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SYSTEM AND METHOD FOR
AUTOGENERATING SIMULATIONS FOR
PROCESS CONTROL SYSTEM CHECKOUT
AND OPERATOR TRAINING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of commonly owned
U.S. application Ser. No. 12/372,731, filed Feb. 17, 2009,
which claims the priority benefit of U.S. Provisional Patent
Application Ser. No. 61/029,191, filed Feb. 15, 2008, all of
the contents of which are incorporated herein by reference in
their entirety, including the contents of any references con-
tained therein.

TECHNICAL FIELD

[0002] The present invention generally relates to the field of
programmable/configurable computerized distributed con-
trol systems. More particularly, the invention relates to simu-
lators that are used to checkout and/or to train operators on a
particular configuration of a distributed control system prior
to going on-line.

BACKGROUND

[0003] The design and construction of a new or retrofit
process (power, chemical, refinery or other) plant is incred-
ibly complex and expensive, involving designers, engineers,
and construction teams from many different companies and
disciplines, all attempting to perform their work in parallel to
get the plant built and up-and-running in the shortest time
possible. Typically there is one entity responsible for the
design, construction, and turnkey delivery of the plant to the
end client: the Engineering Procurement Construction Con-
tractor (EPC). The EPC subcontracts and manages individual
suppliers, which includes the control system and operator
training simulator providers.

[0004] The sooner the plant is up-and-running, the sooner
the end client starts earning revenue on their production,
sometimes easily totaling millions of dollars per day for a
large plant. Thus, project incentives and penalties are used to
motivate suppliers to accelerate schedule. For control system
(and other) providers, the negative side of this is that the plant
design can be “iterative” as multiple teams scramble to finish
their work, leading to major system design revisions that
potentially force rework. Depending on the contract struc-
ture, these rework costs are not always recoverable.

[0005] In addition to the plant control system, sometimes
the overall contract calls for a plant Operator Training Simu-
lator (OTS). The OTS, a process model married to the final
control system, has a long development lead-time and must
often wait for the plant physical design and control system to
be complete before it itself can be completed. However, an
OTS is often required significantly before the plant is in
operation to allow enough time for training, and so is severely
pinched by the other project constraints. Although minor
players in terms of the total cost to build the plant, the control
system and OTS are often very high risk factors to the plant
owners. If they are not completed on time or are of poor
quality, it could cost tens-of-millions of dollars of lost rev-
enue while the problems are resolved. Performing a control
system checkout on a full high-fidelity OTS has proven ben-
efits of significantly increasing quality and performance.
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[0006] Implementing a new control system (e.g., control,
safety, fire and gas, etc.) of a process plant (e.g., power,
chemical, refinery, etc.) is potentially extremely complex.
However, the correct design of a new control system is critical
to the safe and efficient operation of the process plant. Part of
the implementation process involves validating the control
system design. However validation of a design is difficult to
accomplish prior to bringing a system online since validation
depends on the process control elements sending and receiv-
ing valid stimuli to/from the physical processes that the con-
trol system is acting on. Additionally, the control system
software for distributed control systems typically comprises
thousands of control blocks and interface (I/O) points to the
plant. Checking out the configuration and operation of the
configured control system software during checkout can
therefore be extremely time consuming.

[0007] FIG. 1 shows a typical hardware layout for a plant
control system. For the purposes of the description of the
illustrative embodiments, a control system potentially
includes, in addition to a distributed control system, a safety
instrumentation system, emergency shutdown system, fire
and gas system, or any combination thereof. The control
system uses control blocks to execute logical and mathemati-
cal functions to control the physical processes in the plant.
These are configurable software blocks which are processed
by the system’s control processors (see, FIG. 1, control pro-
cessors). An illustrative depiction of a set of control blocks is
provided in FIG. 2. FIG. 2 shows a Manual/Auto station,
which allows a control system operator to enter a desired
process value when in Manual status, a Switch block, which
selects between two inputs depending on an input mode, and
a Follow/Hold block, which follows the input or “holds™ in
place, depending on an input mode. The illustrative control
blocks respond to feedback stimuli/values (F3) from process
instrumentation in the plant, and the blocks send their outputs
(F1) to physical control devices (actuators, pumps, motors,
etc.) inthe plant. The communication to/from the plant instru-
mentation and actuators are via Input/Output modules (I/O
modules), as shown in FIG. 1.

[0008] Proper operation of the control system depends
upon the design and layout of the control blocks—a task
generally assigned to a control system application engineer.
While the control blocks can be created or based upon design
best-practices, without the proper testing technology it can be
difficult or even impossible to test process control logic for
correct function until the system is installed in the plant. The
inability to “pretest” process control logic potentially intro-
duces a high risk element to a project for installing a new/
redesigned process in a plant. The risks of installing process
control logic without pre-testing/verification include finan-
cial hardships caused by project delays, damage to equip-
ment, and injury to personnel. Application engineers perform
simple tests of a process control system by simply emulating
plant behavior, however in known test systems the quality of
emulation is generally low, requires modifications to the pro-
cess control system logic just to enable testing, and is time
consuming to create. [llustrative examples of known test sys-
tems are summarized below.

[0009] Known methods for tieback-type testing (feeding
back inputs to process control logic in response to control
outputs provided by the control logic) of a distributed process
control configuration require various arrangements of actual
process control system hardware (e.g., control processors) to
carry out testing. One type of tieback simulation (see, e.g.,
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FIG. 3A) involves staging the entire hardware and software
systems to be assembled, with tieback done by using actual
wires or signal generators to loop output signals (representing
signal values from a simulated process) back to input signals
on an I/O module.

[0010] Another approach (see, FIGS. 3B and 3C) involves
building simulation-type blocks within the actual control sys-
tem software, and connecting the simulation blocks to the I/O
software blocks. The approach depicted in FIGS. 3B and 3C
does not require connection of input/output parameters of the
control logic to actual (physical) I/O modules, however the
control logic (including simulation blocks) is still loaded and
run on real control processors. It is also necessary to modify
the 1/0 software blocks to turn off the connection (see, FIG.
3B, AOUT and AIN I/O connections) to I/O hardware, and to
reconfigure each block that is intended to connect to I/O
hardware to accept inputs from a simulation block.

[0011] Another known approach (see, FIG. 3D) to simula-
tion/testing uses commercially-available simulation software
to provide simple process simulation. Like the second
method, the I/O control blocks are modified to turn off their
connections to physical I/O modules. Off-board simulation
software, running for example on the operator’s computer
system, reads/writes to the /O blocks via a special applica-
tion program interface (API). This software potentially
includes a quick configurator to connect simulator algorithms
to a single input and output block based on an I/O block
naming convention.

[0012] With regard to the aforementioned existing tieback
simulation approaches: (1) all require actual control system
hardware, including networking interfaces (the first method
requires actual /O modules); (2) the second and third meth-
ods require that the control system configuration be modified
to turn off connection to physical [/O; and (3) all three meth-
ods have no mechanism for setting/resetting the control sys-
tem and model] states to a desired initial condition.

[0013] Dynamic process simulation is an invaluable tool
for everything from validating the design of a process plant
(power, chemical, refinery, etc.), as a tool to checkout the
performance of the plant control or safety systems, and as an
operator training simulator. However, several challenges are
faced when providing a dynamic process simulation includ-
ing: long development times, a need for highly-skilled simu-
lation domain experts, the likely that a plant and/or control
system design will evolve while a simulator design/configu-
ration is in development—which leads to reworking the simu-
lation, an actual plant size (and associated control system) is
often immense—which requires a large team to build and
configure process models; a process design can include
descriptions from disparate data sources including equipment
data sheets, piping and instrumentation diagrams (P&IDs)
showing the layout of a plant process, and instrumentation
lists.

[0014] Many process control systems, such as those imple-
mented in power plants or petroleum refineries, need to be
checked for correct design, configuration, and connection
before deployment. Failure to do so could result in plant
malfunctions that potentially lead to inefficient performance,
damage to plant equipment or injury to personnel.

SUMMARY OF THE INVENTION

[0015] A simulation generator and method are described
herein for generating simulation definitions for use in check-
out and operator training for a distributed control system
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configuration. A process simulation interface to a control
system is described. The resulting process control simulator
supports simulating physical processes of the plant in order to
provide realistic stimuli to the control system such that its
correct behavior can be validated.

[0016] To facilitate computer-automated construction of
the process simulation, a rules-based simulation generator is
provided that interprets a provided control system design and
automatically creates the required process models and con-
nects them to the control system interface points—thus mak-
ing the creation of control system checkout simulations from
configured process control design entirely automatic. The
checkout of a process control system is done in a virtual
environment on, for example, a personal computer or net-
worked set thereof, thus eliminating the requirement for a
complete suite of control system hardware (e.g., control pro-
cessors) and software.

