
mathematical model associated with the asset based on the test
data and the determined behavior of +the asset, the method
comprises identifying minimum and maximum range values for each
of the asset parameters using the asset information. The minimum
and maximum range values refer to threshold values defined by
the manufacturers of the asset. The minimum and maximum value of
an asset parameter helps to define the test data series in case
test data series is unavailable in the asset profile. Also, the
minimum and maximum value of all the asset parameters helps to
derive at an initial mathematical equation of the asset physical
behaviors. In an embodiment, the minimum and maximum value are a
range of a process value of an asset. For example, current and
voltage values of a motor have a minimum range and a maximum
range value at which motor starts and collapses. Based on the
need of speed / rotation of the motor, a particular motor has

this minimum and maximum range of current and voltage values.

Further, the method comprises generating polynomial graphs for
each of the asset parameters influencing the behavior of the
asset. Also, the method comprises deriving a relationship matrix
for the generated polynomial graphs. The relationship matrix
indicates the behavior of the asset with respect to each of the
asset parameters. In an embodiment, the relationship matrix is
derived using given inputs in the asset profile test dataset.
Based on coefficients of the derived mathematical equation (or
models as referred herein), a matching mathematical model 1is
searched in the database. The best possible match of the derived
mathematical equation is determined. If a best possible match of

the derived mathematical equation is unavailable, then the
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derived mathematical equation itself is considered as the base
version of the mathematical model and further is scheduled for
validation based on the received real-time asset information.
Additionally, the method comprises deriving the mathematical
model associated with the asset based on the relationship

matrix.

Additionally, the method comprises generating the simulation
model for the asset based on the derived mathematical model

associated with the asset.

In yet another ©preferred embodiment, in wvalidating the
simulation model associated with the asset based on the real-
time asset information received from the plant environment, the
method comprises receiving real-time asset information
associated with the asset from the plant environment via a cloud
agent. Further, the method comprises wvalidating the simulation
model associated with the asset based on the real-time asset

information and predefined rules.

In yet another preferred embodiment, the method comprises
analyzing results of wvalidation of the simulation model
associated with the asset. Further, the method comprises
generating error log files associated with the simulation model
if the result of wvalidation is unsuccessful. Furthermore, the
method comprises displaying the error log files associated with

the simulation model on a user interface of the user device.

In vyet another preferred embodiment, the method comprises
analyzing the asset information associated with the asset in the
plant environment. The method further comprises determining
whether a pre-stored simulation model exists 1in the c¢loud
database based on the analyzed asset information. Further, the

method comprises retrieving a similar simulation model stored in
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the cloud database if the pre-stored simulation model does not
exist in the cloud database. Furthermore, the method comprises
generating a simulation model template associated with the asset
based on the retrieved similar simulation model and historical

asset information stored on the cloud database.

In a preferred embodiment, the method comprises detecting one or
more abnormalities associated with the asset in the plant
environment using a cloud agent. The method comprises receiving
a notification message from the user device. The notification
message comprises the detected one or more abnormalities

associated with the asset.

In another preferred embodiment, the method comprises providing
each stored simulation model with a price based on the asset
information. In an embodiment, each of the simulation model 1is

associated with a pricing model and users rating.

The object of the present invention is also achieved by a
simulation model generation system. The simulation model
generation system comprises one or more processor(s) and a
memory coupled to the processor. The memory comprises a
simulation model generation module stored in the form of
machine-readable instructions executable by the processor. The
simulation model generation system module is configured for

performing the method as described above.

The object of the present invention is also achieved by a cloud
computing system comprising a server and a cloud platform
comprising a simulation model generation system stored therein
in the form of machine-readable instructions executable by the
server. The simulation model generation system is configured to

perform the method as described above.
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The object of the present invention is also achieved by a cloud
computing environment. The cloud computing environment
comprising a cloud computing system, a plant environment
comprising one or more assets and a cloud agent capable of
communicating asset information associated with the one or more
assets to the cloud computing system. The cloud computing
environment further comprises at least one user device
communicatively coupled to the cloud computing system and the

plant environment.

The object of the present invention is also achieved by a
computer-program product having machine-readable instructions
stored therein, that when executed by one or more server(s),
cause the one or more server(s) to perform method steps as

described above.

The object of the present invention is also achieved by a user
device comprising one or more processor(s) and a memory coupled
to the processor. The memory comprises an asset data processing
module stored in the form of machine-readable instructions
executable by the processor. The asset data processing module is

configured for performing the method as described above.

The above-mentioned and other features of the invention will now
be addressed with reference to the accompanying drawings of the
present invention. The illustrated embodiments are intended to

illustrate, but not limit the invention.

The present invention is further described hereinafter with
reference to illustrated embodiments shown in the accompanying

drawings, in which:
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FIG

FIG

FIG

FIG

FIG

FIG

Fig

FIG

7TA-B

8A-E

is a schematic representation of a cloud computing
environment capable of provisioning simulation model
generation, according to an embodiment of the present
invention;

is a Dblock diagram of a simulation model generation
system, such as those shown in FIG 1, in which an
embodiment of the present invention can be
implemented;

is a block diagram of a simulation model generation
module, such as those shown in FIG 1 and FIG 2, in
which an embodiment of the present invention can be
implemented;

is a process flowchart illustrating an exemplary
method of provisioning simulation model generation in
a cloud computing environment, according to an
embodiment of the present invention;

is a block diagram of a user device, such as those
shown in FIG 1, in which an embodiment of the present
invention can be implemented;

is a process flowchart illustrating an exemplary
method of provisioning simulation model generation in
a cloud computing environment, according to another
embodiment of the present invention;

is a screenshot of an exemplary graphical wuser
interface for provisioning simulation model
generation, according to an embodiment of the present
invention; and

is a graphical representation illustrating a method of
deriving a mathematical model associated with the
asset based on the test data and the determined
behavior of the asset, according to an embodiment of

the present invention.
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Various embodiments are described with reference to the
drawings, wherein like reference numerals are used to refer the
drawings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for the
purpose of explanation, numerous specific details are set forth
in order to provide thorough understanding of one or more
embodiments. It may be evident that such embodiments may be

practiced without these specific details.

