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Introduction

LabVIEW™ (Laboratory Virtual Instrument Engineering Workbench) is a
powerful instrumentation and analysis programming language for PCs
running Microsoft Windows, Sun SPARCstations, Apple Macintosh
computers, Concurrent PowerMax, and HP-UX workstations. LabVIEW
departs from the sequential nature of traditional programming languages
and features a graphical programming environment and all the tools needed
for data acquisition, analysis, and presentation. With this graphical
programming language, called “G,” you can program in a block diagram
notation, the natural design notation of scientists and engineers. After you
create a block diagram program, LabVIEW compiles it into machine code.

LabVIEW integrates data acquisition, analysis, and presentation in one
system. For acquiring data and controlling instruments, LabVIEW supports
RS-232/422, IEEE 488 (GPIB), and VXI, including Virtual Instrument
Software Architecture (VISA) functions, as well as plug-in data acquisition
(DAQ) boards. An instrument library with drivers for hundreds of
instruments simplifies instrument control applications. For analyzing data,
the extensive Analysis library contains functions for signal generation,
signal processing, filters, windows, statistics, regression, linear algebra, and
array arithmetic. Because LabVIEW is graphical in nature, it is inherently a
data presentation package. LabVIEW can generate charts, graphs, and
customized, user-defined graphics.

This guide describes the LabVIEW course contents and suggests ways to
use the course materials. The guide discusses the following topics:
Self-Paced Use

Course Description

Prerequisites

Course Goals

Course Non-Goals

Course Map

Course Conventions

OMMoOO®y

© National Instruments Corporation SG-1 LabVIEW Basics | Course Manual
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A. Self-Paced Use

LabVIEW Basics | Course Manual

Thank you for purchasing the LabVIEW Basics | course kit. You should be
able to begin developing your application soon after you have completed
this manual. This course manual and the accompanying software are used in
the three-day, hands-on LabVIEW Basics | course. Several exercises in this
manual use one of the following National Instruments hardware products:

* A plug-in DAQ board connected to a DAQ Signal Accessory
containing a temperature sensor, function generator, and LEDs

« A GPIB interface board connected to an NI Instrument Simulator

If you do not have this hardware, you still can complete most of the
exercises. Be sure to use the “Demo” versions of the VIs when you are
working through exercises. Exercises that explicitly require hardware

are indicated with : . Keep in mind that you can substitute other
hardware for that mentioned above. That is, you can use a GPIB instrument
in place of the NI Instrument Simulator, or another National Instruments
DAQ board connected to a signal source such as a function generator.

To get started, read the information on the next page regarding the
accompanying disks and then follow the instructions on the subsequent
pages for your computer platform. If you have comments, suggestions for
improving this course, or are not satisfied with the material, please contact:

LabVIEW Technical Support
11500 North MoPac Expressway
Austin, TX 78759-3504

(512) 795-8248
support@natinst.com

SG-2 © National Instruments Corporation
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Attending the Course

You can apply the full purchase of this course kit towards the corresponding
course registration fee if you register within 90 days of purchasing the kit.
To register for a course or for course information, please contact National
Instruments.

North America

Telephone: (512) 683-0100

E-mail: custedu.info@natinst.com (information requests only)
24-hour retrieval of course outlines and the latest course schedule:
Fax-on-Demand: (800) 329-7177 or (512) 418-1111

World Wide Webhttp://www.natinst.com

Other Countries

Please contact your local National Instruments branch office (the phone
numbers are on the back cover).

Course Disk
The table below lists the contents of the LabVIEW Basics | course disks.

Filename Description for Disk 1

basics.llb Library for saving VIs created during the course

bc_solnl.llb Library containing solutions for Lessons 1, 2, 3, and 4

bc_soln2.lIb Library containing solutions for Lessons 5, 6, and 7

basicsl.daq DAQ Channel Wizard configuration file used in Lesson 9
Filename Description for Disk 2

bc_soln3.lIb Library containing solutions for Lessons 8, 9, and 10

Ivbasics.llb Library containing VIs used during the course

Note Class exercises that use the Thermometer VI use the (Demo) Thermometer VI

in the solutions. The (Demo) Thermometer VI is in Ivbasics.llb.

© National Instruments Corporation SG-3 LabVIEW Basics | Course Manual
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If You Are Using LabVIEW for Windows:
Items You Need

LabVIEW Basics | Course Manual

IBM PC AT or compatible

MIO Series—DAQ board configured as Board ID 1 using the
Measurement & Automation Explorer

XX-GPIB—GPIB interface board

NI Instrument Simulator

DAQ Signal Accessory

LabVIEW for Windows Full Development System, ver. 5.0 or later
A serial cable

A GPIB cable

Optional—A word processing application such as Notepad

Installing the Course Software

1.

Copy the fileLVBASICS.LLB from Disk 2 accompanying this
manual into to th&abview\user.lib directory. After you start
LabVIEW, the contents of this directory appear inlttser Libraries
subpalette of the LabVIEWunctions palette.

Copy the remaining files into ti@&\Exercises\LV_Basl
directory.

Optional—The solutions to all exercises are on the course disks.
Copy them to your hard drive to an appropriate directory.

The course assumes the following directory structure:

’7 Root Directory |+
|
|

Exercises LabVIEW
LV_Basl user.lib
basics.llb Ivbasics.llb
basicsl.daq

SG-4 © National Instruments Corporation
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If You Are Using LabVIEW for Sun:
Iltems You Need

Sun SPARCstation computer or compatible running OpenWindows
MIO Series—DAQ board configured as Board ID 1
XX-GPIB—GPIB interface board

NI Instrument Simulator

DAQ Signal Accessory

LabVIEW for Full Development System, ver. 5.0 or later

A serial cable

A GPIB cable

Optional—A word processing application such as Text Editor

Installing the Course Software
1. Mountthe PC Disk 2 accompanying this manual and copy the file

Ivbasics.llb to theuser.lib  directory. After you start
LabVIEW, the contents of this directory appear in thser
Libraries subpalette of the LabVIEWunctions palette.

Copy the following files into thExercises/LV_Basl directory.
basics.llb, basicsl.daq

To mount the PC disk and copy files, login as a superuser. Be sure the
PC disk is not write protected. After you copy the files, change the

owner of each file from root to the current user usingtwvn
command.

Optional—The solutions to all exercises are on the course disks.
Copy them to your hard drive to an appropriate directory.

The course assumes the directory structure on the previous page.

© National Instruments Corporation
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If You Are Using LabVIEW for HP-UX:

LabVIEW Basics | Course Manual

Items You Need

Hewlett-Packard Model 9000 Series 700 workstation running
HP-UX 9.0.3 or later with an X Window System Server

XX-GPIB—GPIB interface board

NI Instrument Simulator

LabVIEW for HP-UX Full Development System, ver. 5.0 or later
A serial cable

A GPIB cable

Optional—A word processing application such as vi or vuepad

Installing the Course Software

1.

Login to your workstation as a superuser and copy the files from the
disks that accompany this manual to your hard disk as described
below:

Ivbasics.llb to thelabview/user.lib directory
basics.llb to theexercises/Ilv_basl directory

After you start LabVIEW, the contents of this directory appear in the
User Libraries subpalette of the LabVIEWunctions palette.

Optional—The solutions to all the exercises are on the course disks.
Copy them to your hard drive to an appropriate directory.

The course assumes the directory structure shown on page SG-4.

SG-6 © National Instruments Corporation
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If You Are Using LabVIEW for Macintosh:

Items You Need

A Power Macintosh computer

MIO Series—DAQ board in Slot 1

XX-GPIB—GPIB interface in Slot 2

NI Instrument Simulator

DAQ Signal Accessory

LabVIEW for Macintosh Full Development System, ver. 5.0 or later
A serial cable for Macintosh

A GPIB cable

Optional—A word processing application such as TeachText

Installing the Course Software

1.

Copy the fileLVBASICS.LLB from Disk 2 that accompanies this
manual into theuser.lib  folder found in the.abVIEW directory.
After you start LabVIEW, the contents of this directory appear in the
Users Libraries subpalette of the LabVIEWunctions palette.

Copy the remaining files into thexercises: LV_Basl folder.

Optional—The solutions to all the exercises are on the course disks.
Copy them to your hard drive to an appropriate folder.

The course assumes the directory structure shown on page SG-4.

© National Instruments Corporation
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B. Course Description

The LabVIEW course teaches you to make optimum use of LabVIEW for
developing your applications. The course is divided into lessons, each
covering a topic or a set of topics. Each lesson consists of:

* An introduction that describes the lesson’s purpose and what you will
learn.

* Adiscussion of the topics.
* A set of exercises to reinforce the topics presented in the discussion.
* A set of additional exercises to be done if time permits.

* A summary that outlines important concepts and skills taught in the
lesson.

C. Prerequisites

Familiarity with the Macintosh, Windows, Sun, or HP-UX operating
system.

Experience writing algorithms in the form of flowcharts or block diagrams.

D. Course Goals

This course prepares you to:

» Use LabVIEW to create your applications.

» Use various debugging techniques.

* Understand front panels, diagrams, and connectors/icons.

* Use both the built-in LabVIEW functions and library Vls.

» Create and save your own VIs so you can use them as subViIs.

» Create applications that use serial port and GPIB instruments.

» Create applications that use plug-in data acquisition (DAQ) boards.

E. Course Non-Goals

It is notthe purpose of the course to discuss any of the following:

* Programming theory.

» Every built-in LabVIEW object, function, or library VI.

» The operation of the IEEE 488 (GPIB) bus.

* The operation of the serial port.

* Analog-to-digital (A/D) theory.

* How to develop an instrument driver.

» Development of a complete application for any student in the class.

LabVIEW Basics | Course Manual SG-8 © National Instruments Corporation
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G. Course Conventions

The following conventions are used in this course manual:

Bold Words in bold refer to LabVIEW menus, menu items,
palettes, subpalettes, functions, and VIs. For
exampleFile.

Italics Words in italics are for emphasis.

Courier Words in Courier indicate drive names, libraries,

directories, pathnames, filenames, and sections of
programming code. Courier also indicates
information you must type. For example, type

Digital Indicator inside the bordered box.
bt This symbol indicates that the exercise requires a
plug-in board (a GPIB interface board or a DAQ
board).
<Shift> Angle brackets enclose names of keys. In some

places, keys for all four platforms are shown using
the following convention:
<ctrl |¢ | M | option>
Win Sun H-P Mac

As shown below, each exercise shows a picturdinishedfront panel and
block diagram. The front panel picture shows the front paiited you run
the VI. After each block diagram picture is a description of each object in
the block diagram and where you can find the object.

Front Panel Block Diagram
i3 Auto Match.vi = M=l B [+ Auto Match. vi Diagram =
Fil= Edit Operate Project Windows Help Fil= Edit Operate Project Windows Help B
m 13pt Application Font j‘ I:m:l' rtl:j' |i> 'j‘ @ MEI lﬁpt Application Font 1 =
: o
Mumber to batchi Current Mumber =
a . &= =
“digital contral* "dlgl@al indicatar* o000
Dal;iﬁznuge precigion =0 - uitip
Way = 100 |>
Inc=1 # of iterations
Out of Range > Suspend T
e =0 H x Murnber to
T Ot
Increment =
i startz at (1 20
/ - incremet by 1+ =
K | Ld |l | Ld
*Comments* Name of object Location of object
(Do not enter these) | [
ﬁ‘afﬂ Random Number (0-1) function Arithmetic menu).
= This function returns a random number between 0 and 1.
Description of object

LabVIEW Basics | Course Manual SG-10 © National Instruments Corporation



D
!
=
AR

A
]

Lesson 1 /-

Introduction to LabVIEW

I
z

]

Introduction

This lesson introduces the basics of LabVIEW.

You Will Learn:

A. What a virtual instrument (V1) is.
B. About the LabVIEW environment (windows, menus, and tools).

C. About the LabVIEW help options.

© National Instruments Corporation 1-1 LabVIEW Basics | Course Manual



Lesson 1 Introduction to LabVIEW

A. Virtual Instruments

LabVIEW programs are called virtual instruments (VIs). VIs have three
main parts: the front panel, the block diagram, and the icon/connector.

The front panel is your means of setting input values and viewing outputs
from the VI block diagram. Because the front panel is analogous to a front
panel of a real instrument, the inputs are called controls and the outputs are
called indicators. You can use a variety of controls and indicators, such as
knobs, switches, buttons, charts, graphs, and so on to make the front panel
easily identifiable and understandable. An example of the front panel for a
Temperature VI is shown below.

Mods 100.00- ;‘;ﬂT'atu'e
degC 80.00-
degF 50.00-
40.00-
20.00- I
0.00- g

Each front panel has an accompanying block diagram, which is the VI
program. You build the block diagram using the graphical programming
language G. You can think of the block diagram as source code. The
components of the block diagram represent program nodes; for example,
For Loops, Case structures, and arithmetic functions. The components are
“wired” together to define the flow of data within the block diagram. The
block diagram for th&@emperature VI is shown below.

""".'.‘.'.‘.'.‘.'fnz:.‘.'.

T emperature,

You use the icon/connector to turn a VI into an object (subVI) that you can
use as a “subroutine” in the block diagrams of other VIs. The icon
graphically represents the VI in the block diagram of other VIs. The
connectoterminalsdetermine where you must wire the inputs and outputs
on the icon. The terminals are analogous to subroutine parameters. They
correspond to the controls and indicators on the VI front panel. The
following illustration shows the icon and connector for Teenperature

LabVIEW Basics | Course Manual. 1-2 © National Instruments Corporation



VI. The connector usually is hidden under the icon until you choose to
view it.

The power of LabVIEW lies in the hierarchical nature of the VI. After you
create a VI, you can use it aswbVlin the block diagram of a higher-level

Lesson 1 Introduction to LabVIEW

Input Terminal

™ Output Terminal
lTe-mp HT
mode .. HT'E'""':' ......... Temperature

VI. There is no limit on the number of layers in the hierarchy.

As an example, look at a VI that usesTeenperature VI as a subVI in its

block diagram. The front panel of the top-level VI is shown below. The
Temperature VI, used as a subVI, collects data, and then the top-level VI
graphs the results. You specify the number of measurements and the delay

between each measurement on the top-level VI front panel.

© National Instruments Corporation

Mumber of Measurements Delay [zec)
=] 40 60
2.Dﬁ8.0
s "
0.0 10.0

Temperature Graph

Temp Pt S

Fahrenheit

75.0-7 [ I [ 1 ] | | | |
00 20 40 B0 80 1001201740 160180

ZEC

Mumber of Measurements|
[132]|

—N

T emperature Graph

iTemp
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Lesson 1 Introduction to LabVIEW

LabVIEW Basics | Course Manual.

The top-level VI block diagram shows thiemperature VI in a loop. The

VI collects the measurement during each loop iteration. After the loop
executes a specified number of times, the VI passes the data to an icon that
graphs it on the front panel of the top-level VI. All the icons are discussed
later.

With LabVIEW, you can use a VI as a subVI. This feature makes your block
diagrams modular and easy to debug, understand, and maintain.

1-4 © MNational Instruments Corporation



Lesson 1 Introduction to LabVIEW

B. The LabVIEW Environment

Windows

Sun

HP-UX

Macintosh

Note

The LabVIEW system consists of the LabVIEW application and several
associated files.

In the Windows environment, the LabVIEW group window/menu contains
icons. The LabVIEW program icon starts LabVIEW program operation.
The LabVIEW Uninstall icon starts the uninstall utility to remove
LabVIEW and its associated files from your computer. In addition, the
LabVIEW installer automatically installs the NI-DAQ support and
configuration files into the LabVIEW Program Group.

The default LabVIEW for Sun installation consists of the LabVIEW
application and several associated files. The LabVIEW file organization is
shown below.

cintools gpibdrv labview.rsc serpdrv

examples labview vi.lib

Thelabview file starts the program operation. The rest of the files and
directories support the LabVIEW program.

The LabVIEW for HP-UX installation creates the same LabVIEW directory
files as for the Sun workstation. Tladbview file starts the program
operation. The rest of the files and directories support the LabVIEW
program.

The LabVIEW folder consists of the LabVIEW application and several
associated folders. In addition, the LabVIEW Installer optionally installs the
current versions of NI-DAQ and NI-488 driver software into the Control
Panels Folder. You use NI-DAQ and the file NI-488 INIT to configure DAQ
and GPIB, respectively.

For Macintosh users, the term “directories” is synonymous with “folders.”

Other Files and Directories

LabVIEW uses several files and directories to store information necessary
to create your VIs. These files and directories include:

* Thevilib  directory. This directory contains libraries of VIs such as
data acquisition and analysis VIs.

© National Instruments Corporation 1-5 LabVIEW Basics | Course Manual



Lesson 1 Introduction to LabVIEW

Thevilib  directory must be in the same directory as LabVIEW. Do
not change the name of thidib  directory, because LabVIEW looks

for this directory when it launches. If you change the name, you cannot
use many of the controls and library functions.

TheExamples directory. This directory contains many sample VIs that
demonstrate the LabVIEW program functionality.

Thecintools  directory. This directory contains files for linking
external C routines to LabVIEW.

Themenus directory. This directory stores menu information of all
views. You always will have thdefault ~ subdirectory.

Thehelp directory. This directory contains all the Help files associated
with LabVIEW. Place Vs and VI libraries in this directory to display the
VI(s) in the LabVIEW Help menu.

Theuser.lib  directory. This directory contains libraries of Vls that
you want to appear in the LabVIERUnctions palette. Additional Vis
used in this course are storediger.lib

Theinstr.lib directory. This directory is where your instrument
driver libraries are placed if you want them to appear irrthrections
palette.

The LabVIEW Startup Screen

When you launch LabVIEW by double-clicking on its icon, the startup
screen for LabVIEW appears as shown below:

! LabVIEW I A |

~Quick Tip

I &

National Instruments

LabVIEW 5.1 —*=

Solution Ywizards

Ize the Execution Highlighting feature to gain greater understanding
af dataflaw pragrammmming.

Search Examplez

Labt[EM Tutorial

FEEREFERER

Esi

Small Dialog L Large Dialag

LabVIEW Basics | Course Manual.
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Lesson 1 Introduction to LabVIEW

New VI Creates a new VI.

Open VI Opens an existing VI.

Solution Wizards Launches an interactive utility that allows you
to make custom data acquisition or instrument
applications.

Search Examples Opens a utility that lists and opens the

LabVIEW example VIs you select.

LabVIEW Tutorial Launches the interactive online tutorial. It takes
about 15 minutes to work through the tutorial.
If your computer has a sound card, it will be
detected automatically and used for a verbal
presentation of the tutorial information.

Exit (Quit on Macintosh) Quits the LabVIEW application

This screen also includes quick tips. You can see more tips by selecting the
Next button. If you check the box at the bottom of this window, LabVIEW
will not show this window when it is launched.

Panel and Diagram Windows
When you seledilewVI from the LabVIEW startup screen, an untitled
Panel window appears. The Panel window displays your VI front panel and
is one of the two LabVIEW windows you use to build a VI. The other
window, the Diagram window, contains the block diagram.

Front panels and block diagrams consist of collections of graphical objects,
which are LabVIEW programming elements. Front panels contain various
types of controls and indicators. Block diagrams contain terminals
corresponding to front panel controls and indicators, as well as constants,
functions, subVIs, structures, and wires that carry data from one object to
another. The following illustration shows a front panel and its associated
block diagram.

© National Instruments Corporation 1-7 LabVIEW Basics | Course Manual
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Front Panel Toolbar
Both the Panel and Diagram windows contain a toolbar of command buttons
and status indicators that you use for controlling the VI. One of two toolbars
is available, depending on whether you are working in the Panel or Diagram
window. The following toolbar appears at the top of the Panel window.

H}l{&l E@i ] | |13pt.-’-‘-.pplic:ati-:|n Fant =l [5= vI o vI 2] TI

E The Run button. You click on it to run the VI. While the VI is executing, the
! button changes to

o« | if the VI is a top-level VI, or

1 if one of the VI callers is running at the top level.

L'E The Broken Run button. This button replaces the Run button and indicates
I that the VI cannot compile due to errors. To find out why, click on this
button. A pop-up window lists all errors.

_ While the VI is executing, the Abort Execution button appears. Click on this
Abort Execution  ptton to halt the VI immediately.
button
Note You should avoid using the Abort Execution button to terminate your VI, and

either let the VI execute to completion or design a method to terminate the VI
programmatically. By doing so, the VI will be at a known state. For example,
you can programmatically stop a VI using a switch on the front panel.

The Continuous Run button. Click on it to execute the VI repeatedly.

@ While in the continuous run mode, the symbol changes as shown at left.
Click on this button to disable continuous running.

IE The Pause/Continue button. This button pauses VI execution. To continue
! from pause mode, press the button again, and the VI continues execution.

[Getappicationfort =] 1he Font ring. This ring sets font options, including font type, size, style,
and color.

-1 The Alignment ring. Use the Positioning tool (see page 1-15) to select the
objects to be aligned. Then set the preferred alignment options, including
vertical, top edge, left, etc. for two or more objects.

== The Distribution ring. Use the Positioning tool (see page 1-15) to select the
objects to be aligned. Then set the preferred distribution options, including
gaps, compression, and so on, for two or more objects.
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The Reorder ring. You use this ring when you have objects that overlap each
other and you want to define which one is in front or back of another. Select
one of the objects with the Positioning tool and then select from Move
Forward, Move Backward, Move To Front, and Move To Back.

Block Diagram Toolbar

The block diagram toolbar contains most of the same buttons as the front
panel toolbar, in addition to four debugging features.

@I{E_}I N @ h'lﬁ"'ﬁi [13pt Application Font =] [ v| o vI ¢h v|

E The Execution Highlighting button. Used for debugging to see the dataflow.

@ In this mode, the button changes to the icon shown at left, and you can view
=1 the flow of data through the block diagram. Click on it to disable execution
highlighting.

@ The Step Over button. You click on this button to enable single-step mode,
which steps through the VI node to node. Each node blinks to denote when
itis ready to execute. Click on the Step Over button again to step over a loop,
subVI, and so on. By stepping over the node, you execute the node without
single stepping through the node.

@ The Step Into button. Click on the Step Into button again to step into a loop,
subVI, and so on. By stepping into the node, you are ready to single step
inside the node.

@ The Step Out button. Click on the Step Out button again to step out of a loop,
subVI, and so on. By stepping out of a node, you complete single stepping
through the node and go to the next node.

The Warning indicator. This indicator appears when there is a potential
problem with your block diagram, but it does not cause your VI to be
nonexecutable. You can enable the Warning indicator usirRyéfierences
option in theEdit menu. See the LabVIEWnline Reference(Help menu)
for more details.

Pop-Up Menus
The LabVIEW menu you use most often is the pop-up menu. Nearly all the
objects you use to build VIs have pop-up menus for selection and
modification. In this manual, the action of accessing a pop-up menu is
known as popping up.

Windows, Sun, and HP-UXYou access pop-up menus by holding down
the right mouse button when the cursor is on the desired panel or object.
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Macintosh—You access pop-up menus by holding down3he  key and the
mouse button.

Pull-Down Menus
The menu bar at the top the LabVIEW screen contains several pull-down
menus. The pull-down menus contain options common to most applications,
such a®Open, Save Copy, andPaste as well as many others particular to
LabVIEW.

|Eile Edit Operate Project Windows Help |

You use options in thEile menu primarily to open, close, save, and

print Vls.
Edit Operate Project
Mew Chrl+M Creates a new VI and opens its panel.
Open... Ctrl+0 Opens an existing VI.
Cloze Crl+f | Closes the active window.
Save Chrl+5 Saves the current VI.
Save Az, Saves the current VI under a new name.
Save b Copy As... Saves a copy of the VI under a new name.
Save with Dptions. .. Options for custom-saving the VI or saving for distribution.
HEevert.. Reverts the VI to the last saved version.
Frinter Setup... Sets printer configuration.
Print Documentation. . Options for printing VI components, hierarchy, and description.
Erint \window. . Ctrl+F Prints frontmost VI window.
Edit %1 Library... Removes Vls in a library or rearranges VI palette order.
Edit Template... Allows you to edit a VI or control template.
tasz Compile. .. Compiles all Vis in a library.
Coreeert T EP File... Converts a LabWindows/CVI .fp file to a LabVIEW VI library (PC only).
Update YWxlplughplay Drivers. . Updates previous versions of VXIplug&play drivers to current version
(PC only).
Recently Opened Files 3 Keeps a list of the 10 most recently opened ViIs.
E it Chrl+01 Quits LabVIEW.
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You use the options in th&dit menu to modify front panel and block
diagram objects of a VI. You use these options to manipulate and arrange
LabVIEW components to your personal taste.

Operate Project  “Windows
[Hrde [EhilE Undoes the actions you made.
Hedn [EfiliEer it Redoes the action you have just undone.
(504 (B Removes the selected object and places it on the clipboard.
[Eopy [EErlf(E Copies the selected object and places it on the clipboard.
Paste Chrl+4f Places a copy of clipboard contents in the active window.
[E[ear Deletes the selected object.
Import Picture from File. . Copies a picture file to the clipboard (PC only).
Bemove Bad'Wires Chil+B Deletes all faulty wiring connections.
Earielrder.. Changes order number for front panel objects interactively.
Edit Eamtrall.. Invokes the Control Editor.
[Ereate St Converts selected objects in block diagram to a subVI.
e[ = e e [ Sets the selected object to scale automatically with the panel size.
Edit Menu... Allows you to modify the LabVIEW menu.
Preferences. .. Sets preferences for memory, disk, and display.
ser Mame. .. Option to change the user name.
Clear Pazsword Cache Removes the list of stored user passwords.
Select Palette Set S Sets desired view for Controls and Functions palettes.
Edit Contral & Function Palstes. . Customizes Controls and Functions palettes.

You use the commands in tgperate menu to execute the VI.

roject  Windows  Help
Ctrl+R Executes the current VI.
[l Stops execution of the current VI.
Print at Completion Prints the VI front panel at completion of the VI.
Log at Completion Logs data to a file at completion of VI.
Crata Logging 4 Displays data logging options.
Suzpend when Called Pauses execution when the VI is called.
Make Current W aluss Default Sets current values as defaults for controls and indicators.
Reinitialize Al To Default Sets all controls and indicators to their default values.
Change to Run Mode  Chil+M | Toggles between Run and Edit modes.
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VI, its subVIs, and windows.

Project

Windows Help

Build Applicatiar...
Compare % Hierarchies. ..

DAL wWizards 3
Documentation Toal...

File b anager...

[nztrument wWizard...

Source Code Cantral 3
Wl Metrics...

S hiow 1 Hierarchy

b s Eal e b
Tikire Sl S lE b
[ repened Sultls b
[Irepered vpellefs b
Find... Chrl+F
Show Seanch Hesults Bl EiiHE
Eitd [ et [Etr{+l
Eind Ereyias [t e i+

Show Profile ‘wWindow
Compare ¥ls...
St lifferences

Ewpart Strings...
[mpart Stings...
Impart Activesd Contrals...

Builds a standalone .exe application and distribution kit.
Compares the VI hierarchies of LabVIEW applications.
Displays the current DAQ Channel and solutions wizards.
Launches a utility to print the current VI hierarchy.
Launches a utility to manage LabVIEW Vls and libraries.
Launches a utility for instrument communication.
Launches the Source Code Control utilities for LabVIEW.
Lists the specific LabVIEW metrics for a VI.

Displays the calling hierarchy of all Vis in the menu.

Displays a palette of Vls that call the current VI.
Displays a palette of Vs that the current VI calls.
Displays a palette of subVIs that are unopened.
Displays a palette of type definitions that are unopened.

Finds subVIs, controls, and so on located in memory.
Displays results of Find...

Finds next item of search criteria.

Finds previous item of search criteria.

Displays performance profile window for benchmarking.
Finds similarities between selected Vls.
Finds differences between selected Vis.

Writes out/brings in all the localizable strings in the front
panel to/from a text file.
Brings in an ActiveX control from a file.

You use th&Vindows menu to locate opened windows quickly and to open

windows of subVIs and calling Vis.

YWindows Walz)e
Show Panel Ctrl+E
Show Y [nfo... Clrl+l
Show Higtory Chrl+v
Show Functionz Palette
Show Toolz Palette
Show Clipboard
Show Error List Chrl+L
Tile Left and Right  Chl+T
Tile Up and Down
Eull Size Ctrl+f
[rititled 1

o Untitled 1 Diagram

Displays the Functions/Controls
Displays the Tools palette.

Displays the clipboard contents.
Displays an error dialog box with the VI programming errors.

Toggles between Panel and Diagram windows.
Displays a dialog box with information about the current VI.
Displays a dialog box with the current VI's history.

palette when the diagram/panel is active.

Displays front panel and block diagram side by side.
Displays front panel and block diagram one above the other.
Uses the entire screen to display the active window.

Lists all front panel and block diagram windows currently open.
The check mark indicates the active (foreground) window.

© National Instruments Corporation
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You use thédelp menu to view information about panel or diagram objects,
to activate the online reference utilities, and to view information about your

LabVIEW version number and computer memory.

Shaw Help Chl+H | Activates the Help window.
Lk H el (EerlShitt+E Locks the Help window screen on one subject.

+ Simple Help Enables the simple diagram view in the Help window.
Online Reference...  Chil+? Opens the LabVIEW Online Reference utility.
L= = e =t Displays online help for the current VI.
Explain Errar... Shows error cluster values and message for debugging.
Internet Links 4 Opens direct Internet links to National Instruments.
Online Tutarial... Launches the interactive online tutorial.
Search Examples... Opens a utility that searches through all example Vis.
Technical Suppart Form. . Calls the technical support form to log problems.
[edagl...
Sbout LabWIENW ... Shows your LabVIEW version and memory information.

Palettes

Tools Palette

oy
I

LabVIEW Basics | Course Manual.

LabVIEW has graphical, floating palettes to aid in creating and operating
VIs. The three palettes include theols, Controls, andFunctions palettes.

You can create, modify, and debug VIs using the tools located in the floating
Tools palette. If theTools palette is not visible, seleBhow Tools Palette

from theWindows menu to display the palette. After you select a tool from
this menu, the mouse cursor takes its shagmdows—You also can access
theTools palette by pressing <shift> and the right mouse button.
Macintosh—Access th@ ools palette by pressing <command-shift> and the
mouse button.) Place any tool found in Treols palette over a subVI or
function icon to display information pertaining to that subVI or function in
the Help window. You first must sele8how Helpfrom theHelp menu.

Operating tool. Use the Operating tool to manipulate the values of front
panel controls and indicators.

The tool changes to the icon shown at left when it passes over a text-based
control, such as a digital or string control.
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I, Positioning tool. Use the Positioning tool to select, move, or resize objects.

|l P = The tool changes to the icon shown at left when it passes over a corner of a
resizable object.

Labeling tool. Use the Labeling tool to enter text into labels.

>
v g

The Labeling tool changes to the icon shown at left when you create free
labels.

Wiring tool. Use the Wiring tool to wire objects together on the block
diagram. Place the Wiring tool over a wire to display the data type of the
wire in the Help window. You first must selegihow Helpfrom theHelp
menu.

a
m

Object pop-up menu tool. Use the object pop-up menu tool to pop up on an
object’s pop-up menu with the left mouse button.

Scrolling tool. Use the Scrolling tool to scroll through windows without
using scrollbars.

Breakpoint tool. Use the Breakpoint tool to set breakpoints on subVIs,
wires, functions, and structures.

» @ 3

Probe tool. Use the Probe tool to create probes on wires in the block
diagram.

Color Copy tool. Use the Color Copy tool to copy colors for pasting with the
Coloring tool.

e

Coloring tool. Use the Coloring tool to color an object. It also displays the
/ foreground and background of the object.

Controls and Functions Palettes

TheControls andFunctions palettes consist of top-level icons representing
subpalettes, giving access to a full range of available objects that you can use
in creating a VI. You can access the subpalettes by clicking on the top-level
icon. You also can convert the subpalette to a floating palette that remains
on your screen by tacking down the pushpin at the top left corner of the
subpalette.

Controls Palette
You add controls and indicators to the front panel viaQetrols palette.
Each option in the palette displays a subpalette of available controls and
indicators for that selection. If tlgontrols palette is not visible, you can
open the palette by selectiBfpow Controls Palettefrom theWindows
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menu. You also can access @entrols palette by popping up on an open
area in the Panel window. Then you can tack dowgtrerols palette into

a floating palette by clicking on the pushpin on the top left corner of the
palette.

Note The Controls palette is available only when the Panel window is active.
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Numeric subpalette. Consists of controls and indicators for numeric data.

-

123

@ﬂr Booleansubpalette. Consists of controls and indicators for Boolean values.

¥ String subpalette. Consists of controls and indicators for strings and tables.

=220

o] List & Ring subpalette. Consists of controls and indicators for menu rings

m==1| and listboxes.

AL Array & Cluster subpalette. Consists of controls and indicators that group
By sets of data types.

—» Graph subpalette. Consists of indicators to plot data in graphs or real-time

.;n charts.

[ ¥ Path & Refnum subpalette. Consists of controls and indicators for file

Wram]| paths and refnums.

¥ ActiveX subpalette. Consists of controls and indicators that allow ActiveX
x| Container capability (PC only).
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===+ Dialog subpalette. Contains the graphical objects used to create dialog
boxes.

-

Decorationssubpalette. Consists of graphical objects for customizing front
panel displays.

QA
O
' User Controls subpalette. Location for placing users’ controls.
[l
Select a Controlsubpalette. Displays a dialog box to load custom controls.

Functions Palette
You build the block diagram with tHeaunctions palette. Each option in the
palette displays a subpalette of top-level icons. IFHinections palette is
not visible, you can open the palette by selecEhgw Functions Palette
from theWindows menu. You access tlr@inctions palette by popping up
on an open area in the Diagram window. Then you can convert the
Functions palette to a floating palette by clicking on the pushpin.

Note The Functions palette is available only when the Diagram window is active.
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Structures subpalette. Consists of program control structures such as For
Loops.

Al

Numeric subpalette. Consists of arithmetic, trigonometric, logarithmic, and

[£=| numeric functions.
T Booleansubpalette. Consists of logical and Boolean functions.
¥ String subpalette. Consists of functions to manipulate strings.
— Array subpalette. Consists of functions to process arrays.

Cluster subpalette. Consists of functions to process clusters.

w

B

Comparison subpalette. Consists of functions to compare numbers,
Booleans, and strings.

v

Time & Dialog subpalette. Consists of functions for dialog windows,
timing, and error handling.

.IEI
il

— File 1/0 subpalette. Consists of functions and Vs for File 1/O.
ol
= 1 Instrument /O subpalette. Consists of Vis for GPIB, serial, and VISA
Eg| instrument control.
muw|  INStrument Drivers subpalette. Location for placing instrument driver VIs.
Any VIs or VI libraries you place in to thestr.lib directory will appear
in this subpalette after you relaunch LabVIEW.
B Data Acquisition subpalette. Consists of VIs for plug-in data acquisition
boards.
AL Signal Processingsubpalette. Consists of data analysis VIs for signal
kiw.| generation, time and frequency domain calculations, filters, and windows.
s ¥ Mathematics subpalette. Consists of VIs for calculating formulas, doing
[ 4k | calculus, probability and statistics, curve fitting, and more.
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Graphics & Sound subpalette. Consists of VIs for creating 3D plots and
other custom graphics. Also contains VIs for recording and generating
sound.

Communication subpalette. Consists of networking Vs for TCP, DDE,
Apple Events, and ActiveX.

Application Control subpalette. Consists of functions and VIs for
LabVIEW server capability, programmatic printing, changing LabVIEW
menus, showing the Help window, and stopping or exiting LabVIEW.

Advancedsubpalette. Consists of miscellaneous functions such as the call
library function, memory functions, data manipulation, and so on.

Report Generation subpalette. Consists of VIs to handle the aspects of
creating, designing, and writing custom reports.

Tutorial subpalette. Consists of VIs used in the LabVIEW tutorial.

User Libraries subpalette. Location for placing users’ Vis. Any VIs or VI
libraries you place into theser.lib  directory will appear in this
subpalette after you relaunch LabVIEW.

Select a VI...subpalette. Consists of a dialog box for inserting subViIs into
the current VI.

>
EASIC | "

(User Libraries»Basics Course)

consists of VIs used in the LabVIEW Basics | Course.

You can load and save VIs to/from a special file caltlgrary (normally
a file with the.llb  extension). ThBASICS.LLB library is an example of
a VI library. Advantages to using VI libraries include:

* With Vllibraries, you can use up to 255 characters to name your VIs,
including the.vi extension.

* Vllibraries compress Vls to save disk space (they are decompressed
at load time).

» Because multiple Vis are in a single file, it is easier to transfer Vis
between computers.
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VI library disadvantages include:

» VIl libraries are not hierarchal in nature. That is, you cannot create a

VI library within another VI library.

e Saving and loading VIs to and from the file system is faster than to
and from VI libraries.

Loading Vis

You load a VI into memory by choosing tBgen option from theFile
menu. When you choose that option, a dialog box similar to the one below

appears.

Choosze the ¥l to open:

Lookin: | _4 LatvIEw =] =
|| Activity ___Imanualz _Vilib
| |Applibg __IMenus
| ICintoolz __IProject
|__|Examples __|Rezource
|__IHelp I Tutarial
| lnztrlib L IUszerlib
File name: || Open I
Filez of type: I\fls B Controlz [ wi® ot vit s it j Cancel |

All the work you do in this course will be in tBASICS.LLB library. To
open this VI library, click on theook in box and go to the root directory.

Then open th&

xercises\LV_Basl

directory as shown below:

Choose the ¥l to open: EHE
Look ir: _j LV Basl + ;
[Basicsin | = % Floppy 4]
(]
__| Exercizes
=5 [0
gl Hozt for o [H:]
0 M etwork, Meighborbiood
59 My Briefease
File name: IBasics.III:n Open I
Files of type: Il'v"|$ & Contrals [ ot vit” ctt) Cancel |

LabVIEW Basics | Course Manual.
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You can open a VI library or directory by clicking on it and then on OK, or
by double-clicking on it. You will notice that the LabVIEW file dialog box
opens VI libraries as if they are directories. After you locate your VI, you
can load it by clicking on it and then @K, or by double-clicking on it.

As the VI loads, the following status dialog box appears on the screen.

HP34401A Examplel._vi E
Loading: 7 Loaded

DN INIENS TART
rfI_ENU\PHDGHAMS\LV4D\Vi.Iib\I nstrs_viza llb\nstr Errar Qut

Searching:
D4 INSSS TART MEMUSPROGRAKMS YL A0 iU TILIT wictl b

Ignore Control | Browse.__ | Stop._. |

TheLoadingfield lists the subVIs of your VI as they are loaded into
memory.Number Loadeds the number of subVIs loaded into memory so
far. You can cancel the load at any time by clickingstop.

If LabVIEW cannot immediately locate a subVI, it begins searching through
all directories specified by the VI Search P&Hdi{»PreferencesPaths).

The Searchindield lists directories or VIs as LabVIEW searches through
them. At this point, you can have LabVIEW ignore the subVI by clicking on
Ignore SubVI, or you can click oBrowseto search for the missing subVI
using a file dialog box.

Saving Vis

You can save your VI to a regular directory or VI library by seleGiage
Save As...or Save a Copy As..from theFile menu to save the VI to a
regular directory or VI library.
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To create a new VI library, select tBave As..option from theFile menu
and click on thé&lew VI Library button from theSave As..dialog box. On
the Macintosh, click on thgse LLBs button and then click on thidew
button of the LabVIEW dialog box. After clicking on tNew VI Library
or New button, one of the following dialog boxes appears:

Mew ¥l Library

Mame of new I libran:

W library | Cancel |

Mew Directory or ¥l Library

Name of new directory or ¥ librarny:

° |

Directony | Cancel |
Wl Library

Enter the name of the new library in the dialog box and click oN'lthe
Library button. LabVIEW appends thib  extension if you do not

include it. VI libraries have the same load, save, and open capabilities as
folders or directories while in the LabVIEW environment. You can remove
VIs from a VI library by using th&dit VI Library option of the~ile menu

or theFile Manager option from theProject menu if you have the
Professional Edition of LabVIEW.

Note LabVIEW uses native file dialogs by default for loading and saving. You can
disable this feature from the Edit»Preferences»Miscellaneous palette.

Moving Vis Across Platforms

You can transfer VIs from one platform to another (for example, from
LabVIEW for Macintosh to LabVIEW for Windows). LabVIEW
automatically translates and recompiles the VIs on the new platform. VI
libraries simplify the process of porting VIs from one platform to another.
You can transfer many ViIs inside one VI library (a single file), and you can
use long filenames for the Vls inside the library even if the new platform
restricts filenames to a certain length.
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Because VI libraries and VIs themselves are all files, you can use any file
transfer method or utility to move your Vs or VI libraries between
platforms. One very popular method of porting Vis and VI libraries is over
networks using FTP protocol, Z- or XModem protocol, or similar utilities.
Such network transfers are popular because they eliminate the need for
additional file translation software. If you choose to port your VIs or VI
libraries via magnetic media (floppy disks or a moveable external hard
drive), you will need a generic file transfer utility program. Some
examples are:

Windows—Ugtilities such as MacDisk and TransferPro transfer Macintosh
files to the PC format and vice versa.

Sun—PC File System (PCFS) converts PC files to the Sun format and vice
versa.

HP-UX—Thedoscp command mounts PC disks and copies their files.

Macintosh—DOS Mounter, MacLink, and Apple File Exchange are utilities
that convert PC files to the Macintosh format and vice versa.

Note Certain operating system-specific VIs are not portable between platforms (for
example, Code Interface Nodes (CINs), DDE (Dynamic Data Exchange) Vs,
ActiveX VIs, and AppleEvents).
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Exercise 1-1

Objective:
1.

1= Note

Frequency Response.vi
To open and operate a VI.

Launch LabVIEW from the task bar by selectBtgrt»Programs»
LabVIEW . After a few moments, the LabVIEW startup window will
appear. Click on the button mark8darch Examples

This window shows all the available categories of LabVIEW examples.
You will examine an example of instrument control. Click on
Instrument 1/0O underDemonstrations Click onFrequency

Response

If you cannot open the Frequency Response VI using the method above, you

can also open it by selecting Open VI»LabVIEW»Examples»Apps»
fregresp.llb»Frequency Response.vi.

Front Panel

Amplitude|

Mumber of Steps|

Low Frequency| High Frequency| Current Frequency|

&

1

{100 __| El1.00 |
4

e(1.00_|
4 B 0 B0
(O =0
0’ 10 - 100

* [

500
a0
O

1000

R0
2EDmi 780 250
-

1 1000 1

1000.00

Frequency Response

3.

Run button

Run button
when VI is
running

LabVIEW Basics | Course Manual.

TheFrequency Respons&/Il is shown above. Run this VI by clicking

on the Run button. The button changes as shown at left, indicating that
the VI is running. This VI simulates sending a stimulus signal to a Unit
Under Test (UUT) and then reading back the response. The resulting
frequency response curve is displayed in the graph on the front panel.
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4. Using the Operating tool, change the Amplitude knob value. A knob
control is a special type of numeric control. There are several types of
special controls, such as slides and knobs; however, you operate them

Operating T C .

tool similarly. LabVIEW controls are intuitive. You operate them just as you
would similar real controls.
Other ways to operate knob controls using the Operating tool include:
» Clicking on the mark on the knob and dragging it to the desired

location.
» Clicking in the digital display and entering a number.
= Note If you use this method, the Enter button appears in the Panel toolbar. The

number is not passed to the program until you click on this button or press
<enter | return>.

Enter button 5. Run the VI again by pressing the Run button. Try adjusting the other

controls on the panel and running the VI to see what changes occur.

Block Diagram

Mumber of Stepz

High Freguency

B

Loy Frequency

d

-

mplitude

Current Frequency
h
Fh Responze
Calculate Frequency Bode Plot Graph
Fi il £

[

x

10
LG

20.0

i Fi=FFFR/FI /N1

i [oBL]

1. Show the block diagram for tik@equency Respons#/| by selecting
Show Diagramfrom theWindows menu.

2. This diagram contains several of the basic elements of LabVIEW
programming including structures, functions, and subVIs. You will
learn about all these in detail later in this course.
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3. Using the Operating tool, double-click on the DMM icon as shown
below. If the DMM icon is not showing, click the right or left arrow just
above the Stimulate UUT label. Now double-click on the DMM icon.

Measure Rezponze

DHH
2

This icon is a subVI calleBemo Fluke 8840A.vi After you
double-click on it, that subVI's front panel opens.

Function Range Measurement
mé AC- S Autorange |
md DC- REMOTE AUTO
-mire Ohmz - TALK W AC
Dwire DMz - Trigger Mode 0 - 8 324
Wolts &, & Continuous |

4. This panel was designed to look just like a multimeter user interface.
Now you can see why LabVIEW programs are called virtual
instruments. You can also see that by making LabVIEW applications
modular, they have reusable parts that can be easily modified or used
elsewhere. For example, this subVI just simulates the action of a Fluke
multimeter, but you can modify this VI to do actual instrument control
later.

5. Close the front panel for tizemo Fluke 8840AVI by selectingClose
from theFile menu.

6. Do not close thErequency Respons¥ I, as you will use it in the next
exercise.

End of Exercise 1-1
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C. LabVIEW Help Options

Help Window

© National Instruments Corporation

LabVIEW has various Help options for VIs, subVls, and nodes. The two
common options used for LabVIEW programming include the Help
Window and the Online Help feature.

To display the Help Window, chooStow Helpfrom theHelp menu or
press<ctrl |0 | M |%® -H>.

Win Sun H-P Mac
When you place one of the tools from #mols palette on diagram and
panel objects, the Help window shows the icon for subVIs, functions,
constants, controls and indicators, and dialog box options with wires
attached to each terminal. In the window, required terminals are labeled in
bold, recommended connections in plain text, and optional connections are
gray. The example below displays a Help Window in Simple Diagram mode.

[

file path
open mode [0]
EIror in ==

refrum
m e gpror ot

Open File

Opens the file specified by file path for reading and/ar writing.
Open mode:

0: Read and write

1: Read anly

2 write anly

3 write anly [bruncate first]

Deny mode:

0: Deny read and write

1: Permit read, derny write

2: Permit read and write:

off
A

Simple/Detailed Diagram Help. This button is located in the lower-left
corner of the Help window. Click to switch between the Simple and Detailed
diagram help modes. The Simple help emphasizes the important
connections. The de-emphasized terminals are shown by wire stubs,
informing you that other connections exist. The Detailed help displays all
terminals. You also can access this option frontHék menu.

EREE
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&)

Online Help

LabVIEW Basics | Course Manual.

GPENT]
% datalog type = [
file path §

refrm
open mode () e g at
deny mods (2]
107 i

Open File

Openz the file specified by file path for reading and/ar writing,
Open mode:

0 Read and wirite

1: Fiead only

2 write only

3 write anly (truncate first]

Dety mode:

0: Deny read and write

1: Permit read, deny write

2 Permit read and wirite

=5[7] | ;I_/‘

Complex Diagram Help Window

Lock Help. Clicking on the lock icon at the bottom of the window locks the
current contents of the Help window. When the contents are locked, moving
over another function or icon does not change the display. To unlock the
window, click again on the lock icon at the bottom of the Help window. You
also can access this option from Hhelp menu.

Online Help. Click on the Online Help icon to link to the description of the
object in the Online Help documentation.

Online Help features detailed descriptions of most block diagram objects.
You can access Online Help either by clicking on the Online Help icon in
the Help window or choosin@nline Reference..from theHelp menu.
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Exercise 1-2

Objective: To use LabVIEW Help utilities.
You will use various LabVIEW Online Help Window and Help Window
options to read about front panel and block diagram objects and features.