[0017] Automation tools gather and synthesize required
data from multiple plant design resources (e.g., P&IDs) to
create, configure, and parameterize dynamic process simula-
tion models to provide an automatically-created plant process
simulator, for process design analyses, control system design
checkout, and operator training and familiarization.

[0018] A process simulation model is also described com-
prising a set of cause and effect relationships between process
parameters. Such cause and effect relationships are defined in
a design environment as a matrix which is thereafter incor-
porated into a dynamic simulation of the modeled process
connected to a set of /O blocks of a process control system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] While the claims set forth the features of the present
invention with particularity, the invention, together with its
objects and advantages, may be best understood from the
following detailed description taken in conjunction with the
accompanying drawing of which:

[0020] FIG.1isanexemplary network drawing depicting a
typical hardware layout for a plant control system;

[0021] FIG. 2 illustratively depicts a set of control blocks;
[0022] FIGS. 3A-D illustratively depict known simulation
hardware/software arrangements for process control;

[0023] FIGS. 4A and 4B illustratively depict a simulation
generation and execution arrangement in accordance with
illustrative exemplary embodiments;

[0024] FIG. 5 illustratively depicts an alternative hardware
arrangement for carrying out a simulation in accordance with
an exemplary embodiment;

[0025] FIG. 6 illustratively depicts an exemplary rulebook
editor interface;
[0026] FIG. 7 depicts an exemplary search/replace token

defined using regular expression conventions;

[0027] FIG. 8 illustrative depicts an example of a piping
and instrumentation diagram;

[0028] FIG.9 is anexemplary workflow for converting data
objects from smart P&ID drawings (source) to process simu-
lation model objects (destination) using a set of pre-defined
mapping files (rules) and conversion functions;

[0029] FIG. 10A illustratively depicts an example of a
translation procedure (from a P&ID drawing form to a pro-
cess simulation model object drawing);

[0030] FIG. 10B illustratively depicts an exemplary user
interface that includes a dialog box for presenting live data
output values from the vessel process simulation model;
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[0031] FIG. 10C illustratively depicts an exemplary model
configuration topology (e.g. process stream connections), as
rendered from the SP P&ID by the Translator and presented in
an exemplary Topology dialog box;

[0032] FIG. 11A shows a translation framework wherein
steady-state analysis outputs and isometric drawings are
combined with a smart P&ID drawing definition to render a
fully parameterized process simulation model for a pipe;
[0033] FIG. 11B provides an exemplary source object’s
AABBCC equipment code, and the P&ID-to-model mapping
file contents;

[0034] FIG. 12 summarizes an exemplary workflow facili-
tated by the automated translator framework described
herein;

[0035] FIG. 13 depicts an exemplary user interface depict-
ing contents of an instrument mapping table;

[0036] FIG. 14 shows some of the configuration data avail-
able in the SmartPlant P&ID native user interface environ-
ment;

[0037] FIG. 15 provides an exemplary user interface (dia-
log box) for a tool associated with the process simulation
model generator’s translation framework supports scanning a
database for custom AABBCC codes;

[0038] FIG. 16 depicts and exemplary worktlow for gener-
ating a process simulation model from SP P&ID objects;
[0039] FIG. 17 illustratively depicts contents of a sample
instrument mapping file and a units-of-measure mapping file;
[0040] FIG. 18 is a schematic diagram which represents a
sub-section of a P&ID; and

[0041] FIG. 19 is a cause and effect matrix corresponding
to the process unit simulation model depicted in FIG. 18.

DETAILED DESCRIPTION OF THE DRAWINGS

[0042] The following description is based on illustrative
embodiments of the invention and should not be taken as
limiting the invention with regard to alternative embodiments
that are not explicitly described herein.
[0043] The process control system simulation generator
and platform described herein is described with reference to
various levels of test/simulation detail. The following defini-
tions relate to the description of exemplary process control
test/simulation software/systems contained herein. A “tie-
back” simulation is used to carry out device-level simulations
and involves single loop control (no interactions between
control loops) simulation. An “equipment-level” simulation
involves modeling a piece of process equipment and poten-
tially involves multiple loop (interaction) testing. Yet another
type of simulation applies physical/chemical principles to
execute a process control system simulation at a plant-level
wherein an entire process/plant’s control is simulated accord-
ing to detailed simulation models incorporating actual physi-
cal characteristics of plant equipment (e.g., pipe dimensions/
connections/bends) and the materials processed therein.
[0044] A first enhancement to known simulation generator
and platform systems, described herein, provide a highly
automated tieback model builder to test controls (low fidelity
simulation). The illustrative system leverages known existing
SIMSCI-ESSCOR FSIM/TRISIM/Dynsim product capabili-
ties, to provide the following functionality:
[0045] Automatic building of simulation model and
cross-reference database tables;
[0046] Providing a user-defined rulebook for generating
simulations that uses control block naming conventions;
and
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[0047] Providing a library of simple tieback functions
(latch, time delay, etc) for incorporation into the auto-
matically generated simulations.

[0048] A second enhancement to known simulation sys-
tems enables users to build simplified, non-first principle
simulation models for processes, and allows these non-first
principal simulation models to be automatically generated.
The second enhancement to known simulation systems sup-
ports the following functionality:

[0049] Automatic building of a simulation model and the
cross-reference database tables, using a combination of
an Intergraph SmartPlant (SP) database and, if neces-
sary, an Invensys Systems, Inc. I/A process control con-
figuration;

[0050] Automatic creation of SIMSCI-ESSCOR Dyn-
sim model objects based on objects and instruments
found on a SmartPlant Piping and Instruction Diagram
(SP P&ID). For instance, the user can look for an instru-
ment tag and see the device/element to which the tag is
attached to (valve, motor, vessel);

[0051] Providing a user-defined rulebook that uses con-
trol block naming conventions, combined with use of a
user community defined template library;

[0052] Supporting using a standard SIMSCI-ESSCOR
Dynsim graphical user interface to create and modify the
simulation models;

[0053] Supporting one way, one time model creation
(manual edits are lost if the model is recreated because of
a change to the IO configuration);

[0054] Supporting unit operation-level simulation from
SmartPlant P&ID (SP P&ID);

[0055] Providing an equipment-level simulation model
from SP P&ID definition objects;

[0056] Producing a non-physical process model of a
unit’s operation that is represented on a single P&ID
object definition;

[0057] Providing an interface to other plant areas in the
form of fixed boundary conditions; and

[0058] Supporting testing interaction of several loops on
individual unit operations;

[0059] A third further aspect to an enhanced process simu-
lator model generation and platform system described herein
below involves providing a highly automated “cause and
effect” process simulation model builder. The resulting pro-
cess simulation models are suitable for operator training
simulators and/or rigorous control configuration testing/
checkout. The third enhancement to process simulator model
generation systems supports the following functionality:

[0060] Automatic building process simulation models
and cross-reference database tables using a combination
of an Intergraph SmartPlant (SP) database and, if nec-
essary, an Invensys Systems, Inc. I/A control configura-
tion;

[0061] Providing a user-defined rulebook building in
process/dynamic simulation engineering know-how;

[0062] Supporting models that do not execute in a
numerically stable manner without engineering exper-
tise manually applied to make a usable plant model;

[0063] Supporting one way, one time model creation
(manual edits are lost if the model is recreated because of
a change to the IO configuration);

[0064] Creating an entire process simulation model from
an SP P&ID, including interpreting each type of P&ID
drawing object as an appropriate type of simulation
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model object and possibly create a Steady-State Process
Flow engineering analysis model at same time;

[0065] Supporting initializing a model from a steady-
state data provider (such as Pro II) by linking, through
SmartPlant Foundation, the process stream data to ini-
tialize a SIMSCI-ESSCOR Dynsim process simulation
model. Proll, provided by SIMSCI-ESSCOR, is a
steady state simulator that enables control engineers to
generate design data for configuring a high fidelity pro-
cess simulation model (not typically available with
P&ID).

[0066] Inyeta further enhancement, a simulator generation
and platform system supports two-way data transfer between
the simulation environment and data sources for the simula-
tion system while maintaining data integrity. The integrity
tasks include ensuring that manual model changes are not
overwritten, and manual changes are captured and propa-
gated back to SmartPlant Foundation™ (SPF).

