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GLOBAL PROCESS CONTROL INFORMATION SYSTEM AND METHOD

The present invention generally relates to process control computer systems
and particularly to a system and method for graphically displaying the flow of process control
information in a way is readily understood by users worldwide.

In recent years, computers have been increasingly employed to automate and
control the production of chemicals, plastics and other industrial resources. In this regard,
it should be appreciated that each process will typically present a unique set of operational
constraints, input parameters and output devices to be controlled. Thus, the design of
process control systems tends to be driven by the specific considerations of the process at
hand. Accordingly, the interaction between the process control equipment and the
technicians responsible for running the process will generally be quite different from one
process to another.

Additionally, it should be appreciated that computertechnology has developed
and continues to develop at a rapid pace. Thus, it is possible that a variety of different
computer hardware platforms and software packages may be employed for process control
systems at one or more sites, even when the processes involved were the similar or the same.
Accordingly, the way in which a technician interacts with the process control equipment will
depend not only upon the process itself, but the generation and type of equipment being
employed to control the process. In this regard, substantial time and effort may be devoted
to developing the software for displaying the complex information being gathered and
manipulated by any particular computer-based control system, and there may be little if any
consistency in how this information is communicated from one control system to the next.
This results in a loss of productivity due the time invested by system designers and the time
required to train the personnel who are ultimately charged with the responsibility to run and
maintain the equipment used to control the process.

Accordingly, it is an objective of the present invention to provide a process

control information system and method which may be readily applied in a wide variety of

processes.
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It is another objective of the present invention to provide a process control
information system and method which is capable of quickly communicating the flow of live or
real-time information in a way recognizable by users worldwide.

It is a further objective of the present invention to provide a process control
information system and method which is capable of being adapted for use with future
generations of computer-based process control technology.

It is an additional objective of the present invention to provide a process
control information system and method which is capable of rapidly interpreting complex
process control statements and permitting fast switching between different process control
statements.

Itis yet another objective of the present invention to provide a process control
information system and method which will simplify troubleshooting and speed up control
decision-making in response to anomalous process conditions.

To achieve the foregoing objectives, the present invention provides a process
control display program which provides a set of predetermined graphical symbols through
which the lexical and syntactic relationship of a process control statement or expression and
the value or status of process parameters may be conveyed. In this regard, each of the
graphical symbols have a variable graphic characteristic or variable visual quality which was
employed to illustrate the value or state of a process parameter and the flow of datalogical
quality in a program statement or expression. Importantly, these graphical symbols and their
variable graphic characteristics were designed to achieve essentially instantaneous
recognition of the information sought to be conveyed with minimal use of alphanumerical text
to identify any of the parameter values.

_ Accordingly, the information system according to the present invention
provides the necessary software implemented instructions to correlate parameter data from
individual process sensors with specific graphical symbols. The information system also
includes a program for combining selected graphical symbolis into an arrangement which was
representative of a control logic sequence for a specific process being controlled. The
information system further includes a program for causing the arrangement of graphical
symbols to be displayed, such that the variable graphic characteristic of each of the graphical
symbols corresponds to the parameter values received by the sensors in real time.

in one form of the present invention, the variable graphic characteristic or
visual quality of the graphical symbols includes the use of colors which may be recognized
by people who otherwise have difficulty perceiving certain colors. Thus, for example, the color
blue was used to indicate a TRUE condition, whereas the color orange was used to indicate
a FALSE condition. By employing a consistent set of graphical symbols and applying a
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consistent set of rules for arranging these graphical symbols, the status of any process may
be quickly conveyed to any qualified user, regardiess of computer hardware platform
employed and regardless of the native language of the user.

Although well-adapted for displaying process control information, the invention
in its broader aspects may be applied to the display of a wide variety of different computer
program statements or expressions. For the most part, the process control display program
of the invention was computer language independent. It may be adapted to work with a wide
variety of different computer languages. In general, the process control display program and
method of the invention was adapted for displaying a program expression of the type capable
of representing a change in datalogical quality.