Part A
1. TheFrequency Respons&/| should still be open from the first
exercise. If not, open it as described in Exercise 1-1.
2. Open the online reference by selectiwjine Reference..from the
Help menu.
Show Help Cil+H
Lock Helm [Etr{BE i+
o Simple Help
—_— Online Reference...  Chl+?
I8 rlime Helm e U mtitled 2
Explain Error...
Internet Links 3
Online Tutorial...
Search Examples...
Technical Suppart Form...
[wdagl...
dbout LabvIEW...
3. When the reference menu opens, ch@srogramming Language
4. OpenReferences»G Programming Referencand selecBlock
Diagram Programming.
5. From theéBlock Diagram Programming screen, seletttroduction to
the Block Diagram.
Read the overview of terminals and nodes.
Close the online reference windows by choo&ixrig or Quit from the
File menu.
Part B

8. Activate the Diagram window by selecti8gow Diagramfrom the

Windows menu or pressingctrl |[¢ | M |# -E>
Win Sun H-P Mac

9. Display the Help Window either by selectigigow Helpfrom theHelp

menu or pressingctrl |[¢ | M |# -H> .
Win Sun H-P Mac
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10. You will see how the Help Window displays information regarding the
functions and wires over which the tools pass.

e a. Move the Positioning tool over thegarithm Base 10function
(located under the Bode Plot label). Notice the description of the

Positioning tool function in the Help Window. Click on the Online Help button on the

Help Window and notice the link to the online reference. Close the
Online Help online reference. Try displaying the help for other functions.
Butt i, . .
wron b. Selectthe Wiring tool from thiools palette and position the Wiring
> tool over the terminals of tHeogarithm Base 10function. Notice
Wiring tool that the terminals blink in the Help Window as the tool passes over
them.

c. Place the Wiring tool over a wire. Notice that the Help Window
displays the wire data type.

11. Close the Help Window by pressirgtrl |0 | M |% -H>

Win Sun H-P Mac
12. Go to the Panel Window and close Enequency Respons&/| by
selectingClosefrom theFile menu. Do not save any changes.

End of Exercise 1-2
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Summary, Tips, and Tricks

© National Instruments Corporation

Virtual instruments (VIs) have three main parts: the front panel, the
block diagram, and the icon/connector.

The front panel is the user interface of a LabVIEW program and
specifies the inputs and displays the outputs of the VI. Controls specify
inputs and indicators display outputs.

The block diagram is the executable code composed of nodes, terminals,
and wires.

The menu bar contains several pull-down menus.

You use thelools palette to access operating, editing, and debugging
tools for use in your VIs.

You use the&€ontrols palette to place controls and indicators in the Panel
window. Pop up in an open area of the Panel window to access the
pop-upControls palette.

You use thd-unctions palette to place nodes (functions and subVIs) in
the Diagram window. Pop up in the Diagram window to access the
pop-upFunctions palette.

Popping up on individual components of an object accesses their own
pop-up menus.

Windows, SurandHP-UX—You access pop-up menus by clicking and
holding down theight mouse button when the cursor is on the desired
panel or object.

Macintosh—You access pop-up menus by holding down3e  key and
the mouse button.
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Notes
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Lesson 2
Creating, Editing, and @ | —
Debugging a VI %% L

Introduction

This lesson introduces the basics of building a VI in LabVIEW.

You Will Learn:

A. How to create ViIs.
B. Editing techniques.
C. Techniques to debug Vis.
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A. Creating a VI

Front Panel
Note

VIs have three main parts: the front panel, the block diagram, and the
icon/connector. The icon/connector is discussed in Lesson 3.

You build the front panel of a VI with a combination of controls and
indicators. Controls are your means of supplying data to your VI. Indicators
display data that your VI generates. There are many types of controls and
indicators. You add controls and indicators to the front panel from the
various subpalettes of the Controls palette. If the Controls palette is not
visible, you can either:

* Pop up on an open area of the Panel window, or
e SelectShow Controls Palettefrom theWindows menu.

Popping up is the preferred method for placing objects on the Panel and
Diagram windows. If you pop up on a free area of the Panel window, you
access the Controls palette more quickly. Similarly, you access the Functions
palette by popping up on a free area of the Diagram window.

Numeric Controls and Indicators

The two most commonly used numeric objects areligfigal controland
thedigital indicator. To enter or change values in a digital control, you can
click on the increment buttons with the Operating tool or double-click on the
number with either the Labeling tool or the Operating tool.

Label Lnput Digital Control
Increment Buttons —= /0.0 9
Label Dutput

T Digital Indicator

Boolean Controls and Indicators

LabVIEW Basics | Course Manual

You use Boolean controls and indicators for entering and displaying
Boolean (True-False) values. Boolean objects simulate switches, buttons,
and LEDs. The most common Boolean objects argdhtecal switchand
theround LED

Wertical Switch)  Found LED)|

= J
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Configuring Controls and Indicators
You can configure nearly all of the controls and indicators using options
from their pop-up menu®.opping up on individual components of controls
and indicators displays pop-up menus for customizing those components.

Pop up on the label Lahel Pop up on the digital display

for its pop up menu. / 7[0.00 for its pop up menu.

J Size to Text | Change to [ndicator

Synchronous Display
Fird Terminal

Show 3
Data Operations B
Create 3
k.ep Mavigation...
Replace »

Representation B
[Data Range...
Farmat & Precision...

Block Diagram
The block diagram is composedrafdesterminals andwires

Panel Window

% R
+[50.00 70.00
g 31 Nodes
+[20.00 30.00 7

Control Terminals< M g
: Indicator
Terminals

=

Terminal pattern for
the Add function and
the Subtract function
(three node terminals).

Nodes are program execution elements. Nodes are analogous to statements,
functions, and subroutines in text-based programming languages. There are
three node types+functions subVI nodesandstructures Functions are the
built-in nodes for performing elementary operations such as adding
numbers, file 1/0O, or string formatting. SubVI nodes are VIs that you design
and later call from the diagram of another VI. Structures such as For Loops
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Wiring

LabVIEW Basics | Course Manual

and While Loops control the program flow. The previous figure shows a VI
with two function nodes, one that adds two numbers and one that subtracts
them.

Terminals are ports through which data passes between the block diagram
and the front panel and between nodes of the block diagram. Terminals are
analogous to parameters and constants. There are two types of terminals
control or indicator terminalsandnode terminalsControl and indicator
terminals belong to front panel controls and indicators. The values that an
operator or a calling VI enters into these controls pass to the block diagram
via these terminals when the VI executes. The output data passes from the
block diagram to the front panel through the indicator terminals. Control
and indicator terminals are automatically created or deleted when you create
or delete a front panel control or indicator. The block diagram of the VI
above shows terminals belonging to four front panel controls and indicators.
Like Vls, theAdd andSubtract functions also have node terminals that
underlie the icon. The figure also shows the terminal patterns fédihe
andSubtract functions.

Wires are data paths between terminals. They are analogous to variables in
conventional languages. Data flows in only one direction, from a source
terminal to one or more destination terminals. Different wire patterns
represent different data types. On a color monitor, each data type appears in
a different color for emphasis. Examples of the more common wire types are
shown below.

Scalar ID Array 2D Array Color
Number —_— Orange (floating point), Blue (integer)
Boolean ~ ciieeeeeeeeeeen iy XXXXXXXXXXXXXX Green
String NV HOOOOOOK R ok
in

In the wiring illustrations in this section, the arrow at the end of this mouse
symbol shows where to click, and the number printed on the arrow indicates
how many times to click with the moubatton.

Windows, SureandHP-UX—AIl wiring is performed using thkeft mouse
button.

Thehot spotof the tool is the tip of the unwound wiring segment.

Hot Spot/‘$k
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To wire from one terminal to another, click the Wiring tool on the first
terminal, move the tool to the second terminal, and click on the second
terminal. You can start wiring at either terminal.

When the Wiring tool is over a terminal, the terminal area blinks, indicating
that clicking will connect the wire to that terminal. You do not hold down

the mouse button while moving the Wiring tool from one terminal to
another. You can bend a wire by clicking the mouse butttarciche wire

down and moving the mouse in a perpendicular direction. Pressing the space
bar toggles the wire direction.

Tip Strips
Tip stripsmake it easier to identify function and node terminals for wiring.

When you move the Wiring tool over a terminal, a tip strip pops up. Tip
strips are small, yellow text banners that display the terminal name.

Vi Wiring Tool

Tip Strip

© National Instruments Corporation 2-5 LabVIEW Basics | Course Manual



Lesson 2 Creating, Editing, and Debugging a VI

Showing Terminals
It is important to wire to the correct terminals on functions. You can show
the icon connector to make correct wiring easier. To do this, pop up on the
function’s icon and choosghow» Terminalsfrom the pop-up menu.

E\
Orline Help

Description...

[ Show » [
Replace » R ED

Create Congtant
Create Contral
Create Indicator

To return to the icon, pop up on the function and des8lemiv» Terminals
from the pop-up menu.

Data Flow Programming

The principle that governs how a LabVIEW program executes is chdtad
flow. A node executes only when data is available at all its input terminals;
the node supplies data to all of its output terminals when it finishes
executing, and the data passes immediately from source to destination
terminals.Data flow contrasts with the control flow method of executing a
conventional program, in which instructions execute in the sequence in
which you write them.

As an example, consider a VI block diagram that adds two numbers and then
subtracts 50.0 from the result of the addition. In this case, the block diagram
executes from left to right, not because the objects are placed in that order,
but because one of the inputs of Swétract function is not valid until the

Add function has finished executing and passed the data uthteact
function. Remember that a node (function) executes only when data is
available agll of its input terminals, and it supplies data to its output
terminals only when it finishes execution.

I umber 1
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Consider the example below. Which code segment would execute first—the
Add, Random Number, or Divide function? You really do not know because
inputs to the Add and Divide functions are available at the same time, and
the Random Number function has no inputs. In a situation where one code
segment must execute before another, and there is no type of dependency
between the functions, you must use a Sequence structure to force the order
of execution. (Sequence structures are discussed in Lesson 6.)

HSIN
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Exercise 2-1 Convert C to F.vi

Objective: To build a VI.

You will create a VI that takes a number representing degrees Celsius and
converts it to a number representing degrees Fahrenheit. You will use this VI
later, so be sure to save it as the instructions below describe.

Front Panel

Dragging the
control

et
Enter button

...............

Dragging the
indicator

LabVIEW Basics | Course Manual

E1Y
5 |3
2o
&
M

.00

Open a new front panel by choosMegw from theFile menu.
(Windows, Sun, and HP-UxXIf you previously closed all open Vls, you
must select thdlew VI button from the startup window.)

Display the Panel and Diagram windows side by side by chodseng
Left and Right from theWindows menu.

Create the numeric digital control. You will use this control to enter the
value for degrees Centigrade.

a.

SelecDigital Control from theNumeric subpalette of the
Controls palette. If theControls palette is not visible, pop up in an
open area of the Panel window.

Drag the control as shown at left to where you want it and click the
mouse button.

Typedeg C inside the label and press the Enter button on the
Toolbar. If you do not type the name immediately, a default label
is used.

Create the numeric digital indicator. You will use this indicator to

display the result from a calculation to convert temperature from degrees

Centigrade to degrees Fahrenheit.

a.

SelecDigital Indicator from theNumeric subpalette of the
Controls palette. If theControls palette is not visible, pop up in an
open area of the Panel window.

Drag the indicator as shown at left to where you want it and then
click the mouse button.

Typedeg F inside the label and click outside the label when
finished.

2-8 © MNational Instruments Corporation



Lesson 2  Creating, Editing, and Debugging a VI

Each time you create a new control or indicator, LabVIEW automatically
creates the corresponding terminal in the Diagram window. The terminal
symbols suggest the data type of the control and indicator. For example, a
DBL terminal represents a double-precision floating-point number.

Note Notice that a control terminal has a thicker border than an indicator terminal.

Block Diagram

1.

Labeling tool

¢

Wiring tool

© National Instruments Corporation

Make the Diagram window the active window by clicking anywhere on
it or pressing<ctrl |¢ | M |#® -E> .

Win Sun H-P Mac
Select théVultiply andAdd functions one at a time from theimeric
subpalette of thEunctions palette. If thé-unctions palette is not
visible, pop up on an open area of the Diagram window for the
Functions palette.

You can activate the help window by choos8itgpw Helpfrom the

Help menu. Placing any of the editing tools on a node displays the inputs
and outputs of the function in the Help window when the diagram
window is active.

gy
¥
¥

Multiply

Select the two numeric constants one at a time fromNuin@eric
subpalette of thEunctions palette. When you first place the numeric
constant on the Diagram window, it is highlighted so you can type a
value into it. Typel.8 into one constant arg2.0 into the other one.

If you moved the constants before you typed a value into them, you can
use the Labeling tool to enter the values.

Using the Wiring tool from th&ools palette, wire the icons as shown in
the block diagram above.
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iy 7

To wire from one terminal to another, click the Wiring tool on the first
terminal, move the tool to the second terminal, and click on the second
terminal. It does not matter at which terminal you start.

To aid in wiring,

Tack down wires by clicking on the diagram.

Pop up on thdultiply andAdd functions and choose
Show»Terminals Return to the icons after wiring by popping up on
the functions, choosin§how and uncheckingerminals from the
menu.

Make the panel window the active window by clicking anywhere on it
or by choosingshow Panelfrom theWindows menu.

Save the VI.

a.

b.
c.

SelecBavefrom theFile menu. Be surBASICS.LLB is the current
directory. Macintosh—Click onUse LLBsand select
BASICS.LLB .)

TypeConvert C to F.vi in the dialog box.
Click onOK.

Enter a number into the digital control and run the VI.

Operating tool a. Using the Operating tool, double-click in the digital control and type
in a new number.
IE. b. Run the VI by clicking on the Run button.
Run button c. Try several different numbers.
8. Close theConvert C to F VI by selectingClosefrom theFile menu.
End of Exercise 2-1
% Note SAVE ALL YOUR Vis IN THE BASICS.LLB LIBRARY.

LabVIEW Basics | Course Manual
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B. Editing Techniques

Creating Objects
Not only can you create front panel objects from the Controls palette, but
you also can create control and indicator terminals from the block diagram.
You can use LabVIEW nodes to create controls, indicators, and block
diagram constants by popping up on the node terminal and choosing the
respective selection. The example below shows how to create front panel
controls for theAdd function.

dd
T
Oriline Help
Deszcription...
Show 3
Replace »

Create Constant

Create Indicatar

Note After you create the front panel control or indicator from the block diagram,
you can delete the object only from the front panel.

Selecting Objects
The Positioning tool selects objects in the Panel and Diagram windows.

I
Positioning To select an object, click the left mouse button while the Positioning tool is
tool over the object. When the object is selected, a moving dashed outline

surrounds it. To select more than one ob&ufi-click (hold down <shift>
and click) on each additional object you want to select.

You also can select multiple objects by clicking in an open area and
dragging the mouse until all the objects lie within the selection rectangle
that appears.

Moving Objects
You can move an object by clicking on it with the Positioning tool and
dragging it to a desired location. You also can move selected objects by
pressing the arrow keys.

You can restrict a selected object’s direction of movement horizontally or
vertically by holding down <shift> when you move the object. The direction
you initially move decides whether the object is limited to horizontal or
vertical translation.

© National Instruments Corporation 2-11 LabVIEW Basics | Course Manual
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Deleting Objects

You can delete objects by selecting the object(s) and then pressing <delete>
or choosingClear from theEdit menu.

Undo/Redo

If you make a mistake while you are editing a LabVIEW VI, you can undo
or redo those steps again by selectingthdo or Redo option from the

Edit menu. You can set the number of actions that you can undo or redo in
Edit»Preferences»Block Diagram»Maximum Undo Steps per VIThe
default is 8.

Duplicating Objects
You can duplicate most objects in LabVIEW. To duplicate an object, hold

down<ctrl |¢ | m | option>while clicking and dragging on a selection
Win Sun H-P Mac

to be duplicated. On HP-UX, duplicate objects by clicking and dragging the
object with the middle mouse button. After you drag the selection to a new
location and release the mouse button, a copy of the icon appears in the new
location, and the original icon remains in the old location. This process is
known ascloning

You also can duplicate objects usidgpy and therPastefrom theEdit
menu.

Labeling Objects

There are two kinds of labelseelabels andwnedlabels. Free labels
provide additional documentation for VIs. An owned label belongs to and
moves with a particular object.

_ To create a free label, choose the Labeling tool frordloés palette. Then,
Labeling tool

click anywhere in an open area and type the desired text in the bordered box
that appears. To end text entry mode, click outside the label or on the Enter
button on the Toolbar. By default, the <enter> key is set to add a new line.
Enter button To enable <enter> (or <return>) to end text entry, change the opEaoiitin
Preferences»Front Panel

-
Eniter

Selecting and Deleting Wires

A wire segmenis a single horizontal or vertical piece of wire. The point
where three or four wire segments join is call¢anation A wire branch
contains all the wire segments from one junction to another, from a terminal
to the next junction, or from one terminal to another if there are no junctions
in between. You select a wire segment by clicking on it with the Positioning
tool. Clicking twice selects a branch, and clicking three times selects the
entire wire.
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Junction

Bend

Segment

=

Segment

>

=

> &

Selects a Segment Selects a Branch

7

S

Selects an Entire Wire

Wire Stretching

Bad Wires

© National Instruments Corporation

You can move wired objects singly or in groups by dragging the selected
objects to a new location with the Positioning tool.

MHurnber 1

Mumber 1

i>

A dashed wire represents a bad wire. You can get a bad wire for a number
of reasons, such as connecting two source terminals or connecting a source
terminal to a destination terminal when the data types do not match (for
example, connecting a numeric to a Boolean). You can remove a bad wire
by clicking on it with the Positioning tool and pressing <delete>. Choosing
Edit»Remove Bad Wiresdeletes all bad wires in the diagram.

Dashed Wire (bad)
Humber 1 bd atch
——————————
Increment
\ +i
Solid Wire (good)
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Changing Font, Style, and Size of Text

|1 3pt Application Font _-|
Font ring

Labeling tool

Resizing Objects
|

Frame corner
for rectangular
objects

Circular cursor
for circular
objects

You can change the font, style, size, and alignment of any text displayed in
a label, or the display of a control or indicator, by using the Font ring in the
Toolbar.

Certain controls and indicators use text in more than one display. Examples
include X or Y graph axes and digital indicators or scale markers on numeric
scales. With LabVIEW, you have the flexibility to modify each text display
independently. You can modify each text entry by highlighting the text using
the Labeling tool and choosing options from the Font ring.

‘W aveform Graph

10.0- Highlight each text display and

use options from the Font ring
al= in the Toolbar to change font,
0.0- m] style, size, and color.

You can easily resize most front panel controls using the Positioning tool.

To enlarge or reduce a control or indicator, place the Positioning tool over
one corner of the object until the tool becomes a frame corner. Click and
drag the frame corner until the dashed outline is the desired size. When you
release the mouse button, the object reappears at its new size. This technique
also works for objects such as free labels and block diagram structures and
constants.

Aligning and Distributing Objects

(=]

Alignment ring

Distribution ring

To align a group of objects, select the objects to be aligned and then choose
the axis along which you want to align them fromAtignment ring in the
Toolbar. To control the spacing of a group of objects, select the objects and
then choose the axis along which you want to distribute them from the
Distribution ring in the Toolbar.

Copying Objects Between Vis or from Other Applications

LabVIEW Basics | Course Manual

You can copy and paste objects from one VI to another by usir@poihe

Cut, andPastecommands from thEdit menu. Likewise, you can copy or
cut pictures or text from other applications and paste them into LabVIEW.
If both VIs are open, you can copy objects between VIs by dragging and
dropping the objects between Vis.
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Using Color
You can customize the color (shades of gray on monochrome monitors) of
many LabVIEW objects. To color an object, pop up on it with the Coloring
-Li_l / tool from the Tools palette. Choose the color from the selection palette that
appears. If you select the box witfT an it, LabVIEW makes the object
Coloring tool transparent. With th& (transparent) option, you also can hide the box
around labels.

To hide the box around the label, —————— Label
pop up on the label with ﬂD.EIEI

the Coloring tool
and select T from\
the color palette. |

s

i
e g o o |

F oreground: m B ackground: T
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Exercise 2-2 Editing Exercise.vi

Objective: To learn LabVIEW editing techniques.

You will modify the existingediting Exercise VI to look like the panel
below. You then will wire the objects in the diagram to make the VI

operational.
Front Panel
/400 Digital Indicator
Digital Contral [owned label) 40.00

Repozition me.

Give the Digital Indicator above
& Bl O itz own label.

I'm a Free Label I'm a Free Label
Duplicate me. Duplicate me.

"' alsa a3 Froc Labeod.
d m d Change my fond atirbulcs and hidc The bow around e

@ o o

Flace the 3 button round LED s above so they are
lined up on horizontally and evenly spaced apart.

I'mi a Round LED.
Resize me and color my OFF state Green
and my OM ztate Red.

Repozition the 3 slide switches above!
a3 a group.

I'm a ‘W aveform Graph.
Change the font style, size. color, and range of my v axiz text.

1. Open theéditing Exercise VI by choosingOpen from theFile menu.
(In Windows Sun andHP-UX; if you previously closed all open Vs,
you must select th@pen VI button from the LabVIEW startup
window.) This VI is in theBASICS.LLB library.

The front panel of th&diting Exercise VI contains several LabVIEW
objects. Your objective is to make the front panel of your VI look like
the one shown above.

2. Reposition the digital control.

ti . a. Choose the Positioning tool from theols palette.
Positioning
tool b. Click on the digital control and drag it to another location.

Notice that the control label follows the position of the control. Now
click on a blank space on the panel to deselect the control, then click on
the label and drag it to another location. Notice that the control does not
follow. You can position an owned label anywhere relative to the
control; the label will follow its owner whenever you move the owner.
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Positioning
tool

[

Vertical
Centers axis

Horizontal 5.

Centers axis

O

Resizing 6.

cursor

2/

Coloring tool

iy

Operating tool

Enter button
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Reposition the three slide switches as a group.

a. Using the Positioning tool, click in an open area near the three
switches, hold down the mouse button, and drag until all the
switches lie within the selection rectangle.

b. Click and hold on one of the selected switches and drag to a
different location.

Place the three LED indicators so they are aligned horizontally and
evenly spaced.

a. Using the Positioning tool, click in a open area near the three
LEDs and drag until all the LEDs lie within the selection
rectangle.

b. Align the LEDs horizontally by choosing tMertical Centers
axis from theAlignment ring in the toolbar.

c. Space the LEDs evenly by choosing Hwizontal Centers axis
from theDistribution ring in the toolbar.

Resize the round LED. Place the Positioning tool over the LED until
the tool becomes the resizing cursor. Click and drag the cursor
outward to enlarge the LED.

Change the round LED’s color.

a. Using the Coloring tool, pop up on the LED to display the color
palette.

b. Choose a color from the selection palette. The object will assume
the last color you selected.

c. By default, the state of the Boolean is OFF (FALSE state). Using
the Operating tool, change the state of the LED to ON (TRUE
state) and repeat steps (a) and (b).

Create an owned label for the digital indicator.

a. Using the Positioning tool, pop up on the digital indicator and
chooseShow»Labelfrom the pop-up menu.

b. TypeDigital Indicator inside the bordered box and click the
mouse outside the label (or click the Enter button on the left side
of the Toolbar).

Delete the string control. Select the string control by clicking on it
with the Positioning tool and then press <delete€uatr from the
Edit menu.
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[

| 13pt Application Font

Font ring

s

Coloring tool

Labeling tool

Note

9. Duplicate the free label. Hold dowattrl |¢ | m | option:

, click and
Win Sun H-P Mac
hold on the free label, and drag the duplicate of the free label to a new

location. On HP-UX, click and drag using the middle mouse button.
10. Change the font style and hide the box around the free label.

a. Selectthe free label and use the options from therkamnon the
toolbar to change its style.

b. To hide the box around the label, pop up on the box with the
Coloring tool and select from the Color palette.

11. Change the font style, size, and color of the Y-axis text. Use the
Labeling tool to highlight the “10” in the Y-axis text and choose the
appropriate options from the Font ring in the Toolbar.

12. Change the Y-axis range by double-clicking on 0.00 and typing
-10.0 .

Remember that you can always choose Undo from the Edit menu if you make

a mistake.

Block Diagram

A epozition me.

Chigital Control [owned label]

Diigital Indicator

[DBL Jooo o

i -
i Uriform white Moise.w]  [I'm &' avetorm Graph, .
amplit 2| R Change the font style, size, color, and range of my v axis bext.
%‘I 000z o
Mi] 1
2 B B
CTE]|  LEEJ]  JLEE s ||?|| ||?|| ||_T_F |
I'm a Round LED.

F ezize me and color my OFF state Green
and my O state Bed.

[z

10.00
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1. Wire the block diagram terminals as shown above according to the
following instructions.

Multiply function (Numeric subpalette). In this exercise, this function
multiplies a numeric constant, 10.0, by the value in the digital control.

Numeric Constant In this exercise, this constant is multiplied by the
value in the digital control. Pop up on a terminal ofithétiply

function and seledtreate Constant Typel0 over the highlighted
constant. Click on the Enter button on the Toolbar to end text entry.
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Uniform White Noise VI (Analysis»Signal Generatiorsubpalette). In
this exercise, this VI generates a uniformly distributed random pattern
with values between -10 and 10 and passes it to the waveform graph.

a[}:} Not function Booleansubpalette). In this exercise, this function inverts
the value of the Boolean Switch A and passes the value to the
Round LED.

Wiring tips:

» To wire, click and release on the source terminal and drag the
Wiring tool to the sink (destination) terminal. When the
destination terminal is blinking, click and release the left mouse
button.

» To identify terminals on the Add and Not functions, pop up on
the icon and sele@how»Terminal to see the icon connector.
When wiring is complete, pop up again on the icon and uncheck
Show»Terminal.

« To bend wires, click with left mouse button on the bend location
with the Wiring tool.

2. Save the VI by selectingavefrom theFile menu.

w

Switch to the Panel window by selecti@lgow Panelfrom the
Windows menu. Use the Operating tool to change the value of the front
panel controls. Run the VI by clicking on the Run button in the Toolbar.

iy

Operating tool

4. Close the VI by selectinglosefrom theFile menu.

End of Exercise 2-2
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C. Debugging Techniques

Finding Errors

Broken
Run button

When your VI is not executable paokenarrow appears in the Run button
in the VI Panel palette. To list the errors, click on the broken Run button.
Click on one of the errors listed and then clickFamd to highlight the
object or terminal that reported the error.

Execution Highlighting

Off On

Execution
highlighting button

You can animate the VI block diagram execution by clicking on the
Execution Highlighting button. The symbol changes as shown at left.
Execution highlighting is commonly used with single-step mode to trace the
data flow in a block diagram.

Single Stepping Through a Vi

Step Into
button

Step Over
button

Step Out
button

For debugging purposes, you may want to execute a block diagram node by
node. This is known as single stepping. To enable the single-step mode,
click on the Step Into button or the Step Over button. This action then causes
the first node to blink, denoting that it is ready to execute.

You then can click on either the Step Into or Step Over button again to
execute the node and proceed to the next node. If the node is a structure or
VI, you can select the Step Over buttorexecute¢he node bubot single
stepthrough the node. For example, if the node is a subVI and you click on
the Step Over button, you execute the subVI and proceed to the next node
but cannot see how the subVI node executes. To single step through a
structure or a subVl, select the Step Into button.

Click on the Step Out button to finish execution of the block diagram nodes
and/or complete single stepping.

Single Stepplng Through a VI and its subVis

Arrow indicates
subVl is
executing

LabVIEW Basics | Course Manual

In single-step mode and execution highlighting mode, when a subVI
executes, its icon on the calling VI block diagram is overlaid by an execution
image. The subVI appears on the main VI diagram with a green arrow in its
icon, as shown at left. The diagram window of the subVI then is displayed
on top of the main VI diagram. You then can single step through the subVI
or execute it to completion.
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Probes
HEF

Probe tool

Breakpoints

@

Breakpoint
tool
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You use probes to view data as it flows through a block diagram wire. To
place a probe on a wire, select the Probe tool fror dloés palette and

click on the wire. To select an alternative to the default probe display, pop
up on the wire and select Custom Probe. You can select any compatible
indicator adaptable to the wire data type.

You may want to halt execution (set breakpoints) at certain locations of your
VI (for example, subVls, nodes, or wires) to see data using a probe

or to single step through the execution. Using the Breakpoint tool, click on
any item where you want to set or clear a breakpoint. Breakpoints are
depicted as red frames for nodes and diagrams and red dots for wires.
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Exercise 2-3 Debug Exercise (Main).vi

Objective: To become familiar with LabVIEW debugging features.

You will load a nonexecutable VI and correct the error. You also will use the
single-step and execution highlighting modes to step through the VI.

::ré)_nt Panel Frandom Mumber| Multiply Fiesult Final Result
ndicators 051 5 08 10.25
Block [Fandorm Mumberd]  [Multiply Besul Final Fesult
Diagram [[oBLj;
Debug Exercise [Sub).vi
P U |
................. Lf_,.:-"" n[ﬁ

1. Open thdebug Exercise (Main)Vl by choosingOpenfrom theFile
menu. Windows Sun andHP-UX—If you previously closed all open
Vls, you must select th®@pen VI button from the LabVIEW startup

window.)
l—'_t- Notice thebrokenRun button in the Toolbar, indicating the VI is not
Broken executable.

Run button
2. Open the Diagram window by choosi8gow Diagramfrom the

Windows menu.

Random Number (0-1)function Numeric subpalette). This function
returns a random number between zero and one.

E} Multiply function (Numeric subpalette). In this exercise, this function
multiplies the random number by 10.0.

Numeric Constant (Numeric subpalette). This constant specifies the
constant in the block diagram.

| Debug Exercise (Sub)/I. This VI adds 100 and then calculates the
& square root of the value.

3. Return to the Panel window by choosBigow Panelfrom the
Windows menu.
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Broken
Run button
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7.
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Find the object reporting the error.

a. Click on thebrokenRun button. A dialog box listing one error
will appear.

b. Click on the error in the dialog box and then clickFomd.

In the block diagram, a dashed line highlights\hetiply function.
TheMultiply function contains an unwired terminal.

Wire the numeric constant (10.0) to the lower-left terminal of the
Multiply function. If you need to see the terminals, pop up on the
Multiply function icon and choos&how»Terminalsfrom the

pop-up menu. Notice that when you place the Wiring tool on a
terminal, a tip strip appears with the terminal label.

If you correctly wire the numeric constant, the arrow symbol in the Run
button looks normal.

Save the VI by selectingavefrom theFile menu.

Switch to the Panel windowMindows menusshow Pane). Run the
VI several times by clicking on the Run button.

A good way to debug a VI is to single-step through the VI and animate the
flow of data through the block diagram. As data passes from one node to
another, the movement of data is marked by bubbles moving along the wires.
In addition, in single stepping, the next node to be executed blinks rapidly.

%) >
Off Oon
Execution

highlighting button 9.

bl [

Step Into  Step Over
button button

Run button
while VI
is running

o8]

Step Out
button

© National Instruments Corporation

10.

Switch to the Diagram window\(indows menu>show Diagram).
Enable the execution-highlighting mode by clicking on the execution
highlighting button. The button changes as shown at left.

Enable the single-step mode by clicking on the Step Into button or
the Step Over button. You will see the data flow from the numeric
constant to the input of thdultiply function, and th&kandom
Number generator function blinks rapidly.

The Run button becomes black as shown at left to indicate the VI is

running.

a. Step through the entire block diagram by clicking on the Step
Over button after each node. By clicking the Step Over button,
you will execute the current node and pause at the next node,
which is ready to execute.

b. When the outline of the block diagram blinks, click on the Step
Out button to complete execution of thebug Exercise
(Main) VI.
Notice that the data appears on the front panel as you step through the
program. First, the VI generates the random number and then multiplies
it by 10.0. Finally, the subVI adds 100.0 and takes the square root of the
multiplication result.
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ka

Step Into
button

=

Step Over
button

o8]

Step Out
button

+EF

Probe tool

@

Breakpoint

tool
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11. Single step through the VI again, but this time you also will single
step through th®ebug Exercise (Sub)/I subVI.

a.

Activate theDebug Exercise (Main)VI Diagram window and
begin single stepping by clicking on the Step Into button or the
Step Over button.

Click on the Step Into button when thebug Exercise (Sub)/I
is blinking. The diagram below is displayed on top of the
calling VI.

Final A esult

Click on theDebug Exercise (Main)VI (calling VI) Diagram
window to activate the window and notice the green arrow on the
subVI icon, depicting it in single-step mode.

I
n:ﬁ

Click on theDebug Exercise (Sub)/I Diagram window and click
on the Step Out button twice to complete the subVI block diagram
execution and then the subVI execution.

TheDebug Exercise (Main)VIl Diagram window becomes
active. Click on the Step Out button to complete the VI
execution.

LabVIEW also contains a probe to view the data as it flows through

a wire.

12. View the probe. Enable the probe by selecting the Probe tool from
the Tools palette and then clicking on any object.

Probe [1
5.0825E+0

13. Single step through the VI again. The Probe windows should display
the data as it flows through that segment.

LabVIEW can halt execution of a VI at any location on its diagram.

14. Set breakpoints by selecting the Breakpoint tool fronTtods
palette.
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E 15. Run the VI by clicking on the Run button. The VI will pause at the
- breakpoints. To continue VI execution, click on the Pause/Continue
Pausglﬁgg“”ue button. To clear breakpoints, click on the set breakpoints with the

Breakpoint tool.

. @ 16. Turn off execution highlighting by clicking on it. The button changes
= = as shown at left.
n

Execution 17. Close the VI and all open windows by selectiigsefrom theFile
highlighting button menu.

End of Exercise 2-3
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Summary, Tips, and Tricks

Summary

LabVIEW Basics | Course Manual

You place VI controls and indicators in the Panel window.

Control terminals have a thicker border than indicator terminals in
the block diagram. To change a control to an indicator (or vice
versa), pop up on the terminal (Diagram) or object (Panel) and select
Change to Indicator (or Change to Contro).

You place nodes, terminals, and wires in the Diagram window.

You can tack down th€ontrols palette Functions palette, and their
subpalettes to the screen, so they are visible at all times, by clicking
on the pushpin on the top left corner of the palette.

A broken arrow in the Run button identifies nonexecutable VIs. You
can click on the broken arrow to find the object reporting the error.

Using execution highlighting, single stepping, and breakpoints and
probes helps debug your Vls easily by tracing the flow of data
through the VI.

LabVIEW single stepping features include:

— Step Into button: Single steps into subVls, loops, and so on for
debugging.

— Step Over button: Enables single-stepping mode, bypasses single
stepping through a node, and pauses at the next node in the
main VI.

— Step Out button: Stops single stepping through a node and returns
to the main VI.

Use the Operating tool to manipulate front panel controls and
indicators. Use the Positioning tool to select, move, and resize
objects. Use the Wiring tool to wire objects together in the block
diagram.

Popping up on individual components of an object accesses their
own pop-up menus. So remembéihen in doubt, pop up!
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Tips & Tricks

Tip 1*
Operating

Tip 2
Operating
or Editing

Tip 3*
Operating

Tip 4
Operating

Lesson 2  Creating, Editing, and Debugging a VI

An asterisk (*) indicates the most commonly used tips.

Frequently used menu options have equivalent command key short cuts. For
example, to save a VI, you can cho8seefrom theFile menu, or press the

control key equivalenkctrl |¢ | M |#% -S> . Key equivalents are shown next
Win Sun H-P Mac

to their menu items. Some frequently used command key shortcuts are:
Windows Sun HP-UX  Macintosh
<Ctrl-R> <0-R> <M-R> <¥-R> RunaVil

<Ctrl-E> <0-E> <M-E> <3 -E> Toggle between the Panel and
Diagram windows

<Ctrl-H> <0-H> <M-H> <3%-H> Toggle the Help window on
and off

<Ctrl-B> <0-B> <M-B> <3#-B> Remove all bad wires
<Ctrl-W> <0-W> <M-W> <3#-W> Close the active window
<Ctrl-F> <-F> <M-F> <#-F> Find objects, ViIs, etc.

Shortcut to access tA®ols palette:
Windows Sun andHP—Press <shift> and the right mouse button
Macintosh—Press <3 -shift> and the mouse button

Use <Tab> to rotate through the tools in the tool palette. In the Panel
window, pressing the space bar toggles between the Positioning tool and the
Operating tool. In the Diagram window, pressing the space bar toggles
between the Positioning tool and the Wiring tool.

To increment and decrement faster, press <shift> while incrementing and
decrementing using increment and decrement buttons on digital controls.

To increment or decrement faster:
]
oo

‘Yf'";- Place cursor before incrementing or decrementing.
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Tip 5 To set the file path, display, font, printing, and other preferences, choose the
Operating Preferencesoption from theEdit menu.

B! Preferences E

[P
Performance and Disk

I Temporary O Frant Panel

Block Diagram

BRINISEY  Debugging
Colors
Fants
Prifting ~

Histary

Time and Date
Migcellaneous

Server: Configuration
Server: TCPAP Access

[ Server: Exported 'z
T CdrCeET I

Tip 6 You can compile a VI without using single stepping or execution

Operating highlighting code. This compiling method typically reduces memory
requirements and increases performance by 1~2%. To do this, pop up in the
icon pane (upper-right corner of the Panel window) and chébSetup
from the pop-up menu. From the Window Options menu, deselect the
Debuggingoption to hide the Execution Highlighting and Single Step

buttons.
B ¥ Setup
I ‘window Options _vI
[~ Dizlog Box [ Show Scroll Bars
v ‘window has Title Bar [+ Show Menu Bar
[w &llaw User to Cloge MWindow v Shiw Toolbar
[+ &llaw User to Resize Window [+ Shiow Bun Buttan
[+ &llavs Run-Time Pop-up Menu [V Show Continuous Bun Button
[ Hilite <Return: Boolean W Show &bort Button
[ Size to Screen '7 Allows Debugging [Compile in debugging code]|
[ Auto-Center ¥ Enable Log#Print at Completion
. . uta hahdling of menus at launc
\window Tl [ Auto handling of | h
indow Title
’7 " i v Same az V| Mame
0K | Cancel |
Tip 7 To find VIs, globals, functions, or text loaded in memory or in a

Operating specified list of VIs, seledtind... from theProject menu or
<ctrl |0 | M |% -F>

Win Sun H-P Mac
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Tip 8
Editing

Tip 9*
Editing

Tip 10*
Editing

Tip 11
Editing

Tip 12*
Editing

Tip 13*
Editing

Tip 14*
Editing
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To open a subVI panel from the calling VI:
1. Double-click on the subVI; or
2. SelecfThis VI's SubVIs from theProject menu.

To open a subVI diagram from the calling VI.

Press<ctrl |¢ | alt | option> and double-click on the subVI.
Win Sun H-P Mac

Shortcuts in creating constants, controls, and indicators:

* Pop up on function terminals and sel€céate Constant Create
Control, or Create Indicator.

» Drag front panel control and indicators to the block diagram to create
a constant.

» Drag a block diagram constant to the front panel to create a control.
To quickly add items to ring controls, press <shift-enter> after typing the

item name. Pressing <shift-enter> accepts the item and positions the cursor
to add the next item.

Text Ring

ltem 10

Press <shift-enter> to accept the item and add a new item.

To duplicate an object, select the object using the Positioning tool, hold

down <ctrl | ¢ | alt | option> and drag the mouse. On HP-UX, click and
Win Sun H-P Mac

drag the object with the middle mouse button. The object will be duplicated.

To limit an object to horizontal or vertical motion only, hold down <shift>
and drag the object with the Positioning tool. The object will move
horizontally or vertically only.

To replace nodes, pop up on the node and cHeepkcefrom the
pop-up menu.

Humber 1

2 TOBL 1
MHumber 2 i Orlire Help
[DEL | i Description...
Shaw »

o N

Create Constant
Create Control
f; Create Indicator

L i |
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Tip 15
Editing

Tip 16*
Wiring

Tip 17*
Wiring
Tip 18
Wiring

Tip 19*
Wiring

Tip 20*
Wiring

Tip 21*
Wiring
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To select a color from an object, first select the Color Copy tool. Place the
tool over the object and click to pick up the color. Color other objects by
clicking on them using the Coloring tool. Another way to get the Color Copy
tool is to use the Coloring tool and pressrl | ¢ | alt | option:

Win Sun H-P Mac
To tack down a wire, click where you want to bend the wire. To tack down
a wire and break it, double-click.

Tack down a wire by clicking. Tack and break the wire

I>___ I> ________ by double-clicking.

. iy

To change the direction of a wire while wiring, press the space bar.

To use bubbles to denote wire junctions on your block diagram, enable the
feature by selectingreferences»Block Diagranfrom theEdit menu.

Use the arrow keys to nudge selected objects in the Panel window and the
Diagram window. Pressing the arrow key nudges a selected object one pixel
in the direction of the arrow. This tip also works for selected wire fragments.

Use arrow keys to nudge selected objects.

To delete a wire as you are wiring:

Windows, SurandHP-UX—Click the right mouse button or click on the
origination terminal.

Macintosh—Hold down <option> and click, or click on the origination
terminal.

Help options to aid in wiring:

» Enable the Help window by selectisipow Helpfrom theHelp
menu.
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Tip 22
Debugging

Tip 23
Editing

Tip 24
Editing

Lesson 2  Creating, Editing, and Debugging a VI

» Tip strips display a yellow strip with the label of the terminal that the
tool passes over.

* EnableShow Terminalsfrom the function pop up menu to display
the connectors for the available terminals.

Shortcuts for single stepping:

o Step Into:<ctrl [0 | alt 3% -down arrow>
Win Sun H-P Mac

* Step Over<ctrl |¢ | alt ® -right arrow>
Win Sun H-P Mac

e Step Out:<ctrl |0 | alt ¥ -up arrow>
Win Sun H-P Mac
Use theUndo andRedofeatures if you make a mistake.

To create more blank space on your diagram,

<ctrl |¢ | alt % -left click and drag a rectangler the diagram.
Win Sun H-P Mac
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D. Additional Exercises

LabVIEW Basics | Course Manual

2-4

2-5

Build a VI that compares two numbers and turns on an LED if the
first number is greater than or equal to the second number. (Hint—
Use theGreater or Equal? function in the Comparison subpalette
of theFunctions palette.) Name the \Compare.vi.

Build a VI that generates a random number between 0.0 and 10.0
and divides the random number by a number specified in the front
panel. If the number inputis zero, the VI should turn on a front-panel
LED to indicate a divide by zero error. Save the VI. Name it
Divide.vi.
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Notes
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Notes
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Lesson 3
Creating a SubVI

]

Introduction

This lesson introduces the icon/connector of a VI and explains how you can
use a VI as a subVI in other Vis.

You Will Learn:

A. What a subVI is.

B. How to create an icon and connector.

C. How to use a VI as a subVI.

D. How to use th€reate SubVI menu option.
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A. Basic ldeas

The key to creating LabVIEW applications is understanding and using the
hierarchical nature of the VI. That is, after you create a VI, you can use it as
a subVI in the block diagram of a higher-level VI. If a block diagram has a
large number of icons, you can group them into a lower-level VI to maintain

the simplicity of the block diagram. This modular approach makes

applications easy to debug, understand, and maintain. You can learn more

about application development in the LabVIEW Basics Il course.

SubVIs are similar to functions or subroutines in a conventional

programming language. The following pseudo-code and block diagram

demonstrate the analogy between subVIs and subroutines.

Function Code

function average (in1, in2, out)

out = (inl +in2) / 2.0;

Calling Program Code

main

{

average (pointl, point2,
pointavg)

SubVI Block Diagram

B

Calling VI Block Diagram

2Pt
g [

LabVIEW Basics | Course Manual
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B. Creating the Icon and Connector

A VI that you use as a subVI needs an icon to represent it in the block
diagram of a calling VI. The subVI also must have a connector with
terminals to pass data to and from the higher-level VI.

Example—Slope Function
As an example, consider a VI that calculates the slope of two coordinates.
The front panel and the block diagram for the VI are shown below. To use
this VI as a subVI, you must create an icon and a connector for it.

il il Slope [m]
Jeo0 | sEoo | [too |
el 2

Jo0 | Jeoo |

Icon

Every VI has a default icon displayed in the upper-right corner of the Panel
and Diagram windows. For VIs, the default icon is a picture of the
LabVIEW logo and a number indicating how many new VIs you have
opened since launching LabVIEW. You use the Icon Editor to customize the
icon by turning individual pixels on and off. To activate the Icon Editor, pop
up on the default icon in the top right corner of the Panel or Diagram
window and seledEdit Icon as shown below.

File Edit Operate Project Windows Help

':blfigl /@\ ; ] I |13pt Application Fart =] 3o =] [*0a =] &9 =]

=l
Wl Setup...

Edit [zon...
Show Connector

1 hall slope [rn] Sdd Termitial

I & i Hemove Tiemmital
Jzoo | FREon | 1.00 it ,

Hatate 90 Dearees
Flip Harizomtal
Flip Wertical
w2 w2 Diszonnest &l Terminals

[izcontest This Teminal
Tihiz Eonmection = 3

gl
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The following window appears. You use the tools at left to create the icon
design in the fat pixel editing area. An image of the icon’s actual size
appears in one of the boxes to the right of the editing area.

3! Icon Editor E
File Edit Help

B W Copy frarm:
Telarl)

16 Colors

Another method to create an icon is to drag any .BMP, .WMF, .EMF, or
.PCT format graphic into the Front Panel icon pane.

Depending on the type of monitor you are using, you can design a separate
icon for monochrome, 16-color, and 256-color mode. You design and save
each icon version separately. The editor defauR$6Colors but you can

click on one of the other options to switch modes.

The tools to the left of the editing area perform the following functions:

‘? pencil Draws and erases pixel by pixel.
line Draws straight lines. Use <shift> to restrict
drawing to horizontal, vertical, and diagonal
lines.
f dropper Selects the foreground color from an element in
the icon.
fill bucket Fills an outlined area with the foreground color.

rectangle Draws a rectangular border in the foreground
color. Double-click on this tool to frame the icon
in the foreground color.

U]l
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filled Draws a rectangle bordered with the

rectangle foreground color and filled with the background
color. Double-click on this tool to frame the icon
in the foreground color and fill it with the
background color.

——4 Select Selects an area of the icon for moving, cloning,

L—d deleting, or performing other changes.
Double-click on this tool and select Delete from
the keyboard to delete the entire icon at once.

A text Enters text into the icon. Double-click on this
tool to select a different font. Note that in
Windows, smaller fonts usually work better.

El foreground/ Displays the current foreground and
background background colors. Click on each to get a palette
from which you can choose new colors.

The options at the right of the editing screen perform the following

functions:

Show Terminals Click on this option to display the terminal
pattern of the connector

OK Click on this button to save your drawing as the
VI icon and return to the Panel window.

Cancel Click on this button to return to the Panel window

without saving any changes.

The menu bar contains more editing options sudbna®, Redo, Cut,
Copy, Paste andClear.

Connector
The connector is the programmatic interface to a VI. If you use the panel
controls or indicators to pass data to and from subVIs, these controls or
indicators need terminals on the connector pane. You define connections by
choosing the number of terminals you want for the VI and assigning a front
panel control or indicator to each of those terminals.
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To define a connector, you sel&tiow Connectorfrom the icon pane
pop-up menu on the Panel window, as the following illustration shows. The
Diagram window does not have a connector pane.

Pop up inicon pane.

File Edit Operate Project Windows Help et
T — = — .1 [ L "yl St
(2@ [ ] [12et dpplication Fort =] [$a_=] [a_=] [£5 =] [k etup...
Edit lon...
Show Connectaor
Al | slope [m] gdd Term.li_nall |
il il EE emaye T erminal
ko | iR | — Patterms »
Fatate S0 Dearees
Flip Horizortal
Elim Wertical
ﬂ ﬂ Dizeonnect &l Terminals
wBo0 | Jeoo | . —
izcantesct This Terminal
Thiz Eonmection (= »
| [

The connector replaces the icon in the upper-right corner of the Panel
window. LabVIEW selects a terminal pattern appropriate for your VI with
controls on the left side of the connector pane, and indicators on the right.
The number of terminals selected depends on the number of controls and
indicators on your front panel.

File Edit DOperate Project Windows Help ]
E{}I{é_"l [&:[ ] [1zptApplication Fort =] [8 =] [0 =] [#0 =] —
=
bl 1| Slope [m
J2o0 | oo | oo |
2] 2|
Jzo0 | Jeoo |
| | »Id

Each rectangle on the connector represents a terminal area, and you can use
the rectangles either for input to or output from the VI. If necessary, you can
select a different terminal pattern for your VI.
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Selecting and Modifying Terminal Patterns

To select a different terminal pattern for your VI, pop up on the connector
and choos@atterns from the pop-up menu.

Add Termninal
Remove Terminal

Patterns

m Rotate 90 Degrees

Flip Horizontal

Flip Wertical

Dizconnect All Terminals

Dizeannect This Termina
Tz Contection = »

H H[1]]

SO QAT

|
O L FLE|

A boldfaced border highlights the pattern currently associated with your
icon, as shown above. To change the pattern, click on a new pattern. The
maximum number of terminals available for a subVI is 28.

