About This Manual

How to Use This Manual Set

The Getting Sarted guide contains installation instructions and a basic
introduction to LookoutDirect features and functionality. It includes general
information to help acquaint you with the important elements of

L ookoutDirect along with tutorial exercises to introduce you to the basics of
building a LookoutDirect process.

The Object Reference Manual is in Portable Document Format (PDF) and
describes the LookoutDirect object set. It is avail able on the LookoutDirect
CD inthedocunent at i on directory. The LookoutDirect installation gives
you the option of copying the PDF files into the

Lookout Di rect / docunent at i on folder onyour hard drive. To view these
files, you must have Adobe Acrobat Reader 3.0 or later installed.

If you do not have Adobe Acrobat Reader installed, you caninstall it from the
Lookout Di rect / docunent at i on directory or from the Adobe web site at
www.adobe.com.

This Developer’s Manual explains how to create control processes for your
HMI/SCADA applications. This manual includes detailed explanations of
various LookoutDirect features, functions, and services.

Document Conventions
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The following document conventions are used in this manual.

Indicate the path for nested menu and command selections.

»
Example: Start » Programs » xxx

Indicates atip that provides helpful information related to the
current procedure or topic.

=)

Indicates aimportant supplementary information pertinent
to the current procedure or topic.

&

Denotes a caution statement. Failureto follow the guidance

provide in the caution statement could result in aloss of
A dataor an interruption to acritical process being controlled
or monitored by L ookoutDirect.
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Introduction

bold face text

Denotes the name of dialog boxes, property sheet items,
application features, and menu commands that you select as
part of aprocedure.

Denotes references to dial og boxes, property sheet items,

italic application features, and menu commands that are not part
of the current procedure, or key concepts.
Denotes characters that you enter from the keyboard,
code/syntax examples. The monospace font is also used to
nonospace express proper names of disk drives, paths, directories,

programs, subprograms, subroutines, device names,
functions, operations, variables, filenames and extensions.

Technical Support

Phone

World Wide Web

Developer’s Manual

Contact Automation Direct’s technical support department toll free at
1-770-844-4200. Technical support is available weekdays from 9:00 am
through 6:00 p.m. EST.

Visit the Automation Direct website at www.automationdirect.com and click
on Technical Support to access awide variety of technical support assets
including print-on-demand documentation and software downloads.
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Expressions
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This chapter explains the features and uses of LookoutDirect expressions,
which can act as variables, capable of flexible, real-time math statements,
condition testing, and other complex operations.

L ookoutDirect expressions can use spreadsheet-style formulaswith amixture
of constants and variable signals from objects. They can be short and simple,
or extremely complicated with several signal inputs, function calls, and
multiple levels of parentheses.

A single expression can incorporate any number of numeric, logical, and text
signals within its calculation. However, the result of the expression can be
only one of three types: numeric, logical, or text. The outermost function or
operator in the expression returns a variable type that determines the overall
signal type of the expression.

While an expression produces a single type of data, most LookoutDirect
objects interpret data according to the data type that object needs for a
particular data member. You can connect alogical output to a numeric input,
and the arriving datawill be interpreted asa0 or a 1. Refer to the Data
Polymor phism section of this chapter for detailed information on how
LookoutDirect interprets data without respect to the original type.

Simple expressions consist of a single value. Simple expressions do not
contain any modification, manipulation, math, or logic (for example, asingle
object with aname like Pot 1). When you add any functionality to asimple
expression, you create a complex expression (for example, Pot 1 > 33).

The following examples are typical expressions. Depending on your system
reguirements, your expressions might be much more involved.

True
Always returns the value true (on).

Pot1
Returns the current value [the (i ntri nsi ¢) data member] of Potl.

879.03
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Always returns the value 879.03.

1:04:33
Returns the value 0.0448264. |f formatted in hours, minutes, and
seconds, it is displayed as 1:04:33.

Pressure* 2.31
Multiplies Pressure by 2.31.

(Switchl or Switch2) and TankL evel > 65.2

If Switchl or Switch2 istrue, and TankLevel is greater than 65.2, return
true. Otherwise, return false.

Pressure >= Setpoint and !RéliefValve and TimeOccuring > 0:30

If Pressure is greater than or equal to Setpoint, and ReliefValveisfase,
and TimeOccuring is greater than 30 seconds, return true. Otherwise,
return false.

if(PL C1.AutoPos, AutoTemp, if(PLC1.ManPos, Manual Temp,0))

If the alias member AutoPos of PLCL istrue, return the value of
AutoTemp. If the alias member ManPos of PLC1 istrue, return the value
of Manual Temp. Otherwise, return the value 0.

tif(HOA=1,“Hand” tif(HOA=2" Off” “ Auto”"))
tif isthetextversionof thei f function. If theHOA switchisat position

1, return Hand. If the HOA switchisat position 2, return O f . Otherwise,
return Aut o.

You can accomplish much the same thing with the following t choose
expression as you can with the previoust i f expression.

tchoose(HOA," hand" ," Off" " Auto")

If the HOA switch is at position 1, return Hand. If the HOA switch isat
position 2, return O f . If the HOA switch is at position 3, return Aut o.

Make surethat your expressions do not attempt to calculateillegal operations,
such as dividing by zero or finding the arc cosine of anumber greater than 1.
If asignal can assume avalue that could cause LookoutDirect to attempt an
illegal mathematical operation, you should specifically test for that condition
in the expression. Expressions trap illegal mathematical operations and
generate dlarms in the Math alarm area. The alarms do not reset until you
correct the expression. The following list includes some of theillegal
conditions that LookoutDirect traps:

e attempting to divide by zero
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e taking the square root of a negative number
e numeric underflow
* numeric overflow

E Note If any valuereferenced in an expression changeswhen an event occurs, the expression
automatically recalculates. Thisis the same event-driven concept that objects implement.

Creating Expressions

Because L ookoutDirect uses expressions in many places, you can create
expressions as independent objects, parameters in objects, connections to
object data members, or you can insert expressions on control panels.

Through dialog boxes, you create expressions during process development.
There are three types of data entry fields in LookoutDirect dialog
boxes—white, yellow, and green. White dataentry fields accept only constant
values, yellow data entry fields accept expressions, and green fields accept
URLs.