As used herein the term *datalogical® was used to denote one form of data
modeling which focuses on the computer representation of data. The datalogical realm thus
refers to a mapping of information into its corresponding computer representation, which was
concerned with computer memory, data types and so forth. The datalogical realm can be
contrasted with the infological realm, which was a user-oriented data modeling which was
concerned, in a formal sense, with representing the structure of data as they exist in the real
world. As used herein "datalogical quality® was any quality or attribute of or having to do with
the datalogical realm. The change in state of a data value from TRUE to FALSE was one
example of a change in datalogical quality. The change in datalogical quality may have
infological implications. For example, the change in datalogical quality of a digital variable,
say from TRUE to FALSE, may in a given instance map to a physical device, say a switch
changing from closed to open. The change in state of the switch might, for example, have
an infological meaning that the shipping container has moved onto position in the loading
platform, for example.

The process control display program and method includes a means or step
for parsing the expression into lexical units and for creating a structure for storing the lexical
units, and the syntactic relationship among the lexical units. The data structure was
preferably built recursively, based on an exclusive and exhaustive mathematical description
of the program language. Some impiementations may be created without use of recursion,
depending on the nature of the source language. The program and method further includes
a means or step for drawing symbois which correspond to the lexical units in a spatial
arrangement or interconnected network which reflects the syntactic relationship. The process
control display program and method also employs a means or step in communication with
the symbol drawing means or step for displaying the change of datalogical quality.

In the preferred embodiment the change of datalogical quality was displayed
by altering the visual quality or color of at least some of the symbols. In this way, the visual
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appearance of a datalogical flow or logic flow was depicted. The presently preferred
embodiment allows the visual quality or color of the symbols and the interconnecting network
to change in accordance with live data received from the plant or process being controlled.

More specifically, the process control display program was adapted for
producing a graphical display of alphanumeric process control statements. The process
control statements comprise a set of lexical units grouped in a syntactic relationship defined
by a predetermined grammar, with at least a subset of the lexical units being capable of
representing data. The process control display program comprises a means for supplying
a process control statement to be displayed. This statement may be an expression or portion
of a complete statement, a complete statement or an entire program comprising muitiple
statements. '

A statement analyzer generates a parse tree corresponding to the process
control statement to be displayed, which was stored as a data structure in computer memory.
The process control display program inciudes a means for producing a graphical display
window and for establishing a predefined set of graphical icons to represent at least a portion
of the set of lexical units. A display generation means was in communication with the parse
tree data structure and places selected ones of the predefined set of graphical icons in the
display window in a spatial relationship corresponding to the syntactic relationship of the
lexical units which make up the process control statement to be displayed. The program also
includes a means for supplying data corresponding to at least one of the lexical units of the
process control statement to be displayed. In addition, the program includes an evaluation
means which was responsive to the syntactic relationship defined by the process control
statement to be displayed, for establishing a visual quality of selected graphical icons in the
display window, based on the supplied data. In this way a first condition may be visually
distinguished from a second condition on the basis of visual quality.

While a graphical-based embodiment is presently preferred, aspects of the
process control display program can be implemented in a character-based system in which
a pictorial presentation of the alphanumeric process control statements were generated using
selected characters from a provided alphanumeric character set. Such an embodiment would
thus provide a process control display program for producing a pictorial presentation of
alphanumeric process control statements. The process control statements would comprise
a set of lexical units grouped in a syntactic relationship defined by a predetermined grammar,
with at least a subset of the lexical units being capable of representing data. The process
control display program of such an embodiment would include a means for supplying a
process control statement to be displayed and a statement analyzer for generating a symbol
table, parse tree or other data structure corresponding to the process control statement to be
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displayed. The program would further include a means for writing to display device and a
means for establishing a predefined set of pictorial symbols for representing at least a portion
of the lexical units.