FIG 1 is a schematic representation of a cloud computing
environment 100 capable of ©provisioning simulation model
generation, according to an embodiment of the present invention.
Particularly, FIG 1 depicts a cloud computing system 102 which
is capable of delivering cloud applications for managing a plant
environment 106 comprising one or more asset(s) 122, 124A-B and
126. As used herein, “cloud computing environment” refers to a
processing environment comprising configurable computing
physical and logical resources, for example, networks, servers,
storage, applications, services, etc., and data distributed over
the cloud platform. The cloud computing environment 100 provides
on-demand network access to a shared pool of the configurable

computing physical and logical resources.

The cloud computing system 102 is connected to a cloud agent 120
in the plant environment 106 via a network 104 (e.g., Internet).
The one or more asset(s) 122, 124A-B and 126 may include
servers, robots, switches, automation devices, programmable
logic controllers (PLC)s, human machine interfaces (HMIs), input
output modules, motors, valves, pumps, actuators, sensors and
other industrial equipment(s). In an exemplary embodiment, the

asset 122 may be a PLC, the asset 124A-N may be input-output
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modules or controllers. The asset 126 may be a field device. The
cloud computing system 102 may be a public cloud, a private
cloud, and/or a hybrid cloud configured to provide dedicated
cloud services to its wusers. Although, FIG 1 illustrates the
cloud computing system 102 connected to one plant environment
106 via the cloud agent 120, one skilled in the art can envision
that the cloud computing system 102 can be connected to several
plant environment 106 located at different 1locations wvia the

network 104.

Further, the cloud computing system 102 is also connected to
user devices 128A-N via the network 104. The user devices 128A-N
can access the cloud computing system 102 for automatically
generating simulation models. In an embodiment, the user devices
128A-N comprises an engineering system capable of running an
industrial automation application. The user devices 128A-N can
be a laptop computer, desktop computer, tablet computer,
smartphone and the 1like. The user devices 128A-N can access
cloud applications (such as enabling users to generate
simulation models based on user requirement) via a web browser.
Further, the users are provided a quick option to download the
simulation models from cloud platform 108 to directly into their
Simulation Software running in the user devices 128A-N. Further,
the user devices 128A-N may install a plug-in for accessing
simulation models on the cloud computing system 102 via
different simulation scoftware running on the user devices 128A-

N.

The cloud computing system 102 comprises a cloud platform 108, a
simulation generation system 110, a server 112 including
hardware resources and an operating system (0S), a network

interface 114, a database 116 and application program interfaces
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(APIs) 118. The network interface 114 enables communication
between the cloud computing system 102, the plant environment
106, and the user device(s) 128A-N. The cloud interface (not
shown in FIG 1) may allow the engineers at the one or more user
device(s) 128A-N to access simulation models stored at the cloud
computing system 102 and perform one or more actions on the
simulation models as same instance. The server 112 may include
one or more servers on which the 0S is installed. The servers
112 may comprise one oOr more pProcessors, one or more storage
devices, such as, memory units, for storing data and machine-
readable instructions for example, applications and application
programming interfaces (APIs) 118, and other ©peripherals
required for providing cloud computing functionality. The cloud
platform 108 is a platform which enables functionalities such as
data reception, data processing, data rendering, data
communication, etc. using the hardware resources and the 0S of
the servers 112 and delivers the aforementioned cloud services
using the application programming interfaces 118 deployed
therein. The cloud platform 108 may comprise a combination of
dedicated hardware and software built on top of the hardware and

the OS.

The cloud agent 120 1is used for sending runtime asset
information to the cloud computing system 102. Also, the cloud
agent 120 is configured for detecting one or more abnormalities
associated with the asset 122, 124A-N, and 126 in the plant
environment 106. Further, the cloud agent 1is configured for
sending a notification message to the cloud computing system 102
and the user devices 128A-N. The notification message comprises
the detected one or more abnormalities associated with the

asset.
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The cloud database 116 stores the information relating to the
plant environment 106 and the user device(s) 128A-N. The cloud
database 116 is, for example, a structured query language (SQL)
data store or a not only SQL (NoSQL) data store. The cloud
database 116 is configured as cloud-based database implemented
in the cloud computing environment 100, where computing
resources are delivered as a service over the cloud platform
108. The cloud database 116, according to another embodiment of
the present invention, is a location on a file system directly
accessible by the simulation model generation system 110. The
database 116 is configured to store asset information, asset
parameters, simulation models, error logs, validation results,
abnormalities associated with the asset 122, 124A-N and 126,
mathematical models, relationship matrix, behavior trends,
polynomial graphs, pricing models, user rating for each
simulation models and the 1like. The cloud database 116 also

maintains versions of the simulation models.

FIG 2 is a block diagram of a simulation model generation system
110, such as those shown in FIG 1, in which an embodiment of the
present invention can be implemented. In FIG 2, the simulation
model generation system 110 includes a processor(s) 202, an
accessible memory 204, a communication interface 206, an input

unit 208, an output unit 210, and a bus 212.