Data Polymorphism
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L ookoutDirect datais not strongly typed, which means that it does not need
to be interpreted as the type it was originally cast in. Data polymorphismin
L ookoutDirect means that data of one type isinterpreted appropriately when
connected to an input of another type. Y ou can select the data type you want
an expression to be displayed asin the Display Typefield, shown in the
following dialog box.
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Insert expression E

Dizplay Type: Inumeric 'l Path Mode: IHeIative j

— Signals: default
nLmeic:

Paste | logical ave
text
|$’ Universe j Contents:
=g Netwark $ cozing_180 - cozine180
= : paroikoz. dy.natinst. com h cogine_wave
33 $Keyboard ﬁ randam

, saw_180 - sawl80
] longtermserve ", gine_180 - 5ine180
5 $alam ", #quare_180 - square180
% Panell " tiangle_180 - tiangle180

W avefiorm hUMmeric

] I Eancell Help |

Thefollowing table describes how datatypes are used by inputs of adifferent

type.
Table 1-1. Data Type Conversion
Interpreted Interpreted
Data Type Interpreted as Numeric as Text asLogical
Logical Oorl ON or OFF —
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Table 1-1. Data Type Conversion (Continued)

Interpreted Interpreted
Data Type Interpreted as Numeric as Text asL ogical
Numeric — digits of the 0 displays as OFF
number Any value other than 0
displaysas ON

Text Appear asdigitsif thestringconsists | — Interpreted asa O or as
only of digitsinavalid OFF, except when the
LookoutDirect display format, such text string consists of a
as adecimal number or ascientific 1, On, or True, al of
expression. which areinterpreted as
Inatimeformat, suchas10: 05: 30, ON.
thetext isinterpreted as a number By default, the text
(the fraction of one day represented strings 0, OF f, or
by the time quantity) in scientific Fal se areinterpreted
notation. as OFF.
If the text string does not consist of
digitsin avalid LookoutDirect
format, thetext isinterpreted asaO,
with the exception of ON or TRUE,
which display as 1.
The text strings OFF or FALSE are
interpreted as 0, by default.

© Automationdirect.com

After you have placed an expression on your panel, you cannot change the
datatypein that expression. You have to delete that expression and place a
new one if you want to change data types.

Expressions used as parameters in LookoutDirect objects do not permit you
to sel ect the data type because the obj ect interpretsinput according to the data
type required by that object. Making LookoutDirect data polymorphic
permits you to use output of a data type different from that required by an
object, as long as the output can be interpreted meaningfully by the object.

Polymorphic data types affect the DataTable object. In versions earlier than
LookoutDirect 4, the DataTable used data members such as Al. | ogi cal to
set the type of datain a particular cell.
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@ Note The LookoutDirect 3.xx DataTable data members are preserved in LookoutDirect 4
for the sake of compatibility. It is not necessary to use the data-typed data members to
simulate polymorphic data. To achieve this compatibility, however, LookoutDirect
DataTabledataisstill strongly typed. You must input numeric datato DataTablenumeric data
members, logical datato DataTable logical data members, and so on.

Path Names in LookoutDirect

Developer’s Manual

In versions of LookoutDirect prior to LookoutDirect 4, you could only have
one process running in any instance of LookoutDirect, and there were no
foldersin aprocessto organize objects. Networking was done through DDE,
which used specific paths. In LookoutDirect 4, the relationship between
objects running in different processes on different computersis far more
flexible and potentially complicated.

When you insert an expression on a LookoutDirect panel or make a
connection to or between data members, you might be displaying avalue that
comes from the process containing that panel. You might also need to display
avalue that comes from another process running on the same computer or
from a process running on some other computer in your network.

A path can be absolute, starting with a computer’s fully qualified network
name and leading through nested directories and subdirectoriesto asingle
object; or relative, instructing the computer to search for an object in some
directory defined not from the computer down, but relative to the currently
active folder.

To provide maximum programming flexibility, you can use a number of
different levels of relativity, or path relativity modes, in setting the path to the
data when you create an expression. These modes operate very much like
other relative paths used in DOS operations, spreadsheet cells, and Web page
addressing.

You can set a path for each individual object or connection, using a different
level of relativity. These path relativity modes include

» Relative (the LookoutDirect default)

*  Process Relative

»  Computer Relative

* Absolute

The level of path relativity you choose makes a difference in how your
process operates when copied or moved to another computer. For instance,

suppose you have a client process running on computer Alfred that refersto
objects in a server process also running on computer Alfred. If you run that
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client process on computer Bert, will it refer to objects on computer Alfred or
computer Bert?

Setting the level of path relativity is how you can control which objects your
processes refer to. The key point to remember about path relativity modesin
LookoutDirect is that the modes are distinguished by the path prefix.

In Relative mode, the form of the path is

obj ect

or
f ol der\ obj ect

without prefix.

Relative mode is the default mode in LookoutDirect 4. All paths are relative
to the folder or process that contains the expression you are creating or the
object you are connecting to. Use Relative mode when you connect objects
that should be grouped together and that should be copied or moved as a
group.

Connections between objects in afolder should use Relative mode so that
they can be copied and moved el sewhere while maintaining the same
relationship with each other.

Process Relative mode isindicated by asingle prefixed backslash (\)
followed by afolder or object name, asin

\folder\...fol der\object

or
\ obj ect

Use Process Relative mode when you want to make a connection between
two objects in different folders in the same process.

Computer Relative mode isindicated by a prefix consisting of two
backd ashes, aperiod, and abackdash (\\ . \ ) followed by aprocess name, as
in

\\.\process\fol der\...fol der\object

Use Computer Relative mode when you want to reference other processes
running on the same computer.

For instance, if you had a processcalled St ati on_Cont r ol that called a
number of other processes by name on computer Alfred, you could use that
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sameSt ati on_Cont r ol processon computer Bert torefer totheidentically
named processes running on computer Bert.

Absolute modeisindicated by two backslashes (\ \ ) followed by a complete
network path, asin

\\conput er. pl ace. com process\fol der\...fol der\object

Absolute modeis, in effect, a URL. Use Absolute mode when you want to
refer to a particular process on a particular computer. Any referencesto a
PLC, for instance, should be in Absolute mode so as to always refer to the
computer physically connected to that PLC—no matter where the process
making the reference is running.