1. Automatic Bulk Generation of Tieback Process Simulation
Models

[0067] A computer-based simulation generation system
and method are described herein that facilitate rapid, accu-
rate, and cost-effective generation of simulation models for
validating process control system logic design. The logic
design comprises, for example, a set of function blocks
executed within one or more control processors in a runtime
process control environment. The process simulation models
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and process control logic are executed on a single simulation
platform running, for example, on a single standalone per-
sonal computer. The simulation generation method and simu-
lation platform enable verification of control logic before the
process control system logic (e.g., function/process control
blocks) is installed on plant process control hardware (e.g., a
control processor).

[0068] Turning to FIG. 4A, the simulation generator facili-
tating tieback process simulations includes the following
components: (1) a virtual process control system definition
400 (e.g., the control processor(s) and associated physical [/O
interface to a process), (2) a simulation library 402 including
set of process simulation models, and (3) a bulk process
model and /O generator 406 that connects instances of
selected ones of the process simulation models from the
library 402 to the virtual process control system 400’s I/O to
render a simulation model 408 comprising the simulation
model instances and a cross-reference table tying the simu-
lation model instances to the virtual process control system
definition 400 1/O.

[0069] Inanexemplary embodiment the process simulation
model library 402 comprises a set of tiecback models that
incorporate a variety of process component response behav-
iors for a simulation of the control system configuration rep-
resented by the virtual process control system definition. A
table provided below describes an exemplary set of tieback
simulation model blocks contained in the process simulation
model library 402.

Dynamic
Simulation
Process
Library (402)
System to be Modeled Entity: Comment
Accumulator (integrator), % PID KP and KD =0
Same as above, but in Engineering Units (i.e. PID KP and KD =0
Ib/hr, psi, etc.)
ANDs a number of inputs, then ORs with AND, OR Implement as series of blocks, or as
another set an Equation in xref
Determines flow for a valve with Equal Percent VALVES The Valve Object has pickable
trim trim-type
Determines flow for a valve with Linear trim VALVES The Valve Object has pickable
trim-type
First order lag LEADLAG Lagmode
Same as above, but in Engineering Units (i.e. LEADLAG Lagmode
Ib/hr, psi, etc.)
Sums inputs SUM Sums inputs
Same as above, but in Engineering Units (i.e. SUM Sums inputs
Ib/hr, psi, etc.)
Sets output = input, if Condition is FALSE SWITCH Dual input switch with logical
toggle input, or Equation with
IF(test, true_value, false_value)
Sets output = linput if Condition is TRUE SWITCH Dual input switch with logical
toggle input, or Equation with
IF(test, true_value, false_value)
Sets output = input if Condition is TRUE SWITCH Dual input switch with logical
toggle input, or Equation with
IF(test, true_value, false_value)
Same as above, but in Engineering Units (i.e. SWITCH Dual input switch with logical
Ib/hr, psi, etc.) toggle input, or Equation with
IF(test, true_value, false_value)
Used to model Close Limit Switches VALVES Valves have open, close limit
switch capability
=Input 1 + Scale * (Input 2 - Input 1) MISCEQTN Miscellaneous equation block, or
Equation field within xref
Latch LATCH Latch block is exact equivalent
Output = TRUE if Input > Limit RLIMIT All Dynsim-L Analog blocks have

high and low limit alarm capability
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-continued
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System to be Modeled

Dynamic
Simulation
Process
Library (402)
Entity:

Comment

Output = TRUE if Input > Limit RLIMIT All Dynsim-L Analog blocks have
high and low limit alarm capability

High select SELECT SELECT block has configurable hi,
lo, median, and average select
mode

Calculates level in a horizontal tank Dynsim-L Use Dynsim pressure-flow solver
with Vessel model

First order lag LEADLAG Lagmode

First order lag LEADLAG Lagmode

Linear interpolation FUNCTION Function generator, or CINTRP1
function in Equation

Same as above, but in Engineering Units (i.e. FUNCTION Function generator, or CINTRP1

Ib/hr, psi, etc.) function in Equation

Low limit alarm RLIMIT All Dynsim-L Analog blocks have
high and low limit alarm capability

Same as above, but in Engineering Units (i.e. RLIMIT All Dynsim-L Analog blocks have

Ib/hr, psi, etc.) high and low limit alarm capability

Low select SELECT SELECT block has configurable hi,
lo, median, and average select
mode

Open limit switch VALVES Valves have open, close limit
switch capability

ORs one set of inputs then ANDS with second ~AND, OR Implement as series of blocks, or as

set an Equation in xref

Calculate pressure drop as function of an MISCEQTN Miscellaneous equation block, or

exponent Equation field within xref, or
Dynsim-L pressure flow solver

Multiply and Divide a number of inputs MISCEQTN Miscellaneous equation block, or
Equation field within xref

Momentary pulse TIMER Timer has time delay on, time
delay off, and pulse capabilities

Output = inverse of input MISCEQTN Analog: Out = 100 - Input; Digital
out=1 - Input

Mathematical expression MISCEQTN or Equation field within xref

Weighted average MASTER Balancer with multiple inputs, or
Equation

[0070] The above described process model blocks support ports a user changing (user editable) values via a parameter-

a variety of transfer functions (responses to input from the
control system output block parameters) for tieback simula-
tion of control system configurations. Supported transfer
function behaviors for single input/output tieback simula-
tions include:

[0071] Straight-through (out=in)
[0072] Invert
[0073] Time delay on
[0074] Time delay off
[0075] Pulse
[0076] Lead
[0077] Lag
[0078] Random noise generator
[0079] Integrator
[0080] During configuration of a rule, when one of the

simulation models is designated from the library 402, a
parameter input dialog is presented (right side panel 510 of
the rule book editor interface depicted in FIG. 6). The param-
eter input dialog presents a list of Dynsim model input param-
eters that are considered important for process control system
check-out by control engineers. In an exemplary embodi-
ment, for each model, a list of input parameters and their
description, etc., is prepared and saved in XML format files.
The parameters are displayed, for example, in the order of
importance for control engineers, and the user interface sup-

ization pane 510 user interface.

[0081] Inanexemplary embodiment, users have the ability
to export and import rules into the rulebook 404. This could
be useful in scenarios where the rules are configured once and
multiple people use them.

[0082] The virtual process control system definition corre-
sponds to the function blocks of an actual regulatory control
system design. However, rather than executing the function
blocks on an actual control processor, the virtual control
system function blocks are executed in a virtual process con-
trol system (FSIM) environment with I/O coupled to corre-
sponding I/O provided by a dynamic process simulator (e.g.,
DYNSIM dynamic process simulator from SIMSCI-ESS-
COR) running on a personal computer.

[0083] The resulting virtual process control system simu-
lation platform including a personal computer 410, the simu-
lation model 408, a SIMSCI-ESSCOR DYNSIM dynamic
process simulator, and the virtual process control definition
400 hosted by a SIMSCI-ESSCOR FSIM simulator is illus-
tratively depicted in FIG. 4B. Furthermore, FIG. 4B illustra-
tively depicts the relationship between the simulation plat-
form (incorporating the simulation model 408) and actual
components of a real process control system to which the
simulation model 408 and virtual process control system
definition correspond. Components shown on the right side of
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the drawing (actual control system hardware) are completely
incorporated into the simulation platform including, by way
of example, the general purpose computer 410.
[0084] In an exemplary embodiment, the virtual process
control system definition 400 (including 1/O) is created by
initially porting the control processor, control block, and I/O
module source code from its native hardware Operating Sys-
tem, to run on, by way of example, a standard desktop or
laptop computer containing the FSIM process control simu-
lator. In the exemplary embodiment, control blocks corre-
sponding to multiple simulated control processors’ control
blocks are downloaded and executed on the simulation com-
puter system containing the hosting simulation platform, thus
providing a process control simulation/checkout facility at a
significantly-reduced hardware cost. For extremely large
controls systems, the platform is scalable by adding addi-
tional standard computers in a networked fashion (e.g., FIG.
5).
[0085] The simulation platform incorporated into the
single general purpose computer 410marries the virtual con-
trol system (running the actual control logic in a virtual runt-
ime environment) with a process model. Similar to control
system blocks, process model blocks, based on the desired
characteristics/traits of a modeled process, are configured and
connected to form a representation of the physical processes
of the plant. These models can be, for example, of type:
logical functions (AND, OR, If-Then), continuous math-
ematical functions (Laplace Transform-type), or first-prin-
ciple mathematical models based on the laws of physics and
the conservation of mass, momentum, and energy. The pro-
cess model stimulates and/or is stimulated by the virtual [/O
modules, entirely through software communication protocols
(i.e., there are no communications with actual control system
hardware such as control processors).
[0086] The bulk process model and I/O generator 406
facilitates rapid creation and connection of the process model
to the virtual control system to render the simulation model
408. The generator 406 comprises computer executable
instructions for automatically:

[0087] parsing I/O block names from the virtual process

control system definition 400,

[0088] creating simulation models by a rules engine
applying a set of rules specified by a rulebook 404 (see,
FIG. 6 Rulebook user interface) to each I/O block name,

[0089] configuring and parameterizing the simulation
models using rules provided by the rules engine, and

[0090] automatically connecting virtual I/O blocks of a
control program to the simulation model inputs and out-
puts.