If you want to change the spatial arrangement of the connector terminal
patterns, choose one of the following commands from the connector pane
pop-up menuFlip Horizontal , Flip Vertical , or Rotate 90°
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Assigning Terminals to Controls and Indicators

You assign front panel controls and indicators to the terminals using the
Wiring tool. Use the following steps to associate the connector pane with the
front panel controls and indicators.

1. Click on a connector terminal. The tool automatically changes to the
Wiring tool. The terminal turns black.

File Edit Operate Project ‘Windows Help g
|:{}|@| |§§§| ] | | 12pt Application Font -+ |9 =] [7oa =] [#9 =]

w1 ha! Slope [m)
=] 2300 .00
®z ¥z

=] slz00

] .

2. Click on the front panel control or indicator you want to assign to the
selected terminal. A dashed line frames the selected object.

il 1 Slape [m)
200 3 SBE00 -1.00
2 Y2

~[300 ~[200

If you position the cursor in free space and click, the dashed line
disappears and the selected terminal turns the same color as the data type
in the control or indicator you linked to it, indicating that the control or
indicator you selected now corresponds to the colored terminal.

Note Although you use the Wiring tool to assign terminals on the connector to front
panel controls and indicators, no wires are drawn between the connector and

these controls and indicators.
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File Edit DOperate Project Windows Help

|:{>|{§t| [&m] | 12pt Application Fant

5o o [ o [ ‘.
~

bl 1| Slope [m
Jeon | sRoo | oo |
w2 T2

Jzo0 | Jeoo |

IO

3. Repeat steps 1 and 2 for each control and indicator you want to connect.

You also can select the control or indicator first and then select the
terminal. You can choose a pattern with more terminals than you need.
Unassigned terminals do not affect VI operation. You also can have
more front panel controls or indicators than terminals.

© National Instruments Corporation
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Exercise 3-1 Convert C to F.vi

Objective: To huild an icon and a connector for a VI.
You will be making an icon and a connector for the VI you previously built
to change temperature from degrees C to degrees F. You will use this VI
later, so be sure to save it as the instructions below describe.

Front Panel
degC deg
S5m0 77.00
P 1. Open theConvert C to F VI by choosingOpen from theFile menu.
Select tool 2. Open the Icon Editor by popping up in the Icon Rartechoosing:dit
] Icon from the pop-up menu.

Rectangle tool 3. Erase the default icon by double-clicking on the Select tool and pressing
<delete>. Redraw the border by double-clicking on the Rectangle tool.

A 4. Create the icon shown below. Create the text with the Text tool.
Text tool Double-click on the Text tool to change the font. Create the arrow using
ﬁ the Pencil tool.
Pencil tool
Fil= Edit Help
B & Copy from:;
(J Black & White
16 Calors 2 -
I a F [~ Show Temminals
256 Colors oK |
c=F Cancel |
Note Shift-dragging (holding down <shift> while dragging the mouse) with the

Pencil tool draws horizontal or vertical straight lines.

5. Close the Icon Editor by clicking on OK when your icon is complete.
The icon appears in the Icon Pane in the upper-right corner of the Panel
or Diagram window. The icon represents the VI in the block diagram of
other VIs. An icon can be a pictorial representation of the VI's purpose,
or it can be a textual description of the VI or its terminals.
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6. Define the connector terminal pattern by popping up in the icon pane (in
the Panel window) and choosiSpow Connectorfrom the pop-up
menu.

C—=F| Wl Setup...
Edit lcon...

Show Connectar

Find &ll Inztances

Al Termimal

Eemowe Termimal
Eatterms 3
Fatate Sl Vegrees

Elim Horzamtal

Elim Y ertizal

[Nicanmest Al emimals

[Mzzonnest Tk demimal
e Canmeston & 2

LabVIEW will select a terminal pattern based on the number of controls
and indicators on the front panel. In this example, there are two
terminals—thaleg C digital control and théeg F digital indicator.

7. Assign the terminals to the digital control and digital indicator using the
Wiring tool. Click on the left terminal in the connector and then on the
deg C control. The left terminal should turn a dark orange color. Now
click on the right terminal in the connector and then oriélge-
indicator. Now the right terminal will turn dark orange.

When you click in an open area of the panel, both terminals on the
connector should be orange. This shows that both terminals are
connected to floating-point values.

deqC . deg F

= Note A common LabVIEW convention is that the terminals connected to front
panel controls are located at the left side of the connector pane, while the
terminals connected to front panel indicators are located at the right side of
the connector pane. In other words, your input terminals are at the left on the
connector pane, and your output terminals are at the right on the connector
pane.

8. Save the VI under the same name by sele&awgfrom theFile menu.
9. Close theConvert C to F VI.

End of Exercise 3-1
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C. Using a VI as a SubVI

You may use any VI that has an icon and a connector as a subVI in the block
diagram of another VI. You select VIs for use as subVIs fronsdiect a

VI... option from thé=unctions palette. Choosing this option produces afile
dialog box from which you can select any VI on your computer system.

~~1-Functions
Select a¥l. ..
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You can also move an open VI into the diagram of another open VI by
dragging the icon of the VI you want to be a subVI into the diagram of the
other VI.

A subVI is analogous to a subroutine. A subVI node (icon/connector) is
analogous to a subroutine call. The subVI node is not the subVI itself, just
as a subroutine call statement in a program is not the subroutine itself. A
block diagram that contains several identical subVI nodes will call the same
subVI several times. However, multiple copies of the subVI will not be
stored in memory.

Opening, Operating, and Changing SubVis

LabVIEW Basics | Course Manual

You may open a VI used as a subVI from the calling VI's block diagram.
You open the Panel window of the subVI by double-clicking on the subVI
icon. You then can open the Diagram window by sele@imgwv Diagram
from theWindows menu.

Any changes you make to a subVI alter only the version in memory until
you save the subVI. Note that the changes affect all calls to the subVI and
not just the node you used to open the VI.
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With the Help Window enablediglp menusshow Help), when you move
an editing tool across a subVI node, the Help window displays the subVI
icon with wires attached to each terminal. An example is shown below.

0] =]

glope [m)

o
P

'-Jn>|f52| i ; 1l | @ kul'ﬁ’lﬁ i Help
=l —foaan
point] - e L
izl
(51 ] Az
2
it 7 - A— I _
TBEL] g slope.vi
— v {—{[o6L] -
ot 2 - a | Gz This vi caloulates the slope from bwa
o setz of w-p coordinates,
point 2 - E_:I&I?I‘I

Select Show Help and then place an editing
tool over the subVI to display the wiring diagram.

Same as
the indicator
(control) label.

You can classify the requirements of the inputs/outputs of your subVI and
represent the classification accordingly in the Help window. For example,
by classifying that input d&equired, you can automatically detect whether
you have wired the input and prevent your VI from running if you have not.
To classify input terminals, pop up on the icon pane and s&fet
Connector. Then, pop up on an input or output on the connector pane and
chooseThis Connection Is»Required Recommendedor Optional.

File Edit DOperate Project Windows Help VI Setup '.
E{}I{gﬂ /@@\i ] I |13pt Application Fant Edit lcon...
Show lcon _j
Add Teminal
=1 w1 Femove Terminal
= T = T s Patterris »
Ratate 90 Deagrees
Flip Harizontal
Flip Vertical
%2 ﬂ Dizconnect All Terminals
g 0.00 §W| Dizconnect Thiz Terminal
Required Thiz Conrection s »
+ Recommended I
Optional =
Required You cannot run the VI without wiring it correctly.
In the Help window, connections appear in
bold text.
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Recommended You can run the VI, but the error list window will
list a warning for the input. In the Help window,
connections appear in plain text.

Optional You can run the VI, but the potential for wiring
error increases. In the Help window, connections
are gray. If the Help window is in simple view,
the connections are hidden.

Note By default, input and output terminals are recommended. See the following
examples of a node with classified inputs—the Read File function from the
File subpalette and the Print Panel VI from the Application Control
subpalette.
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Exercise 3-2 Thermometer.vi
Objective: To build a VI that you will use as a subVI.

You will build a VI that measures temperature using the temperature sensor
on the DAQ Signal Accessory. The sensor outputs a voltage proportional to
temperature. For example, if the temperature is 23° C, the sensor output
voltage is 0.23 V. The VI also will have the option to display the temperature
in degrees Fahrenheit rather than degrees Celsius.

You measure the voltage using the plug-in DAQ board inside your computer.
The sensor is hard-wired to Channel O of the DAQ board. You will use the

Read VoltageVI to measure the voltage and then convert the voltage into a

Fahrenheit or Celsius temperature reading.

Note If a DAQ board and/or DAQ Signal Accessory is not available, use the (Demo)
Read Voltage VI (User Libraries»Basics Course subpalette) instead of the
Read \Voltage VI.

You will use this VI later, so be sure to save it as the instructions below
describe.

Front Panel

Temp Scalel  100.00- %H;I;EE&WI
gdeﬂt 80,00~
deaf B0.00-
40,00~
20,00~
no0- 4

1. Open anew panel by selectidgwfrom theFile menu. Windows, Sun,
andHP-UX—If you have closed all Vls, seledew VI from the initial
LabVIEW window.)

2. Place the thermometer indicator in the Panel window.

a. Pop up in an open area of the Panel window and choose
e Thermometer from the pop-ufNumeric subpalette.
ENTET
b. TypeTemperature inside the highlighted text box and click the

Enter button
! mouse button or the Enter button on the toolbar.

c. Show the digital display for the thermometer by popping up on it
and selectinghow»Digital Displayfrom the menu.
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3. Place the vertical switch control in the Panel window.

a. Pop upin an open area of the Panel window and chéamteal
Switch from the pop-uBooleansubpalette. Typ&emp Scale
inside the text box and click the mouse button or the enter button
on the toolbar.

AI b. Using the Labeling tool, place a free lakiegC , next to the true
_ condition of the switch. Place a free lalulgF , next to the false
Labeling tool condition of the switch.

Documenting the VI

You can document the VI by choosi8gow VI Info... from theWindows
menu. Type the description of the VI in the dialog box. You can recall the
description by again selectii@how VI Info... from theWindows menu.

4. Document the VI. Sele&how VI Info... from theWindows menu.
Type the description for the VI as shown and clickQif.

{51 V1 Information E
Wame: Lntitled 1 Locking and Pazsword Status:
Path: W1 not saved to disk ** Unlocked [no password)

7 Locked [no password]
i~ Paszsword-protected

Explain... |

Current Revizion: 0

B v

Description:
VI Descrlptlon ————— [Thiz VI measures temperature using the temperature sensor on the DAD Signal Accessory) -

~Memory Usage:
Resources: - Frant Panel: 101K,
Block Diagram: 100K,

Code: 5.0K

Data: 1.6k
Total: 266k

Ok, Cancel
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You can document the objects on the front panel (or their respective
terminals on the block diagram) by popping up on the object and choosing
Data Operations»Description..from the object pop-up menu. Type the
object description in the dialog box that appears.

Change to Caontral
Synchronous Display

Find T erminal
Show 3
Drata Operations Reinitialize to Default
Create » b ake Current W alue Default
Ky avigatian.,. ot [ata
Replace [ 3 Copw Data
Paste ata
Representation  » Deszcription...
Data Range... Hline HER
Format & Precision...
Add Slider
Fill Dptions »
Scale 3
Test Labelz

You can recall the description by again selecbegcription... from the
object pop-up menu. An example pop-up menu that appears while the VI is
in run mode is shown below. (You cannot edit the description while in the

run mode.)
1000~ Temperature
: 0.00
80.0-
B0.0-|  Reinitialize to Default
a00-| CutData
_| CopyData

&Ll Paste D ata

0.0-

Online Help

5. Document the thermometer indicator and switch control.

a. Pop up on the thermometer indicator and ch@zde
Operations»Description...from the pop-up menu.
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b. Type the description for the indicator as shown and clicRlén

iB Description E

Temperature Description

Dizplays the temperature measurement | ;I

ar. | Canhicel |

c. Pop up on the vertical switch control and chdoata
Operations»Description...from the pop-up menu.

d. Type the description for the control as shown and clic®Kn

Description

Determines the scale [Fahrenheit or Celsius] to uze for
the temperature measuremenl_|

6. Show the descriptions you created by again seleDtitg
Operations»Description...from the indicator and control pop-up

menu.

7. Show the Help window to see the descriptions you just typed when you
move the cursor over the panel objects.
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Block Diagram

ml Fead Vultaﬁe.vi

——

select]  Temperature
....................... )

Conwvert C to F i

C—F

Charnel

1. Open the Diagram window by choosiBgow Diagramfrom the
Windows menu.

2. Select the block diagram objects. For each object, pop up in an open
area of the Diagram window and choose the object from the pop-up
menu.

0 If your computer lacks a plug-in DAQ board or a DAQ Signal Accessory is
not available, use th®emo) Read VoltageVl.

Read VoltageVI (User Libraries»Basics Coursesubpalette). In this
i | exercise, this VI reads the voltage at Channel O or device 1.

bl
[z

¥ (Demo) Read VoltageVl (User Libraries»Basics Coursesubpalette).
wus | This VI simulates th®ead VoltageVI operation.

fm2

Numeric Constant (Numeric subpalette). (You need two of these
constants.) To insert a new value, double-click inside the numeric with the
Labeling tool and type the new value.

String Constant (String subpalette). To insert a new value, double-click
inside the string with the Labeling tool and type the new value.

=1

Multiply function (Numeric subpalette). In this exercise, this function
multiplies the voltage that tHeead VoltageVI returns by 100.0 to obtain
the Celsius temperature.

N

Convert C to F VI (Select a VI...»BASICS.LLB palette). This is the VI
you built the icon and connector for in the previous exercise. You will use it
here to convert the Celsius readings into Fahrenheit.

Selectfunction Comparison subpalette). Depending on the value of the
Temp Scale switch, the function outputs either the Fahrenheit (False) or
Celsius (True) temperature value.

.t _ 3. Using the Positioning tool, place the icons as illustrated on the
Pos'tt(')%rl“”g diagram and wire them together with the Wiring tool.
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Continuous
Run button

N
Continuous
Run button

in continuous

run mode

(I

Rectangle tool

Remember, if you need to see icon terminals, pop up on the icon and
choosesShow Terminalsfrom the pop-up menu. You also can show the
Help window by choosinhow Helpfrom theHelp menu.

TheRead VoltageVI measures the voltage at Channel 0 of the plug-in
board. The VI then multiplies the voltage by 100.0 to convert it to a
temperature in °C.

Make the Panel window the active window by selecting it and run the

VI several times. Place the VI in the free-run mode by clicking on

the Continuous Run button. Put your finger on the temperature
sensor and notice the temperature increase.

Turn off the continuous-run mode by clicking on the Continuous Run
button.

Create the icon.

Icon

iTemp

a. Invoke the Icon Editor by popping up in the Icon Pane and choosing
Edit Icon from the pop-up menu.

b. Erase the default icon by double-clicking on the Select tool and
pressing <Delete>. Redraw the frame by double-clicking on the
Rectangle tool.

c. Draw an icon that represents the thermometer. Draw the
thermometer with the Pencil tool.

Pencil tool
Note Shift-dragging (holding down <shift> while dragging the mouse) with the
Pencil tool draws horizontal or vertical straight lines.
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d. Create the text with the Text tool. Double-click on the Text tool

to change the font t8mall Font.

Texttool e. Close the Icon Editor by clicking @K when your icon is

complete. The icon appears in the Icon Pane in the upper-right
corner of the Panel window.

I+l Icon Editor
File Edit Help
B & 'w Copy from:
j’ HTemp Q Black & white
I:I w} HEE s
:I&' 16 Colars W

EI I E rI-I FI I~ Show Teminals
256 Colors 0k |

HTemp

Cancel |

7. Create the Connector.

Connector

Temp Scale Temperature

a. Define the connector terminal pattern by popping up in the icon
pane and choosing§how Connectorfrom the pop-up menu.

iTemp

W Setup...
Edit [zan...

Show Connector

Find &l Inztances

Sdd Nermiral

Hemawe liermital
Eatters b
Eatate Jil Megrees

Flim Harizartal

Elim ¥ ertical

[izzanmest &l Temimnals

[Irecannest e lemimal
e Eantection .
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b. Assign the terminals to the switch and the thermometer.

& Using the Wiring tool, click on the left-hand terminal in the
connector. Click on the switch control. The terminal will turn green.

Wiring tool
EVEOREROTNE Temgpearsure
ﬁ:m Scale 1aao- - W
ideg C q00-
—_:M@ L0~
400-
200-
IJIJ-i

Now click with the Wiring tool on the right-hand terminal in the
connector. Click on the thermometer indicator. It will turn orange.

If you click in an open area, both terminals should be colored to
indicate the data connection.

8. Save the VI by choosingavefrom theFile menu. Make sure the
BASICS.LLB library is the active path in the File dialog box. Name
the VI Thermometer.vi.

This VI is now complete and ready for use as a subVI in other ViIs. The
icon represents the VI in the block diagram of the calling VI. The
connector (with two terminals) outputs the temperature.

9. Close the VI by choosin@losefrom theFile menu.

End of Exercise 3-2
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D. The Create SubVI Option

You can simplify the block diagram of your VI by converting sections of
your diagram into subVIs. You can encapsulate subdiagrams into subVIs by
selecting the section to convert and then chooSmegite SubVIfrom the

Edit Menu. LabVIEW converts the selection into a subVI and replaces the
subdiagram with the new subVI. LabVIEW automatically creates the
controls and indicators for the new subVI and wires the subVI to the existing
wires. An example is shown below.

73 -mmmmmee- :
[DBL | : :
. i : Sloée mm
AR Bi .......
Eﬁ: !
e i
Note You cannot convert a section that creates a subVI with more than 28 inputs

and outputs, because 28 is the maximum number of inputs and outputs
allowed on a connector pane.
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Summary, Tips, and Tricks

LabVIEW Basics | Course Manual

SubVisare Vis called within higher-level Vis, allowing you to create
modular block diagrams.

Modularization through subVIs makes your block diagram easier to
understand and debug.

Theicon andconnectorare two components of a subVI.

Theconnectorterminals of a subVI pass data to the subVI code and
receive the results from the subVI. You define the connector by choosing
the number of terminals you want for the VI and then assigning a front
panel control or indicator to each of those terminals.

Thelcon Editor creates icons for the VI. You access the Icon Editor by
popping up on the lcon/Connector pane of a VI in edit mode.

In thelcon Editor, text attributes can be changed by double-clicking on
the Text tool.

TheRequired, RecommendedandOptional classifications assigned
to input terminals make it easier to prevent common wiring mistakes,
such as forgetting to wire required information to a subVI.

Show VI Info... (Windows menu) allows you to document and maintain
pertinent comments about the VI.

You can add descriptions for each control/indicator by popping up on it
and selectingpata Operations»Description

For a subVI, thedelp Window displays the terminal names of the

subVI and documentation entered in 8teow VI Info... window of the
subVI. It also designates which terminals are required, recommended, or
optional.

To create subVIs easily, just select the portion of the diagram that you
want to place into a subVI and then seféaate SubVIfrom theEdit
menu.
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Build the VI used as an example in this lesson that calculates the
slope between two X-Y pairs. Name thisSbpe.vi Be sure to
document this VI thoroughly and to make an icon and connector for
it. You can use th€reate SubVI option from theEdit menu to

make a subVI out of the slope calculation.
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Notes
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Lesson 4
Loops and Charts

]

Introduction

Structures control the flow of data in a VI. LabVIEW has four structures to
control program flow: the While Loop, the For Loop, the Case structure, and
the Sequence structure. This lesson introduces two structures—the While
Loop and the For Loop—as well as the waveform chart and the shift register.

You Will Learn:

How to use a While Loop.
How to display data in a waveform chart.
What a shift register is and how to use it.

o0 wp

How to use a For Loop.
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A. While Loop

A While Looprepeats part of your block diagram code multiple times. You
place a While Loop in the block diagram by first selecting it from the
Structures subpalette of thEunctions palette.

ix Functions

| Structures |
!
a =
«=1H 5 tructures
While Loop

v E

Then use the mouse cursor to click-and-drag a selection area around the
code you want to repeat. When you click the mouse button again, a While
Loop boundaryencloseghe code you have selected as shown below.

! I
| {
| B
| :

—— I
I [lieratior Mumber E hable] :
| E=

I

The completed While Loop is a resizable box. You can add additional block
diagram elements to the While Loop by dragging and dropping them inside
the boundary with the mouse.

Iteration
terminal

Conditional
~ terminal
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The VI repeats the code inside the While Loop until the Boolean value
passed to theonditional terminalan input terminal) is FALSE. The VI

Cfer;fr']tif;al checks the conditional terminal at tedof each iteration; thereforthe
While Loop always executes oncé& heiteration terminalis a numeric
m output terminal that contains the number of times the loop has executed,
lteration starting at zero. (That is, during the first execution of the loop, the iteration
terminal terminal contains the number zero.)

A While Loop is equivalent to the following pseudo-code:
Do

Execute Diagram Inside the Loop (which sets the condition)

While the condition is TRUE

In the example below, the While Loop executes until the value output from
the subVl is less than 10 or the Enable Boolean is FALSE.Ahde

function outputs a TRUE only if both inputs are TRUE; otherwise, it outputs
a FALSE.)

|beration Mumber|

m_ .....
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B. Waveform Charts

The waveform chart is a special numeric indicator that displays one or more
plots. The waveform chart is in tii&aph subpalette of th€ontrols

palette. Waveform charts may display single or multiple traces. An example
of a multiple-plot waveform chart is shown below.

W aweform Chart

Raw Data I
Running Awg.

+“-P “'Hf é’@ +
e I

The waveform chart has three update mods&sip-chart scope chart
andsweep chartYou can select the update mode by popping up on the
waveform chart and choosing one of the options fronDtta
Operations»Update Modemenu. (In run mode, selddpdate Modefrom
the chart’'s pop-up menu.)

Strip Chart Scope Chart Sweep Chart
90.0-

80.0-

70.0-!
]

Thestrip charthas a scrolling display similar to a paper strip chart. The
scope charandsweep charhave retracing displays similar to an
oscilloscope. Because there is less overhead in retracing a plot, the scope
chart and the sweep chart are significantly faster than the strip chart in
displaying plots. On the scope chart, when the plot reaches the right border
of the plotting area, the plot is erased, and plotting begins again from the left
border. The sweep chart acts much like the scope chart, but the display does
not go blank when the data reaches the right border. Instead, a moving
vertical line marks the beginning of new data and moves across the display
as new data is added.

LabVIEW Basics | Course Manual 4-4 © National Instruments Corporation



Lesson 4 Loops and Charts

Wiring a Single-Plot Chart

You can directly wire a scalar output to a waveform chart. The data type

displayed in the waveform chart’s terminal icon will match the input type,
as shown in the example below.

Etable

Wiring a Multiple-Plot Chart

E@ Waveform charts can accommodate more than one plot. You must bundle
the data together using tBeindle function Cluster subpalette). In the

Bundle P—— "

function example below, thBundle function “bundles” or groups the output of the

three different VIs that acquire temperature for plotting on the waveform
chart. Notice the change in the waveform chart terminal icon. To add more
plots, simply increase the numberBifndle function input terminals by
resizing theBundle function using the Positioning tool.

. [undel G Cha
lTernp OE
2 o DE
l‘rersnp
E nable
i
-]
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Exercise 4-1

Temperature Monitor.vi

Objective: To use a While Loop and a waveform chart for acquiring data in real time.

Front Panel

A

Labeling tool

el
Enter button

LabVIEW Basics | Course Manual

You will build a VI to measure temperature and display it on the waveform
chart. This VI will measure the temperature using the Thermometer VI you
built in the previous lesson as a subVI.

You will use this VI later, so be sure to save it as the instructions below
describe.

Temperature History Temp E

Enable
OM  *Free Label
OFF  Tranzparent Color

“ertical Switch®
Diefault -» OM deaF
tech. Action -»

Latch "When Preszed

“wfaveform Chart”

=

Open a new panel and place a vertical swBdwoleansubpalette) in the
Panel window. Label the swit@&mable . You will use the switch to stop
the acquisition.

2. Place a waveform chaiG(aph subpalette) in the Panel window.
Label the waveform chalitemperature History . The waveform
chart will display the temperature in real time.

3. Because the waveform chart legend labels theRiboD by
default, relabel the legend appropriately. Using the Labeling tool,
triple-click onPlot 0 in the chart legend, typeemp, and click
outside the text area. The click enters the change. You also can select
the Enter button in the toolbar to input the change.

4. Because the temperature sensor measures room temperature, rescale

the waveform chart to display the temperature. Using the Labeling
tool, double-click on 10.0 in the waveform chart scale, §@eand
either click outside the text area or press <enter>. Change -10.0to 70
in the same way.
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Block Diagram

T emperature History|

1. Open the Diagram window.

2. Enclose the two terminals inside a While LoSplect aVhile Loop
from the Structures subpalette; then click and drag a selection area
around the two terminals. Enlarge the loop by dragging one corner
with the Positioning tool

Note The Positioning tool will change into a frame corner at each corner of the
While Loop. Drag one corner to resize the loop.

3. Select the other block diagram object.

Thermometer VI (Select a VI...subpalette). This VI returns one

HTE"'“F' temperature measurement from the temperature sensor. Load it using the
Select a VI...dialog of theFunctions palette, because this is a subVI

you built in Exercise 3-2.

4. Wire the diagram as shown above.

= Note To measure temperature in Celsius, wire a Boolean constant (Boolean
subpalette) to the Temp Scale input of the Thermometer VI. Set the constant
oy to True using the Operating tool. If you make this change, you need to change

the scales on charts and graphs in subsequent exercises to be between 20 and

Opefafing 32 instead of 70 and 90, as shown in the examples in this manual.
too

READ NOTE PRIOR TO WIRING

5. Save the VI. Name ftemperature Monitor.vi.
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L

Grid style
selector

6. Return to the front panel and turn on the vertical switch by clicking on
it with the Operating tool. Run the VI.

The While Loop is an indefinite looping structure. The diagram within
its border will execute as long as the specified condition is true. In this
example, as long as the switch is on (TRUE),Tthermometer VI will

take and return a new measurement and display it on the waveform
chart.

7. To stop the acquisition, click on the vertical switch. This action
causes the loop condition to be FALSE and the loop ends.

8. You can format and customize the X and Y scales of the waveform
chart to suit your display preferences and data. Pop up on the chart
and selecl Scale»Formattingfrom the pop-up menu. The
following window will appear:

Format and Precision: Example:
. Mumeric - 31
Scale Style M apping Mode
1.0- .
oe- i Linear ; . ;
. 00— r"" LDg LATRLHIN U,
Grid Options
m iz 1 Digits of Precsizion
@ m ¢ Asis i+ Floating Point Notation
" Scientific: Matation
Scaling Factors ™ Engineering Motation
Yo dy "~ Relative Time [zeconds)
0.00E+0 1.00E+0
aK | Cancel |

Experiment with different X- and Y-axis grid options by clicking on the
grid style selector and choosing different styles for the axes from the
sub-menu that appears. From this window you also can experiment with
scale styles, scaling factors, mapping mode, and the format and
precision of the axis displays. When you finish exploring these options,
return the values to the ones shown above and cli€kolr Cancel

To clear the display buffer and reset the waveform chart, pop up on the
waveform chart and choo8rmta Operations»Clear Chartfrom the
pop-up menu. If the VI is running, selé€ear Chart from the pop-up
menu.

Mechanical Action of Boolean Switches

LabVIEW Basics | Course Manual

You may notice that each time you run the VI, you first must turn on the
vertical switch and then click on the Run button. With LabVIEW, you can
modify the mechanical action of Boolean controls. The choices for the
mechanical action include: Switch When Pressed, Switch When Released,
Switch Until Released, Latch When Pressed, Latch When Released, and
Latch Until Released.

4-8 © MNational Instruments Corporation
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For example, consider a vertical switch shown below. The default value of
the switch is off (FALSE).

Wertical Switch

ON
OFF

Switch When Pressedction changes the control value each time you click
on the control with the Operating tool. The action is similar to that of a
ceiling light switch, and is not affected by how often the VI reads the
control.

Switch When Releasedction changes the control value only after you
release the mouse button during a mouse click within the control’s graphical
boundary. The action is not affected by how often the VI reads the control.

Switch Until Releasedaction changes the control value when you click on
the control and retains the new value until you release the mouse button, at
which time the control reverts to its original value. The action is similar to
that of a door buzzer, and is not affected by how often the VI reads the
control.

Latch When Pressedaction changes the control value when you click on
the control and retains the new value until the VI reads it once, at which
point the control reverts to its default value. (This action happens whether
or not you continue to press the mouse button.) This action is similar to that
of a circuit breaker and is useful for stopping While Loops or having the VI
do something only once each time you set the control.

Latch When Releasedaction changes the control value only after you
release the mouse button. When your VI reads the value once, the control
reverts to the old value. This action guarantees at least one new value.

Latch Until Releasedchanges the control value when you click on the
control and retains the value until your VI reads the value once or until you
release the mouse button, whichever occurs last.

9. Modify the vertical switch so that you need not turn on the switch
each time you run the VI.

a. Stop the VI if it is running.
b. Turn on the vertical switch.

c. Pop up on the switch and chod3ata Operations»Make
Current Value Default from the pop-up menu. This will make the
ON position the default value.

d. Pop up on the switch and choddechanical Action»Latch
When Pressedrom the pop-up menu.

© National Instruments Corporation 4-9 LabVIEW Basics | Course Manual



Lesson4 Loops and Charts

10. Run the VI. Click on the vertical switch to stop the acquisition. The
switch will move to the OFF position and change back after the
While Loop condition terminal reads the value.

Adding Timing

When you ran the VI, the While Loop executed as quickly as possible.
However, you may want to take data at certain intervals, such as once per
second or once per minute.

You can control loop timing using th&ait Until Next ms Multiple
function (Time & Dialog subpalette). This function ensures that no iteration
is shorter than the specified number of milliseconds.

Temperature Histor

ait Lntil Mext ms Multipls]

rnillizecond multipls,
o @: Ehable

11. As shown above, modify the VI to take a temperature measurement once
every half-second.

E Wait Until Next ms Multiple function Time & Dialog subpalette). In
i this exercise, this function ensures that each iteration occurs every
half-second (500 ms).

A00] Numeric Constant(Numeric subpalette).

The Numeric Constant wired to thi¢ait Until Next ms Multiple
function specifies a wait of 500 ms (one half-second). Thus, the loop
executes once every half-second.

12. Save the VI again under its current name.
13. Run the VI. Try different values for the number of milliseconds.
14. Close the VI.

End of Exercise 4-1
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Exercise 4-2 Random Signal.vi (Optional)

Objective: To implement timing of a data display by using a numeric control and a waveform
chart.

Build a VI that generates random data and displays it on a waveform chart
in scope update mode. The VI should have a knob control on the front panel
to adjust the loop rate between 0 and 2 seconds. The panel also should have
a switch to stop the VI. You should not need to turn on the switch each time
you run the VI. Use the front panel shown to get started.

Enahle Loop Delap [sec
ﬁ O 1.0
OFF D.Emlﬁ
)

0o 20

R andom Signal

Hints:
1. Hide the waveform chart’'s legend using 8tew»Legendoption.

2. Use theRandom Number (0-1)function Numeric subpalette) to
generate the data.

3. Multiply the knob terminal by 1,000 to convert the seconds to
milliseconds. Use this value as the input to\tfiat Until Next ms
Multiple function (Time & Dialog subpalette).

4. Set the chart mode using the chart pop-up mBrata(
Operations»Update Mod8.

Save the VI. Name Random Signal.vi

End of Exercise 4-2
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Exercise 4-3 Auto Match.vi
Objective: To pass data out of a While Loop through a tunnel.

You will build a VI that generates random numbers until the number
generated matches the specified number. The loop count terminal keeps
track of the number of iterations before a match occurs.

You will use this VI later, so be sure to save it as the instructions below

describe.
Front Panel
Mumber to M atch Current Mumber
= 50 50
*digital contral® “digital indicator®
Data Range Frecizion = 1
i =10
b ax =100
Ihz=1 # of iterations
Ot of range -» Suspend li
Frecizion =1 2
*digital indicatar®
Precizion = [

1. Open a new panel.

2. Build the front panel as shown. Be sure to modify the controls and
indicators as shown and explained below and on the next page.

The Numbeto Matchcontrol specifies the number you want to match.
The CurrenNumberindicator displays the current random number. The
#of iterationgndicator displays the number of iterations before a match.

Setting the Data Range

TheData Rangeoption prevents you from setting a value that is not

compatible with a preset range or increment. Your options are to ignore the
@ error, coerce it to within range, or suspend execution. The symbol at left
~Symbol appears in place of the Run button when a range error suspends execution.
SISSL)C:r:g]Sd Also, a solid red border frames the control that is out of range. To set the

) range between 0 and 100 with an increment of 1:
execution

a. Pop up on the digital control and choose Data Range from the
pop-up menu.
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b. Fill in the dialog box as shown and click on OK.

DataRange |
Representation
DBL Minimum [0_00E+0

Maximum [1.00E+2
Double Precizion

| 13
If ¥alue ig Dut of Range: neremen I1'DDE+D

| Suspend | Default [0.00E+0

Uze Default ¥alues |

1] 4 I Cancel |

Modifying Digits of Precision

By default, numeric controls and indicators are displayed in decimal
notation and have two decimal places (for example, 3.14). You can use the
Format & Precision option to change the precision or to display the
numeric controls and indicators in scientific, engineering, or
hour/minute/second notation. To change the precision to zero:

a. Pop up on the digital indicator and choésemat & Precision
from the pop-up menu. The VI must be stopped to access the
menu.

Format & Precision E3

Format: Example:

I Humeric vI 3

Bocimal

| 0 Digits of Precision

/* Floating Point Notation
¥~ Scientific Hotation

i~ Engineerning Motation

"~ Relative Time [seconds]

1] 4 I Cancel |

b. Enter a 0 for Digits of Precision and click O« .
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Block Diagram

W

[i]

Iteration
terminal

LabVIEW Basics | Course Manual

Mumber to b atch # af iterations
ot
Increment
*I gtarts at 0

g0 Increment by 1%

Build the diagram as shown.

Random Number (0-1)function (Numeric subpalette). This function
returns a random number between 0 and 1.

Multiply function (Numeric subpalette). In this exercise, this function
multiplies the random number by 100. To create the numeric constant,
pop up on the second input of thkeltiply function and selec@reate
Constant In other words, the function returns a random number
between 0.0 and 100.0.

Round To Nearestfunction (Numeric subpalette). In this exercise, this
function rounds the random number between 0 and 100 to the nearest
whole number.

Not Equal? function Comparison subpalette). In this exercise, this
function compares the random number with the number specified in the
front panel and returns a TRUE if the numbers are not equal; otherwise,
it returns a FALSE.

Increment function Numeric subpalette). In this exercise, this
function increments the While Loop count by one.

The black square that appears on the While Loop border is called a
tunnel Through tunnels, data flows into or out of a looping structure.
Data passes out of a loafterthe loop terminates. When a tunnel passes
data into a loop, the loop executes only after daiaesat the tunnel.

The loop in this exercise will execute as long as no match exists. That is,
theNot Equal? function will return a TRUE as long as the two numbers
do not match. Each time the loop executes, the iteration terminal
automatically increments by one. The iteration count passes out of the
loop upon completion. This value increments by one outside the loop
because the count starts at O.
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Save the VI. Name Auto Match.vi.

Return to the front panel and enter a number in the NutoMatch
control. Run the VI several times. Change the number and run the VI
again.

Notice that the CurreMNumberindicator updates at every iteration of
the loop because it is inside the loop. Thud iterations indicator

updates on completion because it is outside the loop.

If you have trouble seeing how the VI updates the indicators, enable
execution highlighting. From the Diagram Window, click on the
Execution Highlighting button to enable execution highlighting. This
mode slows down the VI so you can see each number as it is generated.

Enter a number that is out of the data range into the Numbkatch
control. The data range was originally set to between 0 and 100 with
an increment of one. Attempt to run the VI.

Notice that a bold red line frames the Numioévlatch control, and the
symbol at left replaces the Run button. The VI will not start operation
until you enter a valid number into the control. Replace the invalid
number with a valid choice and run the VI.

Close the VI.

End of Exercise 4-3

© National Instruments Corporation
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C. Shift Registers

LabVIEW Basics | Course Manual

You use shift registers (available for While Loops and For Loops) to transfer
values from one iteration to the next. You create a shift register by popping
up on the left or right loop border and selectwdyl Shift Register from

the pop-up menu.

The shift register contains a pair of terminals directly opposite each other on
the vertical sides of the loop border.

Theright terminal stores the data on the completion of an iteration. That
data is shifted at the end of the iteration and it appears leftterminal at

the beginning of the next iteration (see the figure below). A shift register can
hold any data type—numeric, Boolean, string, array, and so on. The shift
register automatically adapts to the data type of the first object wired to the
shift register.

Before Loop Begins First Iteration

Inital
Value

Inital
Value
_>

Subsequent Iterations

Previous
Value

Previous
Value
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You can configure the shift register to remember values from several
previous iterations. This feature is very useful when you are averaging data
points. You create additional terminals to access values from previous
iterations by popping up on theft terminal and choosingdd Element

from the pop-up menu. For example, if you add two more elements to the
left terminal, you can access values from the last three iterations.

2.Pop up on the — 1 loop ago. Latest value —p>[a] —1. Pop up on the
left terminal 2 loops ago. is passed border for a new
to add new 3 loops ago. to right terminal. shift register.
elements.

Previous values are available
at the left terminals.
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Initializing Shift Registers

To initialize the shift register with a specific value, wire the initial value to
the left terminal of the shift register (outside the loop). If you leave the initial
value unwired, the initial value will be the default value for the shift register
data type. For example, if the shift register data type is Boolean, the initial
value will be FALSE. Similarly, if the shift register data type is numeric, the
initial value will be zero.

Note LabVIEW does not discard values stored in the shift register until you close
the VI and remove it from memory. In other words, if you run a VI containing
uninitialized shift registers, the initial values for the subsequent run will be
the ones left from the previous run.

Uninitialized Shift Registers Initialized Shift Registers
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Exercise 4-4 Shift Register Example.vi
Objective: To demonstrate the use of shift registers to access values from previous iterations.

Front Panel

ﬁg

>

i

>
[a%]

o

1. Open theshift Register ExampleVl.

The front panel has four digital indicators. TX@) indicator will
display the current value, which will shift to the left terminal at the
beginning of the next iteration. Ti-1) indicator will display the
value one iteration ago, th&i-2) indicator will display the value two
iterations ago, and so on.

2. Open the Diagram window and chodske Left and Right from the
Windows menu of the Diagram window. If necessary, close or move
the Tools andFunctions palettes. The zero wired to the left terminals
initializes the elements of the shift register to zero.
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Block Diagram

Execution

Highlighting 2

button

(]

Pause
button

=

Step Over
button
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@ 1.

3.

Enable execution highlighting by clicking on the Execution
Highlighting button.

Run the VI and carefully watch the bubbles. (If the bubbles are
moving too fast, use the Pause button and Step Over button to slow

the execution.)

Notice that in each iteration of the While Loop, the VI “funnels” the
previous values through the left terminals of the shift register. Each
iteration of the loop adds 5 to the current dA{@, This value shifts to

the left terminalX(i-1), at the beginning of the next iteration. The values
at the left terminal funnel downward through the terminals. In this
example, the VI retains only the last three values. To retain more values,
add more elements to the left terminal of the shift register.

Close the VI. Do not save any changes.

End of Exercise 4-4
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Exercise 4-5 Temperature Running Average.vi
Objective: To use shift registers to perform a running average.

You will modify theTemperature Monitor VI to average the last three
temperature measurements and display the average on a waveform chart.

You will use this VI later, so be sure to save it as the instructions below
describe.

Front Panel

Temperature Histary| Temp E

Enahble

OH

OFF
“fertical Switch®
Default -> OM
Boolean Text Shown

bech. Action -» degF
Latch ‘When Prezzed

“w aveform Chart®

Open th&emperature Monitor VI you created earlier.

Use theSave Asoption to rename the llemperature Running
Average.vi.

3. You will not modify the front panel, so open the block diagram.
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Block Diagram

T hermometer. vi

lTernp T emperature Histor
.

T hermometer. wi .

iTemp

- _ it Ut Mext ms Multipls]
millizecond multipls| Eable

500

1

Resizing
cursor

Create a shift register by popping up on the right or left border of the
While Loop and choosAdd Shift Register from the pop-up menu.
Add one extra element by popping up onldfeterminal of the shift
register and choosingdd Element from the pop-up menu.

Modify the block diagram as shown above.

Thermometer VI (Select a VI...subpalette). This function returns one
temperature measurement from the temperature sensor and is used here
to initialize the left shift registers before the loop starts.

Compound Arithmetic function Numeric subpalette). In this

exercise, this function returns the sum of the current temperature and the
two previous temperature readings. Place the Positioning tool at the
corner of the function until the cursor changes to the resizing cursor.
Click on the corner and drag to stretch the function into a three-input
Add function.

Divide function Numeric subpalette). In this exercise, this function
returns the average of the last three temperature readings.

During each iteration of the While Loop, theermometer VI takes

one temperature measurement. The VI adds this value to the last two
measurements stored in the left terminals of the shift register. The VI
divides the result by three to find the average of the three measurements
(the current measurement plus the previous two). The VI displays the
average on the waveform chart. Notice that the VI initializes the shift
register with a temperature measurement.

3. Save and run the VI.

LabVIEW Basics | Course Manual
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Multiplot Charts

Charts can accommodate more than one plot. You must bundle the data
together in the case of multiple scalar inputs.

You will modify the block diagram to display both the average and the
current temperature measurement on the same waveform chart.

T hemnometer. vi
iTemp ﬁ e I — Bundle] Temperature Histor
N = IS I>DB =
Thermometer.i |
iTemp
millizecond multiplel Unii Next s Muliple] Emable
m 500 i
-]

4. Modify the block diagram as shown above.

Bundle function Cluster subpalette). In this exercise, this function
LEL 1T “bundles” or groups the average and current temperature for plotting on
the waveform chart. The bundle node appears as shown at left when you
EEE{ place it in the Diagram window. You can add additional elements by
Bundle function using the Positioning tool.

when placed in )

diagraﬁ] window 5. Save and run the VI. The VI should display two plots on the
waveform chart. The plots are overlaid. That is, they share the same
vertical scale.
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Customizing Charts
You can customize waveform charts to match your data display
requirements or to display more information. Features available for
waveform charts include: a legend, a palette, a digital display, a scroll bar,
and a buffer. By default, waveform charts have their palettes and legends
showing when you first place them on a front panel.

Running &wg.
Enable |
oM Temperature History Current Temp.

OFF

Aertical Switch®
Drefault -> OMN
Boolean Text Shown
Mech. Action -»
Latch when Preszed deg F

“uf sveform Chart
Legend Shown
Palette: Showe

PLRERT .d@v +
19l

6. If the scrollbar is present, hide it by popping up on the waveform chart
and choosinghow»Scroll Barfrom the pop-up menu.

7. Customize the Y axis.

AL a. Use the Labeling tool to click on 70.0 in the Y scale. Type in
Labeling tool 75.0 and press <enter>.

b. Again using the Labeling tool, click on the second number from
the bottom on the Y axis. Change this number to 77.5, 80.0, or
something other than the current number. This number
determines the numerical spacing of the Y axis divisions.

For example, if the number above 75.0 is 77.5, indicating a Y axis
division of 2.5, changing the 77.5 to 80.0 will reformat the Y axis to
multiples of 5.0 (75.0, 80.0, 85.0...).

= Note The waveform chart size has a direct effect on the display of axis scales.
Increase the waveform chart size if you have trouble customizing the axis.

8. Show the palette by popping up on the waveform chart and choosing
Show»Palettefrom the pop-up menu.

9. You may place the legend anywhere relative to the waveform chart.
Stretch the legend to include two plots using the Positioning tool.
Change “Temp” to “Running Avg” by clicking on the label with the
Labeling tool and typing in the new text. You can change “Plot 1" to
“Current Temp” in the same way. If the text does not fit, enlarge the
legend text box by resizing from thedt corner of the legend with the
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Positioning tool. (The Positioning tool will change to a frame corner
when you can resize the legend.)

You can set the plot line style and the point style by popping up on the
plot in the legend. You also can color the plot background or traces by
popping up on the legend and choosingGléor menu.

Run the VI. While the VI is running, use the buttons from the palette
to modify the waveform chart. Thengle fitbuttons activate X and

Y axis autoscaling. Thecale formabuttons reformat the X and Y
axis scale markers. Treombutton provides options for zooming in
on specified sections of the chart or on the whole chartpéhe
button allows click-and-drag scrolling (panning) in the chart. The
return to standard modeutton deactivates panning and zooming and
returns the mouse to standard mode.

X-Axis Controls [I ¢4 =44 & [+
Y-Axis Controls [ ¥3| 9:94/] |

Lock Switch—Locks the scales and continually fits new data
Single fit button—Rescales the axes to fit the data
ZoomI button—Sectional or whole-chart zooming

—Return to standard mode

|
| Pan Button—Click-and-drag data scrolling
Scale format buttons—Scale marker formatting

Note Modifying the axis text format often requires more physical space than was
originally set aside for the axis. If you change the axis, the display may
become larger than the maximum size that the VI can correctly present.

11.

Stop the VI. Save any changes you have made and close the VI.

End of Exercise 4-5

© National Instruments Corporation
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D. For Loop

LabVIEW Basics | Course Manual

A For Loop repeats part of your block diagram code a predetermined
number of times. You select a For Loop from $tructures subpalette of
theFunctions palette, and then enclose the code you want to repeat in the
For Loop boundary. A For Loop (shown below) is a resizable box. The For
Loop has two terminals: the count terminal (an input terminal) and the
iteration terminal (an output terminal). The count terminal specifies the
number of times to execute the loop. The iteration terminal contains the
number of times the loop has executed.

o—IFJFunctions
| Stiuctures |

@'Lmﬂmrl
= oIS tiuctures

I~ For Loop

The difference between the For Loop and the While Loop is that the For
Loop executes predeterminechumber of times. A While Loop stops
repeating the code it encloses only if the value at the conditional terminal
becomes FALSE. The For Loop is equivalent to the following pseudo-code:

Fori=0to N-1

Execute Diagram Inside The Loop
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The example below shows a For Loop that generates 100 random numbers
and displays the points on a waveform chart.

@R
@ .

Numeric Conversion

Until now, all the numeric controls and indicators you have used are
double-precision floating-point numbers. LabVIEW, however, can represent
numerics as integers (byte, word, or long) or floating-point numbers (single,
double, or extended precision). If you wire together two terminals that are
of different data types, LabVIEW will convert one of the terminals to the
same representation as the other terminal. As a reminder, LabVIEW places
a dot, called a coercion dot, on the terminal where the conversion takes
place.

E For example, consider the For Loop count terminal. The terminal
Coan(;rt';’n(iﬁ]al representation is long integer. If you wire a double-precision floating-point
number to the count terminal, LabVIEW converts the number to a long
integer. Notice the gray dot in the count terminal of the first For Loop.

Double Precision Long Integer
N
Gray Dot
o n
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To change the representation of a front panel numeric object, pop up on the
front panel object or its block diagram terminal and s&egiresentation
A palette will appear from which you can select the desired representation.

Change to Indicataor
Synchronous Dizplay
Fird Terminal
Show 2
Data Operations b
Create 3 =
.
F.ep Mavigation... |G p—
Feplace 2 :

Representation
Data Range...
Farmat & Precizion...

w32 (( vie usg
2 of[ 15 0 7o
—

GXT || GOE (| GSG

When the VI converts floating-point numbers to integers, the VI rounds to
the nearest integer. x.5 is rounded to the nearest even integer. For example,
2.5 is rounded to 2 and 3.5 is rounded to 4.
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Exercise 4-6 Random Average.vi

Objective: To build a VI that displays two random plots on a waveform chart in sweep update
mode. The plots should be a random plot and a running average of the last four
points.

In this exercise, use a For Loop (N = 200) instead of a While Loop. Try to
make your sweep chart look like the one below.

Raw Data !
F.andom Flot Runing Ay,

1.0-

“Wwaveform Chart*
Update Moder Sweep Chart

Hints for building the block diagram:

1. Use a shift register with three left terminals to average the last four
data points.

2. Use theRandom Number (0-1)function Numeric subpalette) to
generate the data.

3. Use theBundle function Cluster subpalette) to group the random
data with the averaged data before plotting.

Save the VI. Name Random Average.vi

End of Exercise 4-6
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Summary, Tips, and Tricks

LabVIEW Basics | Course Manual

TheWhile Loopand theFor Loopare two structures you can use to
repeat execution of a subdiagram.