The display generation means of such an embodiment would be in
communication with the symbol table, parse tree or other data structure for writing selected
ones of the predefined set of pictorial symbols to the display device, in a spatial relationship
corresponding to the lexical or syntactic relationship of the lexical units which make up the
process control statement to be displayed. The program may further include a means for
supplying data, corresponding to at least one of the lexical units of the process control
statement to be displayed. An automatic evaluation means, responsive to the lexical or
syntactic relationship defined by the process control statement to be displayed was provided
for selectively controlling selected pictorial symbols on the display device. This selective
control would be based on the supplied data, whereby at least a first condition may be
visually distinguished from a second condition on the selection of pictorial symbols being
displayed.

The process control display program may also include a means for
establishing a predefined set of pictorial symbols which defines first and second subsets of
pictorial symbols. The automatic evaluation means would selectively substitute selected
pictorial symbols of the first subset for selected pictorial symbols of the second subset to
visually distinguish a first condition from a second condition. The display generation means
of the process control display program may write pictorial symbols in an interconnected
network and may further comprise a means responsive to the supplied data for depicting a
datalogical flow through the interconnected network. The supplied data may be dynamically
changing data and the process control statements may be synchronized (or loosely
synchronized) to a clock, in which case the automatic evaluation means may also be
synchronized (or loosely synchronized) to the clock.

Figure 1 is schematic block diagram of a system with which the invention may
be used;

Figure 2is ablock diagram illustrating an exemplary process control computer
configuration;

Figure 3 is a depiction of exemplary program statements of the type useful
for process control;

Figure 4 is a diagram illustrating the process of filling a bathtub, useful in
understanding the program listing of Table lll;

Figure 5 depicts the presently preferred graphical user interface (GUI) of the
process control display program;
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Figure 6 illustrates the presently preferred graphical icons for representing
various analog and digital values and expressions;

Figure 7a illustrates an exemplary process control statement in graphical icon -

representation within the window of the presently preferred graphical user interface of

Figure 5; )
Figure 7b illustrates another example of the representation of a process

control statement using dynamic graphical icons; )
Figure 8 illustrates the manner in which the AND relationship is graphically

depicted;

Figure 9 illustrates the manner in which the OR relationship is graphically
depicted;

Figure 10 illustrates the manner in which the XOR relationship is graphically
depicted;

Figure 11 illustrates the manner in which the NOT relationship is graphically
depicted;

Figure 12 illustrates the manner in which a nested or bracketed relationship
is graphically depicted;

Figure 13a illustrates the presently preferred graphical depiction of a delay
timer, showing the OFF time delay (delay in changing from TRUE to FALSE);

Figure 13b illustrates the presently preferred graphical depiction of a delay
timer, showing the ON time delay (delay in changing from FALSE to TRUE);

Figure 14 illustrates additional 180 graphical icons useful in practicing the
invention;

Figure 15a shows the graphical user interface of Figure 5, demonstrating use
of the menu bar buttons;

Figure 15b shows the graphical user interface of Figure 5, demonstrating the
plant and computer selection process;

Figure 15c shows the graphical user interface of Figure 5, demonstrating the
variable selection process;

Figure 15d shows the graphical user interface of Figure 5, demonstrating the
line number selection process;

Figure 15e shows the graphical user interface of Figure 5, demonstrating use
of the Glossary function;

Figure 15f shows the graphical user interface of Figure 5, demonstrating use
of the Extended Glossary function; . '
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Figure 15g shows the graphical user interface of Figure 5, demonstrating use
of the Previous Pipe function;

Figures 16a and 16b are a flow chart diagram showing the manner fn which
the process control display program was constructed and operates;

Figure 17 is a detailed flow chart diagram useful in understanding the lexical
analyzer and parser modules of the program;

Figure 18 illustrates an example of a process control display program
statement with its corresponding parse tree;

Figure 19 depicts the presently preferred parse tree data structure;

Figure 20 is a detailed flow chart diagram useful in understanding the display
calculation module of the program; '

Figures 21a and 21b show the parse tree of Figure 18 demonstrating the first
pass of the display calculation module;