Note Though Relative mode is the LookoutDirect default, when you use an object outside
the immediate location of your expression, the path becomes more specific. The addition of
two periods at the beginning of a path, for instance, can be used to specify the parent of the
first folder listed, asin. .\ f ol der\ obj ect.

You should manually change apath modeto alevel beyond that strictly necessary under your
current circumstances if you want to ensure that your process will still work properly if you
relocate it, completely or partially.

Expressions on Control Panels

With the I nser t»Expression command, you graphically display the result of
an expression on a control panel. However, this method does not create an
object; therefore, it does not create an output signal that other expressions or
objects can use. (There is no name associated with the expression.)

You caninsert thissamekind of expression by dragging and dropping the data
member you want to display from the LookoutDirect Object Explorer.

Note When you insert an expression through the menu, you can explicitly choose the path
relativity before you create the expression. If you insert an expression by dragging a data
point from the L ookoutDirect Object Explorer, the path will reflect the node you dragged the
expression from. If you drag and drop an expression from the local node of L ookoutDirect
running on your computer, you will insert an expression with arelative path. If you drag an
expression from a process under the network nodes for LookoutDirect processes (including
the network node for your local computer), the expression will have an absolute path. Refer
to the Path Names in LookoutDirect section for more information on LookoutDirect path
modes.

The following illustration shows the I nsert Expression dialog box you use
to create or modify the path for atypical LookoutDirect expression.
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Insert expression E
I\\paroikos.dy.natinst.com\My_S erverw aveforml. cosine_wave
Dizplay Type: Inumeric 'l Path Mode: IAbsqute j
— Signals:
Paste | \wparoikos. dy.natinst. comky_Server\Waveforml. cosine_wave
Iy Uriverse j Contents:
[#- Metwark. ﬂ" cozing_180 - cozing1 80
N paroikos. dy.natinst. com -T cosing_wave
----- {;&3— $Keyboard b7 ramdom
{;&3— $System W87 random_wave
E-E], Client_1 ps sawi_180 - sawl80
B- % My_Server W87 sawtooth_wave
I iy $alam g sine_180 - sine180
----- glly PLC_Simulator Y sine_wave
----- {;&3— ‘waveform ’ zquare_180 - square180
1‘, FOUATE_wave
" triangle_180 - tiangle180
34 triangle_wave
W avefiorm hUMmeric
()8 I Cancel | Help |

Notice that you can set the data type for the expression to display. After you
have created an expression, you can no longer modify the datatype, so be sure

you select the correct type for your display.

Thefollowing illustrations show typical LookoutDirect dialog boxesto select

the display properties for expressions.

Display logical signal | ]

®loe|

—{ Custom

— Text
On: I
of: |
(0] I Cancel
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Revise numeric signal display
Leit EIDI_E“I_.I_I_E.I_ Background style— —Frame style——
:.:° " Plate " Black
.......I__  Inset  White
BB (oo ¥ Fectangle * MNone
;9=;;==F :.:. ' Transparent
Miri " Left € Centered { Right ek site—
inimum [ + Digtal
b amirLnn IED  Bar [up]
0 " Bar [down)
Mumeric format " Bar [right]
IGeneraI ﬂ  Bar [left)
Font... |1Dpt.ﬂ3«riaIBoId Ok I Cancel |
Display text signal | ]
Text calor S oy F o
ackground style rame style —
mEEREREER EEEE o5k » 3
Background color nset e
D. .  Rectangle & Mone
....... & Transparent
 Justify left & Justify centered  Justify right

National Instruments|

Font... |1DptAriaIEloId

Cancel |

Expression Objects
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With the Object»Cr eate menu command, you can create an Expression
object, or named expression. Like other object classes, the global
(expression) object class requires a unique name.

Other expressions and/or objects can reference the output of an (expression)
object. When you need to define a unique condition that your process uses
multiple times, use an (expression) object. Instead of defining the same
expression in many places, you can create it one time and use its name
wherever the condition applies. For example, the name Al | Val vesOpen in
the following Cr eate expression dialog box is easier to reference than the

long expression.
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Create expression

Tag: IAINaIvesten

Expression =

I\\.\My_SelveNaIve'l AND A AWy ServerWalve2 AMD 5SS AWMy Server\Walved

Catcel |

You can also use the expression editor to assemble the long expression by
right-clicking in the yellow field.

Expressions as Parameters

© Automationdirect.com

Many object classes accept expressions as parameters. When they do, the
parameter expects the expression to return a certain signal type—numeric,
logical, or text. For more information about object parameters and data
members, refer to the specific object class definition in the online help.

Create DelayOn timer: | ]
Ta: ITimer1

On/off signal = IVaIVe1 and Yalve?

Timer delay = IAIarmOnDeIay

Display format: IMM:SS j

Ok I Cancel |

The parameter On/off signal expectsalogical expression and Timer delay
requires a numeric expression. Both val vel and Val ve2 are names for
switches. Connecting them with and produces alogical result and satisfies
the type condition of the first parameter. Al ar mOnDel ay isthe name of a
potentiometer used to adjust thetimer delay setpoint, which createsanumeric
signal, satisfying the type condition of the second parameter.

Because the Timer delay parameter is an expression, we have many
configuration possibilities, including the following:

» Enter aconstant. In this case, the delay never changes.

«  Enter the name of an output signal from another object such asaPat. In
this case, the operator adjusts.

e Enter acomplex expression that automatically cal culatesthe delay based
on multipleinputs.
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Similar configuration solutions exist for the On/off signal parameter.

When an expression parameter fieldsis yellow, you can get help building
your expressions. For example, assume that you cannot remember whether
the valve name in the previous example was Val vel, Val ve_1, or

Val veOne. If you position the cursor over the yellow expression field and
right-click, the Expression Editor dialog box appears. Using thisdialog box,
you can select the proper name (Val vel) and paste it directly into the
expression field. Click on OK and L ookoutDirect writes the expression into
the targeted parameter field.

Expressions as Connections

Y ou can connect object data members with expressions. Writable data
members accept expressions as inputs, much like parameters. To connect an
expression to a data member, use the Object»Edit Connections menu
command, or right-click on the object you want to connect to in the Object
Explorer, and select Edit Connections. See Chapter 4, Using LookoutDirect,
of the Getting Started With LookoutDirect manual for detailed information on
connecting expressions to data members.