TheWhile Loopexecutes as long as the value wired to the conditional
terminal is TRUE.

TheFor Loopexecutes a predetermined number of times, such as the
value wired to the count terminal.

Loops are created by either enclosing the subdiagram to be repeated in
the loop boundary or clicking and dragging the individual nodes inside
the boundary with the mouse.

The Wait Until Next ms Multiple function ensures that no iteration is
shorter than a specified number of milliseconds (1,000 ms equals one
second). This function can control the loop timing.

Thewaveform charts a special numeric indicator that displays one or
more plots.

The waveform chart has three update modes—the strip chart, the scope
chart, and the sweep chart.

— Strip chart: scrolling display

— Scope chart: plots data until it reaches the right border, erases the
plot, and retraces the plot from left border

— Sweep chart: retracing display with moving vertical line between old
and new data

Shift registers are used to remember stored values from one iteration of
a loop to the next.

For each iteration you want to recall, you must add a new element to the
left terminal of the shift register by popping up on the shift register and
selectingAdd Element.

Pop upon a waveform chart or its components to set attributes and
preferences of the chart and its plots.

Coercion dotsappear where LabVIEW is forced to convert a numeric
representation of one terminal to match the numeric representation of
another terminal.
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E. Additional Exercises

Challenge

4-7

4-8

4-9

© National Instruments Corporation

Using only a While Loop, build a combination For Loop/While
Loop that stops either when it reaches a user-specified number of
iterations (specified inside a front panel control), or when a user
pushes a stop button. Name theGdmbo While/For Loop.vi.

Build a VI that continuously measures the temperature once per
second and displays the temperature soapechart. If the
temperature goes above or below the preset limits, the VI turns on a
front panel LED. The chart should plot the temperature as well as the
upper and lower temperature limits. You should be able to set the
limit from the front panel. (See front panel below.) Name the VI
Temperature Limit.vi .

High Lirnit .
S ?
Lo Limnit
ﬂ 80.00 Current Termp !
High lirait
Temp History Ly limit

30.0-
ar.5-
85.0-
825-
20.0-
775-
75.0-

Modify the VI you created in Exercise 4-8 to display the maximum
and minimum values of the temperature trace. Hint: You must use
shift registers and thi@ax & Min function Comparison

subpalette). Name the flemp Limit (max/min).vi .
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Notes
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Lesson 5
Arrays and Graphs
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]

Introduction

This lesson describes how to use LabVIEW arrays and also describes the
graph control.

You Will Learn:

About arrays.

How to generate arrays on loop boundaries.
Some basic array functions.

What polymorphism is.

moowp»

How to use graphs to display data.
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A. Arrays

An array is a collection of data elements that are all the same type. An array
has one or more dimensions and upalloel?ements per dimension, memory
permitting. Arrays in LabVIEW can be of any type. You cannot, however,
have an array of arrays, charts, or graphs. You access each array element by
its index. The index is in the range 0 to N-1, where N is the number of
elements in the array. Tlome-dimensiona|1D) array shown below

illustrates this structure. Notice that firat element has index O, teecond
element has index 1, and so on.

index 0 1 2 3 4 5 6 7 8 9

10-elementarray | 1.2 | 3.2 |82 (80|48 |51|6.0|10|25]| 17

Creating Array Controls and Indicators

LabVIEW Basics | Course Manual

You create the array control or indicator by combiningmay shellwith a
data objectwhich can be numeric, Boolean, string, or cluster.

Step 1:

Select an empty array shell from theay & Cluster subpalette of the
Controls palette.

-~ Controls array shell
:3"@’7
H M@ * s

123 ﬁ E

LIz h bllﬁm F|
[Fig = &Y _—{H0Array & Cluster
O | Amay |
%/Fath [x] E =1 o

=

QA AL ==
D0
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Step 2:

To create an array, you draglata objecinto the array shell.

Pop up and choose a control or indicator from
the pop-up menu.

igital gontrol ara

d b
FN i

Note Remember that you must assign a data object to the empty array shell before
using the array on the block diagram. If you do not assign a data object, the
array terminal will appear black with an empty bracket.

Two-Dimensional Arrays

A two-dimensional (2D) array requires two indices—a row index and a
column index, both of which are zero based—to locate an element. The
example below is an N-row by M-column array, where N=5 and M=7.

0 1 2 3 4 5 6

A WO N B O

Five-row by seven-column array
of 35 elements

20 digital control array

Row index— gu Yo
Column index— 0

You add dimensions to the array control or indicator by popping up on the
arrayindex displayand choosind\dd Dimension from the pop-up menu.
The example above shows a 2D digital control array.

Creating Array Constants

You can create array constants in the block diagram by combining an array
shell with a data object as you would on the front panel. Array constants are
a combination of aArray Constant shell found in thé\rray subpalette of
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theFunctions palette and a data constant. The following example
demonstrates how to create a Boolean array constant.

Step 1:
Select an emptpirray Constant shell from theArray subpalette of the
Functions palette.

Array Constant 4ray Constant Shell

E} |+|:| B
-t wt |'H|* B4
N =1+
" gl 1]
3|l i X
—

[ooz0] AN E
1 ]
o =
o, |=

Step 2:

To create an array, you dragata objecinto the array shell. Different data
objects include numeric, Boolean, string, or cluster constants from the
Functions palette.

Hurmeric Amay Constart]  [Boclean Aray Constant]  [String Array Canstant]
0|

Yz

M0 |
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B. Creating Arrays with Loops

7+ Note

The For Loop and While Loop can index and accumulate arrays at their
boundaries automatically. This capability is cabedo-indexing The

illustration below shows a For Loop auto-indexing an array at its boundary.
Each iteration creates the next array element. After the loop completes, the
array passes to the indicator. Notice that the wire becomes thicker as it
changes to an array at the loop border.

Auto-Indexing Enabled (Default—For Loops)

Wire becomes thicker

10 .ﬁ.rraé Indicatar

If you need the last array value passed to the tunnel out of a loop without
creating an array, you must disable auto-indexing by popping up on the
tunnel (the black square on the border) and cho@isaple Indexingfrom

the pop-up menu. In the illustration below, auto-indexing is disabled, and
only the last value returned from tRandom Number (0-1)function

passes out of the loop. Notice that the wire remains the same size after it
leaves the loop.

Auto-Indexing Disabled

Wire remains same size

MHurnernic |ndicator

I:l Only one value (last iteration)
passed out of the loop

Because For Loops are often used to process arrays, LabVIEW enables
auto-indexing by default when you wire an array into or out of For Loops. By
default, LabVIEW does not enable auto-indexing for While Loops. You must
pop up on the While Loop tunnel and choose Enable Indexing from the
pop-up menu.
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Creating Two-Dimensional Arrays

You can use two For Loops, one inside the other, to create a 2D array. The
outer For Loop creates thew elements, and the inner For Loop creates the
columnelements. The example below shows two For Loops auto-indexing
a 2D array containing random numbers.

Rows BHNI columns

e e (]
1D Array 2D Array
[T TTT]

Using Auto-Indexing to Set the For Loop Count

When you enable auto-indexing on an aemaieringa For Loop, LabVIEW
automatically sets the loop iteration count to the array size, thus eliminating
the need to wire a value to the count termiNalf you enable auto-indexing

for more than one array, or if you set the count, the count becomes the
smaller of the two choices. In the example below, the array size, aNd not
sets the For Loop count because the array size is the smaller of the two.

For Loop
count is
set to 10,
not 100.

10 Ara
[132]

Array Size = 10
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C. Array Functions

LabVIEW has many functions to manipulate arrays irAitay subpalette
of theFunctions palette. Some common functions are discussed below.

Array Size returns the number of elements in the input array.

array E;l zizefz]

Array Size

If the input array is N-dimensional, the outpizieis an array of N elements.
Each element records the number of elements in each dimension.

Array [ T Number of Elements

Initialize Array creates aarray of dimension sizeelements containing
theelementvalue.

element ————. . | e
' =] - initialized arra
dimenzion size ™ v

Initialize Array

The function can be resized to correspond to the number of dimensions of
the output array. The example below depicts a 1D array of three elements
initialized with the value of 4.

Element - -
. ; X " (4 T4T4]Initialized A
Dimension Size [3 {4 nitialized Array

Build Array concatenates multiple arrays or appends elements to an array.

array o .
cloment E' array with appended element

Build Array
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=T The function looks as shown at left when placed in the Diagram window.
Build Array You can resize this function to increase the number of inputs. You can

function when change the input type by popping up on the input and sel€chiagge to
placed in the Array or Change to Elemenfor example, thBuild Array function shown
Diagram window  helow s configured to concatenate an array and one element into a new

array.
Array [7]3]2]
Element New Array
Note Keep in mind that if two 1D arrays are wired as element inputs, the output will

be a 2D array where the top array will be the top row and the bottom input will
be the bottom row. If the two 1D arrays are wired as array inputs, the output
will append the two arrays to form a 1D array. See the examples below.

I

(41516 ]

l|23
iT5 6] EH[=] 1]2]3]4a[5]6]

Array Subsetreturns a portion of an array startingratex and containing
length elements.

anay -E
index(0] ____, zubarray
lerigth L]

Array Subset

An example is shown below.

Arra |1|2|7|3|2|5|8|_.I
g Index Array Subset

Length[4 ] -
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Index Array accesses an element of an array.

arra
. d EJJ = element
index -t

Index Array

An example of alndex Array function accessing the third element of an
array is shown below. Notice that the third element’s index is two because
the index starts at zero; that is, the first element has index zero.

Array[3[2[5[7[1]4]2 ]
o————/ 5 |Element
Index [2 | -t

The previous example showed theex Array function being used to

extract a scalar element from an array. You also can use this fundimeto

off a row or column of a 2D array to create a subarray of the original. To do
this, stretch théndex Array function to include two index inputs and select
theDisable Indexingcommand on the pop-up menu of the index terminal
as shown below.

By —— @

Online Help
Diezcriphion...

Show 2
Replace 3

Disabled Input
(Empty Box)

Dizable Indexing

Add Dimenzion
Remove Dimension
Create Constant
Create Cantral
Create Indicatar

Notice that the index terminal symbol changes from a solid to an empty box
when you disable indexing. You can restore a disabled index with the
Enable Indexingcommand from the same menu.
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You can extract subarrays using any combination of dimensions. The
example below shows how to extract 1D row or column arrays from a 2D

array.
Extract Column
g 7 2D array Colurnn 3 ]
G
=i

Fow 2
s B —{ ]|

-t
o4

=

Extract Row
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D. Polymorphism

The LabVIEW arithmetic functiongydd, Multiply , Divide, and so on, are
polymorphic This means that the inputs to these functions can be different
data structures—scalars and arrays. For example, you can add a scalar to an
array or add two arrays together. The example below shows some of the
polymorphic combinations of thidd function.

Combination Result

Scalar + Scalar Scalar
Scalar + Array 3l6l4]  Array

VARV

Array + Arra 4lEl7] Arra

y ATy > Y

Array + Array > #5l8] Array
2[217]9)

In the first combination, the result is a scalar. In the second combination, the
scalar is added teachelement of the array. In the third combination, each
element of one array is added to the corresponding element of the other
array. In the fourth combination, the result is calculated like the third
combination, but because one array is smaller than the other, the resulting
array is the same size as the smaller input array.

In the following example, each iteration of the For Loop generates one
random number stored in the array created at the border of the loop. After
the loop finishes execution, thultiply function multiplies each element

in the array by the scaling factor. The front panel indicator then displays the
array.

10 Digital Indicator Array

] 2o [OBL] |

P st
Si:aling Factar
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Exercise 5-1 Array Exercise.vi
Objective: To create arrays and become familiar with array functions.

You will build a VI that creates an array of random numbers, scales the
resulting array, and takes a subset of that final array.

Front Panel

Randaom Armray
%0 |[aaz |oe0 |07 |o@1 o5t 013 |o@ |05s |03 |09 ||
“1D Digital Indicator Array*
Scaling Factor
hom

“Digital Contral®

Final Array
w0 |52z |E0sa |Evz |S08 508|133 @4 |Gs0 |a43 @52 ||
“1D Digital Indicator Array*

Start Subset # of Elements
Cl &
B i
“Digital Control* *Digital Control*
Fiepresentation = 132 Fepresentation = 132
Subset Array

0 |[E08 |Boe |33 |Bor  |Gie mi

“1D Digital Indicator Array*

1. Open anew VI and build the panel shown above.

a. Create a digital indicator array. Placeaaray shell @Array &
Cluster subpalette) in the Panel window. Label the array shell
Random Array. Place a digital indicatdiumeric subpalette)
inside the array shell using the pop-up menu. This indicator displays
the array contents.

fandomfnsyl  Choose a digital indicator from

cOl the Numeric subpalette and

place it into the array shell.

b. Create two mordigital array indicatorsto display data in Final
Array and Subset Array.

2. Place three digital controls to correspond to Scaling Factor, Start
Subset, and # of Elements. Enter values into these controls.

The VI will generate an array of 10 random numbers, scale them by the
value in Scaling Factor, take a subset of that Final Array starting at Start
Subset for # of Elements, and display the subset in Subset Array.
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R andom Array] Final Aray]

[oBL] | [ost]]
[ Subszet &rra
Start Subset u- [oBL]
Nl
[Ecaling Factal

# of Elements

4.

Build the block diagram shown above.

For Loop structure $tructures subpalette). This loop will accumulate

an array of 10 random numbers at the tunnel as the wire leaves the loop.
To set the loop to run 10 times, pop up on the N and clOesde
Constantfrom the menu. Typ&0 into the numeric constant.

Random Numberfunction (Numeric subpalette). This function
generates a random number between 0 and 1.

Multiply function Numeric subpalette). This function uses the
polymorphic capability of the LabVIEW arithmetic functions to
multiply each value in the Random Array by the scalar Scaling Factor.

Array Subset(Array subpalette). This VI removes a portion of an array
starting where you specify and for a length you specify. The result will
be displayed on the panel.

Savethe VI asArray Exercise.vi.
Return to the front panel and run the VI a few times.

The For Loop runs for 10 iterations. Each iteration generates a random
number and stores it at the loop boundary. The Random Array is created
at the tunnel when the For Loop completes. Then each value in the
Random Array is multiplied by Scaling Factor to create Final Array.
Lastly, a portion of the Scaled Array is displayed after the Subset Array
function removes # of Elements starting at Start Subset.

Closethe VI.

End of Exercise 5-1

© National Instruments Corporation
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E. Graphs

A graph indicator is a 2D display of one or more data arrays qatésd
LabVIEW features two types of graphs: XY graphs and waveform graphs.
Both types look identical on the front panel of your VI. An example of a
graph is shown below.

Datz  ima —Legend

Line and
point style
P
I | B+
IEEET| ETN
Palette

You obtain the waveform graph indicator from @Geaph subpalette of the
Controls palette. The waveform graph plots only single-valued functions
with uniformly spaced points, such as acquired time-varying waveforms.
The waveform graph is ideal for plotting arrays of data in which the points
are evenly distributed.

Clusters

To use graphs, it is important to have a rudimentary understanding of
another LabVIEW structure, the cluster. (Clusters are discussed in detail in
the LabVIEW Basics Il course.) A cluster is a data structure that groups
data, even data of different types. You can think of a cluster as a bundle of
wires, much like a telephone cable. Each wire in the cable represents a
different element of the cluster.
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H
w
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H
w
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TheBundle function Cluster subpalette) assembles the plot components
+ into a single cluster. For the waveform graph, the components include the
initial X value, the delta X value, and the Y array.

n
[N ]

Initial X (numeric) -
Delta X (numeric) T3zhmed Data for the waveform graph
Y data (numeric array) =

Single-Plot Waveform Graphs
For basic single-plot graphs, an array of Y values can pass directly to a
waveform graph. This method assumes the initial X value and the delta X
value are 0 and 1, respectively. The graph icon now appears as an array
indicator.

aveform Graﬁh

You can wire a cluster of data consisting of the initial X value, the delta X
value, and a data array to the waveform graph. With this feature, you have
the flexibility to change the timebase for the array. Notice that the graph icon
appears as a cluster indicator.

ol Cluster wire

aveformn Graph
— Waveform graph
terminal (cluster)
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Multiple-Plot Waveform Graphs

You can pass data to a multiple-plot waveform graph by creating an array of
the data types used in the single-plot examples above. The examples shown
below detail two methods for wiring multiple-plot waveform graphs. As in
previous examples, the graph icon assumes the data type to which it is wired.

adareetorm Graph|

2D array terminal (2D array)

The example above assumes the initial X value is 0 and the delta X value is
1 for both arrays. In the following multiple-plot graph example, the initial X

value and a delta X value for each array is specified. These X parameters do
not need to be the same for both sets of data.

/ ]

_ Cluster Waveform graph
array  terminal (cluster array)

Clusters

EI TheBuild Array function @Array subpalette) creates a 2D array from the
=+ 1D array inputs or creates a cluster array from the cluster inputs.
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XY Graphs

You obtain theXY Graph indicator from theGraph subpalette of the
pop-upControls palette. The XY Graph is a general-purpose Cartesian
graphing object ideal for plotting multivalued functions such as circular
shapes or waveforms with a varying timebase.

7 Graph
Flot 0 Eale
.0 1 1 I [
1000 500 00 500 1000
LN x.xf f@ +
CERERE I
100 N
..... ‘{-\\ -
1/?11’ SIH] lx Graph
egs™
[

TheBundle function @Array subpalette) combines the X and Y arrays into
a cluster wired to the XY graph. For the XY graph, the components are,
from top to bottom, an X array and a Y array. The XY graph now appears as
a cluster indicator.
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Exercise 5-2 Graph Waveform Array.vi

Objective: To create an array using the auto-indexing feature of a For Loop and plot the array
in a waveform graph.

You will build a VI that generates an array usingRnecess Monitor VI
and plots the array in a waveform graph. You also will modify the VI to
graph multiple plots.

Front Panel
W aveformn Graph Plot 0 E
WA aveformn Aray
#0 |[[7aEa

*digital indicatar array®

“waveform graph®

1. Openanew VIand build the front panel shown above. Be sure to modify
the controls and indicators as depicted.

a. Place an array shelAray & Cluster subpalette) in the Panel
window. Label the array shelVaveform Array . Place a digital
indicator Numeric subpalette) inside the array shell using the
pop-up menu. This indicator displays the array contents.

wiavefarm Array

. — Choose a (_j|g|tal indicator from
the Numeric subpalette and
place it into the array shell.

b. Place a waveform grap&aph subpalette) in the Panel window.
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Proc

=M= -

Mon

100

[N

Count terminal

2.
3.
4,
5.
Positioning
tool
I
Positioning
tool over the
corner of
an array
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aveform .-'-‘-.rrag

Build the block diagram shown above.

Process MonitorVI (User Libraries»Basics Coursesubpalette). This
VI outputs simulated experimental data. In this exercise, this VI returns
one point of simulated temperature data during each For Loop iteration.

Numeric Constant(Numeric subpalette). In this exercise, this constant
sets the number of For Loop iterations. The VI will generate 100
temperature values at the border of the For Loop. The tunnel output will
be a 100-element array. Pop up on the count terminal and Getete
Constant Type100 in the highlighted terminal.

Wire the waveform array directly to the waveform graph terminal. Each
iteration of the For Loop will generate a temperature value and store it
in an array at the loop border (tunnel).

Save the VI. Name Braph Waveform Array.vi .

Return to the front panel and run the VI. The VI plots the
auto-indexed waveform array on the waveform graph.

You can view any element in the Waveform Array on the front panel
simply by entering the index of that element in the index display. If
you enter a number greater than the array size, the display dims.

To view more than one element at a time, you can resize the array
indicator. Place the Positioning tool on the lower-right corner of the
array until the tool appears as shown at left and drag. The indicator now
displays several elements in an ascending index order, beginning with
the element corresponding to the specified index, as illustrated below.

' avefarm Array

¥9 [pa47 |mase (a336 (B350 @m0 |
Index 9 10 11 12 13
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In the previous block diagram, you used the default value of the initial X and
delta X value for the waveform. There are often cases where the initial X and
delta X value will be a specific value. In these instances, you can use the
Bundle function to specify an initial and delta X value for a waveform array.

MGG
u |Ri|ni

Labeling tool

100

aveform Arra
[oBL]

o
b
10a = aveform Graph
Liz o

| 13pt Application Font _v|
Font Ring
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Return to the Diagram window. Delete the wire between the waveform
array and waveform graph. Finish wiring the block diagram as shown
above.

Bundle function Cluster subpalette). In this exercise, this function
assembles the plot components into a single cluster. The components
include the initial X value (10), the delta X value (100), and the Y array
(waveform data). Use the Positioning tool to resize the function by
dragging one of the corners.

You can draw the delta by first typing “DX” for the label of the constant.
Select the D using the Labeling tool and then sele&yh#ofont from
the Font Ring. The letter D then converts to the delta symbol.

After the loop finishes execution, tBendle function bundles the initial
value of X (X0), the delta value of X, and the array for plotting on the
graph.

Return to the front panel. Save and run the VI. The VI plots the
auto-indexed waveform array on the waveform graph. The initial X
value is 10 and the delta X value is 100.

Change the delta X value to 0.5 and the initial X value to 20.

Notice that the graph now displays the same 100 points of data with a
starting value of 20 and a delta X of 0.5 for each point (see the X axis).
In a timed test, this graph would correspond to 50 seconds worth of data
starting at 20 seconds. Experiment with several combinations for the
initial and delta X values.

Graphs contain palettes just as charts do. Show the graph palette by
popping up on the waveform graph and selecihgw»Palette You
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can use the zooming features on the palette to see the data on the graph
in more detail.

10. With LabVIEW, you can specify a time and date format for numerics
and Graphs. Pop up on the waveform graph and s¢l8cale»
Formatting.... Change the formatting options as shown below.

Whavetomn Graph Flsit 0 H
38.0- ) L W avefiorm Aray

e .. AV w0 |[Fa5s
' |

*digital indicatar array®

073000 AM  O1:3000FM 073000 M 01-30:00 AM
I1A51999  0A5A999  01A54999 01161999
“Eﬂﬂ ﬁF “waaveform graph®

i el

a. Modify theScale Styleto match the style shown above.

b. Changd~ormat & Precision to theTime & Date format by
popping up on the menu ring.

c. Modify theTime to show the time as HH:MM:SS.

. Modify the Scaling Factors to have Xo begin at 7:30:00 a.m.
01/15/99 and\X to increment every 10 minutes (0:10:00.00).

= Note The Xo andAX parameters in the X Scale Formatting screen interact with the
Xo andAX from the Bundle function. You should change the bundle’s Xo and
AX to 0 and 1, respectively, to match the example. For example:

Bundle Formatting Setup Resultant Graph Settings
Values
Xo 20.0 7:30 10:50 (7:30 + 20 x 10 min.)
AX 0.5 10:00.00 (10 min.) 5 min. (10 min. x 0.5)

Therefore, you should change the starting and delta scale times in just one
location—either the Bundle function or X Scale»Formatting.
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[+l % Scale Formatting

Farmat and Precision: Ezample:

I Time & Date vl 05:28:39 PM

Seale Style b apping Mode —— 021741995
1.0 i
sel :i Il:mear ™ -Time
20l uog i AP ¥ HH:MM

G'idﬁns 7 24-haur 7% HH:MM.55
- # bis
Seconds F'recision:l T
s B e
~Scalng Factors————————————————— @y \
Mo d[H M55 i MDA 7~ Don't Show Year
In?:au:nn_uu AM - [10:00.00 & » A0k ==
01./15/1333 /D v+ 4 Digit ear
Ok I Canicel |
Note If the x axis text is not clearly visible, shrink the inner display of the graph

with the Positioning tool to increase the area around the axis text.

Multiple-Plot Graphs

You can create multiple-plot waveform graphs by building an array of the
data type normally passed to a single-plot graph.

100HM

Proc

aveform .-'-"-.rrag

= |l

...... : U aveform Graph
A :: E s [I]BI_]E

==

11. Create the block diagram shown above.

T Sinefunction (Numeric»Trigonometric subpalette). In this exercise,
\_£_| you use the function in a For Loop to build an array of points that
' represents one cycle of a sine wave.

- El Build Array function Array subpalette). In this exercise, this function
creates the proper data structure to plot two arrays on a waveform graph.
Enlarge thaBuild Array function to include two inputs by dragging a
corner with the Positioning tool.

Pi constant lumeric»Additional Numeric Constantssubpalette).
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12. Switch to the front panel. Save and run the VI. Notice that the two
waveforms plot on the same waveform graph. The initial X value
defaults to 0 and the delta X value defaults to 1 for both data sets.

13. Return to the Diagram. Place a graph probe on the wire going to the
waveform array indicator.

a. Pop up on the wire outside the For Loop running to the array
indicator.

b. From the pop-up menu, chodSestom Probe»Graphand select
a waveform graph.

Pop up on this wire

H[oe];
L v/ avetarm Graph]
e P = [
Build Arrg
T
>

Switch to the front panel and run the VI. Notice that the probe shows
only the data array. The sine wave is not present because you did not
place the probe on the wire to which the sine wave is bundled. Close
the probe window.

ﬁ 14. Zoom in on a portion of the graph. Click and hold with the mouse on the
Zoom button Zoom button on the Graph subpalette. The Zooming subpalette, shown
below, appears. From that palette, select Zoom by X Rectangle. Click
and drag a selection area on the graph. When you release the mouse
button, the graph display zooms in on the selected area. You also can
choose Zoom by Y Rectangle or zoom by selected area. Experiment
with these options. To undo a zoom, you can choose “Undo Zoom” from
- the lower left corner of the Zooming subpalette or click on the X axis
t single fit button followed by the Y axis single fit button on the main

X axis raph lette.
single fit button Graph subpalette

U
-+

Y axis
single fit button

Zoom hy XI Rectangle

Il
+— | H +
o

Zooming Subpalette
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| 15. Scroll through your data using the Pan feature. Click once on the
; Panning button, located on the Graph subpalette. Notice that the
Panning . .
button mouse cursor changes to a hand. Now click and drag inside the graph

display. As long as you hold down the mouse button, you can drag
the display. Restore the display to its original position by clicking on
the X axis and Y axis single fit buttons again. Finally, return the

|T| mouse to standard mode by clicking on the return to standard mode
Return to button
standard mode )
button 16. Save and close ti@raph Waveform Array VI.

End of Exercise 5-2

LabVIEW Basics | Course Manual 5-24 © National Instruments Corporation



Lesson 5 Arrays and Graphs

Exercise 5-3 Temperature Analysis.vi
Objective: To graph data and use the analysis Vls.

You will build a VI that measures temperature every 0.25 s for 10 s. During
the acquisition, the VI displays the measurements in real time on a
waveform chart. After the acquisition is complete, the VI plots the data on

a graph and calculates the minimum, maximum, and average temperatures.
The VI will display the best-fit of the temperature graph.

You will use this VI later, so be sure to save it as the instructions below

describe.
Front Panel
Temperature
s0.0-
degF I
B0.0-
* waveform chart * 70.0-
Paint ztyle -» emall cross
. Legend hidden B0.0-
Stretch the legend using
the Positioning tool. \ —
Temp 53.79
Fitted
itte M
87.40
deg F
rdin
Change the label from "Plot 0" i @ 79.59
to "Temp" and "Plot 1" to "Fitted" | Flot: 74N . g p— e
. . Point style -» small square oo 20 40 &0 &80 498 digital indicators
with the Labeling tool.

1. Open a new VI and build the panel shown above.

The Temperature chart displays the temperature as it is acquired. After
acquisition, the VI plots the data and its best-fit in T&ngph. The

Mean, Max, and Min digital indicators will display the average,
maximum, and minimum temperatures, respectively.
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Block Diagram

[a0HN

iTemp

e %)

Min value terminal
ait Lntil Mext
s Multiple | Delta =
0.25

Max value terminal

/
PR [ [Max] —Value

E:’ \ — Value

arder

1.

I3t
I3
C3
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Build the block diagram shown above. Refer to the following
instructions.

You can display more than one plot on a graph. This feature not only
saves space on the front panel, it is also an effective means of making
comparisons between plots. XY and waveform graphs automatically
adapt to multiple plots.

Thermometer VI (Select a VI...subpalette). This VI returns one
temperature measurement.

Wait Until Next ms Multiple function (Time & Dialog subpalette). In
this exercise, this function causes the For Loop to execute every 0.25 s
(250 ms).

Array Max & Min function @Array subpalette). In this exercise, this
function returns the maximum and minimum temperature measured
during the acquisition.

Mean VI (Mathematics»Probability & Statistics subpalette). In this
exercise, this VI returns the average of the temperature measurements.

Bundle function Cluster subpalette). In this exercise, this function
assembles the plot components into a single cluster. The components
include the initial X value (0), the delta X value (0.25), and the Y array
(temperature data). Use the Positioning tool to resize the function by
dragging one of the corners.

General Polynomial FitVI (Mathematics»Curve Fitting subpalette).
In this exercise, this VI returns an array that is a polynomial fit to the
temperature array. This exercise uses five as the polynomial order. The

5-26 © MNational Instruments Corporation



Lesson 5 Arrays and Graphs

General Polynomial Fit VI determines the best fit for the points in the
temperature array.

:: Build Array function Array subpalette). In this exercise, this function
creates an array of clusters from the temperature cluster and the “best
fit” cluster. You can increase the number of inputs for the function using
the same method you employed for Buendle function. The Build
Array function assembles data for the multiplot graph into an array.

2. Save the VI. Name ftemperature Analysis.vi
Return to the front panel and run the VI.

4. The graph should display the temperature data plot and “best fit”
curve of the temperature waveform on the same graph. Try different
values for the polynomial order constant (in the block diagram).

The For Loop executes 40 times. TWait Until Next ms Multiple

function causes each iteration to take place every 250 ms. The VI stores
the temperature measurements in an array created at the loop boundary
(auto-indexing). After the For Loop completes, the array passes to
various nodes. Tharray Max & Min function returns the maximum

and minimum temperature. ThMean VI returns the average of the
temperature measurements. The VI bundles the data array with an initial
X value of 0 and a delta X value of 0.25. The delta X value of 0.25 is
required so that the VI plots the temperature array points every 0.25
seconds on the waveform graph.

5. You can modify the appearance of your plots by modifying options
such as plot styles and fill styles. You can create histogram graphs,
general bar plots, or filled plots. Ti@®mmon PlotsandBar Plots
subpalette, in the legend pop-up menu, allows you to configure plot
styles such as a scatter plot, a bar plot, or a fill to zero plot. You can
configure the point, line, and fill styles in one step.

Comman Plots  p Comman Platz  p
Point Stile 3 o Point Style 3
Linge Style 2 Line Style »
Line Wwidth [ 3 Line ‘width »
Bar Flots 2 &I Bar Plots 2
Fil Bazeline  p Fil Baseline »
Interpolation Interpolation
Calar 2 Colar »
el b ot =

Y Scale 2 Y Scale [
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a. Popuponthe Temp plot display in the legend of the Temp graph.
SelectCommon Plotsand select th&catter Plot(top middle
choice in Common Plots).

Temp Graph
av.4
8E.0

Temp
Fitted

84.0
deg F
B2.0

79430

0 5 10 15 20 25 30 35 39

b. Pop up on the Fitted plot display in the Legend of the Temp Graph
and select the middle choice frddar Plots in the legend pop-up
menu.

Temp Graph
Temp Lo - a7.4
Fitted 8E.0
84.0
deg F
B2.0
7475

6. Close and save the VI.

End of Exercise 5-3
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Exercise 5-4 Graph Circle.vi (Optional)
Objective: To plot data using an XY Graph.

You will build a VI that plots a circle using independent X and Y arrays.

Front Panel

50v Circle Graph Cicle |

“ap graph’®
Paint gtyle -» zmall zquare

Open a new panel.

. Place an XY Grapi3raph subpalette) in the front panel. Label the
graphXY Circle Graph

3. Pop up onthe line in the legend and select the small square from the
Point Style palette.
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Block Diagram

LabVIEW Basics | Course Manual

4.

er] [ e ber Cicle Graph
=T
7 Fosed] eup
; ! |Cosine [eal 1]
100,00} s
""!IIIIZISIE“-

Build the block diagram shown above.

Sine function Numeric»Trigonometric subpalette). In this exercise,
you use the function in a For Loop to build an array of points that
represents one cycle of a sine wave.

Cosinefunction Numeric» Trigonometric subpalette). In this
exercise, you use the function in a For Loop to build an array of points
that represents one cycle of a cosine wave.

Bundle function Cluster subpalette). In this exercise, this function
assembles the sine array and the cosine array to plot the sine array
against the cosine array.

Two Times Piconstant lumeric»Additional Numeric Constants
subpalette).

Using aBundle function, you can graph the one-cycle Sine array versus
the one-cycle Cosine array on an XY graph, which produces a circle.
The XY graph is useful for cases where the data plotted is a multivalued
function, like the circle, or where the data is a waveform with a
nonuniform timebase.

Return to the front panel. Save the ViGsph Circle.vi.
Run the VI.
Close the VI when you are finished.

End of Exercise 5-4
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Chart and Graph Use Summary

When you first use the charts and graphs in LabVIEW, it can often be
confusing when you try to wire data to them. Do you use a Build Array
function, a Bundle function, or both? What order do the input terminals use?
Remember that the Help window in LabVIEW contains valuable
information—especially when you are using charts and graphs. For
example, if you sele@how Helpfrom theHelp menu and put your cursor
over a Waveform Graph terminal in the diagram, you will see the following
information:

Ta create a wavefarm graph:

Wavetorm

y array:
10 - =ingle plot Grf':'h _
20 - rultiplot L=, 43=1)

To specify point spacing :

Bundle
¥g T
A _%4,‘“ wavetarm
£a Graph
y array ; =
10 - =ingle plot

20 - muTtiplat

¥ See the Waveform Graph._ri
example for other data types ¥

The Help window shows you what data types to wire to the Waveform
Graph, how to specify point spacing with the Bundle function, and which
example to use when you want to see the different ways you can use a
Waveform Graph. These examples are located ikéhg»Search
Examples»Graphs and Chartscategory. The Help window shows similar
information for XY Graphs and Waveform Charts. Also, you can use the
next few pages in this course as a reference for wiring data to the various
charts and graphs.

Waveform Chart

avefurm Chart Plot 1 5 aveforrm Chart
Scalar pr Plot 2 'Ii ::u| '
Plot 3 |- o
Single-Plot Chart Multiple-Plot Chart

© National Instruments Corporation 5-31 LabVIEW Basics | Course Manual



Lesson 5 Arrays and Graphs

Single-Plot Waveform Graph

‘waveform Graph
|.0-

(Xo =0, AX = 1 assumed)

- e e
0 10 20 30 40 50 60 70O 80 90100

wiaveform Graph

100
El ?::”dle aveform Graph
» [E5]
=
(XO = 1001 AX = 4) .0 1 1 [ [ 1 1 1
100 150 200 250 300 350 400 450 500

Multiple-Plot Waveform Graph

WwWaveform Graph
1.0+

Build Arra aveform Graph

Y Array - Plot 1| =Tl v
Y Array - Plot 2 lﬂlﬂl ] i 00-4

0.5-

1.0 - o
0 10 20 30 40 50 B0 70 S50 90100

W aveform Graph

aveform Graph
[.“-' ;]

e
[Y Array - Plot 2 =-{cal | OR

[ X Array - Plot 1}

unde
: Bundle aveform Graph
Build Ara E' m =

Y Array - Plot 1 = T3zpm
Y Array - Plot 2 BHE] -

(X0 = 1, AX = 4)
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Single-Plot XY Graph
v Graph
X Array Eundle] 2+ Graph| Ly
Y Array e =2

Multiple-Plot XY Graph

X Array

Bundle

Y Array

X Array

[ ==}

C3a

f B Lild .-’-‘-.rrag|

Y Array
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Summary, Tips, and Tricks

* Anarray is a collection of data elements of the same type. The data
elements can be of any type, so you can create numeric, Boolean, string,
or cluster arrays.

* Remember that thedexvalue is zero-based so the index representing
the first element of an array has a value of zero.

» If a data object is not assigned, the array terminal will agpaekwith
an empty bracket.

* You create an array in the Panel window usihgastepprocess. First,
you place amarray shell(Array & Cluster subpalette) in the window,
and then you add the desireohtrol or indicator to the shell.

» There are many functions to manipulate arrays, suBhbigsArray and
Index Array, in theArray subpalette.

* Inthis lesson, you used arrfynctions to work with only 1D arrays;
however, the same functions work similarly with multidimensional
arrays.

» Both the For Loop and While Loop can process and accumulate arrays
at their borders. This is done by havango-indexingenabled at the
loop tunnels.

» By default, LabVIEWenablesauto-indexing in For Loops amtisables
auto-indexing in While Loops.

» Polymorphismis the ability of a function to adjust to input data of
different data structures.

* Waveform graphandXY graphdisplay data from arrays.

» Graphs have many unique features that you can use to customize your
plot display. Pop up on the graph or its components to access its different
plotting options.

* You can display more than one plot on a graph usinguid Array
function (Array subpalette). The graph automatically becomes a
multiplot graph when you wire the array of outputs to the terminal.
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Additional Exercises

Challenge

Challenge

5-5

5-7

5-8

5-9

© National Instruments Corporation

Build a VI that reverses the order of an array containing 100 random
numbers. For example, array[0] becomes array[99], array[1]
becomes array[98], and so on. (Hint—UseR®xerse 1D Array
function (Array subpalette) to reverse the array order.) Name the VI
Reverse Random Array.vi

Build a VI that first accumulates an array of temperature values
using theProcess MonitorVI (in the User Libraries»Basics
Coursesubpalette). The array size will be determined by a control
on the front panel. You will also initialize an arréyifjalize Array
function) of the same size where all the values are equal to 10. You
will then add the two arrays, calculate the size of the final array, and
then extract the middle value from the final array. Display the
Temperature Array, the Initialized Array, the Final Array, and the
Mid Value. Name the VFind Mid Value.vi.

Build a VI that generates a 2D array (three rows by 10 columns)
containing random numbers. After generating the array, index each
row and plot each row on its own graph. (Your front panel should
contain three graphs.) Name theBAtract 2D Array.vi .

Build a VI that simulates the roll of a die (possible values 1-6) and
keeps track of the number of times that the die rolls each value. Your
input is the number of times to roll the die, and the outputs include
(for each possible value) the number of times the die fell on that
value. Do this using only one shift register. Name th®l

Roller.vi.

Build a VI that generates a 1D array and then multiplies pairs of
elements together (starting with elements 0 and 1) and outputs the
resulting array. For example, the input array with values 1 23105 7
11 will result in the output array 23 50 77. Name thékay Pair
Multiplier.vi . (Hint—Use thédecimate 1D Arrayfunction @Array
subpalette).)
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Notes
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Lesson 6
Case and Sequence Structures

]

Introduction

This lesson discusses the two other LabVIEW structures: the Case structure
and the Sequence structure. This lesson also introduces the Formula Node.

You Will Learn:

A. How to use the Case structure.
B. How to use the Sequence structure.
C. How to use the Formula Node.
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A. Case Structure

You place theCase structur®n the block diagram by selecting it from the
Structures subpalette of thEunctions palette. You can either enclose
nodes with the Case structure or drag nodes inside the structure.

Case structure

“Em

The Case structure is analogous to case statemeéifntghen...else

statements in conventional, text-based programming languages. The Case

structure is configured like a deck of cards; only one case is visible at a time.

Each case contains a subdiagram. Only one case executes, depending on the

i value wired to theelector terminalThe selector terminal can be numeric,

Selector Boolean, or string. If the data type is Boolean, the structure has a True case
terminal and a False case. If the data type is numeric or string, the structure can have

up to 211 cases.

fecleien n : pos:
™ a8

Boolean Contro

o "subtract”
"add", Default

Slring Cantral
1
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Below is an example of a Boolean Case structure. In this example, the
numbers pass through tunnels to the Case structure and are either added or
subtracted, depending on the value wired to the selector terminal. If the
Boolean wired to the selector terminalisie, the VI will add the numbers;
otherwise, the VI will subtract the numbers.

Boolean Cantrao

Below is an example of a numeric Case structure. In this example, the
numbers pass through tunnels to the Case structure, and are either added or
subtracted, depending on the numeric value wired to the selector terminal.

Mumber 2

R ezl

Murmber 1
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In this case, a numeric Text Ring Conti@bgtrol»List & Ring ) associates
numerics to text items. If the Text Ring Control wired to the selector
terminal isO (add), the VI will add the numbers; otherwise, the valde is
(subtract) and the VI will subtract the numbers.

Text Ring Cantral

sedd | o
Note You must define the output tunnel for each case. When you create an output

tunnel in one case, tunnels appear at the same position in the other cases.
Unwired tunnels look like white squares. Be sure to wire to the output tunnel
for each unwired case, clicking on the tunnel itself each time. You also can
wire constants or controls to unwired cases by popping up on the white square
and selecting Create Constant or Create Control.

Below is an example of a string Case structure. In this example, the numbers
pass through tunnels to the Case structure and are either added or subtracted,
depending on the character string wired to the selector terminal. In this case,
if the String Control contains the characters “add” (quotes not included), the
VI will add the numbers; otherwise, if the String Control contains the
characters “subtract,” the VI will subtract the numbers.

Mumber 2| & 1 "add”, Defaul

When you place a Case structure on a block diagram, you type in the
selector values directly into the Case structure selector label. You can also
edit the selector values using the labeling tool. You can specify a single
value, or lists, and ranges of values that select the case. To indicate a list,
separate the values by commas, such,as5, 10 . Arange is specified

like 10..20 , meaning all numbers from 10 to 20 inclusively. You can also
use open-ended ranges such@s (all numbers less than or equal to 0), or
100.. (all numbers greater than or equal to 100). Lists and ranges can be
combined such as, 7..10, 12, 13, 14 . When you type in a
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selector that contains overlapping ranges, the Case structure redisplays the
selector in a more compact form. The previous example would redisplay as
.5,7..10,12..14

Note If you type in a selector value that is not the same type as the object wired to
the selector terminal, the value displays in red and your VI cannot run. Also,
because of the possible round-off error inherent in floating-point arithmetic,
using floating-point numbers in a case selector might not be the best solution.
If you wire a floating point type to the case, the type is converted to an integer.
If you try to type in a floating point value into the Case selector, it will display
in red.

Online Help

Drescriptior....

Shiows 2
Feplace 3

Femove Caze Stucture

Add Caze
Duplicate Caze
Delete This Caze

Show Case 2
Swap Diagram ‘With Caze  »
Shift Diagram To Case 2
Rearrange Cazes. ..

bake Thiz The Default Caze

The pop-up menu options for the Case structure are shown above. You can
add, duplicate, or remove cases. You can also rearrange the cases to sort
them or otherwise put them into a different order. Viaé&e This The

Default Caseoption in the menu specifies a particular case to execute if the
selector value is not listed in the Case structure. The word “Default” is listed
in the selector value at the top of the case structure. You must specify a
default case for a Case structure if it does not contain selectors for every
possible selector value (numeric and string cases).
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Exercise 6-1 Square Root.vi
Objective: To use the Case structure.

You will build a VI that checks a number to see if it is positive. If it is, the
VI calculates the square root of the number; otherwise, the VI returns a
message.

A Warning Do not run this VI continuously!

Front Panel

Mumber Square Root Value|
zl2.00 1.41
*digital contral® *digital indicator

-99999.00 indicates an eror|

“free label®

Open a new panel.
Build the front panel shown above.

The Number digital control supplies the number. The SdRaoévalue
indicator displays the square root of the number if Number is positive.
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Square Root Yalue

(This is the False case of the
Case structure above.)

Errar...
Megative Mumber

Open the Diagram window.

Select a Case structur@tiuctures subpalette) and enlarge it in the
Diagram window by dragging the mouse.

By default, the Case structure selection terminal is Boolean. It will
automatically change to numeric if you wire a numeric control to the
terminal.

You can display only one case at a time. To change cases, click on the
arrows in the top border of the Case structure.

Select the other diagram objects and wire them as shown.

Greater or Equal to 0?function Comparison subpalette). In this
exercise, this function checks whether the number input is negative. The
function returns a TRUE if the number input is greater than or equal to 0.

Square Rootfunction (Numeric subpalette). In this exercise, this
function returns the square root of the input number.

Numeric Constant(Tunnel pop-up menu). Place the Wiring tool on the
white tunnel and sele@reate Constant Use the Labeling tool to type
in the value into the constant. Pop up on the constant andSetetit

& Precision.... Modify the numeric to have 1 digit of Precision and
Floating Point Notation.
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Note Notice that if both cases do not have data wired to the tunnel, the tunnel
remains white. Ensure that a value is wired to the output tunnel from each
case.

[Ed==| One Button Dialogfunction (Time & Dialog subpalette). In this
exercise, this function displays a dialog box that contains the message
“Error...Negative Number.”

Errar. String Constant (Strings subpalette). Enter text inside the box with the
Negative Humber|] Operating tool. (You will study strings in detail in Lesson 7.)

In this exercise, the VI will execute either the True case or the False case.
If the number is greater than or equal to zero, the VI will execute the
True case. The True case returns the square root of the number. The
False case outputs a -99999.0 and displays a dialog box with the
message “Error...Negative Number.”

Save the VI. Name 8quare Root.vi

Return to the front panel and run the VI. Try a number greater than
zero and one less than zero.

Close the VI.

o o s FD

End of Exercise 6-1
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Exercise 6-2 Temperature Control.vi

Objective: To use the Case structure.

Lesson 6 Case and Sequence Structures

You will modify theTemperature Running AverageVI to detect when a
temperature is out of range. If the temperature exceeds the set limit, a front
panel LED will turn on and a beep will sound.

You will use this VI later, so be sure to save it as the instructions below

describe.

Enable

“ertical switch®
Drefault > OM

Deg F|

“waveform chart®
Legend shown

Diigital Dizplay Shown
Falette hidden

0N freg label
OFF Transparent color

kech Action - Latch when prezzed

T emp History
90.0-

85.0-
80.0-
¥5.0-

0.0-

High Lirnit

¥ 96

*digital contral®

WARMNING
ﬂ *raund LED*

Running Aawg a7 e

Current Temp 25,91

Open théfemperature Running AverageVI.
Modify the front panel as shown above.

The HighLimit digital control specifies the upper temperature limit. The
WARNING LED indicates if the temperature exceeds this limit.

You create the numeric digital display values by popping up on the Temp
History chart and selectirfghow»Digital Display

3. SelectSave Asfrom theFile menu and rename the Vemperature

Control.vi.

© National Instruments Corporation
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Block Diagram

lTe-mp

ARMIMNG

: ait LIkl M et
Tick Multiple

1.

>

&

Modify the block diagram as shown above.

Greater? function Comparison subpalette). In this exercise, this
function returns a TRUE if the temperature measured exceeds the
temperature you specify in the Highmit control; otherwise, the
function returns a FALSE.

BeepVI (Graphics & Sound»Soundsubpalette). In this exercise, this
VI sounds a beep if the selection terminal of the Case structure receives
a TRUE.

Note On the Macintosh, you must provide values for the Frequency, Duration, and
Intensity inputs to the Beep VI.

3.

Notice that there are no icons in the False case of the Case structure. If
the temperature that tAidhermometer VI returns is greater than the set
limit, the LED turns on, the VI executes the True case, and a beep
sounds. If the temperature is less than the set limit, the LED turns off,
the VI executes the False case, and there is no beep.

Save the VI. Return to the front panel and e&ten the HighLimit
control. Run the VI.

Place your finger on the temperature sensor. When the temperature
exceeds 80°, the LED will turn on and a beep will sound.

Close the VI.

End of Exercise 6-2

LabVIEW Basics | Course Manual

6-10 © MNational Instruments Corporation



Lesson 6 Case and Sequence Structures

B. Sequence Structure

You place th&sequence structuien the block diagram by selecting it from
the Structures subpalette of thBunctions palette. You can either enclose
nodes with the Sequence structure or drag nodes inside the structure.

Sequence structure

The Sequence structure, which looks like a frame of film, executes diagrams
sequentially. In conventional text-based languages, the program statements
execute in the order in which they appear. In data flow programming, a node
executes when data is available at all of the node inputs, but sometimes it is
necessary to execute one node before another. The Sequence structure is
LabVIEW's way of controlling the order in which nodes execute. The
diagram to be executed first is placed inside the border of Framg)Qt{.
diagram to be executed second is placed inside the border of Framyg 1(0..
and so on. () represents the range of frames in the Sequence structure. As
with the Case structure, only one frame is visible at a time.