[0091] In an exemplary embodiment, the bulk model and
1/0 generator 406 incorporates a standard, commonly-avail-
able, spreadsheet program (see, FIG. 6) that supports editing
functions such as search-and-replace, filtering, and macros as
simulation editing tools (in addition to the rules engine con-
taining computer-executable instructions for automatically
generating the simulation models).

[0092] An exemplary spreadsheet user interface for creat-
ing and viewing a rulebook governing the automatic genera-
tion of simulation models from a virtual control system and a
process model library is illustratively depicted in FIG. 6. In
accordance with an illustrative embodiment, the rules engine
within the bulk model and I/O generator 406 applies config-
ured rules contained in the rulebook (illustratively depicted in
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FIG. 6) to both the virtual control system definition 400 and
the process simulation model library 402 to render the simu-
lation model 408.

[0093] AnEnableRulefield 501 in the exemplary rule book
entry structure specifies whether or not the particular rule
should be applied. An overwrite field 502 is a multi-value
selection field including four choices: “none” specifies nei-
ther previously-defined nor custom entries for xref or model
will be overwritten (note: “none” will overwrite default
points in xref), “xref” specifies overwriting any xref entries
for which the rule applies, “model” specifies overwriting any
model entries for which the rule applies, and “both” specifies
overwriting model and xref entries for which the rule applies.
[0094] A control engine field 503A and a model engine
field 503B are used to specify a proper control/model engine
for generating a simulation model when more than one of
such engines is available (e.g., an FSIM engine, a Trisim
engine, and a Dynsim engine are potentially available in an
exemplary embodiment).

[0095] A filter using out tag field 504 A and a filter using in
tag 504B indicate which I/O point is the “search” tag and
which is the “paste” tag for a search and replace operation.
[0096] A control outtag field 505A and a control in tag field
505B specify a search rule (see, FIG. 7 for explanation of
fields of search tokens supporting regular expressions used to
search the I/O points of the virtual process control system
definition 400 when the bulk generator 406 renders the simu-
lation model 408) for identifying control system analog/digi-
tal I/O tag names associated with a control loop to which the
rule applies. One point is the “search” tag while the other
point is the “paste” tag (based on the status of filter using
out/in tag fields 504A/B.

[0097] A model class field 506 identifies a type of (tieback)
simulation model to be used for the generation of process
simulation values.

[0098] A modelname field 507 specifies a name to assign to
any model object created using the search and paste criteria
from regular expressions. An exemplary regular expression
format is described herein below with reference to FIG. 7.
[0099] A Model In parameter field 508 indicates whether to
tie the control system output tag to the specified process
model input parameter.

[0100] A Model Out parameter field 509 indicates whether
to tie the process model output parameter back to the control
system input tag. The rules features 501-509 create instances
of' model blocks. The block parameterization pane 510 speci-
fies the tuning parameters of the blocks to be generated.
Whenever a row (rule) is selected on the left-side pane, the
block parameterization pane 510 displays parameters for the
selected model class (specified in model class field 506).
Parameter values set via the pane 510 are applied to any
model instance meeting the search criterion set forth in tag
fields 505A/B.

[0101] Intheillustrative embodiment, the rules engine (and
designated configured rulebook) of the bulk Process Model
and 1/O Generator 406 employs regular expression syntax to
filter I/O block information using the aforementioned search
tokens. The search tokens guide searches by the bulk process
model and I/O generator 406 for appropriate tags and param-
eter value fields of tags (see, FIG. 7). In the illustrative
example set forth in FIG. 7, an exemplary search token speci-
fies a search for “any compound” containing a block name
that begins with “LY”” and any parameter. In accordance with
an exemplary embodiment, the search token utilizes well
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known regular expression syntax to specify a search/replace
expression for automatically cross-referencing process simu-
lation model inputs/outputs to corresponding virtual process
control system 1/O blocks.

[0102] The search tokens are thus used to: (1) create unique
instances of process model simulation blocks, and (2) tie
various block parameters to the I/O blocks of the virtual
process control system definition 400. This functionality is
based upon a user initially loading a plant control system
definition onto the computer 410. The computer 410 includes
a cross-reference table to equate control system Input/Output
tags to models—at this point the table contains only the
control tags and not the process simulation models. Thereat-
ter, the user opens the rulebook 404 and creates the rules
which will generate the model block instances based on I/O
tag names in the control system definition 400. The user runs
a translator which, using the rulebook 404 definitions, parses
the I/O tags of the virtual process control system definition
400, creates process simulation model object instances,
parameterizes the process simulation model objects (also
based on rulebook definitions), and connects the process
simulation model objects to control system [/O tags in the
cross reference table. The user then imports the resulting
simulation database file into the Dynsim dynamic simulation
program residing on the general purpose computer 410. In the
illustrative example, simulation model generation by the bulk
generator 406 includes two interrelated, but separately
executable, tasks: (1) a “Translator” task wherein the virtual
process control system definition 400’s inputs and outputs are
parsed, and the resulting parsed definition is transferred to a
simulation (e.g., Dynsim) database, and (2) a “Rulebook”
task where operations to be performed on the parsed control
system data are defined.

[0103] The Translator and Rulebook tasks operate as fol-
lows:
[0104] For each rule defined in the rulebook, the Trans-

lator parses (using the syntax summarized in FIG. 7)
every line of the cross reference table looking for I/O tag
names that match the Search criteria. The search is done
either against output tags (505A in FIG. 6) if search-
using-outputs is selected (504A) or input tags (505B) if
search-using-inputs is selected (504B).

[0105] For each match, a model block instance of type
specified in the Rulebook (506 in FIG. 6 is created. The
block is named by pasting the Search tokens into the
block naming field 507 in FIG. 6.

[0106] The model blockis configured and parameterized
according to the Rulebook definition for the block.

[0107] The model block is connected to the Input and
Output control tag points in the cross reference table.
The model output parameters to be connected in the
cross reference table are defined by the .IN parameter
field 508 and .OUT parameter field 509.

[0108] Thus the translator task, executed by the bulk pro-
cess model and I/O generator 406, comprises: retrieving data
from the virtual process control system definition 400, pars-
ing the definition using the user-defined filtering rules, creat-
ing instances of simulation blocks from the model library
402, performing editing operations on the retrieved virtual
process control system definition 400’s data using the Rule-
book 400 (see, configuration of Rulebook 400 below), and
sending the data to a receiving simulation database 408. In an
exemplary embodiment, the virtual process control system
definition 400 used by the translator task to obtain I/O block

May 16, 2013

information is either (1) an already-generated Dynsim cross
reference table, or (2) an actual process control system defi-
nition retrieved from a control system configurator database.
[0109] In an exemplary embodiment, the translator task
renders output in the form of a fully-configured Dynsim
model and a filled-out cross reference table. Here, model
refers to fully instantiated, configured, and parameterized
simulation blocks; cross-reference table refers to the linking
function of simulation blocks to/from the virtual control sys-
tem input/output tags. The Dynsim model configuration is,
for example, in the form of an XML-import file (that is
thereafter converted to a Dynsim model), or a directly appli-
cable Dynsim database model. The advantage of the XML-
import file being the ability to translate the XML-import file
to one or more of a set of supported simulation platforms.
[0110] During execution of the Translator task, the bulk
process model and I/O generator 406 searches and pastes (i.e.,
edits) tags within the I/O blocks of the virtual process control
system definition 400, based on a filtering criteria specified by
the rules set forth in the Rulebook 404, to create blocks and
connections that are consistent with an /O block naming
convention. An option to create rules based on I/O/control
block configuration is contemplated in accordance with other
embodiments.

[0111] Turning to the Rulebook task, the Rulebook task
uses user-defined parsing rules for creating simulation
blocks; the translator will apply these rules against the control
system 1/O tags to create, configure, and parameterize the
models. The Rulebook task supports a user specitying a par-
ticular transfer function tieback block (from the process
simulation model library 402) to associate with the 1/O type
(e.g. tank level control, temperature control, etc.). The Rule-
book task also facilitates users giving a block a unique name
based on the aforementioned “search-and-paste” function
supported by the Translator task.