Edit/Insert Expression Dialog Box

Y ou caninsert an expression as adisplay element on acontrol panel, useit as
aparameter for aL ookoutDirect object, or useit as an input data member for
aLookoutDirect object. When you use an expression as adisplay object, you
can create or modify the expression using the Insert Expression dialog box.
When you use an expression as a parameter or input to a data member, you
can create or modify the expression using the Edit Expression dialog box.

These dialog boxes are almost identical, the only difference being that the
Insert Expression dialog box contains a Display Type field that you use to
select how the data expression will appear on your control panel. Thisfield
doesnot exist inthe Edit Expression dialog box because an expression being
used asaparameter or asan input to an object datamember will beinterpreted
as the data type required for that input.

E Note After you insert an expression for display, you cannot change the display type of the
expression. The Display Type dialog box will be disabled if you open the expression to edit
it. To change the data type, you have to insert anew expression.

Developer’s Manual

You can access the Insert Expression dialog box in any of the following
ways:
e Select Insert»Expression from the LookoutDirect menu.
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e Click-drag an object from the Object Explorer.

» Right-click on an expression display on a control example and select
Object Properties.

* Right-click in acontrol panel and select I nsert Expression.

You can access the Edit Expression dialog box by right-clicking in any
yellow expression field in any LookoutDirect dialog box.

Except for setting a display datatype in the Insert Expression dialog box,
you use the two dialog boxesin the sameway. The following instructions and
comments apply to both dialog boxes.

Figure 1-4 shows the Insert expression dialog box. You can enter your
expression in the yellow expression field at the top of this dialog box.

Insert expression E

I\\paroikos.dy.natinst.com\My_S erverw aveforml. cosine_wave

Dizplay Type: Inumeric 'l Path Mode: IAbsqute j

— Signals:

Paste | \wparoikos. dy.natinst. comky_Server\Waveforml. cosine_wave

|$’ Universe j Contents:

R ", cosine_180 - cosine180
m‘ cosing_wave

b7 ramdom

W87 random_wave

87 saw_180 - sawl80

Ry sawtooth_wave

hS7 sine_180 - sine150

Ry sine_wave

Wb square_ 180 - square] 80
b7 square_wave

", tiangle_180 - tiangle180
m‘ triangle_wave

- Metwark.
=8 paroikoz. dy.natinst. com
il $Kepboard
$5pstem

Client_1

W avefiorm hUMmeric

QK I Eancell Help |

Just below the yellow expression field are the Display Type and Path M ode
selection boxes. The Display Type box selects the data type for your
expression to be displayed with (if relevant), and the Path M ode box selects
how detailed the path name of your expression will be.

The lower-left field lists all objects that generate readable signals under the

root shown intheroot window (under the Paste button). Thelower-right field
lists the readabl e data members (Contents) for the currently selected object.
Notice that the dial og box indicates the object class selected in the object list
(Waveform) and the signal type selected in the Contentslist (numeric).

1-13 Developer’s Manual



Chapter 1 Expressions

You can enter an expression directly or use the Paste button to select and
insert object names in the expression field. As you select different objects
from the listbox, the name to the right of the Paste button changes
accordingly.

Some objects have multiple readabl e datamembers, such asaM odbus object.
L ookoutDirect concatenates the name, followed by a period and the selected
data member.

After you combine the desired name and data member, click on the Paste
button. LookoutDirect pastes the nameinto the expression field. Clicking on
the Paste button a second time copies another instance of the name to the
expression window—this time at the cursor.

@ Tip Instead of selecting adatamember and then clicking on the Paste button, double-click
on the data member. L ookoutDirect automatically pastes the name into the expression

window.

You can manually type or modify a name, a data member, or a mathematical
function in the expression field at any time. Because you might have many
hard-to-remember, defined objects, the navigation and selection listboxes
serve as aquick reference for all of your previously defined objects.

Expression Syntax

White Space

Developer’s Manual

Inan expression, operators are instructionsto perform an operation on avalue
or to combine values to form a new value. For example, asimple operator is
the/ symbol. It divides onevalue by another; for example, theformula(5/ 2)
reads five divided by two and produces aresult of 2.5. The fiveand two inthe
preceding example are operands (the/ operator requires numeric operands).

Y ou can use tabs and spaces between operators, functions, and function
parametersin L ookoutDirect to make expressions easier to read. Thismanual
uses spaces between operators for added clarity.

Spaces and tabs are call ed white space characters because they provide space
between parameters. This practiceisused for the samereasonsthat spacesare
used between words and paragraphs in a book—to achieve greater
organization and clarity. Because LookoutDirect ignores white space
characters, you can use white space characters to separate object namesin an
expression. However, you cannot embed white space characterswithin names
or aias names.
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Arithmetic Operators

Text Operator

The following operators perform basic arithmetic operations. They require
numeric operands and produce numeric results.

Table 1-2. Arithmetic Operators

+ Addition

- Subtraction

* Multiplication
/ Division

% Percentage (divides preceding value by 100)

A Exponentiation

- Negation (additive inverse of the following value)

Thetext operator isthe ampersand character (&). An ampersand joinstwo text
strings. For instance, the expression “ Cal | me“ & “I shrmael ” producesa
text signal of Cal | ne | shmael . Typical usesfor the text operator include

e imbedding a numeric value within atext string

e usingitinan action verification expression

e usingitinanalarm message

e sending out to aremote PLC display panel

Theexpression“Fl ow rate is” & TEXT(Flow, “0.00")& “gpnt

produces atext signal of Flow rate is 141.23 gpm assuming Fl owisa
numeric signal whose value roundsto 141.23.

Comparison Operators

© Automationdirect.com

Comparison operators compare two numeric values and produce alogical
result of either TRUE or FAL SE (on or off).

Table 1-3. Comparison Operators

< Islessthan

> Is greater than
<= Islessthan or equal to
>= Is greater than or equal to
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Table 1-3. Comparison Operators (Continued)

= Isequal to

<> Isnot equal to

When setting up process control strategies, you often want to compare

two numeric values. For example, you can use the result of the following
expression to control atank fill valve: TankLevel <50 is TRUE while
TankLevel islessthan 50 and FALSE while TankLevel isgreater than or
equal to 50. The use of the < operator makesthisalogical test, returning true
or false depending on how the expression eval uates.