The processor(s) 202, as wused herein, means any type of
computational circuit, such as, but not limited to, a
microprocessor unit, microcontroller, complex instruction set
computing microprocessor unit, reduced instruction set computing
microprocessor unit, very long instruction word microprocessor
unit, explicitly parallel instruction computing microprocessor

unit, graphics processing unit, digital signal processing unit,
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or any other type of processing circuit. The processor(s) 202
may also include embedded controllers, such as generic or
programmable logic devices or arrays, application specific

integrated circuits, single-chip computers, and the like.

The memory 204 may be non-transitory volatile memory and non-—
volatile memory. The memory 204 may be coupled for communication
with the processor(s) 202, such as being a computer-readable
storage medium. The ©processor(s) 202 may execute machine-
readable instructions and/or source code stored in the memory
204. A variety of machine-readable instructions may be stored in
and accessed from the memory 204. The memory 204 may include any
suitable elements for storing data and machine-readable
instructions, such as read only memory, random access memory,
erasable programmable read only memory, electrically erasable
programmable read only memory, a hard drive, a removable media
drive for handling compact disks, digital wvideo disks,
diskettes, magnetic tape cartridges, memory cards, and the like.
In the present embodiment, the memory 204 includes a simulation
model generation module 214 stored in the form of machine-
readable instructions on any of the above-mentioned storage
media and may be in communication with and executed by the

processor(s) 202.

When executed by the processor(s) 202, the simulation model
generation module 214 causes the processor(s) 202 to
provisioning simulation model generation in a cloud computing
environment 100. In an embodiment, the simulation model
generation module 214 causes the processor(s) 202 to receive a
request for generating a simulation model by a user device 128A-
N. The request comprises asset information associated with an
asset (such as 122, 124A-B, 126) in the plant environment 106.

The asset information comprises asset profile data comprising
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asset configuration information, asset physical block
information, test data set, asset alarms and the 1like. Upon
receiving the request, the simulation model generation module
214 causes the processor(s) 202 to generate the simulation model
associated with the asset (122, 124A-B, 126) based on the
received asset information and a pre-stored asset information.

The pre-stored asset information is stored on the database 116.

In an embodiment, the simulation model associated with the asset
is generated by determining behavior of the asset using one or
more asset parameters associated with the asset in the plant
environment 106. the one or more asset parameters comprises
asset characteristics, asset location, asset behavior trends,
asset tag information, and/or asset faults. Further, the
simulation model generation module 214 causes the processor(s)
202 to generate a plurality of test data associated with the
behavior of the asset. Furthermore, the simulation model
generation module 214 causes the processor(s) 202 to derive a
mathematical model associated with the asset based on the test
data and the determined behavior of the asset. Further, the
simulation model generation module 214 causes the processor(s)
202 to generate the simulation model for the asset based on the

derived mathematical model associated with the asset.

In an aspect of the embodiment, the mathematical model
associated with the asset is derived by identifying minimum and
maximum range values for each of the asset parameters using the
asset information. Further, the simulation model generation
module 214 causes the processor(s) 202 to generate polynomial
graphs for each of the asset parameters influencing the behavior
of the asset. Further, the simulation model generation module
214 causes the processor(s) 202 to derive a relationship matrix

for the generated polynomial graphs. The relationship matrix
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indicates the behavior of the asset with respect to each of the
asset parameters. Additionally, the simulation model generation
module 214 causes the processor(s) 202 to derive the
mathematical model associated with the asset based on the

relationship matrix.

Further, the simulation model generation module 214 causes the
processor(s) 202 to validate the simulation model associated
with the asset based on real-time asset information received
from the plant environment 106. In an embodiment, the simulation
model associlated with the asset is wvalidated by receiving real-
time asset information associated with the asset from the plant
environment 106 via a cloud agent 120. Further, the simulation
model generation module 214 causes the processor(s) 202 to
validate the simulation model associated with the asset based on

the real-time asset information and predefined rules.

Further, the simulation model generation module 214 causes the
processor(s) 202 to output the simulation model associated with

the asset on a user interface of the user device 128A-N.

The simulation model generation module 214 causes the
processor(s) 202 to store the simulation model associated with

the asset in a cloud database 116.

Further, the simulation model generation module 214 causes the
processor(s) 202 to analyze results of wvalidation of the
simulation model associated with the asset. Furthermore, the
simulation model generation module 214 causes the processor(s)
202 to generate error log files associated with the simulation
model if the results of validation 1is unsuccessful. Moreover,
the simulation model generation module 214 causes the

processor(s) 202 to display the error log files associated with
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the simulation model on a user interface of the user device

(128A-N) .

The simulation model generation module 214 causes the
processor(s) 202 to analyze the asset information associated
with the asset in the plant environment 106. Further, the
simulation model generation module 214 causes the processor(s)
202 to determining whether a pre-stored simulation model exists
in the cloud database 116 based on the analyzed asset
information. Furthermore, the simulation model generation module
214 causes the processor(s) 202 to retrieve a similar simulation
model stored in the cloud database 116 if +the pre-stored
simulation model does not exist in the cloud database 116.
Moreover, the simulation model generation module 214 causes the
processor (s) 202 to generate a simulation model template
associated with the asset 122, 124A-N, and 126 based on the
retrieved similar simulation model and historical asset

information stored on the cloud database 116.

The simulation model generation module 214 causes the
processor(s) 202 to detect one or more abnormalities associated
with the asset in the plant environment 106 using a cloud agent
120 and receive a notification message from the user device
128A-N. The notification message comprises the detected one or

more abnormalities associated with the asset.