Sequence Locals

Sequence localsre variables that pass data between frames of a Sequence
structure. You create sequence locals on the border of a frame. The data
wired to a sequence local is then available in subsequent frames. The data,
however, is not available in frames preceding the frame in which you created
the sequence local.
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The example below shows a three-frame Sequence structure. A sequence
local in Frame 1 passes the value thaflthermometer VI returns. Notice

that this value is available in Frame 2 (as the arrow pointing into Frame 2
indicates) and that the value is not available in Frame 0 (as the dimmed
square indicates). Keep in mind that the VI displays only one sequence at a
time.

fo D10 2] pHOG) OO 2[0.2] pHOT

T hermarneter. vi
: [+] [¥]
Doooooooon OO0 00000000 OO0 00000000
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Exercise 6-3 Time to Match.vi
Objective: To use the Sequence structure.

You will build a VI that computes the time it takes to generate a random
number that matches a number you specify. This VI usesutoeeMatch
VI you built in Exercise 4-3.

Front Panel

Mumber to Match Current Humber
= 50 50
*digital contral* *digital indicatar®
R epresentation - 132 Representation - 132
Data R
aME;n ;arl':llge # af iterations
kax = 100 233
Inz =1

*digital indicatar®
Representation -» 132

Tirmne to b atch

01528 | zec/|—— Free Label

*digital indicator®
R eprezentation -» DEL
Digits af Precision -» 3

Out af range -» Suspend

Open théuto Match VI you created in Lesson 4.

Modify the front panel shown above. Be sure to modify the controls
and indicators as depicted.

3. Use theSave Ascommand to save the VI aame to Match.vi.
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Block Diagram

|Illlllllllllln:IIIIIIIIIIIII

Get initial time.

ick Count

ey

|Illllllllllll=:IIIIIIIIIIIIII

Perform Auto Match.vi.

i,

M urnber to b atchi

Illllllllllllln:IIIIIIIIIIIII

Get final ime. Compute
time delay in seconds.

Tirme to Match

1. Open the Diagram window, choose a Sequence structure from the
Structures subpalette, and drag a selection area around everything.
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2. Add a frame to the Sequence structure by popping up on the border
of the frame and choosigdd Frame After. Repeat this step to add
a second frame to the Sequence.

3. Place the While Loop in Frame 1. Return to the frame that contains
the While Loop, pop up on the frame border, and chiedee This
Frame» 1

4. Create the sequence local by popping up on the bottom border of
Frame 0 and choosimydd Sequence Locafrom the pop-up menu.

The sequence local will appear as an empty square. The arrow inside the
square will appear automatically when you wire to the sequence local.

5. Build the diagram as shown on the previous page.

Tick Count (ms) function (Time & Dialog subpalette). This function
reads the current value of the operating system’s software timer and
returns the value in milliseconds.

In Frame 0, th&ick Count (ms) function reads the operating system’s
software clock and returns its value in milliseconds. In Frame 1, the VI
executes the While Loop as long as the number specified does not match the
number that th®andom Number (0-1)function returns. In Frame 2, the

Tick Count (ms) function again reads the operating system’s software

timer. The VI then subtracts the new value from the time read in Frame O
and returns the elapsed time in seconds to the front panel.

6. Enter a number inside the Numb@Matchcontrol. Save and run the
VI. (Remember that you can use tketrl [0 | M |# -R> shortcut
keys to run the VI.) Win Sun H-P Mac

7. If Time to Match always reads 0.000, your VI may be running too
quickly. To slow the VI, either run with Execution Highlighting
enabled or increase the value on the diagram that is multiplied by the
random number to a very large value such as 100,000.

8. Close the VI.

End of Exercise 6-3
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C. Formula Node

You place thd~ormula Nodeon the block diagram by selecting it from the
Structures subpalette of thEunctions palette. You can enter equations into
the formula node by using the Labeling tool.

Formula Node

The Formula Node is a resizable box that you use to enter algebraic
formulas directly into the block diagram. This feature is extremely useful
when the function equation has many variables or is otherwise complicated.
For example, consider the equation y2=+xx + 1. If you implement this
equation using regular LabVIEW arithmetic functions, the block diagram
looks like the one shown below.

L s By

You can implement the same equation using a Formula Node, as shown
below.

Note semicolon

With the Formula Node, you can directly enter a complicated formula, or
formulas, in lieu of creating block diagram subsections. You create the input
and output terminals of the Formula Node by popping up on the border of
the node and choosigld Input (Add Output) from the pop-up menu.

You enter the formula or formulas inside the box. Each formula statement
must terminate with a semicolon (;).
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The following operators and functions are available inside the Formula
Node.

i Help (=]

Formula Hode operators, lowest precedence first;
azzighment =

conditional 7

logical DR || logical AMD  &&

relational == 1= » ¢ »= ¢=

arthmetic + - =/ "

unary + -

Formula Mode functions:

abs aco: acozh azin azinh atan atanh ceil

cog cozh cob cac esp expml floor getexp getman
int inkrz In Inpl log logZ2 max min mod rand

rem £ec zigh =0 sinc gink sgrt tan tanh

[Fa7] | Iﬂfg

The following example shows how you can perform conditional branching
inside a Formula Node. Consider the following code fragment that
computes the square root of x if x is positive, and assigns the result to y. If
X is negative, the code assigns -99 to y.

if (x >=0) then

y = sqrt(x)

else
y =-99
end if

You can implement the code fragment using a Formula Node, as shown
below.

Conditional Operator
False Condition

p=[wx=0] Y eqrtfs] : -99:

square rook

Condition True Condition
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Exercise 6-4 Formula Node Exercise.vi
Objective: To use the Formula Node.

You will build a VI that uses the Formula Node to evaluate a complex
mathematical expression and graphs the results.

Front Panel

raph
108

a.0-

0 20 40 60 80 100 120 140 180 180 199

“waveform graph®

Open a new panel.

. Build the front panel shown above. The Graph indicator will display
the plot of the equation y = f(x)"3 + f(x), where f(x) = tanh(x) +
cos(Xx).
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Block Diagram

a = tanhlz] + cozlx);
p=a"3+a;

1. Build the block diagram shown above.

Formula Node (Structures subpalette). With this node, you can
a = tanh(x] + coafx); directly enter formulas. Create the input terminal by popping up on the
y=a"3+a border and choosingdd Input from the pop-up menu. You create the
y output by choosingdd Output from the pop-up menu. You must
also define the intermediate or “dummy” variable

When you create an input or output terminal, you must give it a variable
name that exactly matches the one in the formula. The names are case
sensitive—if you use a lower case “r" to name the terminal, you must use
a lower case “r” in the formula.

Note Notice that a semicolon (;) terminates each formula statement.

=00l Numeric Constant(Numeric subpalette). In this exercise, this constant
specifies the number of For Loop iterations.

E_} Divide function Numeric subpalette). In this exercise, this function
divides the value of the iteration terminal by 15.0.

During each iteration, the VI divides the iteration terminal value by 15.0.
The quotient is wired to the Formula Node, which computes the function
value. The VI then stores the result in an array at the For Loop border
(auto-indexing). After the For Loop finishes executing, the VI plots the

array.

2. Save the VI. Name Eormula Node Exercise.vi
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3. Return to the front panel and run the VI.

4. Close the VI.

VI Logic

fori=0to 199
x=1/15.0
a = tanh(x) + cos(x)
y=a*3+a
array [ij=y

next i

Graph (array)

End of Exercise 6-4

6-20

© MNational Instruments Corporation



Lesson 6 Case and Sequence Structures

Summary, Tips, and Tricks

© National Instruments Corporation

LabVIEW has two structures to control data flow—the Case structure
and the Sequence structure. LabVIEW depicts both structures like a
deck of cards; only one case or one frame is visible at a time.

You use the Case structure to branch to different diagrams depending on
the input to the selection terminal of the Case structure. You place the
subdiagrams inside the border of each case of the Case structure. The
case selection can be Boolean (2 cases), string, or nun?émcc(ases).
LabVIEW automatically determines the selection terminal type when
you wire a Boolean, string, or integer control to it.

If you wire a value out of one case, you must wire something to that
tunnel in every case.

You use the Sequence structure to execute the diagram in a specific
order. The diagram portion to be executed first is placed in the first frame
of the structure, the diagram to be executed second is placed in the
second frame, and so on.

You use sequence locals to pass values between Sequence structure
frames. The data passed in a sequence local is available only in frames
subsequent to the frame in which you created the sequence local, and not
in frames that precede the frame.

With the Formula Node, you can directly enter formulas in the block
diagram. This feature is extremely useful when a function equation has
many variables or is complicated. Remember that variable names are
case sensitive and that each formula statement must end with a
semicolon (;).
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Additional Exercises

Challenge

LabVIEW Basics | Course Manual

6-5

6-7

6-8

Build a VI that uses the Formula Node to calculate the following
equations.

yl=xX+xX+5
y2=m*x+b

Use only one Formula Node for both equations. (Remember to put a
semicolon (;) after each equation in the node.) Name the VI
Equations.vi.

Build a VI that functions like a calculator. The front panel should
have digital controls to input two numbers and a digital indicator to
display the result of the operation (Add, Subtract, Divide, or
Multiply) that the VI performs on the two numbers. Use a slide
control to specify the operation to be performed. Name the VI
Calculator.vi.

Modify the Square Root Exercise (Exercise 6-1) so that the VI
performs all calculations and condition checking using the Formula
Node. Name the VBquare Root 2.vi

Build a subVI that has two inputs and one output. The inputs are
“Threshold” and “Input Array,” and the output is “Output Array.”
Output Array will contain values from Input Array that are greater
than Threshold. Save your subVIAsay Over Threshold.vi. Test

your subVI by creating another VI that generates an array of random
numbers between 0 and 1, and use#\inay Over Threshold

subVI to output an array with the values above 0.5. Save the test VI
asUsing Array Over Threshold.vi.
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Notes
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Notes
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Lesson 7
Strings and File 1/0

]

Introduction

This lesson introduces LabVIEW strings and file 1/0O operations.

You Will Learn:

A. How to create string controls and indicators.

B. How to use several string functions.
C. How to perform file input and output operations.
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A. Strings

A string is a sequence of displayable or nondisplayable characters. Often,
you use strings for more than simple text (for example, ASCII) messages.
For example, in instrument control, you pass numeric data as character
strings. You then convert these strings to numbers. In many cases, storing
numeric data to disk also requires strings, which means that you first must
convert numbers to strings before writing the numbers to a file on disk.

Creating String Controls and Indicators

String controls and indicators are in Bing & Table subpalette of the
Controls palette. You enter or change text inside a string control using the
Operating tool or the Labeling tool. You can enlarge string controls and
indicators by dragging a corner with the Positioning tool. To minimize the
space that a front panel string control or indicator occupies, uShtve
Scrollbar option from the string pop-up menu. If this option is dimmed, you
must increase the window’s vertical size.

String Cantral

[f you have large
amountz of kext pou can
minimize the space
taken up by the string
cantral by showing the
scrollbar.

You also can configure string controls and indicators for different types of
display. For example, you can choose password display by enabling the
Password Displayoption from the string’s pop-up menu. With this option
selected, only asterisks appear in the string’s front panel display. On the
block diagram, the string data reflects what was typed.

String Cantrol String Indicatar

| xxxxxxxx | |passwurd |
String Control String Indicator
abc

String controls and indicators also can display and accept characters that are
usually nondisplayable, such as backspaces, carriage returns, tabs, and so
on. To display these characters, chdbggeodes Displayfrom the string’s
pop-up menu.

In ‘\" Codes Display mode, nondisplayable characters appear as a backslash
followed by the appropriate code. A partial list of codes appears in the table
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below. (For the complete table, use @@ine Reference(Help menu) and
search on Special Escape Codes Tabteenter a nondisplayable character
into a string control, type the backslash chardctéollowed by the code

for the character. As shown below, after you type text in the string and click

x the Enter button, any nondisplayable characters appear in backslash code
format.
Enter button
Shring Control
my zkring info |
Backslash code for the New Line character is entered
into a string control, but you cannot see it.
String Contral
|m_l,l"-.sstring"-.sinfu:u'\n |
After shifting the key focus, the display shows the spaces
the user enters and the New Line character at the end.
Code LabVIEW Interpretation
\b Backspace (ASCII BS, equivalent to \08)
\s Space (ASCII SP, equivalent to \20)
\r Return (ASCII CR, equivalent to \OD)
\n Newline (ASCII LF, equivalent to \OA)
\t Tab (ASCII HT, equivalent to \09)

The characters contained in LabVIEW string controls and indicators are
represented internally in ASCII format. To view the actual ASCII codes (in
hex), choosélex Display from the string’s pop-up menu.

Mormal Dizplay Hex Dizplay
LabVIEW | 4CET 6256 434557 |
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B. String Functions

LabVIEW has many functions to manipulate strings. These functions are
available from thé&tring subpalette of thBunctions palette. Some
common functions are discussed below.

String Length returns the number of characters in a string.

zhring [ength

String Length

An underscore () represents
a space character.

string[The_quick_brown fox_| EER [20] Length

Concatenate Stringsconcatenates all input strings and arrays of strings
into a single output string.

ghrinig W . .
string] cohcatenate of string,stringd, ...

Concatenate Strings

O+
:z:+ The function appears as shown at left when you place it in the Diagram
Concatenate window. You can resize the function with the Positioning tool to increase the

Strings function b fi ¢
when placed in numper of Inputs.

Diagram window

lstring anay constant] [concatenated string]

[=F3
""""""" The quick broven fox jumped over the lazy dog.|
=2+

Ijumpeu:l aver the lazy dog.
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String Subsetreturns the substring beginningadtset and containing
length number of characters. The first character offset is zero.

length o et
offzet [0]—— =, B subztring
strir[15|] ca

String Subset

Length o
Offset [6 — r:%:ﬁ Substring
String[VOLTS DC+1.22863E+1;]

Match Pattern returns the matcheglibstring. The function searches for
theregular expressionin string beginning at theffset, and if it finds a

match, splits the string into three substrings. If no match is found, the match
substring is empty and tlodfset past matchis -1.

before substring
match zubstring
after zubstring
offzet past match

regular expressian
ztnng
offzet 0]

Match Pattern

The_quick_| before substring

string [brown
) - 9 brown| match substring
string |The7qU|ck7brown7fox fox] after substring
numeric [0 [L5] offset past match

In many instances, you must convert strings to numbers or numbers to
strings. Thé=ormat Into String function converts a number to a string and
theScan From Stringfunction converts a string to a number. Both of these
functions can perform error handling.

Format Into String converts any formatrgument (for example, numeric)
to the specified formatte@sulting string. You can expand the function to
have multiple values converted to a single string simultaneously.

format string
initial string T rezulting ztring
o error out

&ITor in !
[Ti]

argument 1

Format Into String
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The function can format the output string with thiial string and
argument(s) based on theormat string .

In the example below, the function converts the floating-point number 1.28
to the 6-byte string “1.2800.”

linpat stringJ"Ju:ultage is

String = ‘oltage is 1.2800]

1.28
Format Inta Shing

Scan From Stringconverts a string containing valid numeric characters
(0to 9, +, -, e, E, and period) to a number. The function starts scanning the
input string atinitial search location. The function can scan the input

string into various data types (for example, numerics or Booleans) based on
theformat string. This function is expandable to have multiple outputs.

format ztring
o irpit string EElwAl] remaining string
initial zearch location PR gﬁg{atﬂa st sCah
ljgi:rfrllilrlth .................... ® W ----------------- Dutput'l

Scan From String

In the example below, the function converts the string “VOLTS
DC+1.28E+2” to the number 128.00. The function starts scanning at the
ninth character of the string (that is, the +). (The first character offset is
zero.)

error out cluster

error in cluster

BothFormat Into String andScan From Stringhave arkEdit Scan String
interface to create the format string. The format string specifies the format,
precision, data type, and width of the converted value. You can access the
Edit Scan String dialog box by popping up on the node and chooSithy
Format String or simply double-clicking on the function. After you
configure the format string and sel€teate String, the dialog box creates

the string constant and wires it to the format string input for you. See the
following example of using thEdit Scan Stringto create the format string

for a floating-point number, precision of 2 digits, width of 8 digits, and
padded with spaces.
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Selected Operation:
| Format fractional number  [e.g.:12.345] _vI

Options
| Fiight justify B
~ | Pad using spaces B
o Mg st | [ Use mirirurn field width: Ig
[w Use specified precision: |2
Remaove Thiz Dperation |

Carrespanding Farmat String:

Ilzs.zr

Create String | Cancel |

Probe [2

Meazurement iz 4588 -

There are additional string formatting functions in $teng»Additional
String to Number Functionssubpalette. You can use these functions for
specific data types. For example, feeFractional function converts a
number to a floating-point formattestring.

Number|128E2}- ]
wiasz-—{L.2800] String
Precision [4——fes-

|
To Fractional

TheFrom Exponential/Fract/Eng function converts a string containing
valid numeric characters to a floating-pamimber. The function starts
scanning thetring atoffset

[VOLTS DC+1.28E+2;
Offset 8]

o I— Number

From Exponential/Fract/Eng
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Exercise 7-1 Build String.vi

Objective: To create a SubVI utilizing the Format Into String, Concatenate Strings, and String

Length functions.

You will build a VI that converts a number to a string and concatenates the
string to other strings to form a single output string. The VI also determines
the output string length. The VI also tests if a password matches a given

password.

You will use this VI later, so be sure to save it as the instructions below

describe.

Front Panel

Header

The measurement iz

*string contral®
Mormal Dizplay

MHurnber
<500

*“digital contral®

Trailer

|"-.-"|:|Its

*string contral®
Hormal Dizplay

Paszward

*string contral®
Pazzword Display

Combined String

|The measurement ig & 0000 Yalks

*ztring indicatar®
M armal Digplay

String Length

31

*digital indicatar®

b atched Paszward

paszward |

*ztring indicatar®
M armal Digplay

b atzh

[

*Sguare LED Boolean®

1. OpenBuild String.vi fromBASICS.LLB .

2. Build the front panel shown above. Be sure to modify the controls
and indicators as depicted. The numerics and Boolean have been
created for you.

The function will concatenate the input from the two string controls and
the digital control into a single output string and display the output in the

string indicator. The digital indicator will display the string length.

The VI also will test whether the given string matches the input

password string. The VI asserts a Boolean if there is a match, and a

string indicator displays the matched string.

LabVIEW Basics | Course Manual
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Block Diagram

Combined 5 tring|
Gbc |

S tring Length|
sz]|

I atched Pazsword]
Gbe]|

b atch|
O ]|

1. Build the diagram shown above according to the following instructions.

B Format Into String function String subpalette). In this exercise, this
‘| function converts the number you specify in the digital control,
Number, to a string.

To create the format strirtg.4f , pop up on th&ormat Into String
function and seleddit Format String. From theEdit Format String
dialog box, create the format string.

a. SelecUse Specified Precision and typet to convert the
number into a string with four digits after the decimal point.

[i* Edit Format String E3
Current Format Sequence: Selected Dperation:
Farmat fractional number | Format fractional nuriber  [e.g.:12.345) ;l
Options
| Fright justify |
~ | Pad uzing spaces _v|
Add New Opertion | ™ Usze mirirunn fighd vidth: gsjs
v Use specified precizion: |4
Remove Thiz Dperation |

Correzponding Format String:
4
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b. Select the Create String button.

The function automatically creates a string constant and wires it to
theformat string input.

Concatenate Stringsunction String subpalette). In this exercise,

this function concatenates all input strings into a single output string.
To increase the number of inputs, resize the function using the
Positioning tool.

String Length function String subpalette). In this exercise, this

Challenge 6.

7.

function returns the number of characters in the concatenated string.

Case structureStructures subpalette). In this exercise, the Case
structure is used to see if the Password string matches your
password. In the selector label for the default case, place an empty
string. In the other selector label for the case, place your password.
For this example, a password of the word “password” is used, but
you can specify another password. Be sure to remember this
password, as you will need it in a later exercise.

Return to the front panel and wire the connectors for the subVI. Pop
up on the Icon/Connector and sel8tiow Connector.Use the

wiring tool to wire the input and output terminals to the front panel
controls and indicators. When the wiring is complete, select

Show Icon

Header Cambined Sting
MHumber String Length
Trailer b atched Pazswaord

;\. ......... Match

Save the VI under its same name.

Type text inside the three string controls and a number inside the digital
control. (Typepassword in the Password control.) Run the VI.

Type a different word in the Password control and run the VI.

Modify this diagram to add spaces automatically between Header,
Number, and Trailer.

Save and close the VI.

End of Exercise 7-1

LabVIEW Basics | Course Manual
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C. File 1/0

File input and output (I/0O) operations store information to and retrieve
information from files on disk. LabVIEW has many built-in functions and
Vis to handle file I/0O. All File I/O functions are in tikée I/O subpalette

of theFunctions palette. These functions and VIs are organized into three
levels of hierarchy:

a. High-Level File VIs
b. Intermediate File Functions

c. Advanced File Functions

«—IHIFunctions
File 170
k M [=F]*
=
Intermediate File Functions
[
[}_ HE b Elp High-Level File ViIs
Ex «—1-0File 170
= I""" "%-' Write To Spreadsheet File_vi
=l e
LA E ’*-" R 1= SR =ER = _-
B T
I [é]'“N =l r ém 2 1

[Far] ¥ — F
=

Advanced File Functions

| e
i
Lk
i
@“E

In this lesson, we will cover the intermediate functions in detail for better
understanding of basic File I1/0O operations and then will continue the
discussion on high-level File VIs.

High-Level File Vis
The nine high-level File Vls are in the top row of Hike I/O subpalette (see
above), which includes a subpaletteBimary File VIs. These Vls call the
intermediate File Functions as subVIs. They simplify the most common
types of file I/O encountered with LabVIEW by transparently handling
lower level functions. The Vls also create a simplified means of error
handling. If a file 1/O error occurs during the execution of one of these Vs,
a dialog box shows the error.
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Intermediate File Functions
The intermediate File functions are in the second row dfilkd/O
subpalette. They provide substantially more functionality than the
high-level Vls, such as programmatic file opening and closing and direct
managing of file read and write markers.

As you become more familiar with LabVIEW, you will find that the
intermediate File functions handle most of your file I/0O needs.

Advanced File 1/0 Functions
The Advanced File Functions are in #ike 1/0 subpalette of thEunctions
palette. These built-in functions handle details of LabVIEW file 1/0
operations and provide flexibility in managing file I/O. Several of the
Advanced File 1/0 functions are discussed in more detail in the LabVIEW
Basics Il course.

File I/0 with the Intermediate File Functions

The basic file I/O process at the intermediate level is to open or create a file,
read from or write to it, and then close it.

This section discusses tpen/Create/Replace File/l, the Read File
function, theWrite File function, and th€lose Filefunction. It also
discusses th8imple Error Handler VI.

= Note Use the LabVIEW Online Reference (Help menu) to demonstrate and learn
more about the details of these functions.

Open/Create/Replace Filepens or replaces an existing file or creates a
new file. If you leavdile path unwired, the VI displays a file dialog box
from which you can choose the new or existing file. After you open or create
a file, you can read data from it or write data to it usingRéad Fileand

Write File functions. You can read or write any data type usindréaed

File andWrite File functions.

pattern
prompk
file path “"""""""""_"'L refrm
gtart path (Mot & Path) éla new file path
funchion [opern:0] E :% file zize [Bytes]
ermar in [not an erar) 2ror oLt
default name

advizony dialag? [digplag: T] s
Open/Create/Replace File

Read Filereadscount bytes of data from the file thegfnum specifies and
returns it indata. (We will discussefnums in the next section.) Reading
begins at the location specified by fh@s modeandpos offset
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corvert el [F]
lire miode [F]

refnum FILE _ dup refrum
pos rode [0: 2] data
pos offzet [I_:I] f = R offzet
Il it errar out

count
byte stream type

Read File

Write File writes to the file thatefnum specifies. Writing begins at the
location specified by thpos offsetandpos mode

convert eal [F]
header [F] i
refnum FILE dup refrum
pos mode [0:2) T == affset
poz offzet [] —'_E‘“ n = arrar ot
Erar in
data
Write File

Close Filecloses the file associated witfnum. This function closes files
of all data types.

refrnum path
107 i \— error aut
Close File

Checking Errors

An advantage of using the Intermediate File functions is that you can
develop your own error handling routines. Each Intermediate function has
anerror in input and arerror out output. Both of these are clusters
containingstatus, code andsource as shown below.

© National Instruments Corporation

BIror in [ho error)

status code

Xl

F0UICE

errar out

statis code

1[0

F0UICE
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When the functions execute, they first checkethier in cluster to see if an
error has occurred in any preceding VI or function. If the status is True (an
error has occurred), the VIs or functions do not continue execution. They
simply pass therror in information to theierror out cluster for the next
node. If the status is False, the nodes continue with the operation and set
theirerror out cluster to reflect whether an error occurred during their
execution.

Simple Error Handler (Time & Dialog subpalette) checks for errors in the
file operations and displays a dialog box if an error occurs.

eror code [no e 0] Frmy efrar?
error source [~ Ky L code out

twpe of dialog [OF. mzg:1] :ZLE: % goLrce aut
error in [no e error out

messagqe

Simple Error Handler

Saving Data in a New or Existing File

LabVIEW Basics | Course Manual

Saving data in a new or existing file is a three-step process: open or create
the file, write data to the file, and close the file. With the File Vls, you can
write any data type to the file you have opened or created. If other users or
applications need to access the file, you should write string data in ASCII
format to the file.

You can access files either programmatically or through a dialog box. To
access a file through an interactive file dialog box, you l&s/path

unwired in theOpen/Create/Replace File/l. You can save time by
programmatically wiring the filename and pathname to the VI. Pathnames
are organized as follows:

Windows A pathname consists of tlaeive name (for example, A
or C), followed by a colon, followed by backslash-
separated directory names, followed by the filename. An
example iSC\TESTDATA\TEST1.DAT for a file named
TESTL1.DAT, in the directoryTESTDATA

Sun/HP-UX A pathname consists of forward slash-separated
directory names, followed by the filename. An example
iSs /home/TESTDATA/TEST1.DAT for a file named
TEST1.DAT, in the directoryTESTDATAIn the/home
directory. Filenames and directory names are case
sensitive.

Macintosh A pathname consists of tkelumename (the name of
the disk), followed by a colon, followed by
colon-separated folder names, followed by the filename.
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An example would beélard Disk: TESTDATA:
TEST1.DAT for a file named’EST1.DAT, inside a folder
namedTESTDATA on a disk callediard Disk

The following example shows the steps for writing string data to an existing
file while programmatically wiring the filename and pathname:

Use of Path Constants to "hardwire"
the file and pathname is optional.

file path constant [Windows Open/Create/Replace File.vi Tite Filg] [Cloze File] Simple Emror Handler. il
I“uc:\testdata\test'l .dcu= Tt FIL: Tefrm i‘fl.usg

Fath Constant (Sun/HFLU)] ﬁ H el él“ B e

[E home/TESTO AT A/ TEST1 DaT]

Path Constant (Macintosh)
[EHard trisk TESTO AT 4-TESTT DAT]

In the above example, tl@pen/Create/Replace Filé/l opens the file
TEST1.DAT. The VI also generatesrafnum and arerror clusterThe

refnum is a file identifier generated when you open or create a file; it
identifies the file in subsequent operations. &hrer cluster is a bundle of

data containing error messages generated by previaysweanVis.

These clusters are LabVIEW’s method of handling errors and are very
powerful and intuitive tool€rror clusters are discussed further in the
LabVIEW Basics Il course. Notice thatror andrefnum are passed in
sequence from one File VI to the next. Because a VI or node cannot execute
until it receives all of its inputs, the passing of these two parameters forces
the File VIs to execute in order. Tpen/Create/Replace File/I then

passes theefnum anderror cluster to théVrite File function, which

writes the data to disk. Tl@&dose Filefunction closes the file after receiving
theerror cluster andefnum from Write File. TheSimple Error Handler

VI examines therror cluster and displays a dialog box if an error has
occurred. Note that if an error occurs in one node, subsequent nodes do not
execute and pass the error cluster toSimeple Error Handler VI.

Reading Data from a File
When you read data from a file, you normally open an existing file, read the
file contents with th&kead Filefunction, and close the file. You also must
specify the amount of data to be read.

The following example shows the steps for reading the entire contents of a
string file using an interactive file dialog box to select the file:
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Cloze File] Cimple Errar Handler. vi]

KLOGE
~ ] L errolu

[Open/Create/Replace File. v

The Open/Create/Replace File/I opens the file by displaying an
interactive file dialog box with the prompt “Enter Filename.” It passes the
refnum, theerror cluster, and théle sizeto Read File TheRead File
function then reade sizebytes of data starting at the beginning of the file.
The Close Filefunction closes the file. ThH®imple Error Handler then
checks for errors.
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Exercise 7-2 File Writer.vi
Objective: To write data to a file.

You will build a VI that will concatenate a message string, a number, and
unit string to a file. You will use the subVI created in Exercise Build
String.vi. In the next exercise, you will build a VI to read the file and display

its contents.

Front Panel

1.

2.

© National Instruments Corporation

Statement o Srike Mumber to wiite

Thiz measurement 1z = : 12.45
*digital contral*

*string contral®
Scrollbar Enabled

it b it
Walks
*string control®

Open a new VI and build the front panel shown above.

The front panel contains two strings with normal display and a digital
control. The Statemeiib Writecontrol will input the message written
to the file. The Number To Write and Unit to Write controls will input
their values and write them to the same file as the Statement to Write

control.
Switch to the block diagram.
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Block Diagram

Build String.wi
Statement to Wiite b‘.tw —

ffiite File]  [Close File]  [Gimple Error Handler vi

function = FILE CLOGH'
akcreate of replace o, é- Y|

[Open/Create/Replace File. i

1. Build the diagram shown above. The functions are described below.

Lt Build String.vi (Select a VI...subpalette). The subVI concatenates the
LE=]-| three input strings to one combined string.

Open/Create/Replace File/I (File I/O subpalette). This VI displays
[é]:]H an interactive file dialog box to open or create a file.

a. IEﬂtEf Filename | (pop up on the itrompt terminal and
selectCreate Constan) is the prompt that the dialog box

displays.
b. lrcreate orreplace ¥ (pop up on the Viunction terminal and
‘ﬂ"“; selectCreate Constan) specifies to create a new file or
Operating replace an existing file. Use the Operating tool to change the
tool terminal value tcreate or replace

Write File function Eile 1/0 subpalette). This function writes the
concatenated strings to the file.

“
b, 7

m
E (Il

Close Filefunction File I/0O subpalette). This function closes the file.

Simple Error Handler VI (Time & Dialog subpalette). This VI checks
the error cluster and displays a dialog box if an error occurred.

) 2

2. Save the VI. Name Kile Writer.vi .

A Warning In the next step, DO NOT double-click on BASICS.LLB in the dialog box.
Doing so will overwrite this file and erases all your previous work.

3. Enter values in the front panel controls and run the VI. Type
demofile.txt in the dialog box and click cgaveor OK.

4. You now will build a VI that opens the file and reads its contents.

End of Exercise 7-2
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Exercise 7-3 File Reader.vi
Objective: To read data from a file.

You will build a VI that reads the file created in the previous exercise and
displays the information read in a string indicator if the user’s password
matches the specified password fromBhgd String VI.

Front Panel

Faszword to Read

*string contral®
Faszword Display Enabled

String to Fead from Fils|

Thiz meazurement iz 12,4500 % alks -

*string indicatar®
Scrollbar Enabled

1. Open anew VI and build the front panel shown above.

The front panel contains a string control with Password Display enabled
and a string indicator that displays the information read from the file. If
the Password string control matches the specified passwBrdlth

String VI, the data is read from a file. Otherwise, a message is displayed
to indicate that the password did not match.

2. Switch to the block diagram.
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Block Diagram

Simple Eror Handler, v

Lak
VIEW

L

Buid Sting.v] &

cEE
Faszword to Read

*byte count®

Close Fild) &
LSE]| &
it

String ta Fead fram File]

|Open/Create/Replace File. vi

1.

LabVIEW Basics | Course Manual

Build the diagram shown above.

Build String VI (Select a VI...subpalette). In this exercise, this VI tests

the password string to see if there is a match. If there is a match, the VI
returns a TRUE and reads data from a file. Otherwise, the VI returns a
FALSE, and the case structure passes a password failure message to the
string indicator.

Open/Create/Replace File/I (File I/O subpalette). This VI displays
an interactive file dialog box that you use to open or create a file.

a. ISeIec:t Filz Hame| (pop up on the Viirompt terminal and
selectCreate Constan) is the prompt that the dialog box
displays.

b. (pop up on the Vlunction terminal and select
Create Constan) opens an existing file.

Read Filefunction File 1/0 subpalette). This function reafile size
bytes of data from the file starting at the current file mark (beginning of
the file).

Close Filefunction File I/0O subpalette). This function closes the file.
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Simple Error Handler VI (Time & Dialog subpalette). This VI checks
the error cluster and displays a dialog box if an error occurred.

Error Cluster constant. Pop up on the first white tunnel in the False
case frame and seleCteate Constant

String Constant. Pop up on the second white tunnel in the False case
frame and selec@reate Constant

Save the VI. Name kile Reader.vi
Run the VI. A dialog box appears. Find the #nofile.txt and

click on Open or OK. TheString to Read from Filendicator should

display the file contents if theassword to Reathatches the
password value in thBuild String VI.

End of Exercise 7-3

Modify the VI so that the number is parsed and displayed in a digital
Challenge ) indicator. After you have finished, save and close the VI.

© National Instruments Corporation
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Spreadsheets Strings and File 1/0
In LabVIEW, you can easily format text files so that you can open them in
a spreadsheet. In many spreadsheetsatheharacter separates columns
and theend of linecharacteseparates rows. Use t@encatenate Strings
function or the=ormat Into String function to insert a tab between each
item and an end of line after the last item.

The block diagram below creates the text file shown below it Fbneat

Into String function first converts the iteration count and the random
number to strings. The function also includes a tab and end of line to format
the data into a spreadsheet string before it is written to the file.

EHN

End of Ling|

Tite File Cloze File]  [Simple Emor Handler. v
FILE ICLOSEf
| o=
1]
S|

[Open/Create/Replace File.«

I

0—»0.4258 9 —>» Tab
1—»0.3073 1 9 End of Line

2—90.9453
3—50.9640
4—»0.9517 |
Note The End of Line constant (String subpalette) behaves differently depending

on the platform. You should use this constant to ensure portability of your VIs
between platforms.
End of Line
constant Windows The End of Line constant inserts a carriage return
character and a line feed character.

Sun/HP-UX The End of Line constant inserts a line feed character.
Macintosh The End of Line constant inserts a carriage return
character.
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Opening the file using a spreadsheet program yields the following
spreadsheet:

A | B

0.477049
0.183413
0.256391
0.514034
0.108502

r.h‘-h|w|m‘_-
) M= O

Tables

A table is a front panel control used to pass or display data in tabular form.
The data type of a table is a 2D array of strings; tables can be of any size,
memory permitting. The table shown below has three rows and seven
columns. The optional row and column headers for the table also are shown.

Table

S O O I O —}— Column headers

Row headers—o__ |07 097 [0.81 [0.80 [0.66 [0.66 [0.73
1 |72 Jo.30 Jo4 Jo11 o2 o3 |o.47

2 0.0 Jods [077 |24 Jo.24 083 |0.39

f |

Creating Table Controls and Indicators

You create the table control or indicator by selecliagle from theString
& Table subpalette of th€ontrols palette.

T able

labe ] [labe 1] [ab=]

A [x]

o 2

11

A table control appears on the front panel. You define cells within the table
by clicking inside a cell with either the Operating tool or the Labeling tool.
You can now type text within the selected cell.

The table indicator (or control) is a 2D array of strings. Therefore, you must
convert 2D numeric arrays to 2D string arrays before you can display them
inside a table indicator. The row and column headers are not automatically
displayed as in a spreadsheet. You must create 1D string arrays for the
column and row headers. The example below displays the 3x7 table of
random numbers shown above. (The example uses an attribute node to write
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values in the row and column header. Attribute nodes are discussed in the
LabVIEW Basics Il course.)

L
T ablef
[ab<]
I
e e
(i i _
e T able Attibute Hode
[ —
- - B Headers Viz
Eiuild &
E-—-—-——-—-—- -Lil o = - Fow Headers[]
- :: : [T Il e 1 Col Headers Yis
e | *Column Headers(]
=B
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Exercise 7-4 Temperature Logger.vi

Objective: To save data to a file in a form that a spreadsheet or a word processor can access
later.

You will modify theTemperature Control VI to save the time and current
temperature to a data file. You will use this VI later, so be sure to save it as
the instructions below describe.

Front Panel

Enable| High Limnit| WwiaRMING
aEE | ) x
’5 OM  free label* v rourd LED
0OFF Transparent calar *digital contral®
Afertical switch®
Default = OM -
Mech Action -+ Latch when pressed Running Avg 2061
Temp Histary| Current Temp o061
a0.0-
85.0-
DeaF  anp-
*waveform chart* 7a.0-
Drigital Display Shown
Falette hidden 70.0-

1. Open th&@'emperature Control VI.
The front panel already is built. You will modify just the diagram.

2. SelectSave Asfrom theFile menu and save this VI ag&mperature
Logger.vi.
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Block Diagram

lTernp

&
E

ERNING [Tat][=H Disable indexing

Get Date/Time Stingl | [Farmat [nta String

End of Line|H|

'

dait ntil Nexst
Tick Multiple

IE wter File Mame)

Enter File Name
prompt

|+ create ar replace -]

Create or replace

terminal
CHR | P
+*
2. [inz

¥
True-False

Boolean
E+CEIEE
==l
FILE

1]

LabVIEW Basics | Course Manual

Build the diagram shown above.

Open/Create/Replace File/I (File I/O subpalette). This VI displays
an interactive file dialog box that you use to create the new file or replace
an existing one.

The Enter File Name prompt (pop up on thepxddmpt terminal and
selectCreate Constan) is the prompt that the dialog box displays.

The create or replace terminal (pop up, sé€leeaite Constant and use
the Operating tool to change the value) creates a new file or replaces an
existing file.

Tab Constant $tring subpalette).
End of Line constant$tring subpalette).

Get Date/Time Stringfunction (Time & Dialog subpalette). This

function returns the time (in string format) when the temperature
measurement was taken. The True-False Boolean corBtaiean
subpalette) sets the function to include seconds in the string. Use the
Operating tool to change the False Boolean constant to the True Boolean
constant.

Format into String function String subpalette). This function converts
the temperature measurement (a number) to a string and builds the
following formatted data string:

Time String (tab) Temperature String (end of line).

Write File function File 1/0 subpalette). This function writes the
temperature/time string to the file.
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Close FileVI (File 1/0 subpalette). This VI closes the file.

Simple Error Handler VI (Time & Dialog subpalette). This VI checks
the error cluster and displays a dialog box if an error occurred.

Save the VI.

A Warning In the next step, DO NOT double-click on BASICS.LLB in the dialog box.
Doing so will overwrite this file and erases all your previous work.

3.

Run the VI. A dialog box appears, prompting you to enter a filename.
Typetemp.txt and click onOK or Save

The VI creates a file calladmp.txt . The VI then takes readings (one
every half-second) and saves the time and temperature data to a file until
you press the Enable switch. When the VI finishes, it closes the file.

Close the VI. You now can use a word processor or spreadsheet to
open the file you created.

Windows

5.

6.

Start the WordPad or NotePad application or another word processor or
spreadsheet.

a. Click on Task Bar and use tB#&art menu $Programs»
Accessorieyto select a word processing or spreadsheet
application.

Find and open the filemp.txt

a. SelecOpenfrom the WordPadFile menu and use the dialog box
to find temp.txt

b. Open the file.

Sun/HP-UX

5.

6.

© National Instruments Corporation

Run the Text Editor application. On the Sun, run the editor by clicking
the right mouse button on the workspace background and choosing
Programs»Text Editor from theWorkspace menu. On the HP-UX,

run the editor by clicking the left mouse button on the desktop’s front
panel Text Editor control icon.

Load the fileemp.txt
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Macintosh

5. Switch to the Finder and launch TeachText or another word processor or
spreadsheet.

6. Find and open the filemp.txt

7. After you load the file into the word processor or spreadsheet, notice that
the time appears in the first column and the temperature data appears in
the second column. Quit your word processor or spreadsheet and return
to LabVIEW.

End of Exercise 7-4
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File 1/0 High-Level File Vs

The high-level File VIs simplify file I/O operations. These VIs transparently
handle file opening and closing, and the spreadsheet file I/O VIs convert
numeric array data from and to spreadsheet string format as they read from
and write to disk. The high-level File Vis call the intermediate File
functions. The Vls are located in thée I/O subpalette of thEunctions
palette. They are organized on the first row in two groups: ASCII VIs and
theBinary File VIs subpalette.

Note Use the Online Reference (Help menu) to demonstrate/learn more about
these functions.

Write Characters to File writes a character string to a new file or appends
it to an existing file. The VI opens or creates the file before writing the file
and closes it afterwards.

file path [dialog if emphy]
character ztring

append to file? [new file:F] E
Cl:lrl"\"Eft El:ll? [r'll:l:F]

new file path (Mot & Pathi...

Read Characters From Filereads a specified number of characters from a
file beginning at a specified character offset. The VI opens the file before
reading to a file and closes it afterwards.

catvert ED'? [HD:F] ..........................

file path [dialog if empty] {Fabe] rie file path [MotsPath i
number of characters [all:-1] _j‘ [~ character string
start of read offzet [chars... = mark after read [chars.]

R EOF?

Write to Spreadsheet Fileconverts a 2D or 1D array of single-precision
numbers to a text string and writes the string to a new file or appends it to
an existing file. You can optionally transpose the data. The VI opens or
creates the file before writing to the file and closes it afterwards. The VI
creates a text file most spreadsheet programs can read.

format [%. 3]
file path [dialog if ernpty]
20 data =
10 data =

append ko file? [new file:F] -
traﬂSpDSE? [rll:l:F] ..........................
delimiter [T ab] ==============-

new file path (Mot & Pathi...
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Read From Spreadsheet Fileeads a specified number of lines or rows
from a numeric text file beginning at a specified character offset and
converts the data to a 2D single-precision array of numbers. The VI opens
the file before reading to the file and closes it afterwards. You can use this
VI to read a spreadsheet file saved in text format.

tranzpoze [niocF]
delimiter [Tahb)

format [%. 3f] rew file path [Maot & Path ...
file path [dialog if empty] Bz all rows
nurnber af raves [all-1] E]_r firzt row
ztart of read offzet [chars. . ATk L mark after read [chars. |
max characters/frow [no lim... L EOF?

Read Lines From Filereads a specified number of lines from an ASCII
format file beginning at a specified character offset. The VI opens the file
before reading the file and closes it afterwards.

Binary File Vls

LabVIEW Basics | Course Manual

cotvert eal? [nocF]

file path [dialog if empty]
number of linez [all:-1]

gtart of read offzet [chars...
[mas characters per ling] ..

riew file path (Mot & Pathi...
line string

rark. after read [chars.]
EOF?

Binary File Vs are high-level VIs that read from and write to file in binary
format. Data can be of integer type ([I116]) or floating point ([SGL]). Saving
data in binary format can be beneficial if access speed and compactness are

important.
iE=! File 170
i
T‘ b, EM%|
"y =H| =x _*+ n' PE]
TXT T):T +?LE + .—D:uﬂinal}l File ¥z
B o [ T ARG 1
Ié]'uu Bl r [‘;{m o 12.3 = i [
K 3 i} _1‘ Lu _1‘ '~—u
apv| (= Tie] [ue la| L= Fe |zel s
|
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Exercise 7-5 Spreadsheet Example.vi

Objective: To save a 2D array in a text file so that a spreadsheet can access the file and to
display numeric data in a table control.

In the previous exercise, you formatted the string so that tabs separated the
columns and end of lines separated the rows. In this exercise, you will
examine a VI that saves numeric arrays to a file in a format you can access
with a spreadsheet.

Front Panel

Table wéaveform Graph

Sine_|Muoige|Cosing -
0.00 0.3 |1.00
0.05 )0.93 [1.00
010 |-0.40(1.00
015 |0.68 |0.59
020 |013 |0.98
024 |0.69 |0.57
029 |0.69 |0.96
034 (016 |0.94
035 |-055 |0.92
0,43 |0.07 |0.50
0,47 |-0.92 |0.88

051 |-0.73 |06 Jj

1. Open thespreadsheet Examplé/Il. The VI is already built.
2. Run the VI.

The VI generates a 2D array (128 rows x 3 columns). The first column
contains data for a sine waveform; the second column contains data for
a noisy waveform; and the third column contains data for a cosine
waveform. The VI plots each column in a graph and displays the data in
a table indicator.

Sine
Moize
Cosine

== (0 |00 [ | O O e | D |
— |

After the VI displays and plots the data, it displays a dialog box for the
filename. Typavave.txt and click onOK or Save Later, you will
examine the file that the VI created.
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Block Diagram

1.

Buﬂ'&fa aveform Graﬁh
& e H i
e e | 1

Sine Pattern
hdiaand W N ‘i
hoA |Tran3p|:|ge 20 ,u'l‘.,rrayl II"."'.'"fitE To Spreadsheet FI|E|
[Uniform wihite M oize. v

=

phasef30.00 8, = ]
Sine Pattern

Open the block diagram to examine it.

Table
[ab<]

Sine Pattern(Signal Processing»Signal Generatiosubpalette). In

this exercise, this VI returns a numeric array (128 elements) containing
a sine pattern. The constant 90 in the second subVI call specifies the
phase of the sine pattern (cosine pattern).

Uniform White Noise (Signal Processing»Signal Generation
subpalette). In this exercise, this VI returns a numeric array (128
elements) containing a noise pattern.

Build Array function Array subpalette). In this exercise, this function
builds a 2D array from the sine array, noise array, and cosine array.

Sine Array .
Noise Array .- Output of Build Array
Cosine Array

LabVIEW Basics | Course Manual

Transpose 2D Arrayfunction @Array subpalette). This function
rearranges the elements of the 2D array so that element[i,j] becomes
element[j,i], as shown below:

Sine Array Noise Array Cosine Array
~N_ |
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Write To Spreadsheet File(File 1/O subpalette). This VI formats the
2D array thaBuild Array creates into a spreadsheet string, and writes
the string to a file. The string has the following format:

Sine Noise Cosine
Array Array Array
—> —> T —»Tab
—> —> 9
—> —> 1 1 End of Line

00—

To Fractional function String»Additional String to Number
Functions subpalette). In this exercise, this function converts an array

— of numeric values to an array of strings that the table indicator displays.
The format string specifies the string to be in the 2 precision fractional
format.
2. Close the VI.
Note This example had only three arrays stored in the file. To include more arrays,

you can increase the number of inputs to the Build Array function.

Optional—Open the file using a word processor or a spreadsheet and view
its contents.

Windows

3.

Click on Task Bar and use tB&art menu $Programs»Accessoriego
select a word processing or spreadsheet application such as Notepad or
WordPad.

Find and open the filave.txt and observe that the sine waveform
data appears in the first column, the random waveform data appears in
the second column, and the cosine waveform data appears in the third
column.

5. Exit Notepad and return to LabVIEW.
Sun/HP-UX
3. Run the Text Editor application. On the Sun, run the editor by clicking

© National Instruments Corporation

the right mouse button on the workspace background and choosing
Programs»Text Editor from theWorkspace menu. On the HP-UX,
run the editor by clicking thieft mouse button on the desktop’s front
panel Text Editor control icon.
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5.

Find and open the filave.txt and observe that the sine waveform
data appears in the first column, the random waveform data appears in
the second column, and the cosine waveform data appears in the third
column.

Exit the Text Editor and return to LabVIEW.

Macintosh or Power Macintosh

3.

Switch to the Finder and launch TeachText (or any word processor or
spreadsheet) by double-clicking on its icon.

Find and open the filwave.txt and observe that the sine waveform
data appears in the first column, the random waveform data appears in
the second column, and the cosine waveform data appears in the third
column.

5. Quit TeachText and return to LabVIEW.

End of Exercise 7-5

LabVIEW Basics | Course Manual
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Challenge

Exercise 7-6 Temperature Application.vi

In this exercise, you will apply what you have learned so far in this course—
structures, shift registers, sequence locals, waveform charts, arrays, graphs,
file I/0, and so on.

Your objective is to create a VI that does the following:

1.

Takes a temperature measurement once every second until you stop
the VI.

Displays both the current temperature and the average of the last
three measurements on a waveform chart.

If the temperature goes over a preset limit, turns on a front
panel LED.