Figure 22 is the parse tree of Figure 18 demonstrating the second pass of the
display calculation module; and

Figure 23 shows the screen layout of boundary boxes according to the
second pass of Figure 22,

Figure 1 illustrates an exemplary process control computer system with which
the process control display program of the invention may be used. The system illustrated
depicts the process at 102 which was controlled by at least one and often a plurality of
process control computers, such as computers 104 and 106. Conventionally, computers 104
and 106 were connected with process 102 via an assortment of various sensors, actuators,
valves, motors, heaters and other controllers by which the computers 104 and 106 control and
monitor the process being controlled at 102. If desired, the process control computers 104
and 106 can each be dedicated to a different portion of the overall process 102, or they may
be used in tandem to provide redundancy for fail-safe operation.

The process control computers were in turn connected through
communication interface subsystems 108 and 110 to a supervisory computer 112, The
supervisory computer may include a workstation 114 by which the human operator may
interact with the supervisory computer. Interaction may be limited to viewing information
collected by the supervisory computer and displayed on a display device such as
monitor 116. Alternatively, the human operator may interact through an input device such as
keyboard 118 or mouse 119 to supply information to the supervisory computer, which may
in turn be communicated to the process control computers via the appropriate communication
interface subsystem.  Although physically separate supervisory computer 112 and
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workstation 114 have been shown, the function of the supervisory computer could be
performed by a suitably programmed workstation.

Providing an intuitive means for the human technician to interact with the
supervisory computer and with the process control computers was not easy to achieve. The
assortment of various sensors, actuators, valves, motors, heaters and other controllers which
control and monitor the process were physical devices. These physical devices were
controlled by or produce electrical currents and voltages, which were in turn modeled or
abstracted as analog or digital values suitable for processing as data by the process control
computers. Often complex computer programs were run by the process control computers
to process these analog and digital data. Because the physical devices were ultimately
modeled as abstract computer data, it can often be difficult for a human technician in a plant
to look at computer generated displays of data and comprehend what was actually occurring
in the decision logic and arithmetic relationships associated with the physical devices which
were controlling and monitoring the process. This difficulty was compounded by the fact that
process control programs may re-evaluate process control program statements on a periodic
basis, for example, once each second. Thus the resulting values from the statements may
change on the same periodic basis, making it difficult for the human technician to
comprehend the status of the process. Figure 2 further illustrates the nature of abstract
modeling.

In Figure 2 process 102 was controlled and monitored by an assortment of
various physical devices. Although a wide variety of physical devices are used in industry,
for purposes of computer modeling, the physical devices can be generalized as providing a
data input or receiving a data output, or both. In general, data inputs and outputs can supply
either analog or digital values. By way of example, process 102 may employ a digital
device 120 which receives digital control instructions in the form of a digital output DO from
process control computer 104. The digital device 120 could be an on/off vaive responsive to
a digital on/off signal, for example. The process 102 may also include a digital device 122
which supplies a digital TRUE/FALSE value as a digital input DI to process control
computer 104. By way of example, the digital device 122 could be a microswitch which
senses whether a door was open or closed. |

Because many processes involve analog as well as digital values, process 102
may also include analog device 124 which provides an analog value as an analog input Al to
the process control computer 104. Analog device 124 may be, for example, a temperature
sensor which supplies an electrical signal of a voltage which varies according to a measured
temperature. The process 102 may also include an analog device 126 which responds to an
analog signal supplied as an analog output AO from the process control computer 104.

-8-
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Analog device 126 could be, for example, a temperature control device for a heater which
regulates the temperature of a bath based on the analog control signal provided.