The simulation model generation module 214 causes the
processor(s) 202 to provide each stored simulation model with a

price based on the asset information.

The communication interface 206 is configured for establishing
communication sessions between the one or more user device 128A-
N and the cloud computing system 102. The communication

interface 206 allows the one or more engineering applications
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running on the user devices 128A-N to import/import simulation
models into the cloud computing system 102. In an embodiment,
the communication interface 206 interacts with the interface at
the user devices 128A-N for allowing the engineers to access the
simulation models and perform one or more actions on the

simulation models stored in the cloud computing system 102.

The input unit 208 may include input devices a keypad, touch-
sensitive display, camera (such as a camera receiving gesture-
based inputs), etc. capable of receiving one or more input
signals, such as user commands to process simulation model.
Also, the output unit 210 may be a display unit for displaying a
graphical user interface which wvisualizes the simulation model
associated with the asset and also displays the error logs
associated with each set of actions performed on the simulation
model. The bus 212 acts as interconnect between the processor

202, the memory 204, the input unit 208 and the output unit 210.

Those of ordinary skilled in the art will appreciate that the
hardware depicted in FIG 2 may vary for particular
implementations. For example, other peripheral devices such as
an optical disk drive and the like, Local Area Network (LAN),
Wide Area Network (WAN) , Wireless (e.g., Wi-F1i) adapter,
graphics adapter, disk controller, input/output (I/0) adapter
also may be used in addition or in place of the hardware
depicted. The depicted example is provided for the purpose of
explanation only and is not meant to imply architectural

limitations with respect to the present disclosure.

Those skilled in the art will recognize that, for simplicity and
clarity, the full structure and operation of all data processing

systems suitable for use with the present disclosure 1is not
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being depicted or described herein. Instead, only so much of a
cloud computing system 102 as 1is unique to the ©present
disclosure or necessary for an understanding of the present
disclosure is depicted and described. The remainder of the
construction and operation of the cloud computing system 102 may
conform to any of the wvarious current implementation and

practices known in the art.

FIG 3 is a block diagram 300 of a simulation model generation
module 214, such as those shown in FIG 1 and FIG 2, in which an
embodiment of the present invention can be implemented. The
simulation model generation module 214 comprises a data importer
module 302, an automatic model generation module 304, a model
validation module 306, a model store 308, a model designer

module 310, and an output module 312.

The data importer module 302 1is configured for receiving a
request for generating a simulation model by a user device 128A-
N. The request comprises asset information associated with an
asset 1n a plant environment 106. The asset information
comprises asset profile data comprising asset configuration
information, asset physical block information, test data set,
asset alarms and the like. Further, the data importer module 302
is configured for detecting one or more abnormalities associated
with the asset in the plant environment 106 using a cloud agent
120 and receiving a notification message from the user device
128A-N. The notification message comprises the detected one or

more abnormalities associlated with the asset.

The automatic model generation module 304 is configured for
generating the simulation model associated with the asset based
on the received asset information and a pre-stored asset

information in the cloud database 116. In an embodiment, the
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automatic model generation module 304 first determines the
behavior of the asset using one or more asset parameters
associated with the asset in the plant environment 106. In an
exemplary embodiment, an equation depicting behavior of motion
of main move part 1in a Pressure Relief Valve 1is derived as
follows. This example shows how one of the wvarious valve
behaviors are extracted from the imported asset profile file. The
following second-order ordinary differential equation is
formulated to simulate the motion of a wvalve disc. This example
represents one of the behaviors of the Pressure Relief Valve.
Similarly, different equations may be formulated for different

behaviors.
mx+ Cx* + Fs = Ff -Fg + fc

where m is the mass of moving part including disc, disc holder
and stem, x is the acceleration of the disc part in the moving
direction, c¢ is the damping coefficient; x* is the velocity of
the disc part, Fs is the spring force acting on the disc, and is
equal to k(x0+x(t)), Ff is the flow force acting on the disc
part, Fg represents the gravity of disc, £fc is the Coulomb

friction.

Further, the automatic model generation module 304 generates a
plurality of test data associated with the behavior of the
asset. Furthermore, the automatic model generation module 304
derives a mathematical model associated with the asset based on
the test data and the determined behavior of the asset. In order
to derive at the mathematical model, the automatic model
generation module 304 identifies minimum and maximum range
values for each of +the asset parameters using the asset
information. In an exemplary embodiment, a mathematical model

for a dc motor is derived. Motor torgque changes with the speed.
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At no load you have maximum speed and zero torque. Load adds
mechanical resistance. The motor starts to consume more current
to overcome this resistance and the speed decreases. Speed,
torque, power and efficiency of the motors are not constant
values. Usually the manufacturer provides the following data in

a table. 1 as below:

Mode Voltage No Load At maximum | Qutp Stall
1 efficiency ut
Operati | Nomina | Spee | Curre Spee | Curre torqg W Torqu Curren
ng 1 d nt d nt ue e t
range
XX- 1.5~12. | 6V 2700 | 0.02 2180 | 0.084 | 1.13 .26 5.8 6 0.35
100X | O consta 1 8 0
X- nt
1234
5
Table. 1

Based on the information above, below asset parameters are
calculated:

no= no-load speed

Io= no-locad current

MH= stall torque
R= terminal resistance

Based on the above calculated asset parameters, the minimum and
maximum value range and default wvalues of all parameters are

identified.