[0112] The Translator applies rules and automatically con-
nects inputs and outputs of process simulation model
instances created from the model library 402 to appropriate
control system I/O point(s) in the cross reference table. In an
exemplary embodiment, when the rules of the rulebook 404
are processed, based on the I/O tag/point names, Dynsim
model instances are created and connected to the /O points
by updating the cross-reference table.

[0113] The Rulebook task also includes simulation con-
figuration/tuning functionality enabling users to specify
transfer function block parameters (e.g. pulse time duration,
or high and low limits) that customize the response of a
particular tieback loop of the process simulation (tichack)
portion of a simulation model. It is noted that in an alternative
embodiment, the tieback model rules are built based on block
configuration in addition to or instead of a naming scheme.
The block configuration information is maintained in an
actual process control system configuration database (and not
in the cross reference database).

[0114] It is possible that bulk configuration is done in
stages. For example, control loops are potentially built in
stages and at each stage the new portion is bulk-configured
and tested. Subsequently, more control loops are added, and
there may be a need to bulk configure on a file that has already
been bulk-configured once. In that case, it may not be desir-
able to run the bulk-configuration on all I/Os but rather on
only those that haven’t been updated. In an exemplary
embodiment, selective updating of a previously generated
simulation model is carried out through appropriate use of
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filtering. A specified filter is applied to a spreadsheet and the
processing by the bulk generator 406 is carried out only on
visible rows. In this case the filter shows only the new I/O, and
the rules are applied to the new 1/O.

[0115] Inanexemplary embodiment, an option is provided
in a user interface associated with the bulk process model and
1/0 generator 406 to update all or only the newly added I/Os.
For example a checkbox control is provided to configure only
new [/O in one of: a rulebook, a prompt during rule process-
ing, or an actions pane. By default, incremental update option
is checked, i.e., only new or non-configured 1/Os are bulk-
configured. If it is unchecked, all I/O blocks are processed.
[0116] Once the bulk process model and I/O generator 406
rules engine applies a designated set of rules to render process
simulation model objects and connects the simulation model
objects to the I/O blocks of the virtual process control system,
the resulting simulation model 408 is loaded into memory for
processing by the simulation platform (e.g., DYNSIM
dynamic process simulator), under the direction of an appli-
cation engineer, to test/verify the logic/behavior of the virtu-
alized process control system.

[0117] During simulation, the virtual process control sys-
tem function blocks and I/O interact with the elements of the
process simulation model in a closed-loop (e.g., tichack)
fashion. At any point, an application engineer can make
changes to the virtual process control system based on his/her
findings and observations, and can continue to test, develop
and refine the process control system logic/functionality as
desired. The engineer can stop the simulation, add to or
modify the simulation model, then start again with the new
configuration of the simulation model.

[0118] In an exemplary embodiment, the simulation plat-
form that hosts execution of the afore-described simulation
model incorporates several time control features that facili-
tate testing. Such time control features include: freeze, run,
snapshot, fast time, slow time, and single-step. With these
time-control features, an engineer can go back to previously-
saved initial conditions where controls and simulation model
are initialized to a desired starting state, and the testing can
proceed from there. Slow time and single step time control
features are used to examine control block processing on a
cycle-by-cycle basis to potentially observe cause and affect
behavior of the system.

[0119] When an engineer completes testing, the simulation
platform includes standard control system application tools
that support exporting/importing the control system configu-
ration to/from the actual plant control system, for two-way
transfer of the configuration without requiring special modi-
fications to the control system (e.g., function blocks) configu-
ration. Import/export is a native utility of the control system.
The file format is the same for a real control system as it is on
the simulation platform and no modifications are necessary to
move control system configuration between the simulation
platform and the actual plant control system.

[0120] Having described a new way of generating a simu-
lation mode] for execution in a virtual environment that does
not rely upon actual process control hardware (e.g., control
processors or I/O racks), it is noted that the new simulation
generation system and simulation platform support a new
workflow for process control simulation generation and use
during checkout and operator training. The workflow for the
automated simulation system described herein differs from
the above-described previous methods in that: (1) no modifi-
cation of the control block configuration is required, (2) the
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entire simulation of the control system applications, control
blocks, and tieback process model potentially runs on a single
general purpose application workstation, and (3) in contrast
to the existing system illustratively depicted in FIG. 3D (in-
terface to commercially-available simulation package), mul-
tiple tieback simulation blocks can be configured using the
bulk configurator rulebook (see, FIG. 6), rather than just on a
single input and output block at-a-time basis. The rulebook
contains flags that allow a user to selectively overwrite or
protect previously-run rules, for both the (a) definition of the
model, and (b) connection of the model to I/O tags. Further-
more, configured rulebooks are saved and passed to other
engineers/projects, allowing full portability and repeatability
between projects.

[0121] Previous simulation methods were unable to control
simulation time-processing, thus limiting usefulness for
simulation scenarios requiring specific time-evolving
sequences and an exact definition of initial condition. The
system described herein allows for the controls and process
models to be precisely initialized to a desired state, and then
to save that desired state (“snapshot”), allowing the state to be
restored at a later time for testing and re-testing. Restoring a
snapshot and then running scenarios can be done in a com-
pletely deterministic, repeatable manner giving the control
application engineer (and supervising quality assurance vali-
dators) total confidence in the predictable behavior of the
control system.

II. Automatic Simulator Process Model Generation from
P&ID and Other Sources

[0122] Having described a tieback simulation model gen-
erator that is generally applicable to carrying out single con-
trol loop check-out wherein an appropriate simulation model
having a particular transfer function is connected between I/O
blocks of a control system, attention is directed to the auto-
mated creation of relatively “higher” fidelity process simula-
tion models that incorporate, to a certain degree, physical
response behaviors of actual plant process equipment. These
simulation models are thereafter connected to appropriate [/O
blocks of a control system (virtual or actual) in a simulation
environment for personnel training and verification of the
process control system logic/configuration and the process
design (including plant equipment) as a whole.

[0123] The simulator process model generator described
herein facilitates enhanced industrial plant/process control
simulation functionality including: (1) making process simu-
lation-based checkout a part of all control system develop-
ment project, (2) allowing simulation to be more easily and
quickly available (through automatic generation of high qual-
ity/realistic simulator process models), (3) supporting con-
figuring and parameterizing the simulation models based on
electronic plant design data sources (e.g., software objects
representing plant equipment), (4) supporting automatically
connecting control system input/output (I/0O) tags/blocks to
the process simulation model(s)—see, e.g., bulk generator
406 operation described above, and (5) allowing the process
simulation model to be more easily updated as the plant or
control system designs evolve.

[0124] A workflow process for creating the process/plant
equipment simulation models in accordance with the com-
puterized/automated simulation model generator described
herein begins with piping and instrumentation diagrams
(P&IDs), which contains significant information needed to
build a process simulation model. An example of a P&ID
drawing is provided in FIG. 8. It is not necessary to go into
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detail with regard to the particular elements depicted in the
illustrative drawing as such drawings are very well known to
those of ordinary skill in the relevant art. In addition to show-
ing piping and major equipment and unit operations, the
P&ID also indicates interfaces of the identified equipment to
process control system control loops. Such control interfaces
are depicted as circles on FIG. 8. Again, the convention of
using circles on a P&ID drawing is well known to those
skilled in the art.

[0125] Today, P&ID descriptions are available in “smart”
electronic form. In an illustrative embodiment the smart
P&ID descriptions comprise structured data objects defining
plant equipment according to an established description con-
vention. In a particular embodiment the smart description
convention corresponds to a well known SmartPlant Founda-
tion P&ID description convention. Plant/process equipment
drawings defined according to SmartPlant Foundation con-
ventions are referred to herein as SP P&ID drawings. SP
P&ID definitions comprising objects encoded on computer-
readable media are interpretable by appropriately pro-
grammed computers to render appropriate displays. Further-
more equipment described within a P&ID drawing file is
interpretable, using an object translation framework, as a set
of' model objects or control I/O points to render an appropriate
process simulation model for use in creating a simulation
model containing both a simulated process and a control
system to which the simulated process is connected.

[0126] FIG. 9 shows an exemplary workflow associated
with an exemplary embodiment of the aforementioned object
translation framework. The summarized/depicted stages of
the translation framework, implemented on a programmed
computer system, automatically (or with minimal manual
intervention) convert data objects from the smart P&ID draw-
ings (source) to process simulation model objects (destina-
tion) using a set of pre-defined mapping files (rules) and
conversion functions.