After each measurement, logs the date, time (including seconds),
temperature, average of the last three measurements, and a one-word
message describing whether the temperature is “Normal” or

“OVER” the preset limit. The VI should log data so that each item
appears in one column of a spreadsheet. (See the example on the next

page.)
After you stop the acquisition, plots both the raw temperature data

and a best-fit curve in a graph, and displays the average, maximum,
and minimum temperatures.

Hint: Start with theTemperature LoggerVI you built in Exercise 7-4. To

complete step 5, copy and paste the appropriate portions of the
Temperature AnalysisVI you built in Exercise 5-3.

Save your VI aemperature Application.vi.

© National Instruments Corporation
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Use the front panel shown below to get started.

Enable Temperature
. Avg 108
OFF
Current a0-
a0- deg F
High Limit Ower -
+|BE.00 B0 -

“strip chart®

Temp Graph

tean

B7.4-
e | | [ ]| e

Fiaw
Fitted

87.40

T W— N I . . hdin
73.53

73.4-

=2 Graph®

Log your data as shown below in the example spreadsheet. Remember that
in a spreadsheet, tabs separate columns and end of lines separate rows.

A | B [ ¢ [ o [ E 4— write the header to the

Date Time Temp Ay Comment file before Iogging data.
10/18/95 3:56:39 PM 79.59 7989 Normal

1041855 3:56:39 PM 79.55 79.58 Mormal
101855 3:56:40 PW 79.58 79.58 Marmal
10/18/95  3:56:41 PM 79.69 79.89 Narmal
10/18/95 3:56:42 P 79.59 7959 Normal
10/18/55 3:58:43 PM 80.57 79.92 Mormal
1041855 3:56:44 P g2.52 30.89 Marmal
10/18/55 3:56:45 PMW 93.58 52.36 Marmal
10/18/95  3:56:46 P o4.47 83.66 Marmal
10/18/95 3:56:47 P 03.93 g4.15 Normal
10/18/55 3:58:45 PM 83.98 84.15 Mormal

| | —

End of Exercise 7-6
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Summary, Tips, and Tricks

* Astring is a collection of ASCII characters. String controls and
indicators are in th8tring & Table subpalette of th€ontrols palette.

* LabVIEW contains many functions for manipulating strings. These
functions are in th&tring subpalette of thEunctions palette.

» The string formatting functioRormat Into String converts numeric
data to string ASCII format.

» The string formatting functio8can From Stringconverts ASCII data
to numeric format.

* Scan From StringandFormat Into String can automatically create
the format string for you by popping up on the functions and selecting
the Edit Format String .

* LabVIEW features many functions and VIs for performing file input and
output (I/O) located in thEile 1/O subpalette of thBunctions palette.

* The File I/O functions are organized into three levels of hierarchy—
High-Level, Intermediate, and Advanced.

* When writing to a file, you open, create, or replace a file, write the data,
and close the file. Similarly, when you read from a file, you open an
existing file, read the data, and close the file.

» If you use théDpen/Create/Replace/l and leave the file path input
unwired, an interactive file dialog box is displayed when the VI runs to
allow selection or creation of a file.

» A spreadsheet file is a special type of text file where a tab character
separates data columns and an end of line character separates data rows.
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Additional Exercises

Challenge

Challenge

LabVIEW Basics | Course Manual

7-7

Hint:

7-8

7-9

Hint:

Build a VI that generates a 2D array (3 rows x 100 columns) of
random numbers and writes the dasasposedo a spreadsheet file.
The file should contain a header for each column, as shown below.
Use the high-level File VIs from tHeale I/O subpalette for this
exercise. Save the VI &ore Spreadsheets.vi

Use theWrite Characters To File VI to write the header and then
the Spreadsheet To FileVI to write the numerical data to the
same file.

A | B | C —1 Header

| 1 [Waveform 1 WWaveform 2 Waveform 3
| 2 | 0.622 0.9z 0.006
ER 0.371 0.034 0.073
EN 0.547 0.27 0.319

5 0.529 0.652 0.051
199 | 0.024 0.215 0.651
1100 0.081 0.024 0.4581
101 0.424 0.08 0457

Write a VI that converts tab-delimited spreadsheet strings to
comma-delimited spreadsheet strings. That is, a spreadsheet string
with columns separated by commas and rows separated by
ends-of-line. The VI should output both the tab-delimited and
comma-delimited spreadsheet strings to the front panel. Save the VI
asSpreadsheet Converter

Modify theTemperature LoggerVI (Exercise 7-4) so that the VI
does not create a new file each time you run the VI. The VI should
append the data to the end of the existingti#mp.dat |, that the
Temperature Logger VI created earlier. Run the VI several times
and then use Write to confirm that the VI appended new temperature
readings. Save the VI d@mperature Logger 2.

Use thepos modeandpos offsetparameters of thé/rite File
function to move the current file mark.
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Notes
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Notes
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Lesson 8 [
VI Customization

— - -
VAR

Introduction

This lesson introduces several VI execution options and how to customize
your LabVIEW palettes.

You Will Learn:

How to use thé&/I Setup... options.
How to use th&ubVI Node Setupoptions.
How to edit VIs with difficult VI Setup options.

o0 wp

About customizing palettes.
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A. VI Setup

Execution Options

LabVIEW Basics | Course Manual

There are several VI setup options that you can modify. You access these
options by popping up on the Icon Pane in the upper-right corner of the
Panel or Diagram window and choosMiSetup from the pop-up menu.

As illustrated below, a dialog box appears showing all setup options. You
can set th&xecution Options Window Options, andDocumentation
Options from a menu inside the dialog box.

s

Edit lzon...
Show Connectar

To set an option, click in the square next to that option.,A &ppears in
the box beside the selected option. To clear an option, click oy tiext

to the option. They disappears.

i

¥l Setup

i

| Execution Options ;I

[~ Show Front Panel When Loaded
[ Show Front Panel When Called

[~ Print Panel »hen ¥l Completes Execution
[+ Print Header [name, date, page #]

P fioes Adnaveands § ¥ Scale to Fit
[~ Runhen Opened W Surraund Panel with Border
[~ Suspend When Called [~ Page Margins
[~ Reentrant Execution 38

£
Pricrity Preferred Execution System
| riarrnal pricrity = same a3 caller =
Ok I Cancel |

Show Front Panel When Loaded-If selected, the front panel of the VI

opens when you load the VI into memory, even if it is a subVI.

Show Front Panel When Called—If selected, the VI front panel opens

when the Viexecutess a subVI.

8-2
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Close Afterwards if Originally Closed—If you select “Show Front Panel

When Called,” the VI front panel pops open when the VI executes as a
subVI. Selecting “Close Afterwards if Originally Closed” causes the VI

front panel to close when the VI execution completes.

Run When Opened—If selected, the VI runs automatically whenever you
open it. You do not need to click on the Run button.

Suspend When Called-Selecting this option is the equivalent of clicking
on the Pause button on the Execution palette.

Reentrant Execution—If you plan to use the VI as a subVI and make
multiple calls to it, you must be careful that the calls do not share the same
data. Selecting this option prevents the subVI from sharing the same data
space.

Priority —This option affects how a VI runs only if multiple VIs are
running simultaneously. LabVIEW places each VI into an execution queue
and runs it according to its priority level. VIs with a higher priority setting
execute before lower priority VIs. VIs withsaibroutine priority level

behave slightly differently from ViIs withackground, normal, above

normal, high, andtime-critical priorities. When a VI runs at a subroutine
priority, it executes in the thread category of its caller, and no other VI can
execute in that thread until that VI or its subVIs complete. Subroutine
priority Vis can call other subroutine priority VIs only. Use subroutine
priority VIs only when you want to execute a simple computation with no
interactive elements. You can skip the execution of a subroutine priority
subVI when it is busy by popping up on the subVI and sele&ikig
Subroutine Call If Busy. Use this option when you are calling a shared
subroutine from a high-priority VI and you do not want to wait for the
subroutine VI to become available.

Preferred Execution System—Use this option when running LabVIEW

with multiple threads (set from tiedit»Preferences»Performance and

Disk window) and want to control the thread on which a VI runs. The
Preferred Execution System list box lists the available categories of
execution systems. Within each thread category, you can specify the priority
of execution using the list box described in the previous paragraph.

You can prioritize parallel tasks in a multithreaded environment in two
ways: setting the priority of a VI in VI Setup and using wait functions. It is
recommended that you place Wait functions with lower priority tasks so the
tasks execute less frequently. Using priorities to control execution order
might not produce the results you expect. If you use the priority setting
incorrectly, lower priority tasks might never execute. For more information
on how to use Wait functions, refer to tiederstanding How LabVIEW
Executes VIsopic in the LabVIEW online help and thising Wait
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Window Options

Functions to Prioritize Tasksection in Chapter 2&nderstanding How
LabVIEW Executes V,lsf theLabVIEW User Manual

Print Panel When VI Completes Executior—LabVIEW automatically

prints the contents of that panel any time the VI completes execution. If the
VIis a subVlI, LabVIEW prints when that subVI finishes execution, before
it returns to the caller.

Print Header (name, date, page #-Selecting this option causes the VI
name, the last modification date, and the page number to appear at the top
of each page printed.

Scale to Fit—Selecting this option causes LabVIEW to scale down a panel
that is larger than a single page up to one-fourth the original size to fit that
panel on as few pages as possible.

Surround Panel with Border—Selecting this option causes LabVIEW to
print a box around the panel.

Page Margins—This selection allows you to choose the top, left, right, and
bottom margins in inches or millimeters for printing the panel.

The Window Options apply to the VI only when it is in the run mode. You
can use these options to control the user’s ability to interact with the
program by restricting access to LabVIEW features and by forcing the user
to respond to the options the panel presents.

Note Use the LabVIEW Online Reference (Help menu) to demonstrate and
learn more about these functions. Search on Windows Features.

LabVIEW Basics | Course Manual
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i VI Setup E

| ‘wirdaw Optiors =l

[~ Dialog Box [ Size ta Screen
v indow has Title Bar [ Auto-Center
[v Allow Uzer ta Cloze 'Window [v Showe Scrall Bars
v Allaws Uzer to Resize Windaow [v Shovi Menu Bar
Minimum *Window Size [ Show Taolbar
Width ¢ | Setto Cunent Size ¥ Show Run Button
Height [ 2] [+ Show Continuous Fun Button
¥ Allow Bun-Time Pop-up Menu [ Shews Abort Button
[ Hilite <Rietumn: Boolean v &llow Debugging [Compile in debugging cods]
(Il SC§|E -‘_5%" U'_JiBCtS ot Pa”f" _ _ _ ¥ Enable Log/Print at Corpletion
(I M.alntam \:-'\.-"IndDW Fropartions 'ith Monitor Resolution | o Bt o s el
Window Title
|7 i v Same az ¥l Name

Cancel |

Dialog Box—This option prevents the user from interacting with other
LabVIEW windows while the window with this option selected is open, just
as a system dialog box does.

Window has Title Bar—This option shows/hides the title bar (along with
the other buttons in the title bar such as minimize, maximize, and close).

Allow User to Close Window—This option hides the close box for the VI
front panel and dims thele»Closeoption in the menu.

Allow User to Resize Window—This option does not allow the user to
resize the VI front panel.

Minimum Window Size—This option allows you to set the minimum
height and width of the panel.

Allow Run-Time Pop-Up Menu—This option determines whether objects
on this front panel can display a pop-up menu of data operations in run
mode.

Hilite <Return> Boolean—If you enable this option, LabVIEW highlights

a Boolean front panel control assigned to <return> while the VI is running
or in run mode. (In Exercise 8-2, you will learn how to use the Key
Navigation option to associate a control with a keystroke.)

Scale All Objects on Panel—Fhis option scales all panel objects
automatically with the size of the panel window.

Maintain Window Proportions with Monitor Resolution— This option
maintains the same window size proportional to the monitor resolution.
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Size to Screen-This option automatically resizes the panel of a VI to fit
the screen when the VI is switched to run mode and when it is loaded into
memory.

Auto-Center—This option automatically centers the front panel on the
user’s computer screen when the VI is opened or when it is switched to run
mode.

Window Title—This option allows you to give the front panel a different
title than the name of the VI (the default title.)

All but the last option in the second column of the Window Options toggle
between showing and hiding various window features such as scroll bars.
You can hide individual buttons by deselecting them, or hide the entire
toolbar by deselecting ti#ghow Toolbar option.

Auto handling of menus at launch—Deselecting this option disables the
menu bar until you are ready to handle menu selections programmatically
using the Menu functiong(nctions»Application Control»Menu

subpalette) in LabVIEW.

Documentation Options

LabVIEW Basics | Course Manual

B VI Setup |
| Docurnentation ;l
v Uze History Defaults [In Preference Dialog) Help Tag
;ww Akl G SVay B e VR g s I
elp Pat
L Help Path
L
L
Browse... |
ok I Cancel |

The Documentation features correspond to options associated with the VI
History option Ehow History from theWindows menu) and Online
Reference. The LabVIEW Basics Il course covers these options in more
detail. To use any of the first four options, you first must deseletigbe
History Defaults (In Preference Dialog)option.
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Add an entry every time this VI is saved-If selected, LabVIEW adds to
the VI history every time you save the VI.

Prompt for comment when this VI is closed-If selected, the History
window appears so that you can enter a comment whenever you close a VI
that has changed since you loaded it.

Prompt for comment when this VI is saved-If selected, the History
window appears whenever you save so that you can enter a comment.

Record comments generated by LabVIEW-If selected, LabVIEW
inserts comments into the History window when certain events occur, such
as SubVI changes or changes to the name or path of the VI.

TheHelp Tag andHelp Path options allow you to click on the online help
icon at the bottom of the Help dialog box and access a help file associated
with the subVI.

Help Tag—Type the entry for the help topic to be associated with the VI.

Help Path—Type the path to the help file associated with the chosen topic,
or click theBrowse...button and find the help file.
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B. SubVI Node Setup

There are several setup options on a subVI that you can modify. You access
these options by popping up on the subVI icon (in the block diagram of the
calling VI) and choosin@ubVI Node Setupfrom the pop-up menu. As

shown at right, a dialog box showing all the setup options appears.

B Sub¥l Node Setup

r Open Frant Panel when loaded

¥ Show Front Panel when called

IV Close afterwards if originally closed|

r Suzpend when called

] 4 | Cancel |

The options in this dialog box include:

Open Front Panel when loaded-If selected, the VI front panel pops open
when the VI idoadedinto memory as a subVI.

Show Front Panel when calleg-If selected, the VI front panel pops open
when the VI isexecuteds a subVI.

Close afterwards if originally closed—If “Show Front Panel when called”

is selected, the VI front panel pops open when the VI is executed as a subVI.
Selecting “Close afterwards if originally closed” causes the VI front panel
to close when VI execution has completed.

Suspend when called-If selected, the calling VI execution is suspended
when the subVI is called. This option has the same effect as setting a
breakpoint.

If you select “Show Front Panel When Called” fromixecution Options

of theVI Setup menu of VI “xyz,” then xyz’s front panel pops open any
time xyz is called as a subVI. This option affects the execution of any VI that
uses xyz as a subVI. If you select “Show Front Panel when called” from the
SubVI Node Setupmenu, the front panel of xyapens only if that node on

that diagram is executed. This option does not affect the execution of other
VIs that use xyz as a subVI.
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Exercise 8-1 Pop-Up Graph.vi and Use Pop-Up Graph.vi

Objective: To use the setup options for a subVI.

You will build a VI that acquires temperature once every 0.5 s for 10 s. After
the acquisition is complete, the VI pops open a front panel and plots the
acquired data in a graph. The front panel remains open until you click on a
button.

First, finish building a VI that pops open its front panel, displays the graph,

and waits until you click on a Boolean button. You then will use this VI as
a subVI in the block diagram of the VI that acquires the temperature.

Front Panel

&4 Array| 3 Graph|
w0 |%a00 87.9- iy

v duray| ar.o-
G E T e

*digital contral arans®

85.0-

84.5- ] ] ] ] ] ' ] ] ] (L
0o 1.0 20 30 40 50 BO 70 &0 35

*labelled zguare button®
tech Action -» Latch when preszed DOME
OFF Tewt -» "DOME"
OM Text-» ™

1. Open thé?op-up Graph.vifrom BASICS.LLB .
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2. Configure théPop-up Graph VI so that it automatically displays its

panel and runs when you load the VI and closes its panel afterward.

Pop up on the icon pane and cho¥s&etup from the pop-up menu.
Configure theExecution Optionsdialog box as shown.

i VI Setup E

| Execution Optionz ;I

[~ Show Front Panel When Loaded
[+ Show Front Panel When Called
v Cloze Afterwards if Originally Clozed

[~ Print Parel When Wl Completes Execution
[ Frint Header [name, date, page #)
[v Scale to Fit

[~ Run'when Opened Iv Surround Panel with Border
[~ Suspend ‘When Called [~ Page Margins
[~ Reentrant Execution 23w
k-
Pricirity Preferred Execution Syztem
| riarmnal prioriky _"I | zame as caller _v|

[ o« |

3. Configure the VI so that the buttons are not visible in the Toolbar,

Cancel |

auto-center the front panel, disable scroll bars, and disable the user’s
ability to resize the window during the VI execution. To access these
options, choos®&/indow Options from the VI Setup dialog box and
configure the dialog box as shown. When you uncheck “Show Toolbar,”
all of the subsequent optioase disabled, although they may not be

grayed-out or even appear unchecked in the dialog box.

B VI Setup E

| Wwindow Options =l

[~ Dialog Box
v "indow has Title Bar
[v &llows Uzer bo Close Windaw
[ &llow Uzer to Besize Window
Finimum Window Size
Width il Set to Current Size
Height [B44 = 428]
[+ &llow Rur-Time Pop-up Menu
[ Hilite <Return: Boolean
[~ Scale All Objects on Panel
[ Maintain "Windos Propartions 'with Monitor Besolution

[~ Size to Screen
[ Auto-Certer

[~ Show Scroll Bars
[~ Show Menu Bar
[~ Show Toolbar

¥ Show Run Button
[~ Show Continuous Bun Button
[ Show Abort Buttan
[ &llow Debugging (Compile in debugging code)
[~ Enable Log/Print at Cornpletion
[~ Auto handling of menus at launch

’—Window Title:

v Same az ¥l Mame

Cancel |
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4. Save the VI.
Block Diagram

m i’ Graph

[DBL] cally =

[DBL]

Arra Wait for uger to click on DOME
before returmning.

The output of the Bundle function
iz wired to the barder af the While Mot
Loop to force the While Loop to "E':}
execute after the data iz bundled
fior the =Y graph.

1. Review the block diagram shown above. You will use the VI as a subVI
shortly.

EFH Bundle function Cluster subpalette). In this exercise, this function
bundles the data passed by the calling VI so the VI can plot the data on
an XY graph.

CE::’ Not function Booleansubpalette). In this exercise, this node inverts the
Boolean state of the DONE button; thus, the While Loop continues to
execute repeatedly until you click on the button. (The button’s default

state is FALSE.)

Front Panel

1. Open a new VI and build the panel shown below. The thermometer
displays the temperature and the number of data values acquired as
they are acquired.

Temperature # of data values
50.0- Ty T
85.0-

80.0-

75 =

F0.0- ®
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Block Diagram

1.

Proc

HMaor

= |[H]m

v [

FOR-UR

4.

Build the block diagram shown below.

M
e Pop-up Graph.vi
Froc | P : E
- [T POP-LP
HMon |Y
Process Marutar, wi

L [T5Z]|[# of data values]

q ait Until Mext
500 L3 {ms Multiple

Process MonitorVI (User Libraries»Basics Coursesubpalette). In
this exercise, this VI simulates the operation of a VI monitoring a
process over time. It returns one point at a time representing
temperature. The VI requires a scalar index input.

Wait Until Next ms Multiple function (Time & Dialog subpalette). In
this exercise, this function causes the For Loop to execute every 500 ms
(0.5 seconds).

Multiply function (Numeric subpalette). In this exercise, this function
multiplies each element of the index array by 0.5 (an example of
polymorphism). This multiplication scales the x values to represent the
interval at which the VI takes the measurements. For example, 0.0, 0.5,
1.0, 1.5, 2.0, and so on become the x values, instead of the index values
(0, 1, 2, 3, 4, and so on) that the array originally contained.

Pop-Up Graph VI (Select a VI...»BASICS.LLBsubpalette). This VI
pops open its front panel and plots the temperature array against the time
array.

Save the VI. Name lise Pop-up Graph.vi
Run the VI. After the VI acquires the temperature data, the front

panel ofPop-Up Graph VI pops open and plots the temperature data.

Click on DONE to return to the calling VI.
Close all windows.

End of Exercise 8-1

LabVIEW Basics | Course Manual
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Exercise 8-2 Temperature System.vi

Objective: To use the setup options for a VI and a subVI and the Key Navigation option for front
panel controls.

Front Panel

Key Navigation

You will build a temperature monitoring system you can use to view three
different subtests on request.

Assume that you require a VI with a user-driven interface. Thus, you want
to ensure that the program executes correctly by hiding the Stop button on
the toolbar and running the VI when it opens.

Drigplay Digplay & Log Dizplay Logged
Temperature Temperature T emperature
<F1s <F» <F3

Al objects are:

*labelled square buttan®

kMech Action - Latch when pressed
Label hidden

1. Open th&emperature SystemVI from theBASICS.LLB .

The front panel contains four labeled buttons. The mechanical action of
each button is set to “Latch when pressed.” Assign the Key Navigation
options for each button to the indicated keyboard key. See the following
section for more information.

All front panel controls have a Key Navigation option. You use this option
to associate a keystroke with a front panel control. When you perform the
keystroke while in run mode, LabVIEW acts as if you clicked on the control.
Thus, the associated control becomes the key focus. If the control is a text
or digital control, the value entered in that control is highlighted; if the
control is a Boolean control, its state is toggled.

To associate a front panel control with a keystroke, choose the Key
Navigation option from the control’'s pop-up menu. A dialog box will

appear. Choose the keystroke you want to assign from the ring menu labeled
“Key Assignment.”
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Ke_l.l Mavigation
. Key Aszignment Current Azsignments:
Change to Indicatar [ Nane F2 > "Display b Log
i <Retums Temp!
S:I,Inchrnngus Dizplay Ee uin s Display Logged
Find Terrminal :Hscal:'? Temp"
ome:

Shai _ » <End>
[ata Operations 2 <Page Up> z

<Page Down> .
reate o ’ <Clears bbing
K.ey Mavigation. . =
Feplace ¢ F2 ﬂl

nIER
Data Range b St e hawe <Homes, <End:, -
. . <F F5 L or <Clears keys, Some

techanical Action ¢ ke FEB Iction keys or might only have
Releaze Test Fi Eg

F3

F10

F11

F12

The Key Navigation option is grayed out for indicators, because you cannot
enter data into an indicator.

Note The front panel control names that appear in the Current Assignments list
correspond to the owned labels of those controls.

Block Diagram

\T{;}I Logged M True M :
Tem [Diisplay Logged Temp.vi|

2
=

Digplay & Log *
Tem % |Dizplay and Log Temp.vi| * Al Falze Cazes Are Emply *
e ?

EUIT Mok

1. Build the diagram shown above according to the following directions.
Be sure to leave all the FALSE cases empty.

=

Display TempVI (User Libraries»Basics Coursesubpalette). In this
exercise, this VI simulates temperature measurement every half-second

LabVIEW Basics | Course Manual
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(500 ms) and plots it on a strip chart. Open the subVI front panel by
double-clicking on its icon and examine the block diagram. Close the
panel before you proceed.

| Display and Log TempVI (User Libraries»Basics Course
ﬂ* subpalette). In this exercise, this VI simulates temperature measurement
every half-second (500 ms), plots it on a strip chart, and logs it to a file.
Open the subVI front panel by double-clicking on its icon and examine
the block diagram. Close the panel before you proceed.
=] Display Logged TempVI (User Libraries»Basics Courseubpalette).
In this exercise, you use this VI to interactively select a file. The VI then

opens the file, reads the logged data, and displays it on a graph. Open the
subVI front panel by double-clicking on its icon and examine the block
diagram. Close the panel before you proceed.

Not function Booleansubpalette). In this exercise, the node inverts the
Boolean state of the QUIT button; thus, the While Loop continues to
execute repeatedly until you click on the button. (The button’s default
state is FALSE.)

Configure théisplay TempsubVI to pop open its front panel when
called by popping up on tHeisplay Temp VI icon and choosing
SubVI Node Setupfrom the pop-up menu. Configure the dialog box
as shown.

%

N

B Sub¥l Node Setup

r Open Frant Panel when loaded

¥ Show Front Panel when called

IV Close afterwards if originally closed|

r Suzpend when called

] 4 | Cancel |

3. Repeat Step 2 for th@splay and Log TempsubVI andDisplay
Logged TempsubVI.

4. Save the VI.

5. Return to the front panel and run the VI. Test run all options. Try the
key assignments to display the temperature, display and log the
temperature, and so on.

Note The three subVIls called from the block diagram all have their “RETURN”
buttons assigned to the <return> key. Try pressing <return> to return to the
main front panel.
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Stop the VI.

7. When you are sure everything is in proper working order, configure
the Temperature SystemVI so that it automatically runs when you
open the VI. Pop up on the icon pane and cha$Setup from the
pop-up menu. Configure tHexecution Optionsdialog box so that
the Run When Opened box is checked.

8. Configure the VI so that none of the buttons is visible in the toolbar
during the VI execution. To hide the options, chodsedow
Options from the VI Setup dialog box and uncheck the Show
Toolbar option. Also, disable the menubar.

9. Save all subVIs and save and closeTtemperature SystemVI.

10. Open th&emperature SystemVI. The VI should automatically
execute when you load it.

11. Test run the VI again. When you have finished, close the VI.

End of Exercise 8-2
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C. Editing VIs with Difficult VI Setup Options

Sometimes you can select a combination of Execution and Window options
so that it is difficult to get back into a VI to edit it later. For example, suppose
you selected for the VI to Run When Opened and then disabled all of the
menus and toolbar options. Or suppose you have the VI close and exit
LabVIEW when it is finished running. You will not be able to stop the VI
without its closing and exiting LabVIEW. This VI would be very difficult to
edit. The function for exiting LabVIEW is callég@uit LabVIEW and is

from theFunctions»Application Control subpalette as shown.

%‘ |
+—1HlApplication Control

Quit LabVIEW

=

& [E Goff

4 .4
Ly =

TheQuit LabVIEW function aborts all executing VIs and ends the current
session of LabVIEWQuit LabVIEW has one input, and if that input is
wired, the end of your LabVIEW session occurs only if that input is TRUE.
If the input is not wired, the end of the session occurs when this node
executes.
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Note

The first step in preventing you from making it difficult to edit your own Vis
is for you to save the VI to a new location before you modify the VI Setup
options. The easiest way to save a VI to a new location is by Siguggwith
Options from theFile menu. A dialog box similar to the one below appears.

s S ave with Options
Save Optionz for:
e anﬂ Changed Yz ke :
Temperature Systemn. v
—Selected Optiohs
& BEE?;?JEQ;N |Tu current lozation(z] - no prompts =]

¥ Save entire hieranchy

' 5 Application v Inchude vilib files
&l Distribution e A
E7 ik netins pEeas
L un'-'-'-_'q leslan S5 i No pazeword change

i~ Femove passwords

¥~ Apply new pazsword
¥~ Remove diagrams

I Save for
S.0x LabWIEMW 5.0.2

P Template

Cancel |

If you select thédevelopment Distribution option, that VI is saved to a

new location along with its entire hierarchy. You can also select that the
LabVIEWVvillib  files be included in the save. Once you have saved your
VI to a new location, you can now modify the other copy of your VI by
changing the VI Setup options. If you remove too many of the options or
pick one that does not do what you expect, you can always return to this
backup VI.

If you select the Remove diagrams option, you will be removing the source

code to your VI. This means you will no longer be able to edit it. Select this
option only if you are certain you will never need to edit this VI again, and
make sure that you have saved a backup copy of your VI (with the diagrams)
to a safe place.

LabVIEW Basics | Course Manual

If you have already saved your development VI with an inconvenient set of
VI Options, there are still other ways to edit that VI. The next exercise
addresses such a situation.
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Exercise 8-3 Edit Me.vi

Objective: To edit a VI that has several of its VI Setup options changed.

You will modify a VI that has been configured to run when opened and then
quit LabVIEW when it ends.

Front Panel

=

© National Instruments Corporation

BlEdtMevi |
Can You Edit Me?

[

Close any other Vis that are open and open the VI dadédMe.vi
from theBASICS.LLB library.

This VI is already running when it opens. Notice that the toolbar and
menu bar are disabled along with the shortcut keystrokes that
accompany the menu options such as the command to abort the VI. Try
several methods of quitting the VI.

Press th&tart button. After 10 seconds, the VI ends and then quits
LabVIEW.

Relaunch LabVIEW and open a New VI. There are a few options you
can try to edit a VI that behaves similarly to Edit Me VI.

a.

If you know that the VI you want to edit has subVIs and not just
LabVIEW functions, you can open one of the subVIs. The VI Setup
options will most likely not be set on the subVI. You can then make
a simple modification to the diagram of that subVI that breaks the
Run arrow. Such a modification could involve placing an Add
function on the diagram. Leaving the inputs unwired makes the
subVI have a broken Run arrow. Now you can open the VI you want
to edit. Because its subVI is nonexecutable, the VI that calls it is
nonexecutable also. It will then open in Edit mode and have a broken
Run arrow. Be sure to fix the subVI after you have edited the
calling VI.

If the VI you want to edit either does not have subVIs or you do not
know what it contains, you can follow the rest of the steps in this
exercise.
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o

Open the diagram of the new VI.

Use theSelect a Vloption to place th&dit_Me VI on the diagram of
the new VI. The panel for tHedit Me VI will open.

Notice that although you can get to the diagram dEthie Me VI, you
still cannot edit it. Also notice that tli&hange to Edit Modeoption
under theDperate menu is disabled.

8. SelecShow VI Info from theWindows menu. This VI has been locked
without password access.

9. SelecUnlocked (no password)n theLocking and Password Status
of the VI Information window. Click on th@K button. You can now
edit the VI.

10. Remove thQuit LabVIEW function from its diagram.

11. Save and close tiit_Me VI. Close the new VI and do not save
changes.

12. Open thé&dit_Me VI again and test that it now has the correct options
that allow you to edit it when it is finished running.

13. Close thé&dit_Me VI.

o

~

End of Exercise 8-3
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D. Customizing Palettes (Optional)

By editing yourControls andFunctions floating palettes, you can
customize the workspace to fit the way you want to work. You can create
your own set of palettes by adding new subpalettes, hiding options, or
moving items from one menu to another.

Adding Vis to user.lib and instr.lib
You can easily modify thEunctions palette to add your own library of ViIs
and enhance the default view. To add your VIs to the ddfaulttions
palette, simply save your directories, VIs, or libraries insidegbelib
directory in the LabVIEW directory. When you restart LabVIEW, Wiser
Libraries subpalette of thBunctions palette will contain subpalettes for
each directoryJlb , or.mnu file inuser.lib  and entries for each file in
user.lib . Thelnstrument I/O subpalette of thEBunctions palette
corresponds tstr.lib . You may want to place instrument drivers in
this directory to make them easily accessible from the palettes.

s Functions
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= Note The Ivbasics.lIb file (User Libraries»Basics Course) in user.lib illustrates this
feature.

Using the Palettes Editor
With LabVIEW, you can create and select different views. LabVIEW ships
with four predefined views: the basic, the default, the DAQ, and the T & M
(Test & Measurement) view. You can select views fEiii»Select Palette
Setor the Palettes Editor.
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In addition to having different palette sets to choose between, you can also

select between icon-based palettes or text-based palettesEdéleBelect
Palette Set»Display Styl¢o get the options shown below:

Preferences...
Izer Hame. ..
Clear Pazzword Cache

Select Palette Set

Edit Cantral & Function Palettes. .

bazic

daq_view
« default

b view

I
Standard
Al lconz

o Bl Tent

Dizplay Style P

If you selectall Text, then theControls andFunctions palettes now appear

as shown:

MHurnenc 3
Boolean 3
String & Table  »
Lizt & Ring 3
Array & Cluster  »
[Eraph 3
Fath & Refnum  »
Actives 3
Dialog 2
Decarations 3
Ilzer Controle — »
Select a Caontral...

Structures
MHurneric

Boolean

String

Array

Cluster
Comparizon

Time & Dialog

File [/0
Inztrument /0
Inztment Drivers
[ ata Acquizition
Signal Proceszing
b athematicz
Graphics & Sound
Communication
Application Control
Advanced

Repart Generation
Tutarial

Uzer Libranies
Select al...

e e e e . . e

For more control over the layout and contents ofQbaetrols and

Functions palettes, you can use the Palettes Editor to modify the existing
palettes. You can access the Palettes Editor by selectibgliti€dit

Control & Function Palettes option. When you select this option, you
enter the editor, and the Edit Palettes dialog box appears.

8-22

© MNational Instruments Corporation



Lesson 8 VI Customization

=l Edit Control and Function Palettes [ <]

If you want bo cuztomize a control or function
palette, popup on items within the palette.
Select one of the following buttons when you
are finished editing.

Palette Set | default j

Save Changes | Undo All Changes |

Edit Palettes Dialog Box

In the editor, you can delete, customize, or insert objects by popping up on
a palette or object within a subpalette, as shown in the following illustration.
You also can rearrange the contents of palettes by dragging objects to new
locations. To add a new object in a new row or column of a subpalette, pop
up in the space at the right edge or bottom of the subpalette. You can add a
palette, move it to a new location, edit the subpalette icon, or rename the
palette using the Palettes Editor. The editor allows you to mix VIs,
functions, and subpalettes within a palette. Also, a palette can contain VIs
from different locations.

[ X

Humeric

—

M' Submenu...
Move Submenu Cuztom Contrallz]...

s Delete Subrmenu
Copy lzon Emphy Slat

@ Edit Submenu lzan... Empty Faw
Fename Submenu... "Contral..."* Option

Synchronize with Direchany |

All view and subpalette (submenu) information can be stored in VI libraries
or.mnu files. Most menu information is stored in the menus directory in the
LabVIEW directory. For more information on how views and menus work,

refer toOnline Reference..underCustomizing the Controls and

Functions Palettes

You also can switch to another view by selecting the desired view from the
Palette Setring. To edit the top-levelontrols or Functions palettes or any
other predefined menus (views), you first must create a new view by
selectingnew setup..from thePalette Setring in theEdit Palettesdialog
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box. This protects the built-in palettes and ensures that you can experiment
with the palettes without corrupting the default view.

To create a palette from scratch or hook in a palette that isusetriib
vilib , orinstr.lib , you can use thasert»Submenuoption from the
pop-up menu in the Palettes Editor. When you select this option, the
following dialog box appears.

! Inzert Submenu

r* Create a new menu file [ mnu]
i Link to an exizting menu file [ mnu]
i Link to a libram [lb]

" Link to a directony

1] 4 Cancel

Create a new menu file (.mnw-This option inserts a new, empty palette.
You are then prompted for a name for the palette and a file to contain it. You
should add amnu extension to the file to indicate than it is a menu
(palette).

Link to an existing menu file (.mnu}—This option creates a palette with
entries for all files in the directory. Selecting this option also recursively
creates subpalettes for each subdirectory, VI librarynou file within the
directory. Palettes created by this method automatically update as you add
or remove files from the directories.

Link to a library (.llb) —Use this option to link entries from VI libraries to
the Controls andFunctions palettes.

Link to a directory —Use this option to link entries from directories to the
Controls andFunctions palettes.
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Exercise 8-4 (Optional)

Objective: To create a new view and become familiar with customizing and editing the Controls
and Functions palettes.

You will create a new view and customize Fheactions palette to include
the VIs fromBASICS.LLB .

1. Open a new panel by selectiNgw from theFile menu. Windows

© National Instruments Corporation

Sun andHP-UX—If you have closed all VIs, selelew VI from the
initial LabVIEW dialog box.)

Enable the Palettes Editor by selectidjt»Edit Control &
Function Palettes...

Selectnew setup..from thePalette Setring in theEdit Palettes
dialog box.

TypeLabVIEW Course in theSubmenu Namedialog box and
click OK.

Pop up on th&unctions palette and selethsert»Submenu...

Select the.ink to a library (.llb) option from thensert Submenu
dialog box and cliclOK. A file dialog box displays the contents of
the LabVIEW Courseiew directory.

Select a library to associate with the submenu (subpalette). Select the
BASICS.LLB library. A subpalette is created with the contents of
BASICS.LLB . A default icon is associated with the subpalette.
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8. Click on the newly createBlasclass Vissubpalette. Observe the
icons of the Vs in th&8ASCLASSVI library visible in theBasclass
VlIs subpalette.

T‘}
[z
B —HBasclass Vls
E| ¢1 HalH
s'm'H POP-UR ﬁ]
Refrerry B DEMO
=] & o=
=l L |
Fando Flat 1)
C—F @W L]
Foeg, | [Pandamy pledci)
Array Ex 'Il-‘i’ % Ei
| s L sin 5 o
GRAPH | 4=r +| |
|| = L,E%L,E '@2‘
EIMNG

9. Tack down th®&asclass Visubpalette by clicking on the pushpin at the
top left corner of the subpalette.
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10. Delete blank icons and rearrange icons by popping up on the icons
and selecting the respective operation. Configure the subpalette to
appear similar to that shown below.

|“"1
ik Basclass Vs e |
EI%EI!EI IE' dl maM || pEmMe
uﬂET:H Pap-UP @

1,1

m?

(2,0 E]

10141

CHAT]

P i ::__
n:ﬁ 14\ -- & :l;i B

SFRERD

L.l.l.-lzw:l SHEET

11. Close thdasclass Vissubpalette.
12. SelectSave Change$rom the Edit Palette dialog box.

13. Switch to the Diagram window and display fhenctions palette
(Windows»Show Functions Palette Note theBasclass Vs
subpalette.

14. Switch between the four predefined views (basic, default, DAQ, and
T & M views) and the LabVIEW Course view by choosing the
Edit»Select Palette Sebption.

15. Switch to the default view by choosing thdit»Select Palette Set
option.

End of Exercise 8-4
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Summary, Tips, and Tricks

LabVIEW Basics | Course Manual

With VI Setup options, you can modify VI execution, window, and
documentation characteristics. These modifications include hiding
Execution palette buttons, running the VI when loaded, opening front
panels when called, calling Help windows, and so on.

Any execution characteristic of a VI modified using VI Node
Setuppop-up dialog box affects only that subVI. Other calls to the same
VI are not affected.

Any execution characteristic of a VI modified using YHeSetup
pop-up dialog box affectsveryinstance of that VI, whether it functions
as a main VI or as a subVI.

To create a popup panel, select$mew Front Panel when Callecand
Close Afterwards if Originally Closed options from thé/I
Setup...»Execution Optiongnenu or thé&ub VI Node Setupoption of
a subVI's pop-up menu.

TheKey Navigation option for front panel controls associates the
control with a keystroke. You can access the Key Navigation menu
through a control’s pop-up menu.

To save a VI and its hierarchy to a new location, s8ace with
Options from theFile menu.

You can have a VI programmatically exit LabVIEW by using @t
LabVIEW function.

To edit a VI that has its options disabled through the VI Setup, you can:

— Break or disable one of the VI's subVIs. Then the VI will
automatically open in edit mode, because it is nonexecutable with a
broken subVI.

— If the VI has no subVIs, you can place it into the diagram of a
new VI.

You can edit th€ontrols andFunctions palettes to display any options
you want.
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Notes
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Notes
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Lesson 9
Data Acquisition
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Introduction

This lesson introduces the use of plug-in data acquisition (DAQ) boards and
associated LabVIEW software.

You Will Learn:

About plug-in DAQ boards.

About the organization of the DAQ ViIs.
How to perform analog input.

How to perform analog output.

How to scan multiple analog channels.
How to drive the digital I/O lines.

O@mMmMOooO®py

About buffered data acquisition.
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A. Overview

The LabVIEWData Acquisition library contains VIs to control National
Instruments plug-in DAQ boards. Often, one board can do a variety of
functions—analog-to-digital (A/D) conversion, digital-to-analog (D/A)
conversion, digital input/output (I/O), and counter/timer operations. Each
board supports different data acquisition and signal generation speeds. Also,
each DAQ board is designed for specific hardware platforms and operating
systems. For complete listings of the DAQ boards and their features, refer to
the National Instruments catalog.

Data Acquisition System Components

Data Acquisition
and Control Module

Option B

The fundamental task of a DAQ system is the measurement or generation of
real-world physical signals. Before a computer-based system can measure a
physical signal, a sensor or transducer must convert the physical signal into
an electrical signal such as voltage or current. Often, the plug-in DAQ board
is considered to be the entire DAQ system; however, the board is only one
of the system components. Unlike most stand-alone instruments, sometimes
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you cannot directly connect signals to a plug-in DAQ board. A signal
conditioning accessory must condition the signals before the plug-in DAQ
board converts them to digital information. Finally, software controls the
DAQ system—acquiring the raw data, analyzing the data, and presenting the
results.

The figure on the previous page shows two options for a DAQ system. In
Option A, the plug-in DAQ board resides in the computer. This computer
can be a tower or desktop model or a laptop with PCMCIA slots. In Option
B, the DAQ board is external to the computer. With this approach, you can
build DAQ systems using computers without available plug-in slots (such as
some laptops). The computer and DAQ module communicate through
various buses, such as the parallel port, USB, or PCMCIA. These types of
systems are practical for remote data acquisition and control applications.

Analog Input

When measuring analog signals with a DAQ board, you must consider the
following factors that affect the digitized signal quality: mode (single-ended
and differential inputs), resolution, range, sampling rate, accuracy, and
noise.

Single-endedhputs are all referenced to a common ground point. You use
these inputs when the input signals are high level (greater than 1 V), the
leads from the signal source to the analog input hardware are short (less than
15 ft.), and all input signals share a common ground reference. If the signals
do not meet these criteria, you should dskerentialinputs. With

differential inputs, each input can have its own reference. Differential inputs
also reduce or eliminate noise errors because the common-mode noise
picked up by the leads is canceled out.

Resolutionis the number of bits that the analog-to-digital converter (ADC)
uses to represent the analog signal. The higher the resolution, the higher the
number of divisions into which the range is broken, and therefore, the
smaller the detectable voltage change. The next figure shows a sine wave
and its corresponding digital image that a 3-bit ADC obtains. A 3-bit
converter (which is seldom used but makes a convenient example) divides
the range into Sor 8 divisions. A binary code between 000 and 111
represents each division. Clearly, the digital signal is not a good
representation of the original signal because information has been lost in the
conversion. By increasing the resolution to 16 bits, however, the ADC’s
number of codes increases from 8 to 65,5§%,(2nd it can therefore obtain

an extremely accurate representation of the analog signal.
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3-bit ADC 16-bit ADC

Rangerefers to the minimum and maximum voltage levels that the ADC can
guantize. DAQ boards offer selectable ranges (typically 0 to 10 V or -10 to
10 V), so you can match the signal range to that of the ADC to take best
advantage of the resolution available to accurately measure the signal.

Gainrefers to any amplification or attenuation of a signal that may occur
before the signal is digitized. By applying gain to a signal, you can
effectively decrease the input range of an ADC and thus allow the ADC to
use as many of the available digital divisions as possible to represent the
signal. For example, using a 3-bit ADC and a range setting of 0 to 10 V, the
figure below shows the effects of applying gain to a signal that fluctuates
between 0 and 5 V. With no gain applied, or gain = 1, the ADC uses only
four of the eight divisions in the conversion. By amplifying the signal with

a gain of twdbeforedigitizing, the ADC now uses all eight digital divisions,
and the digital representation is much more accurate. Effectively, the board
now has an allowable input range of 0 to 5V, because any signal above

5 V when amplified by a factor of two makes the input to the ADC greater
than 10 V.

Gain =1

Gain =2
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The range, resolution, and gain available on a DAQ board determine the
smallest detectable change in the input voltage. This change in voltage
represents 1 least significant bit (LSB) of the digital value and is often called
thecode width The smallest detectable change is calculated as voltage
range/(gain * ?SO|UIIOI‘] in blti

For example, a 12-bit DAQ board with a 0 to 10 V input range and a gain of
1 detects a 2.4 mV change, while the same board with a -10 to 10 V input
range would detect only a change of 4.8 mV.

ra;gseolution = 1012 =24mV 12—212: 4.8mV

gainx 1x2 X

Sampling ratedetermines how often an analog-to-digital (A/D) conversion
takes place. A fast sampling rate acquires more points in a given time and
therefore can often form a better representation of the original signal than a
slow sampling rate. All input signals must be sampled at a sufficiently fast
rate to faithfully reproduce the analog signal. Sampling too slowly may
result in a poor representation of your analog signal. The figure below shows
an adequately sampled signal, as well as the effects of undersampling. This
misrepresentation of a signal, called an alias, makes it appear as though the
signal has a different frequency than it truly does.

Adequately sampled

Aliased due to undersampling

According to the Nyquist Sampling Theorem, you must sample at least
twice the rate of the maximum frequency component you want to detect to
properly digitize the signal. For example, audio signals converted to
electrical signals often have frequency components up to 20 kHz; therefore,
you need a board with a sampling rate greater than 40 kHz to properly
acquire the signal. On the other hand, temperature transducers usually do
not require a high sampling rate because temperature does not change
rapidly in most applications. Therefore, a board with a slower sampling rate
can acquire temperature signals properly.

Averaging Unwanted noise distorts the analog signal before it is converted
to a digital signal. The source of this noise may be external or internal to the
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computer. You can limit external noise error by using proper signal
conditioning. You also can minimize the effects of this noise by
oversampling the signal and then averaging the oversampled points. The
level of noise is reduced by a factor of:

J/number of points averaged

For example, if you average 100 points, the effect of the noise in the signal
is reduced by a factor of 10.

Data Acquisition Hardware Configuration

LabVIEW Basics | Course Manual

You must take several steps before you can use the LabVIEW DAQ VIs. The
boards have been configured for the machines in the class. The following
sections present highlights of DAQ board setup for the Windows 95/98 and
Macintosh platforms.

Windows 95/98

This section describes the setup for the PCI or AT bus computer. EISA bus
and Micro Channel computers require a different setup routine. The
LabVIEW Setup program copies the required files for LabVIEW DAQ onto
your computer. LabVIEW for Windows DAQ VIs use an intermediate
driver, DAQDRYV, to access the National Instruments standard NI-DAQ for
Windows 32-bit dynamic link library (DLL). The LabVIEW setup program
installs the NI-DAQ DLL in theNINDOWS\SYSTEBRIirectory. NI-DAQ for
Windows supports all National Instruments DAQ boards and SCXI.

Thenidag32.dll  file, the high-level interface to your board, is loaded into
theWindows\System directory. Thenidag32.dll file then interfaces

with the Windows Registry to obtain the configuration parameters defined
by theMeasurement & Automation Explor&ecause the Measurement &
Automation Explorer is an integral part of DAQ, it is described in more
detail below.

)

b eazurement
& Autornation
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Windows Configuration LabVIEW for Windows
Measurement & Automation Explorer DAQ Library VIs
A A
\4
\4
N DAQDRV
< NI-DAQ for Windows 95/98

Windows Registry I

DAQ Board

The Windows Configuration Manager keeps track of all the hardware
installed in your system, including National Instruments DAQ boards. If you
have a Plug & Play (PnP) board, such as an E-Series MIO board, the
Windows Configuration Manager automatically detects and configures the
board. If you have a non-PnP board (known Bsgacydevice) you must
configure the board manually using théd New Hardware option under

the Control Panel.

You can check the Windows Configuration by accessing the Device
Manager Start»Settings»Control Panel»System»Device ManageiYou

will find Data Acquisition Deviceswhich lists all DAQ boards installed in
your computer. Highlight a DAQ board and seleaiperties or

double-click on the board, and you see a dialog window with tabbed pages.
General displays overall information regarding the board. You use
Resourcedo specify the system resources to the board such as interrupt
levels, DMA, and base address for software configurable bddird3AQ
Information specifies the bus type of your DAQ bodbdiver specifies the
driver version and location for the DAQ board.

LabVIEW for Windows installs a configuration utility, Measurement &
Automation Explorer, for establishing all board configuration parameters.
After installing a DAQ board in your computer and configuring the board
with the Device Manager as described above, you must run this
configuration utility. The utility reads the information the Device Manager
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records in the Windows registry and assigns a logical device number to each
DAQ board. You use the device number to refer to the board in LabVIEW.
You access the configuration utility by double-clicking on its icon on the
desktop.The figure below shows the primary Measurement & Automation
Explorer window. The Measurement & Automation Explorer is also the
means for SCXI configuration.