Further, the automatic model generation module 304 generates the
polynomial graphs for each of the asset parameters influencing
the behavior of the asset. Considering the above example,
polynomial graphs are generated for Current vs. Torgque and Speed

vs. Torque. Below Table. 2 provides exemplary dataset points for
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each of the speed, current, torque, power and efficiency. FIG.

8A depicts one such polynomial graph generated.

Torque Speed Current Power Efficiency

(oz—-1in) (rpm) (A) (Watts) (%)

0.025 11, 247.65 0.024 0.208 0.1

0.05 10,786.30 0.048 0.399 71.87
Table. 2

Further, the automatic model generation module 304 derives a
relationship matrix for the generated polynomial graphs. The
relationship matrix indicates the behavior of the asset with
respect to each of the asset parameters. In the same example as
above, relationships that govern the behavior of the asset, for
example in this case a motor, in wvarious circumstances is
derived from physical laws and characteristics of the motors.
Asset data processing module 130A-N at the user devices 128A-N
is configured to fetch the physical laws and characteristics
from an asset profile. However, 1in some situation all the
characteristics may not be detectable. In such scenarios, cloud
database 116 also has a predefined set of characteristics
(Historical data sets) of various type of assets which further
help the automatic model generation module 304 to
programmatically fetch the similar matching characteristics

associated with the asset.

Further, the automatic model generation module 304 derives the
mathematical model associated with the asset based on the
relationship matrix. In an exemplary embodiment, based on the
relationship matrix between asset parameters such as current,
torque, speed, power and efficiency associated with the motor, a
mathematical model associated with the motor is derived. For

example, by observing the polynomial graph trends, polynomial
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equations are derived. In this example, a mathematical model for
torque v/s speed, torque v/s current, torque v/s power and
torque v/s efficiency of the motor is derived. These
mathematical models are derived by evaluating motor speed,
consumed current and efficiency as functions of motor torque.
These mathematical models are derived and solved to generate the

simulation models.

Additionally, the automatic model generation module 304
generates the simulation model for the asset based on the

derived mathematical model associated with the asset.

In an alternate embodiment, the automatic model generation
module 304 is configured for analyzing the asset information
associated with the asset in the plant environment 106. Based on
the analyzed asset information, the automatic model generation
module 304 is configured for determining whether a pre-stored
simulation model exists in the cloud database 116. Further, the
automatic model generation module 304 i1s configured for
generating a simulation model template associated with the asset
based on the pre-stored simulation model and historical asset
information stored on the cloud database 116, if the pre-stored
simulation model exists in the <cloud database 116. In an
exemplary embodiment, if it determined that an exact matching
simulation model requested by the user of the user device 128A-N
is not present at the model data store 308, then the automatic
model generation module 304 generates a simulation model
template associated with the asset based on the closest matching
simulation model stored in the model data store 308 and

historical asset information stored on the cloud database 116.

The model validation module 306 is configured for validating the

simulation model associated with the asset based on real-time



10

15

20

25

30

WO 2020/239629 PCT/EP2020/064303

24

asset information received from the plant environment 106.
Specifically, the model wvalidation module 306 receives real-time
asset information associated with the asset from the plant
environment 106 via a cloud agent 120. Further, the model
validation module 306 validates the simulation model associated
with the asset based on the real-time asset information and
predefined rules. Further, the model wvalidation module 306
analyzes results of wvalidation of the simulation model
associated with the asset. If the results of wvalidation are
successful, the models generated are outputted via the output
module 312. If in case the wvalidation results are unsuccessful,
error log files associated with the simulation model are
generated and displayed on a user interface of the user device

128A-N.

The model store 308 is a database configured for storing the
simulation models associated with the assets. Each of the
simulation models are stored along with a user rating for the
models and a price associated with the model. In an exemplary
embodiment, 1f a user clicks on a model Store button, a search
box 1s provided. Suppose a user types a “Reversable Motor” in
the search box and <clicks on the search button, all the
reversable motors which exist in the model store (such as model
store 308) along with price and rating details are provided. In
case if there are no mathematical models existing in the model
store 308, then an option to generate the model by uploading the

asset profile is provided.

The model designer module 310 is configured for allowing the
users of the user devices 128A-N to design simulation models
based on user requirements using a Component Type Editor

interface (A graphical user interface to design simulation model
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manually). Further, the model designer module 310 is configured

to compile and publish the simulation models.

The output module 312 is configured foroutputting the simulation
model associated with the asset on a user interface of the user

device 128A-N.

FIG 4 1is a process flowchart illustrating an exemplary method
400 of provisioning simulation model generation in a cloud
computing environment 100, according to an embodiment of the
present invention. At step 402, a request for generating a
simulation model 1is received from a user device 128A-N. The
request comprises asset information associated with an asset in
a plant environment 106. At step 404, the simulation model
associated with the asset 1s generated based on the received
asset information and a pre-stored asset information in a cloud
database 116. At step 406, the simulation model associated with
the asset 1s wvalidated based on real-time asset information
received from the plant environment 106. At step 408, the
simulation model associated with the asset is outputted on a

user interface of the user device 128A-N.

FIG 5 i1s a block diagram of a user device 500, such as those
shown in FIG 1, in which an embodiment of the present invention
can be implemented. In an embodiment, the user device 500 is
similar to the user devices 128A-N shown in FIG. 1. In FIG 5,
the user device 500 includes a processor(s) 502, an accessible
memory 504, a storage unit 506, a communication interface 512,

an input-output unit 514, a network interface 516 and a bus 518.