Expression Editor E
I\\paroikos.dy.natinst.com\My_Server\TankIeveI < B0
Path Mode: IAbsqute j
— Signals:
Paste | \wparoikos. dy.natinst. comhy_ServerhT anklevel
Iy Uriverse j Contents:
= B Network L3 fimplicit)
= : paroikos. dy. natinst. com W value
gl $Keyboard
il $5pstem
=] Clisnt_1
My_Server
$dslarm
<% Modbusl
gty PLC_Simulator
gl Tanklevel
gl W aveformi
Fat hUMmeric
()8 I Cancel | Help |

You can then connect thislogical result to aPLC or RTU to control the fill
valve so that the valve opens when the tank level drops below 50 and closes
when the tank level rises above 50. Notice, however, that this method can
cause the valve to fluctuate between open and closed too often if the tank
level hovers around 50.

Neutralzoneisan object classwith built-in dead band that is more appropriate
for controlling the tank fill valve. The following dialog box shows a better
way to control avalve than the expression in the previous figure.
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M ame: IW

Signal = ITankIeveI

High limit =[50

Low limit= [45

’TI Cancel | Help |

Avoid using theis equal to (=) and isnot equal to (<>) comparison operators
to compare an analog value from a PLC or the result of mathematical
calculations in an expression. Because numeric (floating point) values have
about 17 significant digits, TankLevel = 40 might never be exactly true. If
you know the signals are integer values, such as the numeric signal from the
potentiometer in the following dialog box, use the = and <> operators.

M ame: IHDA

Minirriurm: |1

I awimurn: |3

Resolution: |1
— Position source
@ Local

 Femate
’VUHL:=|
= DDE
SEnyiGe: l—
Tapie: l—
IEerm: l—

Control security level: ID ¥ Log events

QK I Eancell Help |

In the following Create expression dialog box, a three-position switch is
created with the Pot object class, where 1=Hand, 2=0ff, and 3=Auto.

Next, an expression object iscreated that turnsthe pump on in two conditions;

if the HOA switch isin the Hand position, or if the switchisin the Auto
position and the TankLevel islessthan 40.
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Create expression E

Tag: IPumpH un

Expression =

I\\.\My_Server\HDA =1 0R A% AMy_Server\HOA = 3 AND Tanklevel < 40]

Cancel |

Notice that the HOA signal isexactly 1, 2, or 3.

@ Tip You could also use the LookoutDirect Radiobutton object instead of creating an HOA
Pot.

Expression Functions

There are over 50 built-in expression functions, generally classified as
follows:

* logical functions

e lookup functions

* mathematical functions
e datistical functions

» textfunctions

e trigonometric functions
» dateltimefunctions

e quality functions

The remainder of this chapter describes each function, specifies the syntax,
and provides an example on how to use the function.

Logical Functions

AND Syntax | ogi cal 1 AND | ogi cal 2 AND | ogi cal 3. ..
Example Switchl AND Pot1l > 50.0
Description If Swi t chlisonand Pot 1 isgreater than 50.0, return TRUE,
otherwise return FALSE. Returns TRUE if all logical
parameters are TRUE.
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FALSE Syntax FALSE
Example Fal se
Description Returnsthe logical value FALSE. Accepts no parameters.
IF Syntax IF (logical, resultl, result?2)
Example I F(Switchl, 99.9, Potl)
Description If 1 ogi cal isTRUE, returnresul t 1, otherwise return
resul t 2. Inthe example, if Swi t ch1 ison, it outputs the
value 99. 9. Otherwise, it outputs the value of Pot 1.
LIF Syntax LIF (logical, logical resultl, Iogical result?2)
Example LIF(Swi tchl, False, Potl > 50.0)
Description Included for compatibility with early versions of
LookoutDirect. If | ogi cal isTRUE, returnl ogi cal
resul t 1, otherwisereturn| ogi cal result2.Inthe
example, if Swi t ch1 ison, it outputsthelogical valueFal se.
Otherwise, it returns the logical result of Pot 1 > 50. 0.
NIF Syntax NI F (1 ogical, numeric resultl, nunmeric result?2)
Example NI F(Switchl, 99.9, Pot1)
Description Included for compatibility with early versions of
LookoutDirect. If | ogi cal isTRUE, returnnuneri c
resul t 1, otherwisereturn nuneri c resul t 2. Inthe
example, if Swi t ch1 ison, it outputsthe numeric value 99. 9.
Otherwise it outputs the value of Pot 1.
NOT Syntax NOT (Il ogical) or!l ogical
Example NOT(Swi tchl) or !Swi tchl
Description If I ogi cal iSTRUE, return FALSE, elsereturn TRUE. Inthe
example, if Swi t chlison, return FALSE, but if Swi t chlis
off, return TRUE.
OR Syntax logicall OR logical2 OR |logical3...
Example Switchl OR Potl > 50.0
Description Returns TRUE if at least onelogical parameter isTRUE. Inthe
example, if either Swi t ch1 ison or Pot 1 isgreater than 50.0,
or both, the expression returns TRUE. If neither condition is
true, it returns FAL SE.
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TIF Syntax TIF (logical, text resultl, text result2)
Example TIF(Swi tchl, “Text Message”, Textlnputl)
Description Included for compatibility with early versions of
LookoutDirect. If | ogi cal iSTRUE, returntext result1,
otherwisereturnt ext resul t 2. Notice the use of quotation
marks. In the example, if Swi t chl ison, it outputs Text
Message; otherwise, it outputs the current text value of
Text | nput 1.
TRUE Syntax TRUE
Example TRUE
Description Returnsthe logical value TRUE. Accepts no parameters.
XOR Syntax | ogical 1 XOR | ogical 2 XOR | ogical 3. ..
Example Switchl XOR Potl > 50.0
Description Returns TRUE if only one logical parameter is TRUE. In the
example, if Pot 1 isgreater than 50 and Swi t ch1 ison, it
outputs FAL SE because both logical parameters are TRUE. If
Pot 1 islessthan 50 and Swi t ch1 ison, it outputs TRUE
because only one logical parameter is TRUE.