The foregoing digital and analog devices were merely examples of the types
of devices used to control and monitor processes. For purposes of illustrating the invention,

devices responding to computer output signals and devices supplying values to the computer -

as input signals have been separately modeled in Figure 2. Also, digital devices have been
modeled separately from analog devices. In practice, some devices may employ both input
and output capabilities and some devices may involve both analog and digital properties.
Thus the illustration of Figure 2 and the accompanying description was intended merely to
be exemplary of the way in which information about a process may be communicated
between the process and the process control computer. '

If the human technician were to be given the ability to supply information to
the process control computer, then a data input device may be coupled to the process control
computer. The data input device may be as simple as a push button switch, although
frequently a keypad or keyboard 128 will be provided. In some systems a pointing device
such as a trackball, mouse or joystick 130 may also be provided. In most instances input
devices of this type supply digital signals to the process control computer although analog
signals may also be used.

The process control computer will typically include data storage capability,
often in the form of random access memory. This memory may be used to store the digital
and analog input and output values by suitably encoding the values into a form capable of
being stored as binary digits in the computer memory. Most computer memory is configured
to store integer values up to a predetermined size (dictated by the number of binary digits
architecturally reserved for each memory location). Digital values are often expressed by
associating one integer value with the Boolean TRUE state and another integer value with the
Boolean FALSE state. In a fixed point system analog values can be stored directly as integer
values and are interpreted by applying a scale factor, The scaled value and the scale factor
would both be stored as integer values. Alternatively, in a floating point system analog values
can be stored as floating point numbers, in which case the number was represented in a
fashion similar to scientific notation employing a mantissa and a power of ten exponent. The
examples in this description will use a fixed point representation.

in terms of physical storage, each value was stored at a memory location to
which an address has been assigned to allow the value to be accessed by reference to its
address. By way of illustration, Figure 2 diagrammatically depicts a series of sequential
memory locations 132 in which these digital and analog values might be stored. The memory
location designated Addr #1 might, for example, contain a digital output value designated by
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the name DO(100). The name DO(100) reflects the notion that the DO can be thought of as
a virtual one-dimensional array having DO(100) as the 100th element in that DO array. In this
regard, the name DO(100) should not be confused with the actual state of that value, which
could be either TRUE or FALSE. Similarly, the state of the value TRUE or FALSE should not
be confused with the binary digits used to represent the state. For example, the Boolean
state TRUE might be physically represented by the binary number 00000001 and the Boolean
state FALSE might be represented by the binary number 11111110. Alternatively, the Boolean
states could be represented by the state of a single predetermined bit, in which case the
other bits of the binary number could be used for storing other pieces of information such as
attributes.

In a similar fashion Addr #2 might contain the digital input variable DI(100),
Addr #3 might contain the analog input variable Ai(100) and Addr #4 might contain the
analog output variable AO(100). It will be appreciated that by storing the above digital and
analog values at known memory locations or memory addresses, the values can be accessed
or involved in data processing steps by the process control computer.

In addition to the input and output values which were earmarked for
communication with the outside world (process 102 or the human technician) the process
control computer may also need to use other values in performing data processing or process
control steps. By convention, values which were initially assigned (by a human technician)
and were thereafter unchanged (by the computer) were called "constants." Values which may
change after initial assignment were called *variables." Like input and output values, constants
and variables can be either digital or analog. This description adopts a naming convention
in which digital and analog variables were named with a prefix DC and AC, respectively.
Digital and analog constants were named with a prefix DK and AK, respectively. Variables and
constants were stored in the same manner as input and output values. To illustrate, the
sequential memory locations 132 inciude analog constant AK(100) at Addr #9 and a digital
variabvle DC(100) at Addr #10. By way of example, analog constant AK(100) might store a
scaled, rounded value of 7 whereas the digital constant DC(100) might store the resutt of a
Boolean calculation needed to determine when a valve should be opened.

Although the physical random access memory storage device of a typical
computer resembles a sequential arrangement of storage locations, some processes were
easier to perform by arranging the data into a matrix or multidimensional array. For example,
a chemical process might require a recipe of different proportions of components depending
on the size or some other desired property of a batch. A two-dimensional array or lookup
table, such as array 134 may be well suited for this purpose. The array comprises a
predefined arrangement of rows and columns in which the required value for a given process
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was located by identifying its row or column. Like other digital and analog constants and
variables, the values which comprise an array were stored in memory locations at predefined
addresses. This description adopts a naming convention to allow the reader to distinguish
array values from nonarray values. Digital array values were assigned a prefix DR and analog
array values were assigned the prefix AR.