The processor(s) 502, as wused herein, means any type of
computational circuit, such as, but not limited to, a

microprocessor unit, microcontroller, complex instruction set
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computing microprocessor unit, reduced instruction set computing
microprocessor unit, very long instruction word microprocessor
unit, explicitly parallel instruction computing microprocessor
unit, graphics processing unit, digital signal processing unit,
or any other type of processing circuit. The processor(s) 502
may also include embedded controllers, such as generic or
programmable logic devices or arrays, application specific

integrated circuits, single-chip computers, and the like.

The memory 504 may be non-transitory volatile memory and non-—
volatile memory. The memory 504 may be coupled for communication
with the processor(s) 502, such as being a computer-readable
storage medium. The processor(s) 502 may execute machine-
readable instructions and/or source code stored in the memory
504. A variety of machine-readable instructions may be stored in
and accessed from the memory 504. The memory 504 may include any
suitable elements for storing data and machine-readable
instructions, such as read only memory, random access memory,
erasable programmable read only memory, electrically erasable
programmable read only memory, a hard drive, a removable media
drive for handling compact disks, digital wvideo disks,
diskettes, magnetic tape cartridges, memory cards, and the like.
In the present embodiment, the memory 504 includes asset data
processing module 508 stored in the form of machine-readable
instructions on any of the above-mentioned storage media and may

be in communication with and executed by the processor(s) 502.

The asset data processing module 508 is configured for detecting
keywords in the asset profile file Dbased on a user
input/requirement. This produces a filtered asset information.
This filtered asset information is shared to the cloud computing
system 102 for generating the simulation models associated with

the asset(s). The filtered asset information is shared 1in a
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specific data file format, such as for example, JSON format.
Below Table. 3 depicts an exemplary filtered asset information

associated with a flowmeter derived from the flowmeter profile

file.

Index | Parameter Name Data type Access | Annotation EDD

16 Block Object DS 32 read Constant
block
information

17 Current Mode Unsigned Read Follows
target mode
coding:
0.7:
reserved
8:
automatic
9-127:
reserved
128: Out of
service

18 IM Tag function |Visible string Read, Mapped to

write PID
22 Target mode Unsigned Read, Desired
write device

model

23 OrderID Visiblestring (20) | Read XXX

24 Softwareversion | Visiblestring (20) | Read Xxx4

25 Hardwareversion | Visiblestring(20) | read Xxx3

26 VendorID unsigned read Xxx2

27 Device ID Visiblestring (20) | read Xxx1

28 IM serial | Visiblestring(20) | read Xx12
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number
29 Diagnosis octectstring read W12
31 IM tag location |Visiblestring(20) |R, w Xx122
32 IM revision | unsigned read 123

counter
33 IM profile ID unsigned read 124
34 IM profile | unsigned read XXX

specific type

Table. 3

In an embodiment, the filtered asset information is sent to the

cloud computing system 102 via a wireless network 104.

The user device 500 further comprises a graphical user interface
(GUI) 510 configured for displaying one or more simulation
models associated with an asset in the plant environment 106.
The GUI 510 also enables the users to search simulation models
stored in the cloud database 116 and also design simulation

models using the component type editor user interface.

The storage unit 506 is configured for storing the asset profile
files associated with one or more asset(s) in the plant

environment 106.

The communication interface 512 is configured for establishing
communication sessions between the one or more user device 128A-
N and the cloud computing system 102. The communication
interface 206 allows the one or more engineering applications
running on the user devices 128A-N to import/import simulation
models into the cloud computing system 102. In an embodiment,
the communication interface 206 interacts with the interface 510
at the user devices 128A-N for allowing the engineers to access

the simulation models and perform one or more actions on the
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simulation models stored in the cloud computing system 102. The
network interface 516 helps in managing network communications
between the user devices 128A-N and the cloud computing system
102,

The input-output unit 514 may include input devices a keypad,
touch-sensitive display, camera (such as a camera receiving
gesture-based inputs), etc. capable of receiving one or more
input signals, such as user commands to process simulation
model. Also, the input-output unit 514 may be a display unit for
displaying the simulation model associated with the asset and
also displays the error 1logs associated with each set of
actions performed on the simulation model. The bus 518 acts as
interconnect between the processor 502, the memory 504, and the

input-output unit 508.

Those of ordinary skilled in the art will appreciate that the
hardware depicted in FIG 5 may vary for particular
implementations. For example, other peripheral devices such as
an optical disk drive and the like, Local Area Network (LAN),
Wide Area Network (WAN) , Wireless (e.qg., Wi-Fi) adapter,
graphics adapter, disk controller, input/output (I/0) adapter
also may be used in addition or in place of the hardware
depicted. The depicted example is provided for the purpose of
explanation only and is not meant to imply architectural

limitations with respect to the present disclosure.

Those skilled in the art will recognize that, for simplicity and
clarity, the full structure and operation of all data processing
systems suitable for use with the present disclosure is not
being depicted or described herein. Instead, only so much of a
user device 500 as 1s unique to the present disclosure or
necessary for an understanding of the present disclosure is

depicted and described. The remainder of the construction and
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operation of the wuser device 500 may conform to any of the

various current implementation and practices known in the art.

FIG 6 is a process flowchart illustrating an exemplary method
600 of provisioning simulation model generation in a cloud
computing environment 100, according to another embodiment of
the present invention. At step 602, user at the user device
128A-N requests for generating a simulation model associated
with an asset in the plant environment 106. This is achieved
through users searching for simulation models on the GUI 510
with basic set of keywords. The asset data processing module 508
processes the request, forms the filtered asset information
associated with the asset for which a simulation model is to be
generated and transmits such filtered asset information along
with the request to the cloud computing system 102. When once
the request 1s received, at step 604, mathematical models
associated with the asset are derived based on the asset
information. Specifically, the mathematical models are derived

based on test data associlated with the behavior of the asset.