5" Exploring - Measurement & Automation
File Edt “iew Toolz Help

|.-'1‘-.II Falders | Contents of 'Meazurement & Automation’
@ Dezktop Mame | Type
My Camputer (@D ata Meighbarhoad |
"'_.‘-‘" Metwork Meighborhood Devices and Interfaces
= keazurement & Automation B Scales

(@] Data Neighborhood
EI@ Devices and Interfaces

----- (g8 DARQCard-1200 [Device 1)

P (B GPIEQ [PCMOIA-GPIB]
[+ Scales

----- i Recycle Bin

{58 My Brigfcaze

| ‘ =
o

Notice that the Measurement & Automation Explorer detected all the
National Instruments hardware including the GPIB board. Lesson 10
describes GPIB in more detail.

The board parameters that you can set using the configuration utility depend
on the board. Some boards are fully software configurable, while others
require you to set jumpers. The utility saves the logical device number and
the configuration parameters in the Windows registry.

The plug and play capability of Windows 95/98 automatically detects and
configures switchless DAQ boards, such as the AT-MIO-16E-2 or a
DAQCard. When you install a board in your computer, the board is
automatically detected.
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Macintosh

The LabVIEW installation program installs the NI-DAQ for Macintosh
software drivers necessary to communicate with National Instruments DAQ
boards. You use the NI-DAQ Configuration utility to configure your DAQ
board and accessories.

LabVIEW for Macintosh

DAQ Library Vis

i

NI-DAQ Configuration Utility
A
Y

| I

DAQ Board

| I |

When you install NI-DAQ for Macintosh, install version 4.9 if you have an
NB or a Lab Series board. Otherwise, install NI-DAQ version 6.0 for the
PCIl and DAQCard boards.
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Exercise 9-1
Objective: To open the Measurement & Automation Explorer and study the current DAQ setup.
You also will test the board interactively with the utility.
Before running this demo, connect analog output channel 0 to analog
input channel 1 on the DAQ Signal Accessory.

You will open the Measurement & Automation Explorer and examine
the configuration for the DAQ board in your machine. The test routines
in the Measurement & Automation Explorer confirm operation of your
board.

Note Please do not alter any of the setup parameters. The hardware has been
correctly configured for the course.

1. Start the Measurement & Automation Explorer by double-clicking
on it from the desktop. The utility will briefly examine your system
to determine the National Instruments hardware installed, and then
display the information.

Note Depending on your system, the Measurement & Automation Explorer may be
installed in a different program group. On the Macintosh, the NI-DAQ
configuration utility will be in a separate folder on your hard drive.

2. Open the Measurement & Automation section and open Devices and
Interfaces. The window below shows what the Measurement &
Automation Explorer looks like for a DAQCard-1200 and a
PCMCIA-GPIB.

E'l Explonng - DAGQCard-1200 [Device 1]
File Edit “iew Toolz Help

| &l Falders | Cantents of 'DAQCad-1200 [Device 1)

@ Desktop I arme | Type | Y alue | Dezcription
- .. My Computer E Device Mumber  Attribute 1 The MI-DAQ device number
- T Network Neighborhood I sacket Attribute 1 The PCCard socket that this device ..
-5 Measurement & Automation

I #-{@] [ata Meighborhood
El @ Dewces anu:l Interfaces

----- @ GF'IBEI [PEMEI.& GF'IB]

-8 Scales
..... ?:j‘ Recycle Bin
@ by Briefcaze
1] | 2
\DAGCard-1200 4
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The Measurement & Automation Explorer window shows the National
Instruments boards that are currently configured in your system. Note
the Device number indicated in the parentheses after the DAQ board.
The LabVIEW DAQ Vls use this Device number to determine which
board performs DAQ operations.

Note You may have a different board installed and some of the options shown may
be different.

3. You can get more information about the board’s configuration by

examining its properties. With the DAQ board highlighted, select
Properties from theFile menu. A configuration window for the
AT-MIO-16E-2 board is shown below.

Configuring Device 1: AT-MI0-16E-2

Syztem |.-’-¥.I I A0 I .-’-‘-.n::c:ess::nr_l,ll OPC I

_ _ = Azzigh a device
Device Mumber: =i rumber to the

device and check
or aszign ystem
|nput/Output B ange 0120 - 0219F [esOLrCes,

Bezources:

|nterrupt Request 3
Drirect Memaony Access 5
Direct Memom Access 7
Wi Test Resources | Fun Test Panels ... |

] 4 I Cancel | Sl

© National Instruments Corporation

This window contains several tabs. The first @Bystem reports the
system resources assigned to the board through the Windows registry.
You use the remaining tabs to configure the various analog input,
output, and accessory parameters for the DAQ board. Switch to these
additional tabs to view the different DAQ parameters that may be
configured for this board.

Switch back to the System tab under the configuration window and
press thel'est Resourcesutton. This tests the system resources
assigned to the board according to the Windows Device Manager.
Your device should pass this test, because it has been preconfigured.

Press th®©K button to get back to the System tab under the
configuration window and press tReain Test Panelsbutton. This
allows you to test the individual functions of the DAQ board, such
as analog input and output.
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PressOK to advance to the individual tests, which appear in a
window similar to the window shown below:

NATIONAL Device Mame Device Mumber
T TS I i

Analog Input l.-'l‘-.nalcug Elutput] Counter [/0 ] Cuigital [A0 ]

Channel
0 - 0. 2600—
=
[nput Lirmits: 0.2475— Last E rrar
+ 10 - 1]
Fatal
_|:| Error
0.2350— 0 ] i i 1
| a2 182
[rata Mode
f* Stiip Chart Y Scale Mode Average Reading )
™ Ore Shat (¢ Auta Scale 0.249023
" Continuous " Full Range

The Test Panel allows you to test a specific board in several different
areas. The Analog Input tab tests the various analog input channels on
the DAQ board. Remember that Channel 0 is connected to the
temperature sensor on the DAQ Signal Accessory. Place your finger on
the sensor to see the voltage rise. You can also move the Noise switch to
On to see the signal change in this window.
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6. Switch to theAnalog Output tab:

Test Panel

NATIONAL Device Mame Device Mumber
INSTRUMENTS [THIOTEE 2 f

finalog Input Analog Dutput | Counter 10 I Digital |A0 I

— Output kMode Channel Selection:

i~ DCYoltage I 0 j

% Sine Generator

— Sinewave Amplitude

= Last Errar
IE. 1] _I; .

KN [ ]
0.0 0.0 0.0 7 Eatai
rrar
|Ipdate Bate:
1000.00 =
[ prlate Ehanne! =
Cloze

In this window, you can set up either a single voltage or sine wave on
one of the DAQ board’s analog output channels. For this exercise,
switch the Output Mode t8ine Generatorand then press ti&#tart

Sine Generatorbutton. A sine wave will be generated continuously on
analog output channel 0, which is hard wired to analog input channel 1.

7. Switch to theAnalog Input tab and switch the Channel to 1. You
should now see the sine wave from analog output channel 0 on the
graphical display.
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8. Switch to theCounter I/O tab, which you can use to determine if the
DAQ board’s counter-timers are functioning properly.

MNATIONAL Device Mame Device Murnber
INSTRUMENTS [AT-MID-16E-2 [
fnalog Inputl Analog Output  Counter 10 | Diigital A0 I
Counter bode: Counter;
| Simple Event Courting = |GPCTRO =]
Frequency: Delay [zec. ) Event Source:
[1000.00000 [1.00000 = [Internal 100 KHz Clock. x| Last Error
IEI
Dty Cocle: Pulze YWidth [zec.]: Counter Y alue:
i | =1 Fatal
|n.5c|nnn = |1 o000 = |25231 5 J Fata
Counter Status
Heset | GPCTR1 J
Cloze |

To verify counter/timer operation, switch the Counter Mod8itople
Event Counting and then press tt&tart button. The Counter Value
should count up rapidly. PreResetto stop the counter test.
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9. Switch the Test Panel to tbegital I/O tab, which you can use to test
the digital lines on the DAQ board:

Test Panel

NATIONAL . Device Mame Device Mumber
INSTRUMENTS [AT-MID-16E-2 I
.-’-'-.nalu:uglnputl finalog Dutputl Counter 140 Digital [/0 |
Line Direction Selection
[rput; (o (o (o (o [ [ [ [
Line Mumber ¥ 5 5 4 3 2 1 1] Last Errar
IEI
Logic Level: T r r r r r r r J Fatal
Errar
e @ ) @ @ 0 O O U
Cloze |

For this test, set lines 0 through 3 as output and then toggle their Logic
Level checkboxes. As you toggle the boxes, the LEDs on the DAQ
signal accessory should turn on or off (the LEDs use negative logic).
Press th€losebutton to close the Test Panel and return to the board’s
configuration screen.

10. Press th€losebutton and then press thK button to return to the
original configuration window.

SelectHelp Topics from theHelp menu. This action brings up the

online reference for the Measurement & Automation Explorer. This
reference describes how to configure and test the various DAQ devices
in your system.

PressLCancelto close the online reference window, and select
File»Closeto exit the Measurement & Automation Explorer.

End of Exercise 9-1
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B. Data Acquisition VI Organization

LabVIEW Basics | Course Manual

The LabVIEW DAQ VIls are organized into subpalettes corresponding
to the type of operation involved—analog input, analog output, counter
operations, or digital I/0. You access the subpalette shown below by
popping up in the Diagram window and choosiDefa Acquisition.

Under this subpalette, the DAQ VIs are organized into six subpalettes:
Analog Input, Analog Output, Digital I/O, Counter, Calibration and
Configuration, andSignal Conditioning.

—IHFunctionz

P123PP
= e

abc

-
-

[=]=]
=
[r2]

9
oM
Bl |l od] |

g

= Instr Lik k

[=TH
Fd':] | = «—IHData Acquisition
A3 Vg I
llulL..l....Iaﬂ]]L .PEI,K’E'.ybgg"Eru’
aar bz )
=T i E'._ ¥ S
@’ﬂbm Fiize] |

(=31 Lilh

G

Each subpalette contains VIs or subpalettes of ViIs organized as Easy I/O
Vis, Intermediate VIs, Utility VIs, and Advanced VIs. TAralog Input
subpalette below shows this organization. The top tier of VIs contains
Easy I/O Analog Input (Easy Al) Vls, and the bottom tier contains
Intermediate Analog Input VIs. There are also two subpalettes in this
menu: one for access to the Analog Input Utility VIs and one for the
Advanced Analog Input Vis.

[ Al Al [T}
HULTFT OME FT ME F
Easy I/0 Vs ML A &5
y ]| A=

Y] B
Al Al Al Al ()
CONFIG| | START READ ||5-5CAH || CLEAR
oy | ] | Bty | ] By
IE'II.I";\IL) E'l‘:g\ub
Utility Vs 1+— Advanced Vls

y

=
=2

22
5

Intermediate VIs —¢
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Although this course addresses the Intermediate VIs, most exercises use
the Easy I/O Vls. The Advanced VIs are beyond the scope of this course.

The Easy I/O Vls consist of high-level Vis that perform basic analog
input, analog output, digital I/0, and counter/timer operations. They are
ideal for simple DAQ, digital 1/0, or counter/timer tasks or for getting
started with DAQ in LabVIEW.

The Easy I/O Vls include a simplified error handling method. When a
DAQ error occurs in your VI, a dialog box shows error information.
With the box, you have the option to halt execution of the VI or ignore
the error.

Compared to the Easy I/O Vls, the Intermediate VIs have more hardware
functionality, flexibility, and efficiency for developing your application.
The Intermediate Vls feature capabilities that the Easy I/O Vls lack,
such as external timing and counter 1/0. As you become acquainted with
LabVIEW, you will discover that the Intermediate VIs are better suited
for most of your applications.

The Intermediate VIs feature more flexible error handling than the Easy
I/O VlIs. With each VI, you can pass error status information to other Vis
and handle errors programmatically.

The Advanced Vs are the lowest-level interfaces to the NI-DAQ driver.
Few applications require the Advanced VIs; the Easy I/O and
Intermediate VIs will suffice for most DAQ applications.

The Utility VIs consist of convenient groupings of the Intermediate VIs.
They are for situations where you need more functionality control than
the Easy I/O Vls provide, but want to limit the number of Vis you call.
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C. Analog Input

LabVIEW Basics | Course Manual

The Analog Input subpalette from thBata Acquisition subpalette
contains Vls that perform analog-to-digital (A/D) conversions.

To acquire a single point from your signal connected to your DAQ
board, use Al Sample Channel.

device

charnel (0] 227 _}; "f ................. sample
high limit [1008] - -l
o firriik [0 omeeed

Al Sample Channel_vi

Al Sample Channelmeasures the signal attached to the specified
channel and returns the measured volt&@gviceis the device number

of the DAQ boardChannelis a string that specifies the analog input
channel numbeHigh limit andlow limit specify the range of the input
signal. The default inputs are +10 V and -10 V, respectively. If an error
occurs during the operation Af Sample Channel| a dialog box displays

the error code, and you have the option to abort the operation or continue
execution.

To acquire a single point from several analog input channels on your DAQ
board, usél Sample Channels

device

Ex
-
4

channels (0] -
bigh liit (0.0] — —

lcw firit (0.0 —I_

zamples

-
g%
[T

Al Sample Channelsmeasures the signals attached to multiple channels
and returns those measured values in an d&yceis the device number
of the DAQ boardChannelsis a string that specifies from which analog
input channels to reatligh limit andlow limit specify the range of the
input signal. The default inputs are +10 V and -10 V, respectBaipples

is the output array of the voltages read. The order of the values in the
samples array matches the order requested in the channels string. For
example, if channels is “1, 2, 4”, samples[0] would be from CH 1,
samples[1] from CH 2, and samples[2] from CH 4. If an error occurs during
the operation oAl Sample Channels a dialog box displays the error code,
and you have the option to abort the operation or continue execution.
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Exercise 9-2 Voltmeter.vi

Objective: To acquire an analog signal using a DAQ board.
You will build a VI that measures the voltage that the temperature sensor
on the DAQ Signal Accessory outputs. The temperature sensor outputs
a voltage proportional to the temperature. The sensor is hard-wired to
Channel 0 of the DAQ board.

You will use this VI later, so be sure to save it as the instructions below

describe.
Front Panel
Device Charrel High Limit Power
o =0
i o hm =g
* digital contral * ghring contral * Loy Limit tical switch
Representation -+ 116 | * wertical switch *
i »/0.00 Defailt state = TRUE
* digital controlz * techanical Action =
Feprezentation -»SGL Latch “When Pressed
‘v’u:ultage|
01 0z 03 04
023
* meter *

1. Open anew VI.

2. Build the front panel shown above. Be sure to modify the controls
and indicators as depicted.

The Device control specifies the device number of the DAQ board.

The High Limit and Low Limit controls specify the input signal
range. The Voltage metekmeric subpalette) displays the voltage.

= Note The VI automatically adjusts the DAQ board gain depending on the values
that the high and low limit controls specify.

3. Configure the meter scale for 0.0 to 0.5. To do this, double-click on
10.0 with the Labeling tool and ty®e5 . (You may need to enlarge
the meter to get the scale shown in the figure above.)
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Block Diagram

Al
OME FT

WS ample Channel

.......... i

1. Build the diagram shown above.

e | Al Sample ChannelVI (Data Acquisition»Analog Input subpalette).

L In this exercise, this VI reads analog input Channel 0 and returns the
=— voltage.

= Note If you do not have a DAQ board or a DAQ Signal Accessory, use the following
VI in place of the Al Sample Channel VI:
a,gf (Demo) Read Voltage VI (User Libraries»Basics Course subpalette).

RERD =

wars | This VI simulates a reading from analog input Channel 0.

2. Return to the front panel and run the VI.

The meter should display the voltage that the temperature sensor
outputs. Place your finger on the temperature sensor and notice that
the voltage increases.

If an error occurs, the Easy I/O VlIs automatically display a dialog
box showing the error code and a description of the error.

3. To simulate an error condition, enter a value of O inside the Device
control and run the VI. A dialog box should display the error.

4. Save and close the VI. Namé/nltmeter.vi. You will use this VI in
a later exercise.

End of Exercise 9-2
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Exercise 9-3 Measurement Averaging.vi (Optional)

OBJECTIVE: To reduce noise in analog measurements by oversampling and averaging.

1. Open and run thikleasurement AveragingVI. The VI measures the

voltage output from the temperature sensor once per second and
plots it on the waveform chart.

Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the Al
Sample Channel VI with the following VI:

e (Demo) Read Voltage VI (User Libraries»Basics Course subpalette).

RERD L=

wors | This VI simulates a reading from analog input Channel O.

2. Introduce noise into the temperature measurement by flipping the
switch labeled Temp Sensor Noise on the DAQ Signal Accessory to

the ON position. The measurements should begin to fluctuate with
noise spikes.

3. Stop the VI and open the block diagram. Modify the True case inside
the block diagram to take 30 measurements, average the data, and
plot the average of the 30 measurements.

4. Run the VI. Notice the drop in noise spikes when the Averaging
switch is turned on.

5. Save and close the VI.

End of Exercise 9-3
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The DAQ Wizards
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LabVIEW contains several wizards to help you develop your applications
faster. ThdDAQ Solution Wizard allows you to choose among current data
acquisition examples or to design a custom DAQ application. It works with
analog input and output, digital 1/0O, and counter/timers. The DAQ Solution
Wizard is an interactive utility that uses a series of windows that ask you
about your application. An example VI is created that you can save to a new
location.

The DAQ Solution Wizard also uses thAQ Channel Wizard to define

which signals are connected to which channels on your DAQ board. With
the DAQ Channel Wizard, you simply fill in the blanks in the pop-up panels
to define an input signal, the type of transducer being used, any scaling
factors required, unit conversion factors, and exactly how that signal is
connected to your DAQ hardware. When you define the channel names and
other information in the DAQ Channel Wizard, a configuration fded )

is created that keeps track of all the settings for your system. You can then
reference the channel name for the input signal throughout the application,
and all of the conversion processes are performed transparently.

Now you will use the DAQ wizards to create a VI that acquires data from
multiple channels, displays that information in a chart, and writes that
information to a data file.

9-22 © MNational Instruments Corporation



Lesson 9 Data Acquisition

Exercise 9-4 Simple Data Logger.vi
Objective: To use the DAQ Wizards to create a multichannel data logging VI.

You will use the DAQ Solution Wizard to create a VI that acquires several
channels of data, shows that data in a strip chart, and logs that data to file.
You will use a preloaded configuration file that defines several channels on
your DAQ Signal Accessory in the DAQ Channel Wizard.

For this exercise, connect the sine wave output to Analog In CH1 and the
square wave output to Analog In CH2 on the DAQ Signal Accessory.

1. Launch the DAQ Solution Wizard by selectid§Q Solution Wizard
from theProject»DAQ Wizards menu in LabVIEW. The following
window will open:

i Welcome to the DAQ Solution Wizard!

T hiz wizard will help you find zolutiohs to common data acquizsition applications
quickly and eazily.

t'ou have already configured analog or digital i/ channels uzing the DAG
Channel wizard. If you do not want bo uge these channels, deselect thiz option
belo,

How would wou like to program vour channels?

¥ |lze channel names specified in DAG Channel Wizard [Fecommended]

Go to DAL Channel 'Wizard |

Wieww Current ‘Wwizard Configuration |

" Program the input scaling and conversion myself

? | &dditional Information on the DAL Channel ‘Wizard ah et 5 Cancel

You will use the configuration file that is already loaded. You can see
these defined channels by clicking on Yhew Current Wizard
Configuration button. You will be using three of these channels for this
exercise—temp, inCH1, and inCH2. These correspond to the
temperature sensor and channels 1 and 2 on the DAQ Signal Accessory.
You can look at these channel definitions in more detail by launching the
DAQ Channel Wizard by clicking on tt@o to DAQ Channel Wizard
button.
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2. From the opening DAQ Solution Wizard window, make sure the selected
option isUse channel names specified in DAQ Channel Wizamhd
select théNext button. Here you have the option to either make a custom
application or view the Vls in the Common Solutions Gallery.

3. SelectSolutions Galleryand press thext button to get the following
window:

Wwelcome ta the Cammon Salutions Gallen.

Select one of the application categaories bo view a lizt of common solutions.
Open any selected application by double clicking on the common solution, or by
gelecting it and clicking the Mest buttan,

(3 allery Categories Commaon Solutions
Tranzducer Meazurements -
Bench-Top Instruments Simple Drata Reader
Yaolkage & Current keasurement Advanced Data Logger
Advanced Data Reader
Control &pplications High Speed Data Logger
b High Speed Data A eader i

— Application Salution Description

& gimple goftware timed data logger which receives data from any source you connect -
to analog input channelz. Time and date stamped data are logaed to a spreadsheet
farmat file.

< Back M et » Cancel

LabVIEW Basics | Course Manual 9-24 © National Instruments Corporation



Lesson 9 Data Acquisition

4. SelectData Logging from the Gallery Categories section &ithple
Data Loggerfrom Common Solutions. When you press ext
button, you will be asked which channels of data to log. Select all the
analog input channels shown by holding down <shift> and clicking on

each choice as shown:

Solution Wizard - Specify Inputsf0Outputs

Chosen Solution:  [Simple Data Logaer

Far thiz zalutian, pou must specify the fallawing
input/output sources:

Select a Analog Input Device Select Channel(s]

Devl: DAQCard-1200 [ - |

¢ Back | Open Saolution | (it |

5. Click on theOpen Solutionbutton to get the following panel.
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Front Panel

Ik
II i
I i i

Time

L e W gy

Device [HH:MM:55] Channels

-l - [

LOGGED DATA

il
1
2 B
3
4
-
-
7 B

| i | l] i 1 II { 1 ] |I 1
I|"|I I|I I|I I||| ||"|I ||"|I ! |I I|"|I ||"|I I|"|I ||"|I |'|I ||"|I

Between Paoints

temp, inCH1. inCH?Z

1771998

4:01:42 PH

9.

Notice that the Channels string is already defined. Open and examine the
diagram. It uses thil Sample ChannelsVI to acquire the data and the
Write Characters to File VI to log the data to disk. Both of these are
high-level 1/0 VIs, and a dialog box will open if an error occurs.

Return to the panel, set the Time Between Points to be 1 sec, and run the
VI. You will get a prompt for a filename. Create the file called
logger.txt in the LabVIEW directory.

Stop the VI. Do &ave with Optionsand save this VI and its hierarchy
to a new location (do not save thidb  files) asSimple Data Logger
to theBASICS.LLB library.

Close the&simple Data LoggerVI and quit the Solution Wizard.

End of Exercise 9-4
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Waveform Input

In many applications, acquiring one point at a time may not be fast
enough. In addition, it is difficult to attain a constant sample interval
between each point because the interval depends on a number of factors:
loop execution speed, call software overhead, and so on. With certain
Vls, you can acquire multiple points at rates greater thaAltBample
Channel VI can achieve. Furthermore, the VIs can accept user-specified
sampling rates. An example would AEAcquire Waveform.

device il wavefarm
Lpmeeme T RT

channel ] + - gctual sample period [sec)
number of zamples —l_ ."-‘.,@
zarple rate [1000 zamples/sac] -
high lirmit [1 w] ....................
A R —— i

Al Acquire Waveform.vi

Al Acquire Waveform acquires the specified number of samples at the
specified sample rate from a single input channel and returns the acquired
data.Deviceis the DAQ board device numb&hannelis a string that
specifies the analog input channel numblenmber of samplesis the
number of samples to acquiample rateis number of samples to acquire
per secondHigh limit andlow limit specify the range of the input signal.
The default inputs are +10 V and -10 V, respectivdgveform is a 1D
array containing the analog input data in vékstual sample periodis the
inverse of the actual sampling rate used. This number may differ slightly
from the requested sample rate, depending on the capabilities of your
hardware.
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Exercise 9-5 Acquire Waveform.vi
Objective: To acquire and display an analog waveform.

You will build a VI that uses the DAQ VIs to acquire a signal and plot
it on a graph.

For this exercise, on the DAQ Signal Accessory connect Analog Input
CHL1 to the sine wave output of the function generator.

Front Panel

# of Samples Samples/Sec
- [1000 »10000.00
*digital contral = “digital contral *

Representation -> SGEL

W avefarm
n.9-

wolts

-0.9-7
0.0

*waveform graph® geconds
# soale precizion -> 2 digits

1. Open a new VI and build the front panel shown above.

The # of Samples control specifies the number of points to sample.
The Samples/Sec control specifies the sampling rate.

Block Diagram

Devieel T - aveform
1 : E'ﬁ:
L HI.II:'IPT ] E3
1B Eundle
& Acguire ‘Wavelom|
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1. Build the block diagram shown above.
Al Al Acquire Waveform VI (Data Acquisition»Analog Input
H+ subpalette). In this exercise, this VI acquires 1,000 points at a
===l sampling rate of 10,000 samples/s from Channel 1.
Note If you do not have a DAQ board or a DAQ Signal Accessory, use the following

VI in place of the Al Acquire Waveform VI:

DEMD
HULT FT

Si5L
Si5U
C3

(Demo) Acquire Waveform VI (User Libraries»Basics Course
subpalette). This VI simulates acquiring data from analog input
Channel 1 at a specified sampling rate and returning the specified
number of samples.

Bundle function Cluster subpalette). In this exercise, this function
assembles the plot components into a single cluster. The components
include the initial X value (0), the delta X value (actual sample
period that the\l Acquire Waveform outputs), and the Y array (the
waveform array thafl Acquire Waveform returns). Use the
Positioning tool to resize the function by dragging one of the corners.

2. Save the VI agcquire Waveform.vi.
Note Be sure to save the VI in the BASICS.LLB library.
3. Return to the front panel, enter values for the controls, and run the

VI. The graph plots the analog waveform. Try different values for
the sampling rate and the number of samples.

Storing Waveforms to Disk

You can store the waveform in a file using the Write To Spreadsheet File
VI in the File subpalette.

4. Modify the block diagram as shown below.

B

nit ]

© National Instruments Corporation

Write To Spreadsheet FileVI (File subpalette). In this exercise, this

VI displays a dialog box to create a new file, writes the voltage array
that Al Acquire Waveform returns as a file of ASCII numbers, and
closes the file. For a 1D array, the VI inserts a tab between each
element in the waveform array. If you set ttasposeoption of the

VI to TRUE, the VI inserts an end of line (EOL) character between
each element. Using a spreadsheet to open a file that separates the
elements with a tab, the waveform array is displayed in a row. If you
open a file that separates the elements with a carriage return, the
waveform array is displayed in a column.
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avefom

....... o]
; Eorhm
Al . e ca

HULT FT i

s Bundle

[ Acquire Waveform]

Fizs
vt
tite Ta Spreadsheet Filg]

5. Save and run the VI. After the VI acquires and displays the waveform,
a dialog box prompts you to enter the filename. Taqagiire.txt
and click on OK.

A Warning Do not try to place the data file into BASICS.LLB.
6. Close the VI.
In Exercise 9-6, you will create a VI to read the waveform from the file.

7= Note Because the file is in ASCII, you also can open it using a spreadsheet
application or a word processor.

End of Exercise 9-5
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Exercise 9-6 Read Waveform from Disk.vi
Objective: To read a waveform (a 1D array) from a file.

In Exercise 9-5, you saved a waveform to afile. In this exercise, you will
build a VI that reads the file and graphs the waveform.

Front Panel

Samples/zec
» 1000000

*digital contral*
Representation -» SGEL

W aveform

0.9-p

'I:I-EI_I o [
0.0 0og 003 010

* waveform graph® seconds
# goale precizion -> 2 digits

1. Open a new panel and build the front panel shown above.

The Samples/sec control specifies the sampling rate of the waveform
stored in the file.
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Block Diagram

n '.l"||.|'l
HEE

2.

................. @
Bundle avefu:urm|

| I ==l I—.—l_
Hizs ; Eui : —
i

Delta ¥ = 1/zampling rate to

|H ead From Spreadzhest File| .
zet Lp the #-axiz corectiy.

Build the diagram shown above.

Read From Spreadsheet Fil&/I (File subpalette). In this exercise,

this VI opens the files containing the waveform data (ASCII
numbers), reads the entire contents of the file into a string, converts
the string to an array, and closes the file.

Reciprocal function (Numeric subpalette). In this exercise, this
function calculates delta X for tHgundle function; that is, the
sample interval between each measurement—1/samples per second.

Bundle function Cluster subpalette). In this exercise, this function
assembles the plot components into a single cluster. The components
include the initial X value (0), the delta X value (1/sample rate), and
the Y array (the waveform array that fRead from Spreadsheet File

VI returns). Use the Positioning tool to resize the function by
dragging one of the corners.

Save the VI aRead Waveform from Disk.Vi.

= Note Be sure to save the VI in the BASICS.LLB library.

3.

Return to the front panel and run the VI.

The VI displays a dialog box. Use this box to find and open the file
ACQUIRE.TXT. The VI reads the array from the file and plots the array
on the graph.

4. Close the VI.

End of Exercise 9-6

LabVIEW Basics | Course Manual
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D. Analog Output

The Analog Output library contains Vs that perform digital-to-analog
(D/A) conversions or multiple conversions.

device o
chatnel (0] """z . ~
wvalue =K

AD Update Channel vi

AO Update Channelwrites a specified voltage value to an analog output
channelDeviceis the device number of the DAQ boa@hannelis a string
that specifies the analog output channel numbaue is the voltage to be
output.

If an error occurs during the operatiorA® Update Channel a dialog box
displays the error code, and you have the option to abort the operation or
continue execution.

Waveform Generation
In many applications, generating one point at a time may not be fast enough.
In addition, it is difficult to attain a constant sample interval between each
point because the interval depends on a number of factors: loop execution
speed, call software overhead, and so on. WitAMD&enerate
Waveform VI, you can generate multiple points at rates greater thaQhe
Update ChannelVI can achieve. Furthermore, the VI can accept
user-specified update rates.

device
channel (0] B
update rate [1000 updates/seac) 3 bt
waveform

AD Generate Waveform_vi

AO Generate Waveformgenerates a voltage waveform on an analog
output channel at the specified update rB&viceis the device number
of the DAQ boardChannelis a string that specifies the analog output
channel numbeiUpdate rateis the number of voltage updates to
generate per second/aveform is a 1D array that contains data to be
written to the analog output channel in volts.
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Exercise 9-7 Voltage Output Example.vi

Objective: To output an analog voltage using a DAQ hoard.

You will examine a VI that outputs voltage from0t0 9.5V in 0.5V
steps. You will measure the voltage output using\tbkmeter VI that
you created in Exercise 9-2.

For this exercise, connect Analog Out CHO to Analog In CH1 on the
DAQ Signal Accessory.

Front Panel

Device Channel Yoltage Dutput
=] 0 0.00

1. Open thé/oltage Output ExampleVI. The VI already is built.

The Device control specifies the device number of the DAQ board.
The Channel string control specifies the analog output channel. The
Voltage Output indicator displays the current voltage output.

2. Open the block diagram.
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A0 Update Channel
N Al G |
OME FT
¥ 1R
- " -
Device 20 Update Channel -
i i utpLt O volks.
=2 OME FT
I:hannel P— Gf‘"
abc
altage Output

q ait Lkl Mest
SO0 2B |l Multiple

Qutput voltage every 500 me. Voltage is output in
0.5 % steps, from O to 9.5 volts.

1. Examine the block diagram.
.| AO Update ChannelVI (Data Acquisition»Analog Output
= .~ subpalette). In this exercise, this VI outputs the specified voltage
= using analog output channel 0.
Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the two

AO Update Channel Vis with the following VI:

DEMO
OME FT

B

2.

© National Instruments Corporation

(Demo) Update Channel VI (User Libraries»Basics Course
subpalette). In this exercise, this VI simulates generating a voltage on
an analog output channel.

Multiply function (Numeric subpalette). In this exercise, this
function multiplies “i” by 0.5 to specify the new voltage value.

Wait Until Next ms Multiple function (Time & Dialog subpalette).
In this exercise, this function causes the For Loop to execute every
500 ms.

Local Variable (pop up on Voltage Output terminal and select
Create»Local Variable). In this exercise, this variable writes a 0.0 to
the Voltage Output indicator after the For Loop completes. You can
use local variables to write to an indicator from different places in a
block diagram. The LabVIEW Basics Il course covers local
variables.

The For Loop executes every 500 ms. At Update ChannelVI
outputs the voltage in 0.5 V steps from 0 to 9.5 V. After the For Loop
finishes execution, the VI outputs zero volts to “reset” the analog
output channel. A local variable writes a 0.0 to the Voltage Output
indicator after the For Loop completes.

Close the block diagram and load thatmeter VI.
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3. Configure the meter scale for 0.0 to 10.0.

4. Enterl inside the Channel control on tReltmeter VI front panel.
Set the limit controls as shown below. Turn on the Power switch and
run theVoltmeter VI.

5. Make sure you have connected Analog Out CHO to Analog In CH1
on the DAQ Signal Accessory.

6. To acquire and display the voltage output, follow these steps:
a. Run thevoltage Output ExampleVI.

b. Observe the Panel window of tileltmeter VI. The meter
should acquire and display the voltage output.

Dl

—
EILI

7. Close both Vis.

End of Exercise 9-7
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E. Scanning Multiple Analog Input Channels

With the Analog Input Easy I/@I Acquire Waveforms VI, you can
acquire waveforms from several channels in a single run.

device e warveforms
: fchanr}elsf[ﬂd "’_l_ r%r.@ """""" ~ actual zoan peniod [zec]
number of zamples/c = =
gcan rate [1000 scansdsec]
high lirmit [1007) -
||:|W |||Tl|t [_‘I W] ..............................

Al Acquire Wavelorms._vi

Al Acquire Waveforms acquires the specified number of samples at the
specified scan rate from multiple channels and returns the acquired data.
Deviceis the device number of the DAQ boa@hannelsis a string

specifying the analog input channels to measure. A comma separates the
channels in the string—for example, 1, 2Ndmber of samples/chs the
number of samples per channel to acqBean rateis number of samples

to acquire per second for each chandeih limit andlow limit specify the
input signal range. The default inputs are +10 V and -10 V, respectively.
Waveformsis a 2D array containing the analog input data in vAksual

scan periodis the inverse of the actual scan rate used. This number may
differ slightly from the requested scan rate, depending on the capabilities of
your hardware.

The next example shows tiA¢ Acquire Waveforms VI for a

four-channel scan. The scan sequenceis 1, 2, 4, and 6. For each channel,
1,000 samples are acquired at 2,000 ZAcquire Waveforms returns

a 2D array. The data for the first channel is stored in column 0, the
second channel in column 1, and so on. lfadex Array function

extracts the data for each channel (a 1D array).
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dEViE_'IE &) &couire Wavelorms. v
%?IPT =
channel [strin oy EI
1.24.6
] ||:|:|Iumn
[rumber of zamples.ch
1000
zarmple rate
NN @
||:-:|Iumr‘|
||:-:|Iumr‘|

Scanned Waveforms and Graphs
You can directly wire the output of thd Acquire Waveforms VI to a
waveform graph for plotting. However, for the waveforms to be plotted
correctly you must pop up on the graph and sdleartspose Array. The
example below shows a four-channel scan plotted on one graph.

it ave form E‘ir-aéhl

100

Transpose
Array

Channel 2

Channel 1 ="
2.0 1

Channel 3
&0
Channel 4

4.0

20}

0.0 T T T T T T T T T
[} 20 40 (=) s0 100 120 140 180 120 199

device 4] Acquire W avetorms. vil aveform Graph

1 Al
HULT FT [5[“']

channell=]l £ . .%T
1.2.3.4~

hurnber of samples/ch
200

zample rate

You can easily show the correct timebase on the x axis by using the
above technique andBundle function. As shown in the next example,
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theBundle function bundles the actual scan period fromAhAcquire
Waveforms VI and the waveform data for plotting on the graph.

‘Waweforms

16.0

Channel 1
Channel 2

5.0

N

RN

4.0

vt = ,_r"/ \‘a__

H\\ ] Channel 3

\\-.___/r Channel 4

2.0

0.0-

l"
-

'
e g

p.oo

oo

0.0z

device
1

|secnnds

4] Acguire ' aveloms. vl

bl

Al

channelz
1,234

p{lll;T FT
I s
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rumber of samplesdch
200

zample rate
10000, 08

Eundle aveforms
et S DBL# :
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Exercise 9-8 Scan Example.vi
Objective: To use the Easy 1/0 Vis to perform a scanned data acquisition.

You will examine and run a VI that acquires two different waveforms
and plots each waveform on a graph.

For this exercise, connect the sine wave output to Analog In CH1 and the
square wave output to Analog In CH2 on the DAQ Signal Accessory.

Front Panel

Device Chanrel List|  5amples/channe]|  Scan Rate Save to Disk?

=] 1.2 1000 ~[10000.00 MO

1zt channel Z2nd channel

_ - 5.0- - Al
- N 1T
. m | | -
|| | | | | 20-
a | R 1.0-
2o MY NR'RRRIR po-HEEEEEEEEEEEEEREEE

0,000 0,020 0.040 0,060 0.080 0100 0.000 0.020 0040 0080 0.080 0.100
seconds zeconds

1. Open the&scan ExampleVi.
2. Study the block diagram.

= Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the Al
Acquire Waveforms VI with the following VI:

el (Demo) Acquire Waveforms VI (User Libraries»Basics Course
mm|  Subpalette). In this exercise, this VI simulates reading a sine wave on
Channel 1 and a square wave on Channel 2.

3. Run the VI. The graphs should display the waveforms.
4. Close the VI. Do not save any changes.

End of Exercise 9-8
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Exercise 9-9 Scan Two Waveforms.vi (Optional)

For this exercise, connect the sine wave output to Analog In CH1 and the
square wave output to Analog In CH2 on the DAQ Signal Accessory.

Create a VI that scans data from Channel 1 and Channel 2 and plots both
waveforms on a single waveform graph. Acquire 500 points from each
channel at 10,000 Hz. The VI also should write the scanned data to a
spreadsheet file so that when the file is opened using a spreadsheet, each
channel is displayed in a column.

= Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the Al
Acquire Waveforms VI with the following VI:

me]  (Demo) Acquire Waveforms VI (User Libraries»Basics Course

HULT FT

8| subpalette). In this exercise, this VI simulates reading a sine wave on
Channel 1 and a square wave on Channel 2.

Save the VI ascan Two Waveforms.vi Use the front panel shown to
get started.

Channel 1
Channel 2

W aveforms

volks

secunds|

End of Exercise 9-9
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F. Digital Input and Output

LabVIEW Basics | Course Manual

The data acquisitioBata Acquisition»Digital I/O library contains VIs
to read from or write to an entire digital port or to a specified line of that
port.

port width [8)
device

digital channel ~"
line —

“nE StatE
iteration [O:initialize]

Wte to Digital Line.vi

Write to Digital Line sets a particular line on a user-configured port to
either logic high or lowDeviceis the device number of the DAQ board.
Digital Channel specifies the port where the line is locateide

specifies the digital line to write thine State writes either a true or a
false to the given line.

poart width (3] ———

device nre line state
digital channel ~" e
line — =L

iteration [D:initialize]

Read from Digital Line.wi

Read from Digital Line reads the logical state of a digital line on a
user-configured porDeviceis the device number of the DAQ board.
Digital Channel specifies the port where the line is locateide
specifies the digital line you will reatdine Statereturns the logical state
of the given line.

port widtk [3]
device

digital channel ~""" g _~
pattern — ==

iteration [initialize]
Write to Digital Port _vi

Write to Digital Port outputs a decimal pattern to a specified digital port.
Deviceis the device number of the DAQ boaRigital Channel

specifies the digital port on the DAQ board to be uBadtern specifies
the new state of the lines to be written to the gowott Width is the total
width in bits of the port.
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port width [3] —

i 0IG
device e pattern

digital channel = BT

iteration [D:ritialize]

Read from Digital Port_wi

Read from Digital Port reads a user-configured polteviceis the
device number of the DAQ boarDigital Channel specifies the digital
port to read. The reading is displayed in a decimal numbgatiern.
Port Width specifies the total number of bits in the port.

If an error occurs during the operation of digital I/0 VI, a dialog box
displays the error code, and you have the option to abort the operation or
continue execution.
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Exercise 9-10 Digital I/0 Example.vi

Objective: To control the digital 1/0 lines on the DAQ hoard.
You will examine a VI that turns on the LEDs of Port 0 on the DAQ
Signal Accessory based on the digital value set on the front panel. Each
LED is wired to a digital line on the DAQ board. The lines are numbered
0, 1, 2, and 3, starting with the LED on the right.

Note The LEDs use negative logic. That is, writing a one to the LED digital line
turns off the LED. Writing a zero to the LED digital line turns on the LED.

Front Panel and Block Diagram

Device

& STOP

||

Pattern Inputl  Einary Pattern| Eattern Inouh Binam Pattem
[ | [Tis]

iiray Subset] [Reverse 10 Aray| [LED Pattern
LED Patterr [ I [TF]

- HEEr T ke Te | [}

Account far inverse logic - i _ i
in DAG Signal Accessony [iwrite to Digital Port .vi |

255 I RORT
|-+

Open theDigital I/O Example VI. The VI already is built.
Open and study the block diagram.

3. Run the VI. Enter different numbers between 0 and 15 inside the
Pattern Input control. The LEDs should display the binary equivalent
of the number that you input.

4. Close the VI. Do not save any changes.

End of Exercise 9-10
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G. Buffered Data Acquisition (Optional)

Intermediate Vs

A common application for data acquisition is performing buffered or
continuous acquisition. This section describes the VIs required to perform
continuous acquisition operations and explains application concepts.

Compared to the Easy I/0O Vls, the Intermediate VIs have more hardware
functionality, flexibility, and efficiency for developing your application. The
Intermediate VIs feature capabilities that the Easy I/O Vs lack, such as
controlling interchannel sampling rates, using external timing and triggering
signals, acquiring unscaled data, performing digital handshaking,
performing continuous 1/O operations, controlling onboard counters,

and supporting flexible error handling. The second tier oDéia
Acquisition»Analog Input subpalette consists of the Intermediate Analog
Input VIs. As you become acquainted with LabVIEW, you will discover that
you can build most DAQ applications with the Intermediate DAQ ViIs.

= Note Use the LabVIEW Online Reference (Help menu) to demonstrate and learn
more about the details of these functions.

© National Instruments Corporation

Al Hl Hl H
HULT FT || HULTFT || @ME FT || OME FT

’,

’
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Following are descriptions of the four commonly used intermediate VIs—
Al Config, Al Start, Al Read, andAl Clear.

interchannel delay [zecs] (...
meazuremnent mode structure
coupling & input config [ho... e
itk liritz [rio chanige] ©
device [1]

taskIiD

channels [(0] =¢ . L number of channels

buffer zize [1000 scans] J_ A % DSP handle structure out
[araup] (0] &rrar aut

2rar in [ho ermar]
[nurmber of butfers] [1]
allocation mode [no change: 0]
[Fuamber of Ak boards] [no...

Al Conhg.vi

Al Config configures the analog input operation for a specified set of
channels, configures the hardware, and allocates a buffer in computer
memory.Deviceis the device number of the DAQ boa@hannelsis a

string arraythat specifies the analog input channel numbepait limits
specifies the range of the input signal and affects the gain your hardware
applies.Buffer sizeis specified irscansand controls how much computer
memory Al Config reserves for the acquisition datas¢anis a sample

from each channel in the channel list.)

Al Config produces #@ask ID and an error cluster. All other Analog Input
VIs accept theéask ID as an input to identify the device and channels on
which to operate, and output ttesk ID when they complete. Because the
task ID is an input and output to other Analog Input VIs, this parameter
forms a data dependency between the DAQ VIs that controls the execution
flow of the diagram.

Note Notice that Al Config and the following VIs have many other inputs we have
not discussed. These additional inputs are for more advanced applications.
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edoe or zlope [no change]
pretrigger scang (0]
trigaer twpe [ha trig:0] —

tazklD in 1 tasklD out
rumber of scans to acquire .. . L actual szan rate
Y :
zan rate [1000 scansdzec) J_ e % actual tigoer params
nurmber of buffers bo acqui... ﬂ &ror out
eror in [no error)

zan clock zource [no chanag...
analog chan [-] & level [0,0] seeeesesese
[additianal trig pararnz]

Al Start.vi

Al Start starts a buffered analog input operation. This VI controls the rate
at which to acquire data, the number of points to acquire, and the use of any
hardware trigger options.

Two important inputs té\l Start are:

* scan rate (scans/see}fHow many scans per second to acquire on each

channel.
* number of scans to acquire—How many times to scan through the
channel list.
zan backlog
conditional retriesal [off] il nurnber read
tazklD in wilo tazklD out
number of scans toread [-1... i = zraled data
time limit in zec [no chang... J_ A i =hinary data
autput units [scaled 1] e ratrigntal complete
ermar in (o errar) 2ror oLt
read/zearch poszition [fram ... e
05F handle structune s
Al Read.vi

Al Read reads data from the buffer allocatedAiyConfig. This VI can

control the number of points to read from the buffer, the location in the
buffer to read from, and whether to return binary data or scaled voltage data.
The output of this VI is a 2D array of data, where each column of data
corresponds to one channel in the channelSistin backlogreports how

many unread scans are in the buffer. In continuous acquisitions, you can
monitor this output to help avoid a buffer overwrite error.

tazkID in b tazkID out
error in [no emor| ey error out
Al Clear.vi

Al Clear clears the analog input operation, deallocates the buffer from
computer memory, and frees any DAQ board resources.

© National Instruments Corporation 9-47 LabVIEW Basics | Course Manual



Lesson 9 Data Acquisition

Note

The figure below shows how to use the Intermediate Analog Input VIs in
your block diagram. All necessary inputs are not wired to the Vls in these
figures. The figures are presented to demonstrate the order of execution of
the VIs and the use of thaskID to control data flow. The figure shows a
simplified block diagram for applications that acquire waveforms of data
using a buffer in computer memory and hardware timing from onboard
counters. The block diagram cal§Config, Al Start, Al Read, Al Clear,
andSimple Error Handler.

Al Config configures the channels, allocates a buffer in computer memory,
and generatestaskiD. Al Start programs the counters on the DAQ board
and starts the data acquisitiéxi.Read reads data from the buffer in
computer memonAl Clear frees computer and DAQ board resources. The
error cluster propagates through the Vis &mdple Error Handler

displays a dialog box if an error occurs.

device (1]

I16 Al Al Al Al
eaasd CONFIG | =THRT READ |3 CLERR @
channels (] A e A ot

nsposed voltage graph

gcan rate

................

buffer size

In the figure above, the buffer size parameter for Al Config is setto 2,000. The
number of scans to acquire parameter of Al Start is left unwired and has a
default input of -1. The -1 value informs Al Start to acquire the number of
scans for which memory has been allocated (buffer size) in Al Config.
Similarly, the number of scans to read parameter of Al Read is also unwired
and has a default input of -1. Again, the -1 value tells Al Read to read the
number of scans that Al Start specifies.

Continuous Data Acquisition

Continuous, or real-time, data acquisition returns data from an acquisition
in progress without interrupting the acquisition. This approach usually
involves a circular buffer scheme, as shown in figure below. You specify the
size of a large circular buffer when you configure the acquisition. After
starting the data acquisition, the DAQ board collects data and stores the data
in this buffer. LabVIEW transfers data out of the buffer one block at a time
for graphing and storing to disk. When the buffer is full, the board starts
writing data at the beginning of the buffer (overwriting the previously stored
data). This process continues until the system acquires the specified number
of samples, LabVIEW clears the operation, or an error occurs. Continuous
data acquisition is useful for applications such as streaming data to disk and
displaying data in real time.
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End of Data
Incoming

Current Read Mark

End of Data

Board > > > i
Data v v i v

<4+ p
Buffer Size

," Data transferred
from Buffer

c. Current Read Mark End of Data | d. End of Data Current Read Mark

>>> > > >
| £

A v \ 4 A A

You configure LabVIEW for continuous data acquisition by instrucfihg
Start to acquire data indefinitely. This acquisition is asynchronous,
meaning that other LabVIEW operations can execute during the acquisition.
The following figure illustrates a typical continuous DAQ block diagram. To
initiate the acquisition, seumber of scans to acquiren Al Start to 0.Al
Readis called in a looping structure to retrieve data from the buffer. You can
then send the data to disk, to a graph, and sAlddlear halts the

acquisition, deallocates the buffers, and frees any board resources.

Acquire
Continuously D ata from
El Al Read
device (1) & Config B Gtart &1 Clear
I I16 I Al Al Al
----- COHFIG — START CLERR
channels (0] e e i
SGL
gcan rate
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Exercise 9-11 Continuous Acquire with MI0.vi (Optional)

Objective: To perform Continuous Data Acquisition.