Lookup Functions

CHOOSE

Syntax CHOCSE (nuneric, valuel, value2, value3, ...)
Example CHOOSE( Pot 1, “Switchl”, “TRUE", “Pbl”)
Description Returnsthe value parameter corresponding to the integer

portion of the nurer i ¢ parameter. If the nuner i ¢ parameter
isless than 2.0, CHOOSE returnsval uel. If thenumeric
parameter is greater than the number of value parameters,
CHOOSE returns the last logical parameter listed. In the
example, if thevalueof Pot 1 is.5, 1, or 1.4, it returnsthevalue
of Swi t chl. If Pot 1 is2.0 or 2.8, CHOOSE returns the logical
value TRUE. If Pot 1 is 3.0 or higher, CHOOSE returnsthe value
of Pb1.
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LCHOOSE

Syntax

LCHOOSE (nuneric, logicall, |ogical?2,
logical 3,...)

Example

LCHOOSE( Pot 1, Switchl, TRUE, Pbl)

Description

Included for compatibility with early versions of

L ookoutDirect. Returnsthelogical parameter corresponding to
the integer portion of the numer i ¢ parameter. If the nuneri ¢
parameter is lessthan 2.0, LCHOOSE returns| ogi cal 1. If the
numer i ¢ parameter is greater than the number of logical
parameters, LCHOOSE returns the last logical parameter listed.

NCHOOSE

Syntax

NCHOOSE (nuneric, numericl, nuneric2,
numeric3,...)

Example

NCHOOSE( Pot 1, Pot2, Pot3, 14.3)

Description

Included for compatibility with early versions of
LookoutDirect. Returnsthe nuner i cx parameter
corresponding to theinteger portion of thenuner i ¢ parameter.
If the numer i ¢ parameter is less than 2.0, NCHOOSE returns
nuneri cl. If thenumeri c parameter is greater than the
number of numer i cx parameters, NCHOOSE returns the last
nuner i cx parameter listed.

TCHOOSE

Syntax

TCHOOSE (nuneric, textl, text2, text3,...)

Example

TCHOOSE( Pot 1, “Auto”, “Mnual”, “Local”,
“Locked”)

Description

Included for compatibility with early versions of

L ookoutDirect. Returns the text parameter corresponding to
the integer portion of the nuner i ¢ parameter. If the nuneri ¢
parameter is less than 2.0, TCHOOSE returnst ext 1. If the
nuner i ¢ parameter is greater than the number of text
parameters, TCHOOSE returns the last logical parameter listed.

Mathematical Functions

ABS

Syntax ABS( nurreri c)
Example ABS(Pot1 — 50.0)
Description Returns the absolute value of nuner i c. Inthe example,

if Pot 1 is zero, the function returns 50. 0.
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EXP Syntax EXP( nuneri c)
Example EXP( Pot 1)
Description Returns the base of the natural logarithm, e (2.71828182),
raised to the power of nurer i c. Inthe example, if Pot 1 is2.0,
the function returns 2.718281822 or approximately 7.38906.
EXPistheinverse of the function, LN. To calculate the values
of other powers, use the exponentiation operator ().
FACT Syntax FACT(nuneri c)
Example FACT(4. 2)
Description Returns the factorial of the integer portion of nuneri c. Inthe
example, the function returnsthe factorial of 4, or 1*2*3*4, or
24. Thefactoria of zero, FACT(0), or any number less than
zeroisone (1).
INT Syntax I NT( nuneric)
Example I NT(4.2)
Description Roundsnuner i ¢ down to the nearest integer. In the example,
the | NT function returns4. Noticealsothat | NT(-8. 5) = -9.
See also TRUNC.
LN Syntax LN( nureri c)
Example LN(PLC. Al 1)
Description Returns the natural logarithm of nuneri c. In the example,
if PLC. Al 1 =1000.0, the function returns 6.90776.
LOG Syntax LOG( nunericl, numeric2)
Example LOE Pot 1, 2)
Description Returns the logarithm of nunmeri c1 to thenuneri c2 base,
where nunrer i c1 isapositive real number. In the example,
if Pot 1 = 8.0, the function returns 3.0.
LOG10 Syntax LOGLO( nuneri c)
Example LOGLO( Pot 1)
Description Returnsthe base-10 logarithm of numer i ¢, wherenumeri c is
apositive real number. In the example, if Pot 1 = 100.0, the
function returns 2.0.
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MOD Syntax MOD( nunericl, numeric2)
Example MOD( 50, 8)
Description Returns the modulus (remainder) of nuneri c1 divided by
nuneri c2, wherenuneri c2 isnot equa to zero. In the
example, 50 divided by 8 equals 6 with aremainder of 2.
Therefore, the function returns 2.
PI Syntax PI()
Example Pl ()
Description Returns an approximation of PI: 3.1415927. Accepts no
parameters.
PRODUCT Syntax PRODUCT( nunericl, numeric2, nunmeric3,...)
Example PRODUCT( 2, 4, 6, 10)
Description Returns the product of all the numerics. In the example, the
function returns 2* 4* 6* 10 or 480.
RAND Syntax RAND( )
Example RAND() * Pot1l
Description Generates a new random number between zero and one every
time the formula that this function is a part of is recalcul ated.
Accepts no parameters. In the exampl e, every time the value of
Pot 1 changes, the function generates a new random number
and multipliesit by the value of Pot 1.
ROUND Syntax ROUND( nurreri c1, nuneric2)
Example ROUND( Pot 1, 2)
Description Rounds the value of nuneri c1 to numeri c2 decimal places.
In the example, if Pot 1 equals 15.745, the function returns
15.75. If nurer i ¢2 equalszero, thefunction returnsaninteger.
If nurreri c2 islessthan zero, the function returns zero.
SIGN Syntax SI GN(nuneri c)
Example S| GN( Pot 1)
Description Returns 1 if nuneri c ispositive, 0if numeri c is0, -1 if
numer i ¢ isnegative. Inthe example, if Pot 1 is—0.00001,
the function returns—1.
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SOQRT Syntax SQRT(nuneri c)

Example SQRT( ABS( Pot 1))

Description Returns the square root of nuneri ¢, wherenuneri c isa
positive real number. In the example, if Pot 1 is—25.0, the
absolute function first converts the Pot valueto positive 25 and
the square root function calculates /25 = 5.

TRUNC Syntax TRUNC( nurreri c)
Example TRUNC( 8. 9)
Description Truncates nuner i ¢ to itsinteger component by removing its

fractional part. In the example, the TRUNC function returns 8.
Notice also that

TRUNC(-8.9) = -8.SeeasoINT.