At step 606, it 1s determined whether a simulation model
requested already exists in the cloud database 116 based on the
derived mathematical model. If the requested simulation model
already exists in the cloud database 116, then at step 608, such
simulation models are retrieved and outputted on the wuser
interface of the wuser device 128A-N. Alternatively, if the
requested simulation model does not exist in the cloud database
116, then at step 610, it is further determined whether the
requested simulation model can be generated automatically based
on the filtered asset information and pre-stored asset
information in the cloud database 116. If yes, then at step 612,

requested simulation models are generated based on the filtered
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asset information and the pre-stored asset information in the
cloud database 116. Further at step 614, the generated
simulation models are validated based on real-time asset
information received from the plant environment 106 via the
cloud agent 120. Further, at step 616, the validated simulation
models are analyzed, optimized and reconfigured for ensuring
that the simulation models are accurate. At step 618, the
simulation models are ocutputted on the user interface 510 of the

user device 128A-N.

Alternatively, if it is determined that the requested simulation
model cannot be generated automatically based on the filtered
asset information and pre-stored asset information in the cloud
database 116, then at step 620, a simulation model template
associated with +the asset 1is generated based on a similar
simulation model stored in the cloud database 116 and historical
asset information stored on the cloud database 116. At step 622,
the simulation model template is +validated Dbased on the
predefined rules and the real-time asset information. At step
624, it is further determined whether +the wvalidation of
simulation model +template is successful or not. If the
validation of the simulation model template is successful, then
at step 628, the simulation model template is stored in the
cloud database 116 and is simultaneously output ted on the
user interface of the user device 128A-N. If not, then at step
626, error logs for the simulation model template is outputted

on the user interface of the user device 128A-N.

Fig 7A-B 1is a screenshot of an exemplary graphical wuser
interface for provisioning simulation model generation,
according to an embodiment of the present invention. In FIG 74,

a web-based user interface 700a at the user device 128A-N is
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depicted. The web-based user interface 700a allows the users at
the user device 128A-N to import/export simulation models,
search simulation models already stored in the cloud database
116, design, compile and publish simulation models based on the
asset information derived from the asset profile file and also
determine status of validation of simulation models. In FIG 7B,
the graphical user interface 700b comprises a search field 702b
for enabling the users to search and select simulation models in
the online cloud database 116. Further, the graphical wuser
interface 700b comprises a price and rating tag field
information associated with each of the selected simulation

model.

FIG 8A-E 1is a graphical representation illustrating a method of
deriving a mathematical model associated with the asset based on
the test data and the determined behavior of the asset,
according to an embodiment of the present invention. In FIG 84,
a polynomial graph 800a generated from imported sample dataset
points associated with the asset is depicted. The polynomial
graphs depict the behavioral trends of the asset parameters such
as torque, current, power, speed and efficiency. In FIG 8B, a
polynomial graph of speed v/s torque values of a motor is
depicted. Using this graph 800b, a relationship matrix between
speed and torque is derived and thereby a mathematical model for
the asset is computed. Similarly, in FIG 8C, torque v/s current
values of a motor are depicted. Using this graph 800c, a
relationship matrix between torque and current is derived and
thereby a mathematical model for the asset is computed. Further,
in FIG 8D, power v/s torque vales of a motor are depicted. Using
this graph 800d, a relationship matrix between torque and power
is derived and thereby a mathematical model for the asset 1is

computed. Similarly, in FIG 8E, efficiency v/s torque of a motor
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is depicted. Using this graph 800e, a relationship matrix
between torque and efficiency 1s derived and thereby a

mathematical model for the asset is computed.

The present invention can take a form of a computer program
product comprising program modules accessible from computer-
usable or computer-readable medium storing program code for use
by or in connection with one or more computers, processors, oOr
instruction execution system. For the purpose of this
description, a computer-usable or computer-readable medium can
be any apparatus that can contain, store, communicate,
propagate, or transport the program for use by or in connection
with the instruction execution system, apparatus, or device. The
medium can be electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system (or apparatus or device) or a
propagation mediums in and of themselves as signal carriers are
not included in the definition of physical computer-readable
medium include a semiconductor or solid state memory, magnetic
tape, a removable computer diskette, random access memory (RAM),
a read only memory (ROM), a rigid magnetic disk and optical disk
such as compact disk read-only memory (CD-ROM), compact disk
read/write, and DVD. Both processors and program code for
implementing each aspect of the technology can be centralized or
distributed (or a combination thereof) as known to those skilled

in the art.