By convention adopted in this written description, variable names may include
a parenthetical ID number to allow variables of the same prefix to be distinguished from one
another, for example, DI(100), DI(101), etc. When a constant was first used or defined, the
programmer may want to initialize it or set it equal to a predefined value. In a fixed point
system, a predefined value was assigned by giving both the value and the scale factor. By
convention adopted in this description, the value, and scale factor where applicable, to which
a constant was initialized may be parenthetically included along with the ID number. Thus
AK(1,200,1000) assigns the variable name and ID number AK(1) to an analog constant and
initializes its value to be 200 with a scale factor of 1000. After having been declared and
initialized in this fashion, the shorthand notation AK(1) would be used to refer to this constant
thereafter.

In order to better understand the process control display program of the
invention, a fundamental understanding of the structure of a generic computer language may
be helpful. There are a number of general purpose computer languages in popular use today

which can be used for process control. Examples include FORTRAN, BASIC, FORTH, C,

PASCAL and so forth. There are also special purpose computer languages for process
control. Most are modeled after a general purpose language and often comprise a subset
or extension of a general purpose language. The process control display program of the
invention can be adapted to work with most general purpose and special purpose languages.
Accordingly, the following description of the makeup of a generic computer language, adapted
for process control, was intended merely as an example and should not be viewed as a
limitation of the scope of the invention as set forth in the claims which follow.

Typically, in a general purpose computer language, data is processed and
process control procedures were performed in accordance with one or more *program
statements" or *expressions' which have been written in conformity with the grammar and
syntax rules of the computer language. Each program statement or expression typically
consists of a string of alphanumeric characters in one or more lines. The alphanumeric
characters were usually grouped together into words or *lexical units® (also called *symbois*).
In many languages these lex‘ical units were separated from one another by spaces
(sometimes called whitespace), in much the same way as words were separated by spaces
in the printed text of books.

-11-
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Most computer languages allow one to construct compaosite lexical units or
syntactic groupings from a collection of elemental lexical units. The elemental lexical units,
called "tokens," were indivisible lexical units such as keywords, identifiers, punctuators,
constants, variables and operators, operands and resultants. The syntactic groupings were
divisible lexical units such as program statements, expressions, declarations, function
definitions and other language constructs.

Commonly, a predefined set of useful tokens were created by the initial
language definition. The *PRINT™ token in the BASIC languages, for example, was a keyword
which causes certain data to be displayed on the computer display or monitor. The *;* token
was used, for example, in the C language as punctuation to denote the end of a program
statement or expression. Similarly, the token *GT* in the FORTRAN language, or the token
*>" was used to denote the comparison operator *greater than." Other tokens, such as
constants and variables were defined by the programmer.

The predefined set of tokens, such as keywords, operators and punctuation
and the user defined tokens were collectively called *terminal symbols.* The computer
language grammar rules define the manner in which relationships among these terminal
symbols may be established to build syntactic groupings called "nonterminal symbols.* The
nonterminal symbols thus defined may then be used to define further nonterminal symbols.
Sometimes symbols were grouped together or said to be "nested.” Commonly, nested
symbols were set off by being enclosed in parentheses or brackets. The present description
uses brackets to set off nested symbols. '