[0127] An example of a translation procedure (from a
P&ID drawing form to a process simulation model object
drawing) is shown in FIG. 10A. In the illustrative example a
vessel object on a P&ID drawing is translated into a vessel
simulation model by the translation framework and thereafter
instantiated as a vessel simulation model in a simulator appli-
cation. An exemplary user interface is depicted in FIG. 10B
that includes a dialog box for presenting live data output
values from the vessel process model. The dialog box
includes for each calculated parameter value: a name, a cur-
rent value, a unit of measure, and a description of the param-
eter. The dialog box format is intended to be illustrative.
[0128] FIG. 10C shows an exemplary model configuration
topology (e.g. process stream connections), as rendered from
the SP P&ID by the Translator and presented in an exemplary
Topology dialog box. The smart P&ID drawing definition is
used by the automated translation framework to complete the
configuration of the interconnecting piping between major
pieces of equipment and to connect simulated control system
1/0 to the appropriate output parameters of the process simu-
lation model objects—again using a set of pre-defined rules.
For instance, any instrument marked “LI” (i.e. tank level
instrument) attached to a vessel in the P&ID description, is
automatically connected by the translator framework (ex-
ecuted on, for example, an personal computer system) to the
.L output parameter (i.c. model tank level) of the vessel simu-
lation model object created by the initial transformation of the
vessel object definition provided in the original smart P&ID
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drawing file. Other information specified by the smart P&ID
drawing (source) definition includes pipe connections to
nozzles, nozzle location on vessel, instrument location equip-
ment, normal equipment operating conditions (e.g. pump
head vs. flow design point), and connection to other P&ID
drawing definitions via off-page connectors.

[0129] Depending on the desired accuracy of the process
(equipment) simulation model, the smart P&ID drawing file
(e.g., an SP P&ID definition file) is potentially all that is
required to configure a process simulation model suitable for
control system checkout. If a higher-fidelity model is
required, say for an operator training simulator, then the
translation framework incorporates additional processing
stages to generate linkages/transformations that supplement
and enhance the basic model created from the smart P&ID
drawing definition.

[0130] For example, FIG. 11A shows a translation frame-
work wherein steady-state analysis outputs (e.g., Pro II: flows
and thermodynamic state properties at various points in the
process) and isometric drawings (showing pipeline lengths
and bends) are combined with a smart P&ID drawing defini-
tion to render a fully parameterized process simulation model
for a pipe that incorporates specific design conditions poten-
tially affecting the response behavior of the pipe.

[0131] By having established connections to the supple-
mental process simulation model data sources, the transfor-
mations can be run again to accommodate plant design
changes. However, there may be certain areas of the model
that are customized or otherwise need to be protected. A
protection flag is provided with the resulting simulation
model objects to prevent their inadvertent modification or
destruction.

[0132] It may be possible that results from simulation test-
ing or analyses may drive required design changes in the
plant. To facilitate this, the translation framework includes a
“reverse transformation” rules stage that populates the design
databases with the updated information. In this case, the
meaning of “source” and “destination” in FIG. 9 are reversed.
[0133] Glossary of Terms Used to Describe a Particular
Translation Framework Example

[0134] AMG—Automatic Model Generation
[0135] ACDG—Automatic Controls Design Generation
[0136] SP P&ID—InterGraph’s SmartPlant Piping and

Instrument Diagram

[0137] SmartSketch—Intergraph’s tool to view just the
graphical part of an SP P&ID FIG. 14 shows some of the
configuration data available in the SmartPlant P&ID native
user interface environment. Another application, SmartPlant
Instrumentation (not shown) contains information in data-
base format about control system Input/Output (I/O) tags, and
relates the /O tag information to the instrument tag identifier
in the P&ID definition. From here, the auto-model generator
performs the following steps to create the process model:

[0138] FEach P&ID in the SP P&ID project is translated
from its native file format (.pid) to the common layer
holder form in XML format (see, FIG. 9).

[0139] The AMG parses the native file format (.pid) files
and converts each P&ID object into a Dynsim process
simulation model object, via the source object’s AAB-
BCC equipment code, and the P&ID-to-model mapping
file (see, FI1G. 11B).

[0140] The AMG locates instrument transmitters on the
source P&ID description and creates a transmitter model
object. The transmitter object is connected to the correct
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model object connecter as identified on the P&ID, and
further is connected to the appropriate model output
parameter (e.g. pressure, temperature, flow, etc.) as
defined by the instrument mapping table (see, FIG. 13).

[0141] The AMG parses an instrument database dump
file (in .csv format) and searches for /O tag units-of-
measure (inches, feet, pounds-per-square inch, etc.). For
any UOM not identified, the user is prompted to enter the
desired target mapping UOM.

[0142] While the instrument file is being processed, AMG
creates a mapping table that relates P&ID transmitter tag
identifiers to corresponding control system block names and
parameters.

[0143] The AMG produces the simulation model file in
XML format.

[0144] Thereafter, the simulation model is re-stored by
importing the XML format simulation model file into,
for example, the Dynsim application.

[0145] Once the simulation model has been re-stored, a
cross reference table is updated in the simulation model
using the previously created transmitter mapping table.

[0146] Theresult of the AMG process is a dynamic simu-
lation model, with defined transmitters connected to
process simulation unit models, and cross referenced to
appropriate I/O tags in the actual/virtual control system.

[0147] FIG. 12 summarizes an exemplary workflow facili-
tated by the above described automated translator framework
(in the form of computer-executable instructions carried out
on a personal computer) for generating process simulation
models for plant equipment from smart P&ID drawing defi-
nitions (including a set of descriptive objects).

[0148] 1. A designer/developer attends kick-off meeting,
discusses transformation rules that will be used to transform
P&IDs into process model

[0149] a. minimum line size below which is ignored
[0150] b. process line types (fluid)
[0151] c. design operating conditions
[0152] Also discusses desired fidelity level: medium or
high
[0153] 2. The designer enters a set of rules into the transla-

tor framework that determines how the source P&ID object is
mapped to simulation model object. The translation is based
on the source AABBCC code (discussed later), mapped to a
target model object configuration. FIG. 13 shows such a
sample mapping.

[0154] 3. The designer receives preliminary smart P&IDs
from EPC.
[0155] 4. The designer executes the translation, using the

automated translation framework, on object data contained in
the smart P&ID drawing files:

[0156]

[0157] b. other data sources are synthesized to initialize
the process model objects on a one-for-one object nam-
ing convention, and

[0158] c. simply-emulated controls (sensors, PI control-
lers, rate limiters) are created in the simulation based on
markings on drawings and automatically connected to
the process model based on rules and /O tag naming
convention.

[0159] 5. The resulting simulation model is validated on the
“functional controls.”

a. process model is created,
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[0160] 6. A controls engineer publishes the control system.
Functional controls are switched off or out, and the functional
control tag is replaced with the real instrument tag in the [/O
cross reference table.

[0161] 7. A simulation engineer and a control engineer
combine acceptance tests. Jointly-structured acceptance test-
ing satisfies requirements for control system and simulator in
one meeting

[0162] The following summarizes features of an exemplary
automated (computerized) translation framework for gener-
ating process simulation models. The function of such trans-
lation framework (process simulation model generator) is to
enable a controls application engineer to checkout/test the
accuracy and validity of their control design prior to actually
building a physical plant process that incorporates the simu-
lated plant/process design. To this end, the translation frame-
work/process simulation model generator includes function-
ality that facilitates: (1) Automatically generating process
simulations by interpreting the object data in SmartPlant
P&ID (SP P&ID) drawing files; and (2) Creating a new class
of'simulation models based at least in part on the descriptions
of plant equipment in SP P&ID objects.

[0163] In an exemplary embodiment, the automatic simu-
lation model generator, incorporating the translation frame-
work described herein above, includes the following com-
puter-executable software-driven functionality:

[0164] (1) Plant items/equipment of interest are translated
from SP P&ID objects to corresponding process simulation
model object(s);

[0165] (2) The pipe-run (piping) connections between plant
items are translated using process streams;

[0166] (3) The graphical layout of the SP P&ID (locations
of'the equipment as well as the pipe-run segments) is retained
as much as possible when translated to a simulation model
view,

[0167] (4) Each SP P&ID drawing is translated to a simu-
lation model flowsheet (one model flowsheet diagram per
P&ID drawing) in the simulation;

[0168] (5) Supports automatically updating the process
simulation model instances to entries within an I/O cross-
referencing table using tag data from the control instrumen-
tation database.