While the present invention has been described in detail with
reference to certain embodiments, it should be appreciated that
the present invention is not limited to those embodiments. In
view of the present disclosure, many modifications and
variations would be present themselves, to those skilled in the

art without departing from the scope of the various embodiments
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of the present invention, as described herein. The scope of the
present invention is, therefore, indicated by the following
claims rather than by the foregoing description. All changes,
modifications, and variations coming within the meaning and
range of equivalency of the claims are to be considered within
their scope. All advantageous embodiments claimed in method

claims may also be apply to system/apparatus claims.
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Claims:

1. A method (400) for provisioning simulation model generation in
a cloud computing environment (100) comprising:
receiving, by a processor (202), a request for generating a
simulation model from a user device (128A-N), wherein the
request comprises asset information associated with an asset
(122, 124A-N, and 126) in a plant environment
(106) ;generating, by the processor (202), the simulation model
associated with the asset based on the received asset
information and a pre-stored asset information in a cloud
database (116), wherein generating the simulation model
associated with the asset (122, 124A-N, and 126) based on the
received asset information and the pre-stored asset
information comprises:
determining behavior of the asset (122, 124A-N, and
126) using one or more asset parameters associated with the
asset in the plant environment (106);
generating a plurality of test data associated with the
behavior of the asset (122, 124A-N, and 126);
deriving a mathematical model associated with the asset
(122, 124A-N, and 126) based on the test data and the
determined behavior of the asset (122, 124A-N, and 126);
and
generating the simulation model for the asset (122, 124A-
N, and 126) based on the derived mathematical model
associated with the asset (122, 124A-N, and 126);
validating, by the processor (202), the simulation model
associated with the asset (122, 124A-N, and 126) based on
real-time asset information received from the plant

environment (106); and
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outputting, by the processor (202), the simulation model
associated with the asset (122, 124A-N, and 126) on a user

interface of the user device (128A-N).

. The method (400) according to claim 1, further comprising:

storing the simulation model associated with the asset

(122, 124A-N, and 126) in a cloud database (116).

. The method (400) according to claim 1, wherein the one or more

asset parameters comprises asset characteristics, asset
location, asset behavior trends, asset tag information, and/or

asset faults.

. The method (400) according to claims 1 to 3, wherein deriving

a mathematical model associated with the asset (122, 124A-N,
and 126) based on the test data and the determined behavior of
the asset (122, 124A-N, and 126) comprises:

identifying minimum and maximum range values for each of
the asset parameters using the asset information;

generating polynomial graphs for each of the asset
parameters influencing the behavior of the asset (122, 124A-N,
and 126);

deriving a relationship matrix for the generated polynomial
graphs, wherein the relationship matrix indicates the behavior
of the asset (122, 124A-N, and 126) with respect to each of
the asset parameters; and

deriving the mathematical model associated with the asset

(122, 124A-N, and 126) based on the relationship matrix.

The method (400) according to claim 4, wherein validating the

simulation model associated with the asset (122, 124A-N, and
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126) based on the real-time asset information received from
the plant environment (106) comprises:
receiving real-time asset information associated with the
asset (122, 124A-N, and 126) from the plant environment
(106) via a cloud agent (120); and
validating the simulation model associated with the asset
(122, 124A-N, and 126) based on the real-time asset

information and predefined rules.

. The method (400) according to claims 1 to 4, further

comprising:
analyzing results of validation of the simulation model
associated with the asset (122, 124A-N, and 126); and
generating error log files associated with the simulation
model if the result of wvalidation is unsuccessful; and
displaying the error log files associated with the
simulation model on a user interface of the user device (128A-

N) .

. The method (400) according to claims 1 to 6, further

comprising:

analyzing the asset information associated with the asset
(122, 124A-N, and 126) in the plant environment (106);

determining whether a pre-stored simulation model exists in
the cloud database (116) based on the analyzed asset
information;

retrieving a similar simulation model stored in the cloud
database (116) if the pre-stored simulation model does not
exist in the cloud database (116); and

generating a simulation model template associated with the

asset (122, 124A-N, and 126) based on the retrieved similar
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simulation model and historical asset information stored on

the cloud database (116),

. The method (400) according to claims 1 to 7, comprising:

detecting one or more abnormalities associated with the
asset (122, 124A-N, and 126) in the plant environment (106)
using a cloud agent (120); and

receiving a notification message from the user device
(128A-N), wherein the notification message comprises the
detected one or more abnormalities associated with the asset

(122, 124A-N, and 126).

. The method according to claims 1 to 8, further comprising:

providing each stored simulation model with a price based

on the asset information.

A simulation model generation system (110) comprising:

one or more processor(s) (202); and

a memory (204) coupled to the one or more processor (s)

(202), wherein the memory (204) comprises a simulation

model generation module (214) stored 1in the form

machine-readable instructions executable by the one or more
processor(s) (202), wherein the simulation model generation

module (214) is capable of performing a method according to

any of the claims 1-9.

A cloud computing system (102) comprising:

a server (112); and

a cloud platform (108) comprising a simulation model

generation system (110) stored therein in the form of

machine-readable instructions and executable Dby the

least one server (112), wherein the simulation model
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generation system (110) is configured to perform a method

according claims 1-9.

A cloud computing environment (100) comprising:

a cloud computing system (102) according to claim 12;

a plant environment (106) comprising one or more
assets (122, 124A-N, and 126) and a cloud agent (120)
capable of communicating asset information associated with
the one or more assets (122, 124A-N, and 126) to the cloud
computing system (102); and

at least one user device (128A-N) communicatively
coupled to the cloud computing system (102) and the plant

environment (106) wvia the network (104).

A computer program product comprising machine-readable

instructions stored therein that, when executed by one or more
servers (l112), cause the one or more servers (112) to perform

a method according to any of the claims 1-9.

A user device (128A-N,500) comprising:

one or more processor(s) (502);

a memory (504) coupled to the one or more processor
(s) (502), wherein the memory (504) comprises an asset data
processing module (130A-N, 508) stored in the form of
machine-readable instructions executable by the one or more
processor (s) (502), wherein the asset data processing
module (130A-N, 508) is capable of processing asset data
received from a cloud agent (120) in the plant environment

(106); and
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a graphical user interface (510) for displaying one or
more simulation models associated with an asset (122, 124A-

N, and 126) in the plant environment (106).
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