Conventionally a computer language program statement or expression itself
may be broken down into a left-hand side (sometimes called the L value or LVAL) and a right-
hand side (sometimes called the R value or RVAL), with an "equivalence token" separating the
two. The left-hand side represents the "resultant® of the program statement. The right-hand
side may contain operators (such as +, -, OR, AND, XOR, >, <, etc.) and operands (such as
variables or constants) which determine the state of the resultant. Figure 3 depicts this
relationship. In Figure 3 two expressions are illustrated, an arithmetic expression 136 and a
logical expression 138. Separating the left-hand and right-hand sides 136L and 136R of the
arithmetic expression was the "is defined as* or "goes to* equal sign (*=") equivalence
token 140. Similarly, separating the left-hand and right-hand sides 138L and 138R of the
logical expression was the conditional "goes to," IF equivalence token. Also shown in Figure 3
are two actual expressions written in alphanumeric characters. Specifically, the arithmetic

expression 136 used in this example was:
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AC(100) = 3 * 6 *[AK(1) + 4].
The logical expression 138 used in this example was:
DC(100) IF DI{(100) OR Di(101).

The tokens used in the construction of program statements, expressions or
other syntactic groupings may differ somewhat from language to language. For example, the
operator "GT" in FORTRAN was roughly synonymous to the operator *>" in BASIC.
Furthermore, while certain classes of symbols, particularly operators, were fairly common to
all computer languages, some languages may have special purpose operators or special
purpose functions, procedures or subroutines which were not commonly found in most
general purpose computer languages. By way of example, operators which were fairly
common to most computer languages include the arithmetic operators, which cause the
computer to perform the basic arithmetic operations of addition, subtraction, multiplication and
division; the comparison operators, which cause the computer compare two arithmetic
variables or constants; and the assignment operators, which set the value of a variable equal
to an arithmetic or logical expression. Table | sets forth the naming convention which will be
used in the following description to represent some of these commonly used operators.
Table I also sets forth the naming convention used to describe variables and constants herein.

Recallthat the operands characterize one-dimensional data arrays, each array
comprising a number of different individual elements. The present process control display
program supports special purpose symbols, such as Delay Timer, Deviation, Termination and
Simulation, which were not found in general purpose computer languages. These were
special purpose operators and functions which may be useful in process control computer

languages and are described later.

TABLE |

Operands

variable

data classifications

AC [analog calculated]
DC [digital calculated]
Al [analog input]

Dl [digital input]

AO [analog output]
DO [digital output]

constant

data classifications

AK [analog constant]
DK [digital constant]
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Operators
arithmetic
+ [addition]
- [subtraction]
* [mutltiplication]
/ [division]
logical
# [Boolean NOT]
AND [Boolean AND]
OR [Boolean OR]
XOR [Boolean exclusive OR]
comparison
GT [greater than]
GE [greater than or equal to]
LT [less than]
LE [less than or equal to]
EQ [equal to]
NE [not equal to]
complex (for example functions, subroutines)
log [logarithm function]
cos [cosine function]
sin ~ [sine function]
tan [tangent function]
integ [integration subroutine]

The process control display program of the invention provides a way of
depicting conventional alphanumeric program statements or expressions using dynamically
changing graphical icons. That is, the process control display program of the invention allows
the values or states of selected lexical units to be displayed, as they change in real time, by
changing a visual quality of the graphical icons and the lines or *pipes* which interconnect the
icons. The visual quality was dynamically changed in real time as the value or state of the
lexical units change. This allows a human operator to readily comprehend not only the
arithmetic or logical relationship among the lexical units of a program statement or expression
but also the physical value or state being represented at any given moment in time and why
the expression was in that state.

Many process control operations in chemical processing and manufacturing
applications involve logical expressions (such as the logical expression 138 of Figure 3). To
illustrate how the states of lexical units may vary in real time, the logical expression 138 can
be considered. The digital variable DC(100) was dependent upon the digital input value

14-
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DI(100), or alternatively upon the digital input DI(101). Specifically, digital variable DC(1 00)
was assigned the value FALSE if both digital inputs DI(100) and Di(101) were FALSE. Digital
variable DC(100) was TRUE if either digital input DI(100) or DI(101) was TRUE. The Table II
below sets forth all four possible states of digital variable DC(100) and digital inputs DI(100)
and DI(101), the state of each lexical unit being given immediately beneath each lexical unit,