[0169] FIG. 13 depicts an exemplary P&ID database
arrangement for a plant design definition represented in a
hierarchically arranged (tree) user interface. A Plant object
(’New Refinery’) is identified as a root item in the exemplary
user interface. A Plant contains one or more sub-nodes cor-
responding to plant Areas. An Area node, in turn, contains one
or more Units, and a Unit contains one or more P&ID draw-
ings. The drawings are saved as .pid (“piping and instrumen-
tation diagram”) files. The generation of process models is
carried out, in the illustrative embodiment, on the objects
contained in the .pid drawing files.

[0170] Furthermore, each object in the P&ID (.pid) draw-
ing file contains a set of properties/attributes. FIG. 14 illus-
tratively depicts an exemplary user interface including a set of
readable properties/attributes for an SP P&ID drawing object.
Such properties/attributes are well known (documented) to
those skilled in the art and therefore will not be repeated here.
Except the “Item Tag” and related properties (Tag Prefix, Seq
No, etc.) users may not specify values for the SP P&ID
drawing object properties. In many cases users are not even
permitted to specify a value for the Item Tag. For each item
drag-dropped on the drawing, an ID is assigned that is used
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internally (e.g., EA845BBB2B.). This ID is used to resolve
the data associated with an object as well as its connection to
other objects (via pipe runs, signal lines, etc.).

[0171] Inanexemplary embodiment, the translation frame-
work for rendering process simulation models from SP P&ID
drawing files supports adding custom symbols and custom
parameters in the P&ID application. By way of example, an
“AABBCC” code is associated with each SP P&ID drawing
symbol instance. The same code may be shared between
multiple symbols, i.e., the customer symbol for a valve may
look different but its AABBCC code could be the same as the
default one. To handle custom symbols, the processing uses
the AABBCC code described further herein below.

[0172] In the SP P&ID representation of a plant/process
drawing, each plant item type/class is represented internally
by an AABBCC code. For example, 6Q1CO06 represents a ball
valve. In an exemplary embodiment, a mapping file maps
each AABBCC code to a simulation process model class. For
example,

<Attribute Value="1B2G04” NewValue="Drum”/>

<Attribute Value=*1C3A13” NewValue="HeatExchanger”/>
<Attribute Value=*1D4B20” NewValue="ScrewCompressor”/>
<Attribute Value=“1N1A01” New Value="FlangedNozzle”/>

[0173] If an entry is not specified, it is translated by the SP
P&ID object translation framework as is, i.e., the
ComponentClass=AABBCC code in the output xml.

[0174] It is also possible to ignore an item by specifying
“ignore” as the new value. For example:

[0175] <Attribute Value="7Q4D65” New Value="ignore™/
>

[0176] Also, with reference to FIG. 15, a tool associated
with the process simulation model generator’s translation
framework supports scanning a database for custom AAB-
BCC codes. By way of example, custom symbols belong to
one of the existing groups such as: Equipment, Instrumenta-
tion, etc. Relevant information for an SP P&ID object (like its
AABBCC code, name, etc) is stored in a drawing file. When
a customer database is installed and ready for automatic
model generation, the custom AABBCC code scanning tool
initially identifies any symbols (objects) containing an
unmapped custom AABBCC code. The scanning tool renders
a list of symbols for which an AABBCC code mapping does
not yet exist. A control engineer then maps the unmapped
symbols. A corresponding entry is added to the code mapping
file.

[0177] One approach to creating a process control system
for use in combination with process simulation models is the
Automatic Controls Design Generation (ACDG) approach. A
schematic drawing showing the general workflow/staging of
the translation process from SP (XML) definitions of a pro-
cess control system to system-specific (executable) process
control system definitions for use in a process simulation
(connected to process simulation models) is shown in FIG.
12. The ACDG software components interpret the SP XML
definition of a process control system and Instrumentation
data to perform the conversions and/or auto-generation of
controls and graphics. The generated process simulation
model files are then transferred to the Control System Engi-
neering Workstation. The user downloads the resulting con-
trol system database and operator graphics files. The engi-
neering workstation, attached via a local network, downloads
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the control system database blocks to run on the virtual con-
trol system located on the Simulation Platform.

[0178] An exemplary workflow is depicted in FIG. 16 for
generating a process simulation model from SP P&ID
objects. In this illustrative example, the computer-executed
ACDG components generate the control system while the
AMG generates the process simulation model. The control
system [/O blocks are thereafter linked to the process simu-
lation models to facilitate check-out by the control engineer.
FIG. 16 contains a simple P&ID diagram containing a tower
object (V1) connected to a pipe-run (S1). A temperature
transmitter (TE109A/TI109A) is attached to the pipe-run S1.
Upon completion of the ACDG, control loops have been
created, and there is a control tag, for example, ACOMP1:
TI109A.POINT, corresponding to the temperature instru-
ment. In the case of the process AMG, V1 is translated to a
tower/column model object with a process stream S1 attached
to it. A transmitter model object corresponding to TI109A is
connected to the parameter T in S1, which denotes the tem-
perature, and is automatically linked to the control tag
ACOMPIL:TI109A POINT using the cross-reference utility
in DSS. The data on the mapping between process instru-
ments (TE109A/TI109A) and the control tag (ACOMP1:
TI109A.POINT) is available in the ACDG database. The
AMG component is aware of the mapping between process
instruments and the model object parameter (S1.T) via a
mapping file that relates transmitter type (determined by the
tag naming convention and engineering units-of-measure) to
the appropriate stream property in the model. A sample
Instrument mapping file and units-of-measure mapping file is
shown in FIG. 17. Finally, using the file that extracts P&ID
tag name related to a control system I/O point, the Transmitter
output (with same identifier as P&ID tag) is related to the
control system I/O point in the cross-reference table.

II1. Providing and Utilizing Cause and Effect Models for
Control System Instrument Testing

[0179] Having described automated creation of process
simulation models from P&IDs that incorporate, to a certain
degree, physical response behaviors of actual plant process
equipment, attention is directed to a cause and effect-based
simulation model that is created from, for example, model a
simulation model library (e.g., process simulation library
402). The simulation model library would include most com-
mon unit operations models and corresponding cause and
effect matrices (see, e.g., F1G. 19) rendered from the models.
In case a model corresponding to a unit on P&ID is not found
in the library a ‘black box’ model is created with an empty
matrix that a user populates based on the process knowledge.
Thereafter outputs of a dynamic process simulation incorpo-
rating the cause and effect simulation model are connected to
1/0 blocks of a control system (virtual or actual) in a simula-
tion environment for personnel training and verification of the
process control system logic/configuration and the process
design (including plant equipment) as a whole.

[0180] Turningto FIGS. 18 and 19, to generate a simulation
from P&IDs, each process equipment unit needs to be recog-
nized. Some examples of equipment units are: heat
exchanger, compressor, flash drum and distillation column.
Equipment units are configured and connected according to
the P&IDs within a simulator system. Simple single-loop
models are insufficient to test the interactions of multiple-
interacting loops, and high-fidelity models face the following
challenges making them a difficult or even infeasible choice:
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[0181] 1. To configure a high fidelity simulation additional
data such as process stream properties and material thermo-
dynamic properties are necessary. Most of the P&IDs do not
include this data.

[0182] 2.Evenifthis datais available, it is typically beyond
the skill-domain of the control application engineers, which
makes them reluctant users.

[0183] 3. Even after the configuration is complete, addi-
tional work is typically required to make the simulation stable
and usable. Expensive resources in the form of simulation
engineers are required for this work.

[0184] To accurately simulate multiply-interacting control
loops with a process, without the complications of the high-
fidelity models, “cause and effect” matrix-based models are
generated and incorporated into a process simulation model
for use in a process simulation.

[0185] Consider the schematic diagram shown in FIG. 18
which represents a sub-section of a P&ID. The diagram
includes a vessel V-101. Feed to the vessel V-101 is controlled
with an instrument FC (feed control), the vessel V-101’s
pressure is controlled via an instrument PC (pressure control),
and the vessel V-101’s liquid level is controlled via an instru-
ment LC (level control). The vessel V-101’s temperature is
indicated by an instrument T1. The instruments FC, L.C and
PC can cause changes to occur within the vessel V-101 and the
product produced by the vessel V-101. The effect of these
changes is generally visible at instruments FC, LC, PC and
TI. A high fidelity simulation is normally required to show
this interdependency.