Statistical Functions

AVG Syntax AVG nunericl, nuneric2, nuneric3,...)
Example AVQ 2, 4, -6, 12)
Description Returns the arithmetic mean (average) of all the numerics
listed. This function requires at |east two numeric parameters.
In the example, the function returns (2+4—6+12) / 4 or 3.0.
MAX Syntax MAX(nunericl, numeric2, nuneric3,...)
Example MAX( 2, 4, -6, 12)
Description Returnsthe highest value of all the numeric valueslisted. This
function requires at least two numeric values. In the example,
the function returns 12.
MIN Syntax M N(nurericl, nuneric2, nunmeric3,...)
Example M N(2, 4, -6, 12)
Description Returns the lowest value of all the numeric values listed. This
function requires at least two numeric values. In the example,
the function returns —6.
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STDEV Syntax STDEV( nunericl, nuneric2, nuneric3,...)

Example STDEV(2.9,4.5,5.0,4.3,3.8)

Description Returns the sample standard deviation of the numeric values
listed. (Standard deviation is a measure of dispersion,
calculated as the positive square root of the variance.) This
function cal cul ates the standard deviation using the non-biased
or =1 method. This function requires at least two numeric
values. In the example, the function returns 0.796869.

STDEVP Syntax STDEVP(numericl, nuneric2, nuneric3,...)

Example STDEVP(2.9,4.5,5.0,4.3,3.8)

Description Returns the standard deviation of afull population of numeric
values. This function calculates the standard deviation using
the biased or n method. This function requires at least two
numeric values. In the example, the function returns 0.712741.

SUM Syntax SUM nunericl, numeric2, nuneric3,...)

Example SUM 2, 4, -6, 12)

Description Returns the sum of all the numeric valueslisted. Thisfunction
requires at least two numeric values. In the example, the
function returns 12.

VAR Syntax VAR(nunericl, nuneric2, numeric3,...)

Example VAR(2.9,4.5,5.0,4.3,3.8)

Description Returns the sample variance of the numeric values listed.
(Variance is ameasure of dispersion.) This function calculates
the variance using the non-biased or n—1 method. Thisfunction
requires at least two numeric values. In the example, the
function returns 0.635.

VARP Syntax VARP(nurericl, numeric2, numeric3,...)

Example VARP(2.9,4.5,5.0,4.3,3.8)

Description Returns the population variance of the numeric values listed.
This function cal culates the variance using the biased or n
method. This function requires at least two numeric values.

In the example, the function returns 0.508.
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Text Functions

EXACT

Syntax

EXACT(textl, text?2)

Example

EXACT(Text Entryl, “batch a”)

Description

Returns TRUE if t ext 1 exactly matchest ext 2, otherwise
returns FAL SE. Thisfunctionis case sensitive. Inthe example,
the function returns TRUE if the text result of Text Entry1
exactly matchesbat ch a (noticethat the entry inthisexample
isal lowercase).

FIND

Syntax

FIND(text1, text2, nuneric)

Example

FIND(“ON', "Reactor Ais ON', 1)

Description

Searchesfor t ext 1 withint ext 2 starting after nuneri c
characters, and returns the position of thefirst character where
the match begins. Thisfunction is case sensitive. The output of
thisfunctionisnumeric. It returns 0 if no matchisfound. Inthe
exampl e, the function searches the entire string for the word,
ON and returns 14, indicating the position of the first character
of the word. Also see SEARCH.

FIXED

Syntax

FI XED( nunericl, nuneric2)

Example

“The flow is” & FIXED(Pot 1, 2)

Description

Rounds the value of nuneri c1 to nureri c2 decimal places
and then convertsnuner i c1 to atext string. In the example, if
thevalue of Pot 1 equals123. 456, the FI XEDfunction returns
the text value 123. 46. Thus, the entire text string would read
The flow is 123.46.If nuneri c2 isnegative or omitted,
numer i c1 isrounded to the nearest whole number. For
example, FI XED( 123. 588) returns124. See also TEXT.

LEFT

Syntax

LEFT(text, numeric)

Example

LEFT(“Reactor Ais O\, 9)

Description

Retrievesthe specified number of charactersfrom the lefthand
end of t ext and outputsit as atext value. In the example, the
function returns React or A.
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LEN Syntax LEN(t ext)

Example LEN(“Reactor A is ON')

Description Returns the length of the text string (the number of characters
int ext ). In the example, the function returns the numeric
value 15.

LOWER Syntax LONER(t ext)

Example EXACT( LOVER( Text Entryl), “batch a”)

Description Convertst ext to all lower case. In the example, the LONER
function ensures that a match is found whether Text Entry1
content readsBat ch A, BATCH A, or batch A

MID Syntax M D(text, nurmericl, nuneric2)

Example M D(“Reactor Ais ON',9,7)

Description Retrievesnuner i c2 charactersfromt ext , beginning at
character nuneri c1. In the example, the function returns the
text valueA i s ON.

PROPER Syntax PROPER( t ext )

Example PROPER(“reactor Ais ON')

Description Capitalizes the first character of each word int ext . Inthe
example, the function returns the text value React or A
Is On.

REPLACE Syntax REPLACE(t ext1, nunericl, nuneric2, text2)

Example REPLACE(“Reactor Ais ON', 9, 1, “B")

Description Replaces nuner i ¢2 characters with t ext 2 beginning with
character nuneri clint ext 1. In the example, the function
returns the text value React or B is ON.

REPT Syntax REPT(text, numeric)

Example REPT(“ Lookout Di rect”, Pot1)

Description Repeatst ext nuneri c times. Inthe example, if the value
of Pot 1 is 8, the function returns the text value,

Lookout Di rect LookoutDirect LookoutDirect
Lookout Di rect Lookout Direct LookoutDirect
Lookout Di rect LookoutDirect.
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RIGHT

Syntax

Rl GHT(text, nuneric)

Example

Rl GHT(“Reactor Ais ON', 7)

Description

Retrieves the specified number of characters from the
righthand end of t ext and outputs it as atext value. In the
example, the function returnsthe text value A i s ON.

SEARCH

Syntax

SEARCH(text 1, text2, nuneric)

Example

SEARCH(“on”, "Reactor Ais ON', 1)

Description

Findst ext 1 within t ext 2 beginning at numer i ¢ character,
and returns the position of the first character where the match
begins. This function is not case sensitive. The output is
numeric. It returns 0 if no match isfound. In the example, the
function searches the entire string for theword ON, on, On,
or oNand returns 14, indicating the position of the first
character of the word. Refer also to FIND.