TABLE Il
(1) DC(100) IF DI(100) OR DI(101)
false false false
(@ DC(100) IF DI(100) OR Di(101)
true true false
(€)) DC(100) IF DI(100) OR Di(101)
true false true
(4 DC(100) IF Di(100) OR Di(101)
true true true

In the above Table Il example the logical expression corresponding to logical
expression 138 of Figure 3 was shown in the FALSE state at line (1) and in the TRUE state
at lines (2)-(4). To see how these expressions might relate to a physical process, the digital
input DI(100) might be responsive to a microswitch which changes state from TRUE to FALSE
when a moving part reaches a predefined position. Similarly, the digital input DI(101) might
be responsive to an optical level sensor which signals when a tank is full. The digital variable
DC(100) might be a stored value which was used in a later logical expression for determining
whether an alarm should be activated.

While the logical expression of Table Il was relatively simple to understand,
and might be readily comprehended by a busy plant technician, not all expressions were this
simple. As an example, Table lil below sets forth a program listing, comprising a piurality of
program statements or exbressions. which might be used by a process control computer to
perform the seemingly simple task of filling a bathtub. See Figure 4 in conjunction with
Tabile I,
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TABLE il

List of Operands and Operators Used

DO(1) Was the drain valve signal: TRUE to open and FALSE to close

DO(2) Was the hot water valve signal:
TRUE to open and FALSE to close

5 DO(3) Was the cold water valve signal:

TRUE to open and FALSE to close

Al(100) Was the temperature measurement

Al(101) Was the level measurement

AK(1000) Was the setpoint temperature for the bathwater

AK(1001) Was the setpoint level for the
bathwater

10 AK(1002) Was the setpoint Low Level for the Bathtub to Define *Nearly

Empty*

Di(1) Was a button which sends a value of

TRUE into the computer when pushed;
when released, it sends a value of
FALSE

DT(1,120,1) Were individual timers which start running when the preceding
DT{2,5,1) statement

DT(3,10,1) was TRUE and make the resultant

15 DT(4,5,1) variable TRUE when they have run for

the time indicated. If the preceding statement goes FALSE
after a timer

has started, the timer counts

backwards toward zero
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TABLE Il

STEP(1)
STEP(2)
STEP(3)
STEP(4)

AK(1000)
AK(1001)
AK(1002)

Comment:

STEP(1) IF
STEP@) IF
STEP@) IF
STEP@4) IF

Comment:

AC(1,200)
AC(2,100)
Do) IF

DO@) IF
DO@) IF

Predefined Meanings of Steps
and Initial Value Assignments

Tub was empty
Tub was filling
Tub was full

Tub was emptying

1000 on a scale of 200
60% on a scale of 100%
3% on a scale of 100%

The system will be in only one STEP

at a time and will remain in that

STEP until another STEP was

specifically selected. The system

will begin in STEP(1) after booting. When a STEP was
selected, the value

of that STEP variable was TRUE

Actual Program Code
STEP(4) AND Al(101,100) LT AK(1002,3,100) FOR DT(1,120,1)
STEP(1) AND DI(1) FOR DT(2,5,1)
STEP(2) AND AIl(101) GT AK(1001,60,100) FOR DT(3,10,1)
STEP(3) AND DI(1) FOR DT(4,5,1)

A valve will only be open when the conditions for being open
were TRUE; otherwise, the valve will be closed. The status of
a vaive will change

after the evaluation term which calculates the status has
completed

(see latch in DO(2))

AK(1000,100,200) + AK(1003,5,200)
AK(1001) + AK(1004,10,100)

STEP(4) OR STEP(1) OR (Al(101)
GT AC(2))

STEP(2) AND #DO(2) AND Al(101) LT AK(1001)

[STEP(2) AND Al(101) GT

AK(1005,20,100) AND Al(100) LT

AK(1000)] OR [DO(2) AND Al(100) LT AC(1)] AND Al(101) LT
AK(1001)]

-17-



	Abstract
	Bibliographic
	Description