[0186] In accordance with an exemplary embodiment, to
provide a same interdependent response without additional
data or expertise, the vessel V-101 is modeled using a two-
dimensional cause and effect matrix as shown in FIG. 19. In
the illustrative example, a pair of numbers within each cell of
the matrix represents a transfer constant and a time constant.
Forinstance, for each unit change in the value of FC, the value
LC changes by 0.2 units with a first-order lag time constant of
300 seconds. So for each increase of 1 liter/sec in feed, the
level will increase by 20%. The level increase within the
vessel V-101 is offset by a controller action modifying the
value for the LC to maintain a desired level within the vessel
V-101. The matrix thus represents the interdependency
between the FC and LC values without a need for additional
data simplifications of the underlying physical phenomenon
inside the vessel.

[0187] Where high fidelity models use highly-coupled
equations of state for thermodynamics in combination with
conservation principles or mass, momentum, and energy, the
simulation models assume constant thermo-physical proper-
ties, simple mass balance for vessel level, a simple and tun-
able approximation for energy and temperature changes, and
graphically-based determination of pressure vs. temperature.
The model is simple and accurate around a specified-design
point, and is robust such that if the control were to deviate
significantly from the design point, the response would
always be within the realms of reality (i.e., the vessel never
runs empty nor overfills). The cause and effect models are not
necessarily physically-based, and so it is possible to violate
the conservation of mass, momentum, and energy for the sake
of easy controls checkout.

[0188] The following describes an exemplary workflow for
creating a cause and effect model for a simulation model. A
library set of constants required in the above table is gener-
ated and provided for control testing for commonly-available

May 16, 2013

processes (e.g. a Crude Column or a Deethanizer or FCC
Main Column). If a closer match is required or the unit is a
non-standard unit, the unit can be modeled using generic data
in a steady state simulator to obtain these constants, with a
modest effort of the services of a simulation engineer.

[0189] Workflow for Creating a Cause & Effect Simulation
Model:
[0190] 1. Translate (electronically) the P&IDs to recognize

processing units.

[0191] 2. The Translation step includes identifying flow
and process devices, and correlating such devices to pre-
defined process simulation library models. Specify a library
component such as air, water, steam or thermal fluid for the
component slate. Thermodynamic calculation methods can
be documented for use with these specific components. Such
approximations are possible as the ‘cause and effect’ holdup
models will provide the necessary stability.

[0192] 3. Update the cross-reference database automati-
cally, to connect control and safety system I/O points to
transmitter models found on the P&ID and in the automati-
cally-generated model. This allows elements of a process
simulation model to communicate process information
to/from the control system.

[0193] 4. Identify holdup units and instantiate them with
‘cause and effect’ models provided from a process simulation
model library. Correlate the cause and effect models with the
type option available on a particular equipment simulation
model (e.g., a horizontal drum or de-ethanizer column simu-
lation model). The simulation model is now ready to run with
default parameterization. The model will operate and will
calculate flows, pressures, temperatures, etc., although the
values may not match the actual expected values in a real
plant.

[0194] 5. To make the model produce numerical values that
are in ranges of expected values, in an exemplary embodi-
ment desired reference values are entered in the transmitter
simulation model objects and the transmitter output is re-
scaled by selecting a “tune” feature in a simulation configu-
ration interface. The parameter tuning feature enables pro-
ducing realistic values without having to modify the plant
process simulation model itself.

[0195] 6. For some very specific units, a process simulation
model option type may not be available. In that case a user
generates the necessary data via an all-purpose user-config-
ured model. This data can be obtained from the plant opera-
tion manuals, operator interviews or operations data from
similar plants. If data is not available from these sources, a
user creates a steady state model for incorporation into a
process simulation model.

[0196] 7. Optionally, to obtain greater accuracy, a process
simulation model is modified to enter expected values in the
model unit operations. A user specifies instrument design data
at model feed and product streams. Only the streams of inter-
est are modeled. This data is common, easily available, and
requires no intermediate calculations by the user.

[0197] 8. Theinstantiated process simulation model should
be at the design point and stable. The simulation model is now
ready for control testing.

[0198] The cause and effect matrix for a unit can be incor-
porated in two ways, internally or externally. The internal
matrix would be intrinsic to the model code. The actual coef-
ficients are modified using a model viewer/editor. An external
matrix is incorporated with an external link to a tool such as
Microsoft Excel or OPC (OLE for Process Control) link to
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products such as Invensys Systems, Inc.’s INFUSION. In this
case the coefficients are modified using the external tools’
native interfaces. At runtime the simulation model is initial-
ized via this link.

[0199] The matrix as shown in FIG. 19 includes 2 coeffi-
cients for each cause/effect pair. These coefficients corre-
spond to the conversion constant and the first order lag time
constant respectively. For example, these coefficients for the
FC (cause)/L.C (effect) pair are 0.2 and 300 in FIG. 19. This
means that for every unit increase in FC, the LI (indicator for
LC) will increase by 0.2 units at steady state. The approach to
this 0.2 unit increase is governed by the first order lag equa-
tion:

dx/dt=1/T(a-x)

[0200] where x=initial value, a=final value, t=time and
T=lag time constant

[0201] For the above case of FC/LC, this equation will be:
d(LD/dt=1/300(1.2%(FC~FC.yppgpsare) *LD.
[0202] The cause and effect models are initialized with the

initial values of all cause variables. At runtime, the actual
values of the cause variables are fed (input) into the models
through the corresponding input blocks. The output from the
modes is calculated using the equation as above and is sent to
the appropriate output block.

[0203] This methodology can be extended for processes
requiring dead time or other correlations through additional
tables (not shown). These additional tables can be processed
by the cause and effect models in a similar way.

[0204] Inview of the many possible embodiments to which
the principles of this invention may be applied, it should be
recognized that the embodiments described herein with
respect to the drawing figures, as well as the described alter-
natives, are meant to be illustrative only and should not be
taken as limiting the scope of the invention. The functional
components disclosed herein can be incorporated into a vari-
ety of programmed computer systems as computer-execut-
able instructions stored on computer readable media in the
form of software, firmware, and/or hardware. Furthermore,
the illustrative steps may be modified, supplemented and/or
reordered without deviating from the invention. Therefore,
the invention as described herein contemplates all such
embodiments as may come within the scope of the following
claims and equivalents thereof.

What is claimed is:

1. A method for automatically providing process simula-
tion models from piping and instrumentation diagrams for a
process, the method comprising:

acquiring structured data objects representing, in elec-

tronic form, a piping and instrumentation diagram of a
process, the structured data objects including an inter-
face to process control loops; and

translating the structured data objects, representing the

piping and instrumentation diagram, into process simu-
lation model objects, the translating being performed
automatically using predefined mapping definitions and
conversion functions.
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2. The method of claim 1, further comprising additional
sources of process model input data in electronic form, and
wherein the translating step incorporates process model input
data from the additional sources into the process simulation
model objects.

3. The method of claim 2, wherein the process model input
data from additional sources includes thermodynamic prop-
erties.

4. The method of claim 2, wherein the process model input
data from additional sources includes flow properties.

5. The method of claim 1, wherein cause and effect models
are represented by two-dimensional matrixes where a first
dimension specifies a cause and a second dimension specifies
an effect.

6. The method of claim 1, wherein acquiring structured
data objects comprises acquiring the structured data objects
from a simulation model library.

7. The method of claim 6, wherein the simulation model
library includes a variety of process model blocks implement-
ing a variety of transfer functions for providing an output in
response to an input from the process simulation model
objects.

8. The method of claim 1, wherein translating further com-
prises automatically rendering the process simulation model
objects.

9. The method of claim 1, wherein the process simulation
models comprise a control processor representation.

10. The method of claim 9, wherein the process simulation
models comprise function block representations associated
with the control processor representation.

11. The method of claim 1, wherein the process simulation
models comprise a physical input/output interface represen-
tation.

12. The method of claim 11, further comprising connecting
the process simulation model data objects to the physical
input/output interface representations.

13. The method of claim 12, wherein connecting is
achieved via a cross-reference table tying the process simu-
lation model objects to the /O component representation.

14. A method for providing a process simulation model for
a process that includes potentially complex interactions
between control points within the process, the method com-
prising:

providing an electronic representation of a piping and

instrumentation diagram, comprising a set of structured
data objects; and

integrating cause and effect models from a library into a

process simulation model the cause and effect models
including transfer constants corresponding to a unit
change relationship between related process parameters.

15. The method of claim 14, wherein the cause and effect
models includes time constant parameters representing a lag
between cause and effect of two related process parameters.

16. The method of claim 14, wherein the cause and effect
models are represented by two-dimensional matrixes where a
first dimension specifies a cause and a second dimension
specifies an effect.