TEXT

Syntax

TEXT(numeric, text)

Example

TEXT(Pot 1, “0.00")

Description

Included for compatibility with early versions of

L ookoutDirect. With polymorphic data, this function becomes
unnecessary. Like FI XED, the TEXT function converts

nuneri ¢ toatextual value. WhileFl XEDallowsyou to specify
the number of decimal points, TEXT allows you specify a
desired numeric format in the text parameter. If Pot 1 equals
12.3456, the function would return the textual value 12. 35.
See Numeric Formats in Chapter 5, Developer Tour, in your
Getting Started with LookoutDirect manual. See also FIXED.

TRIM

Syntax

TR M t ext)

Example

TRI M “ React or A is ON)

Description

Trims multiple spaces from between words. In the example,
there are multiple spaces on either side of theword, A. This
function returnsReact or A i's ON, eliminating all repeated
spaces.
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UPPER

Syntax UPPER(t ext)
Example UPPER(t ext)
Description Convertst ext to al capital letters (upper case). In the

example, the UPPER function ensures that a match is found
whether Text Ent r y1 content reads Bat ch A, BATCH A, or
batch A

Trigonometric Functions

ACOS

Syntax

ACOS( nuneri c)

Example

ACOS( Pot 1)

Description

Returns the arccosine of nuner i c (that is, it returnsthe angle
of the cosine you specify asnuneri c). Numer i ¢ must range
between —1 and 1. The result is output in radians and ranges
fromOto 1. Intheexample, if Pot 1 = 0.5, thefunction returns
1.0472 radians (60 degrees). You can express the arccosinein
degrees by multiplying the result by 180/t

ASIN

Syntax

ASI N(nureri c)

Example

ASI N( Pot 1)

Description

Returnsthe arcsine of nuneri ¢ (that is, it returns the angle of
the sine you specify asnumer i c). numer i ¢ isthe sine of the

angle and must range between—1 and 1. Theresulting valueis
given in radians and ranges from —1v2 to 172. In the example,

if Pot 1 = -1, the function returns —1.5708.

ATAN

Syntax

ATAN( nuneri c)

Example

ATAN( Pot 1)

Description

Returnsthe arctangent of nurrer i ¢ (that is, it returnsthe angle
of the tangent that you specify asnurer i c). The resulting
valueis given in radians and ranges from —1v2 to 102. In the
example, if Pot 1 =180, the function returns 1.56524 radians
(about 90 degrees).
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ATAN2 Syntax ATAN2( nuneri cX, nunericY)

Example ATAN2( 5, 5)

Description Returns the arctangent of the specified x- and y-coordinates
(that is, it returns the angle of aline extending from the origin
(0,0) to a point specified by the nuneri cX, nuneri cY
coordinate pair that you specify). The resulting valueis given
in radiansand ranges from greater than—tto 1t Inthe example,
the function returns 0.785398 radians (45 degrees).

COSs Syntax COS( nuneri c)

Example COS( Pot 1)

Description Returnsthe cosine of numer i ¢ wherenuneri c istheanglein
radians. In the example, if Pot 1 = 1.047, the function returns
0.500171. You convert degrees to radians by multiplying
by 17180.

SIN Syntax SI N(nuneri c)

Example SI N( Pot 1)

Description Returnsthe sine of nunmer i ¢ wherenuneri c istheanglein
radians. Intheexample, if Pot 1 = 3.14159, thefunctionreturns
1.2246E-16 (effectively zero). You convert degreesto radians
by multiplying by 17180.

TAN Syntax TAN( nuneri c)

Example TAN( Pot 1*PI () / 180)

Description Returns the tangent of nunmer i ¢ where nuneri ¢ istheangle
in radians. In the example, the value of Pot 1 is45, butitisin
degrees, not radians. Convert it to radians by multiplying it by
17180. In this example, the function returns 1.
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Date/Time Functions

NOW Syntax NOW( | ogi cal )
Example NOW $Keyboar d. F1)
Description Returns a numeric value representing the current system date

and time when any signal within the parentheses changes. The
result isafloating point number in which theinteger represents
the date and the fraction represents the time of day. In the
example, when you press the function key <F1>, the date and
time are output as asingle number, like 34738.3. If you change
the Numeric For mat of the number tonm? dd/ yy hh: nm ss,
the same number would be shown as02/ 08/ 95 07: 49: 02.

TODAY Syntax TODAY( | ogi cal )
Example TODAY( $Keyboar d. F1)
Description Returns a numeric value representing the current system date

when any signal within the parentheses changes. Theresult is
an integer that represents the number of days that have passed
since Jan. 1, 1900. Inthe example, when you pressthefunction
key F1, the dateisoutput asasingle number, such as34738. If
you change the Numeric Format of the number to i dd/ yy,
the same number would be shown as 02/ 08/ 95.

E Note If youwant to display the current time only, subtract the TODAY function from the NOW
function.

Example: NON $Keyboar d. F1) — TODAY( $Keyboar d. F1)

Inthisexample, if you want the result to update itself every second, replace $Keyboar d. F1
with a one second pulse timer.

Quiality Functions

L ookoutDirect monitors data quality and informs you if the data quality has
gone bad. When you display data on a control panel directly through an
expression, or when an object with a displayable element is connected to
some other object and receives bad data, the quality problem isindicated by
ared X that LookoutDirect superimposes over the display.

Some data members might not be displayed or may not connect to an object
on some particular panel, but you may still need to monitor the quality of that
data. You can use the qgood and gbad functions for a quick check of quality.
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Also, although ared X tells you there is adata quality problem, you might
need more specific information about what has actually gone wrong with the
data. You can usethe gt ext function to report the specifics of what has gone

wrong.
qtext Syntax gt ext (expression, [delinmter])
Example gt ext ( nodbus. 40001, "AND')
Description Returns a text string specifying what elements of data quality
have gone bad.
ggood Syntax ggood( expr essi on)
Example qgood( modbus. 40001)
Description Returns TRUE while the expression is good.
gbad Syntax gbad( expr essi on)
Example gbad( modbus. 40001)
Description Returns TRUE while the expression is bad.
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