To build a VI that performs a continuous acquisition operation and plots the
most recently acquired data on a chart.

Front Panel

e # of Scans in Buffer| ZCaN [ate
T + /3000 +[1000.00
ST * Representation -x|32 * Representation ->SGL *
# Scans to read at a time|
Charnels u zcah backlog
w60 | T
# [z | = o |45~ I
eprezentation - * Digital [ndicator
* 10 String Array *
Woltage Data
- Flot 0
read/search position [from mark]| &0 .
— Pliat 1
position [rel. to mark:1]]
Flot 2

ﬂ|relative to end of data ||3_

read offzet [0
CC—

* Cluzster created from _ » -
. = " 1 1 1 1 1 1 1 1 1 1 1 1 1
Block Diagram 0 5 10 15 20 25 30 35 40 45 50 55 60
= aveform Graph *
Tranzpogze Auray
Hide Palette

1. Open anew VI.

2. Build the front panel shown above by following the instructions
below.

a. Create the front panel controls shown above except for the
Read/Search Position (from mamuster. You will create this
from the block diagram by popping up on fRead/Search
Position (from mark}erminal of theAl Read and selecting
Create Control.

b. In this exercise, you will acquire data from multiple channels of
the DAQ Signal Accessory and display the data on the graph. Set
the Scan Rateto 1,000 scans/sec a#df Scans in Bufferto
3,000.

Set the channel string control input to 0,1,2 or 0:2.
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c. Before running this exercise, make the following connections on
the DAQ Signal Accessory.

» Connect the sine wave output to analog input CH1.
* Connect the square wave output to analog input CH2.

Channels

[ab<]

number of scanz #t Scang to read at a lime
ta acquire [ continutousz] scan backlo

[
o]
=
]
fa

[l

) Comfig. vl

[eal Skart. vil [se1] ; [l Clear. v

Al
COHFIG
e

132

Al ] - ]
— ZTART READ CLERR
i o A

Simple E mar
Handler. vi

SGL

# of Scans in Buffer] [zcan rate]
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Build the block diagram as shown above.

Al Config VI (Data Acquisition»Analog Input subpalette)ln this
exercise, this VI configures the analog input operation for a specified set
of channels, configures the hardware, and allocates a buffer in computer
memory.

Al Start VI (Data Acquisition»Analog Input subpalette). In this
exercise, this Vtarts the continuous buffered analog input operation
and sets the rate at which to acquire data.

Al Read VI (Data Acquisition»Analog Input subpalette)ln this
exercise, this VI reads data from the buffer allocatedlbdgonfig. It
controls the number of points to read from the buffer, returns scaled
voltage data, and sets the buffer location from which to read data.

Create th&Read/Search Position (from maudtyister control by popping
up on theRead/Search Position (from matkyminal ofAl Read and
selectingCreate Control.

Al Clear VI (Data Acquisition»Analog Input subpalette). In this
exercise, this VI clears the analog input operation and deallocates the
buffer from computer memory.

Simple Error Handler VI (Time and Dialogsubpalette). In the event
of an error, this VI displays a dialog box with information regarding the
error and its location.
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P | status|

LabVIEW Basics | Course Manual

5.

Unbundle by Namefunction (Cluster subpalette). This function
separates the status Boolean from the error cluster. You will learn more
about this function in the LabVIEW Basics Il course.

Save the VI. Name Tontinuous Acquire with MIO.vi .
Go to the front panel. Run the VI and monitor the data plotted on the

graph as you change the frequency knob on the DAQ Signal

Accessory. The numeric constant of O you wired tonin@ber of
scans to acquirenput of Al Start enables a continuous or circular
data acquisition. Data fills a buffer of fixed size in memory and then,
on reaching the end of the buffer, overwrites values from the
beginning of the buffer.

Set thdRead/Search Positiortontrol to “Relative to read mark.” Run

the VI and monitor the Scan Backlog indicator as you decrease the
scan rate or the number of scans to read at a 8Soan backlogs
defined as the number of scans acquired into the acquisition buffer
but not read. Scan backlog is a measure of how well you are keeping
up with a continuous acquisition. If scan backlog steadily increases,
you are not reading data fast enough from the buffer and will
eventually lose data. If this happeAd Read returns an error.

Close the VI.

End of Exercise 9-11
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Summary, Tips, and Tricks

* You can access the DAQ VIs by choosing Diaa Acquisition
subpalette from thEeunctions palette. Th®ata Acquisition subpalette
is divided into six subpalettes containing VIs that perféimalog
Input, Analog Output, Digital I/O, Counter, Configuration and
Calibration, andSignal Conditioning operations.

» Each subpalette of the Data Acquisition library can be divided into four
groupings of levels: Easy I/O Vls, Intermediate VIs, Advanced VIs, and
Utility VIs.

* This lesson discussed the LabVIEW Easy I/O and Intermediate DAQ
VIs. The Easy I/0O Vls consist of high-level Vs that perform the basic
analog input, analog output, digital I/O, and counter/timer 1/O
operations. They are ideal for simple analog 1/O or digital tasks or for
getting started with DAQ in LabVIEW.

* The Easy I/O Vis include a simplified error handling method. When a
DAQ error occurs in your VI, error information appears in a dialog box.
With the box, you also have the option to halt VI execution or ignore the
error.

» Compared to the Easy I/O VIs, the Intermediate VIs feature more
hardware functionality, flexibility, and efficiency for developing your
application. The Intermediate VIs feature capabilities that the Easy 1/0
Vis lack.

* You can use waveform acquisition or generation to acquire or generate
data faster and at a more constant sampling rate than the single point
conversions.

* When acquiring multiple channels, the data is acquired in a 2D array
format. The data from each channel is stored in a column of the 2D array.
You can use thindex Array function to extract specific channels.

* You can continuously acquire data using the intermediate Analog Input
VIs—AlI Config.vi, Al Start.vi, Al Read.vi, andAl Clear.vi.
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Additional Exercise

9-12 Build a VI that continuously measures temperature twice per
second and displays the temperature on a waveform chart. If the
temperature goes over a preset limit, the VI should turn on a front
panel LED and LED 0 on the DAQ Signal Accessory. The LEDs
on the box are labeled. The chart should plot both the temperature
and limit. Name the VITemp Monitor with LED.vi .

9-13 Use the DAQ Solution Wizard to create a VI that reads and displays
the data logged in Exercise 9-4. Name thé&Swhple Data
Reader.vi
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Notes
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Notes
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Introduction

This lesson introduces various options for instrument control using
LabVIEW.

You Will Learn:

About serial port communication using LabVIEW.
About GPIB instrument control using LabVIEW.
About VISA functions for instrument control.
About instrument drivers in LabVIEW.

moowpy

About waveform transfers.
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A. Serial Port Communication

Introduction and Definitions

Serial communication is a popular means of transmitting data between a
computer and a peripheral device such as a programmable instrument or
even another computer. Serial communication uses a transmitter to send
data, one bit at a time, over a single communication line to a receiver. You
can use this method when data transfer rates are low or you must transfer
data over long distances. Serial communication is popular because most
computers have one or more serial ports, so no extra hardware is needed
other than a cable to connect your instrument to the computer (or two
computers together).

RS-232 Instrument

Serial Port

RS-232 Cable

Serial communication requires that you specify four parameterbatike

rate of the transmission, the numberdzita bitsencoding a character, the
sense of the optionghrity bit, and the number atop bits Each

transmitted character is packaged in a character frame that consists of a
single start bit followed by the data bits, the optional parity bit, and the stop
bit or bits. A typical character frame encoding the letter “m” is shown here.

Id1e Start Lrata Farity  Stop 1d1e
bit bits biit bits
Space

Mark

pE—
Bit time

b, A

T
Character frame

Baud rateis a measure of how fast data is moving between instruments that
use serial communication. RS-232 uses only two voltage states, called
MARK and SPACE. In such a two-state coding scheme, the baud rate is
identical to the maximum number of bits of information, including “control”
bits, that are transmitted per second.
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MARK is a negative voltage and SPACE is positive; the figure above shows
how the idealized signal looks on an oscilloscope. The truth table for
RS-232 is:

Signal >+3V =0
Signal<-3Vv=1

The output signal level usually swings between +12 V and -12 V. The “dead
area” between +3 V and -3 V is designed to absorb line noise.

A start bitsignals the beginning of each character frame. It is a transition
from negative (MARK) to positive (SPACE) voltage; its duration in seconds
is the reciprocal of the baud rate. If the instrument is transmitting at 9600
baud, the duration of the start bit and each subsequent bit will be about
0.104 ms. The entire character frame of eleven bits would be transmitted in
about 1.146 ms.

Data bitsare transmitted “upside down and backwards.” That is, inverted
logic is used and the order of transmission is from least significant bit (LSB)
to most significant bit (MSB). To interpret the data bits in a character frame,
you must read from right to left, and read 1 for negative voltage and O for
positive voltage. For the figure above, this yields 1101101 (binary) or 6D
(hex). An ASCII conversion table shows that this is the letter “m”.

An optionalparity bitfollows the data bits in the character frame. The parity
bit, if present, also follows inverted logic (1 for negative voltage and 0O for
positive voltage.) This bit is included as a simple means of error checking.
You specify ahead of time whether the parity of the transmission is to be
even or odd. If the parity is chosen to be odd, the transmitter will then set the
parity bit in such a way as to make an odd number of 1's among the data bits
and the parity bit. The transmission in the figure above uses odd parity.
There are five 1's among the data bits, already an odd number, so the parity
bit is set to 0.

The last part of a character frame consists of 1, 1.5stmpbits These bits

are always represented by a negative voltage. If no further characters are
transmitted, the line stays in the negative (MARK) condition. The
transmission of the next character frame, if any, is heralded by a start bit of
positive (SPACE) voltage.

How Fast Can | Transmit?
Knowing the structure of a character frame and the meaning of baud rate as
it applies to serial communication, you can calculate the maximum
transmission rate, in characters per second, for a given communication
setting. This rate is just the baud rate divided by the bits per frame. In the
case above, there are a total of eleven bits per character frame. If the
transmission rate is set at 9600 baud, then you get 9600/11 = 872 characters
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per second. Note that this is the maximum character transmission rate. It
may happen that the hardware on one end or the other of the serial link may
not be able to reach these rates, for whatever reason.

Hardware Overview

There are many different kinds (recommended standards) of serial port
communication. The most common are:

RS-232

The RS-232 is a standard developed by the Electronic Industries
Association (EIA) and other interested parties specifying the serial interface
between Data Terminal Equipment (DTE) and Data Communications
Equipment (DCE). The RS-232 standard includes electrical signal
characteristics (voltage levels), interface mechanical characteristics
(connectors), functional description of interchange circuits (the function of
each electrical signal), and some recipes for common kinds of
terminal-to-modem connections. The most frequently encountered revision
of this standard is called RS-232C. Parts of this standard have been
“adopted” (with various degrees of fidelity) for use in serial
communications between computers and printers, modems, and other
equipment. The serial ports on standard IBM compatible personal
computers follow RS-232.

RS-449, RS-422, RS-423

The RS-449, RS-422, and RS-423 are additional EIA serial communication
standards related to RS-232. RS-449 was issued in 1975 and was supposed
to supersede RS-232, but few manufacturers have embraced the new
standard. RS-449 contains two subspecifications called RS-422 and
RS-423. While RS-232 modulates a signal with respect to a common ground
(called single-ended transmission), RS-422 modulates two signals against
each other (called differential transmission). The RS-232C receiver senses
whether the received signal is sufficiently negative with respect to ground to
be a logical “1,” whereas the RS-422 receiver simply senses which line is
more negative than the other. This makes RS-422 more immune to noise and
interference and more versatile over longer distances. The Macintosh serial
ports follow RS-422, which can be converted to RS-423 by proper wiring of
an external cable. RS-423 can then communicate with most RS-232 devices
over distances of 15 m or so.
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RS-232 Cabling

Devices that use serial cables for their communication are split into two
categories. These are DCE (Data Communications Equipment) and DTE
(Data Terminal Equipment.) DCE are devices such as your modem, TA
adapter, plotter, etc., while DTE is your computer or terminal. RS-232 serial
ports come in two “sizes,” the D-Type 25-pin connector and the D-Type
9-pin connector. Both of these connectors are male on the back of the PC;
thus, you will require a female connector on your device. Below is a table of
pin connections for the 9-pin and 25-pin D-Type connectors.

Table 10-1. DB-9 Connector and Pinouts

Function Signal PIN DTE DCE
Data TxD 3 Output Input
RxD 2 Input Output
Handshake RTS 7 Output Input
CTS 8 Input Output
DSR 6 Input Output
DCD 1 Input Output
DTR 4 Output Input
Common Com 5 - -
Other RI 9 Input Output

This connector is occasionally found on smaller RS-232 lab equipment. It is
compact, yet has enough pins for the “core” set of serial pins (with one pin
extra). Important: The DB-9 pin numbers for transmit and receive (3 and 2)
are opposite of those on the DB-25 connector (2 and 3). Be careful of this
difference when you are determining if a device is DTE or DCE.
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Table 10-2. DB-25 Connector and Pinouts

Function Signal PIN DTE DCE

Data TxD 2 Output Input
RxD 3 Input Output

Handshake RTS 4 Output Input
CTS 5 Input Output
DSR 6 Input Output
DCD 8 Input Output

DTR 20 Output Input

Common Com 7 - -

This is the “standard” RS-232 connector, with enough pins to cover all the
signals specified in the standard. The table shows only the “core” set of pins
that are used for most RS-232 interfaces.

Software Overview

The LabVIEWInstrument I/O»Serial library contains functions used for
serial port operations. These functions call the serial port driver installed by
your computer’s operating system.

flow contral ete.

buffer size ———
part nmber SERIAL
baud rate ]

LT
data hitz -
shop bitz —l_

parity

ermor code

Sernial Port Init_vi

Serial Port Init initializes the selected serial port to the specified settings.
Flow control sets handshaking paramet@&sffer sizeindicates the size of
the input and output buffers that the VI allocaRst number specifies the
port used for communicatioBaud rate, data bits, stop bits, andparity

set parameters for the given port.
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port fmber

. . ermor code
stnng o wrke

Serial Port Write_vi

Serial Port Write writes data irstring to write to the serial port thadort
number indicates.

gtring read
eror code

port nurmber
requested byte count

Senal Port Read. i

Serial Port Readreturns the number of characters ttesfuested byte
count specifies from the serial port thadrt number indicates.

byte count

port nurmber
eror code

Bytes At Senal Port_vi

Bytes at Serial Portreturns irbyte countthe number of bytes in the input
buffer of the serial port thatort number specifies.

For example, suppose you want to read a measurement from a serial
instrument. As shown in the example on the next page, you first initialize the
serial port using th8erial Port Init VI. Then, using th&erial Port Write

VI, you send the command string to the instrument. Next, you uSytese

at Serial Port VI to determine the number of bytes available in the serial
buffer. And finally, you use th8erial Port ReadVI to read the bytes from

the instrument.
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'I:IDDEIDEIDEIL'DD__E DOOoDOo0oOOoo0oon

Initialize the zerial part.

ort number S erial Part Init, vi

1 T
I I [T

baud ratel[3600
Flop B[

1000000000 o00o0on0oooooonaon

-E|E|E|E|E|E|E|E|L‘-||:|2 DOoOoDOO0OO0o0o0Qn

Write command o instrument,

art nunber
1

1000000000000 000000000 0

'E|I:|E|E|E|E|E|E|l,1E[D__E]EEDDDDDDDE

Get byte count and read from instument.

ark nurnber Senal Part Bead.vi
1

[rtrument
Responze

Biyutes Ak Serial Port. vi]

10000 0000000000000 0000 0
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You can transfer data between two computers using the serial port. In the
following example, the transmitter generates either a random number or a
simple string to the serial port every second, depending ddattaeto

Write Boolean. If you send a random number, the VI converts it to a string
and appends a new line to the string usindg-tivenat Into String function.

Then theSerial Port Write VI sends the string out the specified port.

loop border ta
force Init function
to execute before
the *While Loop.

| it t[
Data to'Write-TRUE: Generate a number, caonvert it to a sting,
'Fiwt MHurmber and winite it out the senal port.
132 D ata to Wwrite-FALSE: Send contents of YW/rite String cantrol ko serial part,
[rata to Wwiite
LTF] | True t
= SERIAL
PORT
[T
S enial Port Init.wi
Errar wired to

Serial Port YWrite, vi

[F amdam Number Sting [ndicatord

4 %

Simnple Emor Handler. v

ey Wit O
W‘ Biror code L@; .
Mext ms Multiple [132] ]::>

stop|CTE] '

Transmitter Diagram
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The receiver running on another computer continually checks the serial port
using theBytes at Serial PortVI to determine if any bytes are available. If
bytes are available in the serial port buffer, then the True case is executed,
and theSerial Port ReadVI reads the data string.

[ Headt[
Fort Mumber Continuously check zenal port and read the port if any bytes available.
e :
[132]

Read Strin
=T : byte count
PORT
[LETT
S erial Port Initwi
Error wired to

loop border to
force Init function
to execute before
the ‘while Loop.

- Sirnple Ermor Handler. vi

ait Until eror code LIE; \
st s Multiple .

[stop]TET

Receiver Diagram

Now you will do an exercise that communicates serially with the National
Instruments GPIB and Serial Instrument Simulator.
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Exercise 10-1 Serial Write & Read.vi

Objective: To examine a VI that communicates with an RS-232 device.

You will open a VI that communicates with the Instrument Simulator. To
talk to any external device through the serial port, you must know exactly
how that device connects to your serial port, what serial port settings are
supported, and exactly how the string commands and responses are
formatted.

The Instrument Simulator
1. Turn off the Instrument Simulator and configure it to communicate
through the serial port by setting the switches on the side of the box as
shown below:

= MODE
DATA FORMAT

BAUD RATE —T T

GPIE ADDRESS J—I—I—I—I

5 MODE

This configures the instrument as a serial device with the following settings:
baud rate = 9600

data bits = 8
parity = no parity
stop bits = 1

flow control parameters = hardware handshaking

Handshaking is a means of data flow control. Software handshaking
involves embedding control characters in transmitted data. For example,
XON/XOFF flow control works by enclosing a transmitted message
between the two control characters XON and XOFF. Hardware handshaking
uses voltages on physical wires to control data flow. The RTS and CTS lines
of the RS-232 interface are frequently used for this purpose. Most lab
equipment uses hardware handshaking.

2. Turn on the Instrument Simulator and observe that the Power, Ready,
and Listen LEDs are lit. This is an indication that the device is in serial
communication mode.
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Front Panel

port rumber
 [ER

shiing ba wiite zhring read

DM Mational Instruments GPIB and Seral Device -«
Simnulator Few B.1

3. Open th&Serial Write & Read VI from the BASICS library.

Note If you do not have an Instrument Simulator, open the (Demo) Serial Write &
Read VI from BASICS.LLB.

Block Diagram

flow control ete.

0lb<0FF bute
0][parity errar byte]

[port rumber[T52]
a0 - Serial Port rile.vi
SERTAL &
3600 L % [string to write]  p
=
=
Line Feed

Serial Port ik vl #assasssmsssnssssssssasnassnasnnds

4. Open and examine the block diagram. The Instrument Simulator
requires a termination character of a line feed (\n). Also, the Simulator
returns 7 bytes that include the length of the data string to follow.
Therefore, a read of that size is done to get the data string.

5. Type0 into the port number and typ®®N? inside the command string
and run the VI. The string “*IDN?” queries the instrument for its

1 True t

zhring read

1E

S can From Sting
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identification. You should receive a response that this is a National
Instruments GPIB and Serial Device Simulator.

6. Try sending other commands to the Instrument Simulator. Below are
some commands to try.
MEAS: DC? Returns a voltage reading
SOUR:FUNC SIN; SENS:DATA? Output sine waveform
SOUR:FUNC SQU; SENS:DATA?  Output square waveform
SOUR:FUNC RAND; SENS:DATA? Output random noise waveform
SOUR:FUNC PCH; SENS:DATA?  Output chirp waveform

Note It takes several seconds for the simulator to generate the waveform data.
7. Close the VI.

End of Exercise 10-1
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B. GPIB Communication

Hardware Overview

LabVIEW Basics | Course Manual

Hewlett Packard developed the General Purpose Interface Bus (GPIB) in the
late 1960s and early 1970s. The IEEE standardized the GPIB in 1975, and
the GPIB became known as the IEEE 488 standard. The terms GPIB,
HP-IB, and IEEE 488 are synonymous. The GPIB’s original purpose was to
provide simultaneous computer control of test and measurement
instruments; however, the GPIB is quite versatile and now is widely used for
computer-to-computer communication and control of scanners and film
recorders.

The GPIB is a digital, 24-conductor parallel bus. It consists of eight data
lines, five bus management lines (ATN, EOI, IFC, REN, and SRQ), three
handshake lines, and eight ground lines. The GPIB uses an eight-bit parallel,
byte-serial, asynchronous data transfer scheme. This means that whole bytes
are sequentially handshaked across the bus at a speed that the slowest
participant in the transfer determines. Because the unit of data on the GPIB
is a byte (eight bits), the messages transferred are frequently encoded as
ASCII character strings.

There are three ways to signal the end of a data transfer. In the preferred
method, the GPIB includes a hardware line (EQI) that can be asserted with
the last data byte. Alternately, you may place a specific end-of-string (EOS)
character at the end of the data string itself. Some instruments use this
method instead of, or in addition to, the EOI line assertion. Finally, the
listener can count the bytes handshaked and stop reading when the listener
reaches a byte count limit. The byte count method is often used as a default
termination method because the transfer stops on the logical OR of EOI,
EOS (if used) in conjunction with the byte count. Thus, you typically set the
byte count to equal or exceed the expected number of bytes to be read.

Every device, including the computer interface board, must have a unique
GPIB address between 0 and 30. Address 0 is normally assigned to the
GPIB interface board. The instruments on the GPIB can use addresses 1
through 30. The GPIB has of@ntroller (your computer) that controls the
bus. To transfer instrument commands and data on the bus, the Controller
addresses onkalkerand one or morkisteners The data strings are then
handshaked across the bus from the Talker to the Listener(s). The LabVIEW
GPIB VIs automatically handle the addressing and most other bus
management functions.
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GPIB Instruments

COMPUTER

A

GPIB Interface
e —
(236972350 B (3 EE B
000000 EEEEEN
00¢ * —

[e57750 S (0 m ‘ ]
(XoXeXoXeXel*T I I 1. 1.1 ] GPIB Cable

Software Architecture

Windows

LabVIEW GPIB VIs use the National Instruments standard NI-488.2 for the
Windows 32-bit GPIB dynamic link library (DLL). The LabVIEW installer
installs the DLL and supporting files. The software that comes with your
GPIB board also installs these files as well as additional support files. You
should make sure that you have installed the most recent version of the
GPIB software.

In the NI-488.2.M software for Windows, you can configure your GPIB
interface and devices by using the Getting Started Wizard and the
Measurement & Automation Explorer from tBtart»Programs»National
Instruments NI-488.2menu. If your GPIB board is Plug and Play
compatible, it automatically implements the configuration. Otherwise, you
need to make sure that the jumper and DIP switch settings on your board
match the settings in tH&PIB board’sProperties.

To configure your board, highlight the name of the board in the
Measurement & Automation Explorer»Devices and Interfacesand
selectProperties from theFile menu. You can change the board’s low-level
settings by getting into the Device Manager of@loamtrol Panel»System

You will then see a page with four taléeneral, NI-488.2M Settings

Driver, andResources You specify GPIB plug-in board parameters, such
as the base address, interrupt levels, and DMA channelRedwircegab.

You set special configuration parameters, such as a secondary address, by
selecting theNI-488.2M Settingstab and/or th®evice Templatetab

found in theNational Instruments GPIB InterfacBsoperties page. When
you use the LabVIEW GPIB Library Vls, the configuration parameters you
specified usingsPIB are bypassed if modified in LabVIEW.
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National Instruments
GPIB Interfaces
Device Manager

\ 4
Windows Registry
A

AN

[ GPIB Board ~<¢—»| GPIB-32.DLL |« P LabVIEW GPIB Library Vis

— You also can change device
parameters using the VIs in
the LabVIEW GPIB Library.

If you use LabVIEW Instrument Library VIs, you do not need to make any
changes using Device Properties. The module takes into account any special
configuration requirements for the instrument it controls. If special
parameters must be specified, the module sets them programmatically.

Sun

LabVIEW GPIB Vs use the National Instruments standard NI-488.2M for
Sun SPARCstations. Both the GPIB interface board and LabVIEW include
the GPIB device driver.

The GPIB software includes a configuration utility callesbnf to
configure special parameters for GPIB devices. If your device has special
configuration parameters, such as secondary addressing or a special
termination character, you can specify these parametersibsing . For
Solaris 1jbconf modifies the configuration parametergpib.o

Before any changes take effect, the modifjgd.o must be reloaded into
the operating system kernel (memory). For Solarisc2nf modifies the
configuration parameter in thite file in the/usr/kernel/drv directory.
LabVIEW GPIB VIs recognize the parameters specifieghih.o from

the last time you loaded it. You also can modify the same configuration
parameters directly from the GPIB VIs.
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ibconf | Use ibconf to edit gpib.o .

A

\4

AN
[ GPIB Board [« < P LabVIEW GPIB Library Vis
- You also can change device
Operating parameters using the VIs in
System the LabVIEW GPIB Library.
Kernel

If you use LabVIEW Instrument Library VIs, you do not need to make any
changes usinipconf . The module takes into account any special
configuration requirements for the instrument it controls. If special
parameters must be specified, the module sets them programmatically.

HP-UX

LabVIEW GPIB Vis call the NI-488.2M for HP 9000 Series 700 driver
software. Both the GPIB interface board and LabVIEW include the
NI-488.2M for HP-UX software. The NI-488.2M software installation is an
option during the LabVIEW installation.

The GPIB software includes a configuration utility callgsbnf to

configure special parameters for GPIB devices. If your device has special
configuration parameters, such as secondary addressing or a special
termination character, you can specify these parametersibising .

ibconf modifies configuration parameters in the fde/gpibrc ,

which in turn makes the appropriate modifications in the operating system
kernel.

ibconf |Use ibconf to edit /etc/gpibrc

A

\ 4

A

\ 4

AN
Operating
[ GPIB Board |« »| System | »| LabVIEW GPIB Library Vis

Kernel -
— You also can change device

parameters using the VIs in
the LabVIEW GPIB Library.
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If you use LabVIEW Instrument Library VIs, you do not need to make any
changes usinipconf . The module takes into account any special
configuration requirements for the instrument it controls. If special
parameters must be specified, the module sets them programmatically.

Macintosh

Before you can use any GPIB VI from the GPIB library, make sure that the
file NI-488 INIT  is in the Extensions folder and NI-488 Config in the
Control Panels folder of your System Folder. These files provide full
support for the National Instruments GPIB interface boards.

You can use the NI-488 Config GPIB configuration program, accessed by
double-clicking on the NI-488 Config icon, to specify configuration
parameters for devices on the GPIB. If your device has special configuration
parameters, such as a secondary address or a special termination character,
you can specify these parameters using the configuration program. When
you use the LabVIEW GPIB Vls, the parameters you specified using the
configuration program still are in effect. You also can modify configuration
parameters from the GPIB ViIs.

the icon and using the GPIB Configuration program.)

(In the Control Panels folder in the System Folder,
W1 488 you can modify device settings by double-clicking on

NI-488 Config

|

[ GPIB Board |@——p m <@—»| LabVIEW GPIB Library VIs

—J
NI-488 INIT

(In the Extensions folder in the System Folder.)

If you use LabVIEW Instrument Library VIs, you do not need to make any
changes using NI-488 Config. The driver takes into account any special
configuration requirements for the instrument it controls. If special
parameters must be specified, the module sets them programmatically.
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LabVIEW contains several functions for GPIB communication irRéB
andGPIB 488.2subpalettes of thestrument 1/0 functions palette.
However, most GPIB applications involve only writing and reading strings
to and from an instrument. The traditio®1B Write andGPIB Read

VIs are discussed below.

tirmeaut mz (48382 global]
address string . [ shatuz

AT T
data m errar out

i
rode [0]
E01ar N mr

GPIB Write

GPIB Write writesdata string to the GPIB device thatddress string
identifies.Mode indicates how to terminate the GPIB write. The operation
aborts if not completed withittmeout ms. Statusindicates the GPIB
Controller status after the write operatiddtgtusis a 16-element Boolean
array in which each element describes the state of the GPIB Controller. It is
described later in this lesson.)

In the example below, tHe@PIB Write function writes the string
“VDC;MEASL1?;” to the device at GPIB address 1. The example uses
default values fomode (0) andtimeout ms(25,000).

=
——

========'Lern:ur oLt
DC:MEAST? GPIE Wwrite] el (5]

=

timeout mz [488.2 global] 1
addresz string = [ data
byte count ”””””"‘“ shatusg

mode [0] S erar ot
2707 i mr

GPIE Read

GPIB Readreads up tbyte countnumber of bytes from the GPIB device
ataddress string You can usdlode to specify the conditions in addition
to byte countfor terminating the read. The data read is returnethia
string.

(Keep in mind that you must convert the string that you read from a device
to numeric data before you can process it—for example, to graftaiiLls
indicates the GPIB Controller status after the read operation.

© National Instruments Corporation 10-19 LabVIEW Basics | Course Manual



Lesson 10 Instrument Control

The GPIB Read function terminates when any of the following events
occurs: (1) the function has read the number of bytes requested, (2) the
function detects an error, (3) the function exceeds the time limit, (4) the
function detects the END message (EOI asserted), or (5) the function detects
the end of string (EOS) character.

The example below shows tld°1B Read function set up to read 20 bytes
from the device at address 1. The example uses default valuesde(0)
andtimeout ms (25,000). In this example, the read terminates after the
function reads 20 bytes or detects an EOI or a timeout occurs.

biyte cnuntr Error oLt
GPIE Fead b=

L!E

il

statuz

L GPIE emar
:Ll—m byte caunt

errar out

addresz string

BITOF Jf) ===

GPIB Status

GPIB Status shows the GPIB Controller status thdtdress string
indicates after the last GPIB operati@PIB error contains an error code
if the function detects an errd@yte countindicates the number of bytes
transferred during the last GPIB function operation.

= Note GPIB error is valid only if element 15 of the status Boolean array is TRUE.
The GPIB Status address string specifies the GPIB Controller address, not
the instrument address.

As shown belowstatusis a 16-element Boolean array in which each
element describes the GPIB Controller state after the last GPIB operation.
If an error occurs during a GPIB operation, the function sets element 15 of
statusto TRUE, andGPIB error contains an error code. The second table
contains descriptions of the error codes returnésRiB error and the
meanings of other elements in statusarray.
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Error Reporting

© National Instruments Corporation

LabVIEW instrument I/O functions and drivers use error clusters to report

all errors, as shown below.

E0UNCe

B

error in [ho eror) eror aut
ztatus code status code
T — I

20UICe

J

Status Description GPIB Description
Element Error
0 Device clear state 0 Error connecting to driver.
1 Device trigger state 1 Command requires Controller to be CIC.
2 Listener active 2 Write detected no Listeners.
3 Talker active 3 GPIB Controller not addressed correctly.
4 Attention asserted 4 Invalid argument or arguments.
5 Controller-in-Charge 5 Command requires Controller to be SC.
6 Remote state 6 1/0 operation aborted.
7 Lockout state 7 Nonexistent board.
8 Operation completed 8 DMA hardware error detected.
12 SRQ detected while CI( 9 DMA hardware uP bus timeout.
13 EOI or EOS detected 11 No capability.
14 Timeout 12 File system error detected.
15 Error detected 13 Sharable board exclusively owned.
14 GPIB bus error.
15 Serial poll byte queue overflow.
16 SRQ stuck on.
17 Unrecognized command.
19 Board not present.
20 Table error.
30 No GPIB address input.
31 No string input (write).
32 No count input (read).

You can find the error in and error out clusters inAlmay & Cluster
subpalette of th€ontrols palette. Inside the cluster, a Boolean error
indicator, a numeric error code, and an error source string indicator report if
there is an error, the specific error condition, and the source (name) of the
function in which the error occurred. The error cluster is described in more
detail in the LabVIEW Advanced Course. Each instrument I/O function, VI,
or driver has an Error In and an Error Out terminal defined on its connector
pane in the lower left and lower right terminals, respectively. By wiring the
Error Out cluster of one node to the Error In cluster of another node, you can
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pass error information throughout your instrument driver that will propagate
to the top-level VI in your LabVIEW application.

A secondary benefit of error input/output is that data dependency is added
to nodes that are not otherwise data dependent. This adds a way to specify
execution order beyond traditional sequence structures.
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Exercise 10-2 GPIB Write & Read.vi

Objective: To write a VI that communicates with a GPIB instrument.

You will create a VI to communicate with the Instrument Simulator through
the GPIB.

The Instrument Simulator

1. Turn off the Instrument Simulator and configure it to communicate

through the GPIB by setting the switches on the side of the box as shown
below:

S MODE
DATA FORMAT

BAUD RATE =TT |

GPIE ADDRESS J—I—I—I—I

5 MODE

This configures the instrument as a GPIB device with an address of 2.

2. Turn on the Instrument Simulator. Notice that just the Power and Ready
LEDs are lit. This means the Instrument Simulator is in GPIB
communication mode.

Front Panel
address sting| response shing
M M ational Instruments GPIB and Senal -

Device Simulator Rev B.1

commmand string
“DN7? ‘

* String Controls *

statug]
R WS [ S SR S

* fray of Square LED: *

* String [ndicator *

3. Open a new VI and create the panel shown above.
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Create the Status array by first placing an array shell on the panel. Then
place a Square LED inside the shell. Resize the array to show all 16
status Booleans.

Block Diagram

responze shin shatiuz
address string ] [TF]
abc
!—GF'IB it GPIE Read LGF‘IB Status| © [Simple Error Handler. vi
=8 g8 i
= =
1100
byte count

4. Build the diagram as shown above.

@] GPIB Write function (nstrument I/O»GPIB subpalette). This
£ function writes a data string to a GPIB instrument.

Note If you do not have a GPIB board or an Instrument Simulator, replace this
function with the following VI.
= (Demo) GPIB Write VI (User Libraries»Basics Course subpalette).

~[@| GPIB Readfunction (nstrument I/O»GPIB subpalette). This
™| function reads a data string from a GPIB instrument.

Note If you do not have a GPIB board or an Instrument Simulator, replace this
function with the following VI.

=5m| (Demo) GPIB Read VI (User Libraries»Basics Course subpalette).

GPIB Statusfunction (nstrument I/O»GPIB subpalette). This
function returns the status of the GPIB after the data transfer.

Note If you do not have a GPIB board or an Instrument Simulator, replace this
zes]  function with the following VI.

(Demo) GPIB Status VI (User Libraries»Basics Course subpalette).

Simple Error Handler VI (Time & Dialog subpalette). This VI reports
any error conditions by popping up a dialog box.

5. Return to the front panel and save this VG&IB Write & Read.vi.
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6. Type2 into the address string, typ®N? inside the command string,

and run the VI. The string “*IDN?” queries the instrument for its
identification. You should receive a response that this is a National
Instruments GPIB and Serial Device Simulator.

7. Try sending other commands to the Instrument Simulator. Below are
some commands to try.
MEAS: DC? Returns a voltage reading
SOUR:FUNC SIN; SENS:DATA? Output sine waveform
SOUR:FUNC SQU; SENS:DATA?  Output square waveform
SOUR:FUNC RAND; SENS:DATA? Output random noise waveform
SOUR:FUNC PCH; SENS:DATA?  Output chirp waveform

Note It takes several seconds for the simulator to generate the waveform data.
8. Close the VI.

End of Exercise 10-2

© National Instruments Corporation

10-25 LabVIEW Basics | Course Manual



Lesson 10 Instrument Control

C. Virtual Instrument Software Architecture (VISA)

This section describes how you can use the common Virtual Instrument
Software Architecture (VISA) functions and VIs. VISA is a single interface
library for controlling VXI, GPIB, RS-232, and other types of instruments
on all LabVIEW platforms. VISA is a standard endorsed by the

VXl plug&play Systems Alliance, which includes more than 35 of the
largest instrumentation companies in the industry. The VISA standard
unifies the industry to make software interoperable and reusable over time
and regardless of instrument 1/O option. You can find these functions in the
Functions palette by selectinopstrument I/O»VISA subpalette.

Most of the VISA Library Operations use MESA sessionanddup VISA
sessiorparameteNISA sessionis found in thd?ath & Refnum subpalette
of the controls palette. To creatdwp VISA sessionselect &ISA session
and change to an indicator.

¥I5A sesszion or
dup ¥I5A seszion
54

[nztr

TheVISA sessionis a unique logical identifier to a session. It identifies the
device with which the VI communicates and all necessary configuration
information to perform the I/O. It is produced by WikKSA Open function
and used by the VISA primitivedup VISA sessionis theVISA session
passed to a primitive. The dup simplifies dataflow programming and is
similar to the dup file refnums that file I/O functions produce.

TheVISA sessiondrops by default with clagastr. You can change the
class by popping up on tM#SA sessionand selecting classes suchresr,
GPIB Instr, Serial Insty andPXI Instr.

The common VISA functionsSA Open, Property Node, VISA
Write, VISA Read, andVISA Close—are described below.

. .
YISA zession [for class] ] WISA sezsion
rezource name

I
error in [no ermor|

¥I5A Open

i Jememes grr Lt

VISA Open establishes communication with a specified device based on
theResource NameandVISA session (for class)The functiorreturns a
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session identifie’YISA session that can call any other operations of that
device. Theerror in anderror out clusters contain the error conditions.

TheResource Namecontains information on the type of 1/O interface and
device address. The syntax for the instrument descriptor is shown in the
following table.

Interface Grammar
SERIAL ASRL[board][::INSTR]
GPIB GPIB[board::primary addresg:secondary addref{sINSTR]
VXI VXI[ board::VXI logical address:INSTR]
GPIB-VXI GPIB-VXI[board][:: GPIB-VXI primary addre§sVXI logical
addresq::INSTR]

The GPIB keyword establishes communication with a GPIB device. The
VXI keyword is for VXI instruments via either embedded or MXIbus
controllers. ThesPIB-VXI keyword is for a GPIB-VXI controller. The
ASRLkeyword establishes communication with an asynchronous serial
device. ThaNSTR keyword specifies a VISA resource of the type INSTR.
Use it for complete VISA capability.

In the example below/ISA Open uses the instrument descripstring
“GPIB::4" to establish communication with the GPIB device at primary
address 4.

|54, zesgzion [for class

i

|54 seszion

[E20UICE Name
[ L]

PB4

errar out
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o == Instr
Property *

Fast Data Channel
GPIB Settings

eneral Settings
Interface Information
bezzage Bazed Settingz
kodem Line Settingz
F#l Resources

Fil Settingz

Regzter Bazed Settings
Senal Settings

WRE M5l Settings
Yergion [nformation

b . e e e R . . .

TheProperty Node function gets or sets the indicated instrument
properties. A listing of the instrument property groups is shown above. You
use this function to set the instrument timeout value, serial port settings such
as baud rate, parity, and data bits, termination characters, and many more
options. You select a property by clicking on the property label as shown
above and then selecting properties you need to configure or read. You can
enlarge thé’roperty Nodeto access more than one instrument property at
once. Finally, you wire to theroperty Node according to the descriptions

in the Help Window.

VISA zession [EEE] dup 154 zeszion
write: buffer ~€ a't' return count
&rmar in (o ermar] L errar oLt
VISA Write

VISA Write writes thewrite buffer string to the device specified by the
VISA sessiondup VISA sessiorreturns the same handle to that session.
On Unix platforms, data is written synchronously; on all other platforms, it
is written asynchronouslyeturn count contains the number of bytes
actually transferred. Therror in anderror out clusters contain the error
conditions.
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YISA session 'u"-'t-lf-'-ﬂ dup V154 zeszion
byte count [0) - b ., read buffer
EIrar in [hio error] === R return cont
errar out
VISA Read

VISA Readreads data from the device specifd&A sessionbyte count
indicates the number of bytes to be read into the retugaetbuffer. dup

VISA sessiornreturns the same handle to that session. On Unix platforms,
data is read synchronously; on all other platforms, it is read asynchronously.
return count contains the number of bytes actually transferred.eFio

in anderror out clusters contain the error conditions.

YISA session [
)
2rrar in [ho ermar] [:_‘\Z errar oLt
VISA Cloze

VISA Closecloses the specified device session definedIBA session

and deallocates system resources allocated to the instrument defined by
VISA session Theerror in anderror out clusters contain the error
conditions.

Just as the File 1/0O subpalette has a hierarchy of functions, so does the VISA
subpalette. The functions mentioned above are intermediate-level VISA
functions. The Easy VISA functions are more high-level and are built from
the intermediate level. You can use the following VIs to communicate either
through the GPIB or the serial port:

bytes to read [1024)

resource name = read buffer
wirite buffer ["IDM 7" ~F ' wrike return count
tirmeaut [10zec] f R read return count

erar in (o errar) 2ror oLt

Easy ¥I5A Write & RBead.vi

TheEasy VISA Write & Read VI first writes a command string out to the
device specified byesource nameand then reads the specifiegtes to
read from the device to theead buffer. The return counts for both the read
and write operations are returned, andetrer in anderror out values
maintain any error conditions.
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parity [0 hone]
termination char [Oxd ="

baud rate [9600] —

_ TESOUICE name WEd
wiite buffer [**1DN P4n'"] ~ S i
bytes to resd (1024 — [
timeout [10zec)

errar in [ho errar]

data bitz [3]

stap bits [F: 1 stap Bit] e
flow cantral [0 arne]

read return count
read buffer
errar out

2

E azy ¥I5A Senal Write & Bead._vi

TheEasy VISA Serial Write & Read VI first writes a command string out
to a serial port device specified tgsource nameand then reads the
specifiedbytes to readfrom the device to theead buffer. All the
initialization parameters for serial communication are inputs to this VI:
parity, termination character, baud rate, data bits, stop bits, andflow
control. Theerror in anderror out values maintain any error conditions.

You will now build a VI that uses the VISA Easy I/0O VIs to communicate
with the Instrument Simulator.
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Exercise 10-3 VISA Write & Read.vi

Objective: To communicate with a device using the VISA Vls.

You will create a VI that sends and receives data from the Instrument
Simulator using th&asy VISA Write & Read VI.

Because the Instrument Simulator is still configured to communication
through GPIB, you will leave it in that configuration. Remember that it has
a GPIB address of 2.

Front Panel

Block Diagram

15
ERSY 10

[ =TH|

© National Instruments Corporation

reg0UNce name read buffer
|I3F'IB::2::INSTF| | CURYE 1.5503E-1.0.6204,1.0843, -
15457 2 0038 2 4576,2 9068,3. 34591,
wirite ztring 3.7836.4.2100,4. 62659,5.0328 5.4280,
SOURFUNC SIN-SENS:DATA? 5.8110,6.1812.6.5373,6.8500,7. 2063,
7. B1EY,7.8099,0 8087E1,0.8345E1,
0.8524E1,0.8805E1 0.9007E1, -
- M a40aCd O 32FE1Cd N adAa7CH
* String Contrals * String Indicataor *
bytes to read e el t dret t
4900 wribe return coln read return coun
b T Hoen
* Digital Control 24 | : 1060
* Digital Indicators *

Open a new VI and build the panel shown above.

resaUIce name M-’ Easy VIS4 Wiite & Read.vi  [Simple Error Handler. vi]

e gl e
R
butes to read
read buffer

(052 ] |jwrite: return court]
521 |fead retun coun

Open and build the diagram as shown above.

Easy VISA Write & Read VI (Instrument I/O»VISA subpalette).

This VI first writes a command string to the instrument specified by the
resource name and then reads back the instrument’s response into the
read buffer.
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Note If you do not have a GPIB board or an Instrument Simulator, replace this
5 function with the following VI.

EalY I

W DH

R (Demo) Easy VISA Write & Read VI (User Libraries»Basics Course
subpalette).

3.

Simple Error Handler VI (Time & Dialog subpalette). This VI reports
any error conditions by popping up a dialog box.

Return to the panel and save the VWA Write & Read.vi .

TypeGPIB::2:INSTR into the address string and typEN? inside
the command string and run the VI. You should receive a response that
this is a National Instruments GPIB and Serial Device Simulator.

Try sending other commands to the Instrument Simulator. Below are
some commands to try.

MEAS: DC? Returns a voltage reading
SOUR:FUNC SIN; SENS:DATA?  Output sine waveform
SOUR:FUNC SQU; SENS:DATA? Output square waveform
SOUR:FUNC RAND; SENS:DATA? Output random noise waveform
SOUR:FUNC PCH; SENS:DATA? Output chirp waveform

Note It takes several seconds for the simulator to generate the waveform data.
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6. Close the VI.

End of Exercise 10-3
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D. Instrument Drivers

An instrument driver is a piece of software that controls a particular
instrument. LabVIEW, with its panel concept, is ideally suited for creating
instrument drivers. The front panel can simulate the operation of an
instrument’s front panel. The block diagram can send the necessary
commands to the instrument to perform the operation the front panel
specifies. When you finish building an instrument driver, you no longer need
to remember the commands necessary to control the instrument. Rather, you
need only specify the input on the front panel. There is little value in simply
having a software panel to control the instrument. The real value is that you
can use the instrument driver as a subVI in conjunction with other subVls in
a larger VI to control an entire system.

LabVIEW more than 600 instrument drivers from more than 50 vendors
(some are shown below). A list is available from National Instruments. If
you have an instrument not on the list, you can find a similar instrument in
the list and easily modify its driver.

Tektronix
Prema Newport
Philips Kepco
John Fluke Mfg. Schlumberger
Stanford Research Yokagawa
Rohde & Schwarz Wandel and Goltermann

AD Data Racal-Dana

Nicolet LeCroy
Tasco Hewlett-Packard

TEAC

Because there are many different types of instruments, it is impossible to
demonstrate the techniques for creating drivers for all types of instruments;
however, all drivers build a command string and send it to the instrument to
perform the operation that the simulated front panel specifies. The
command string consists of device-specific commands (usually in ASCII)
that remotely control the instrument.

All instrument drivers from the National Instruments Instrument Driver
Library have the same basic structure and follow the same model. The
following figure illustrates an instrument driver for the HP 34401A Digital
Multimeter. TheGetting Started VI is a high-level example VI you can use

to make sure the device is communicating and to use in simple applications.
The next layer of the hierarchy includes amitialize VI, anApplication
Example VI, and aCloseVI. This is similar to the intermediate-level File
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I/O functions. For the most flexibility over the instrument, the Application
Example Vs are broken into several other categori€oofiguration,
Action/Status, andData VIs. Because this VI Tree does not mention any
functionality specific to DMMs, you can see that this model can (and does)
apply to all instrument drivers.

Getting
Started

Initialize Application Cloze
Example

Configuration Action/Status Data

HF3440IA

COMF FEFE

VI Tree

The Instrument Wizard
LabVIEW's Instrument Wizard makes configuring and installing drivers for
your external devices extremely simple. You can use the Wizard to
automatically scan external interfaces and then download LabVIEW drivers
for your instruments. You can also set naming aliases for your instruments
for easier instrument access. The Wizard allows you to step through to a
running example. You can then use the examples or parts of the examples to
develop your application quickly. In the next exercise, you will use the
Instrument Wizard to detect the Instrument Simulator and open the
instrument driver example for it.
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Exercise 10-4 NI DEVSIM Getting Started.vi

Objective: To use the Instrument Wizard to configure an external device and open an
instrument driver for it.

You will use the Instrument Wizard to detect the Instrument Simulator and
open a LabVIEW instrument driver to communicate with the simulator.

If you are working on your own and have a different instrument, you can also
use the Instrument Wizard to auto-detect your device and install a LabVIEW
driver from the LabVIEW CD. Instrument drivers are also available free of
charge from the National Instruments web site. If you have LabVIEW and a
web browser installed on your machine, choose Internet Links»Instrument
Driver Network from the LabVIEW Help menu. LabVIEW automatically
takes you to the Instrument Driver Network on www.natinst.com.

Note

1. Selectnstrument Wizard from theProject menu. Click on thélext
button.

2. Have the Instrument Wizard search for all types of instruments. Click on
theNext button and the following screen appears:

I+ Instrument Wizard

|| Instrument .
i Wizard Identify Found Instruments...

The Inztument *Wizard found the following devices connected to your computer. You
can zend identification commands ta any af them by wsing the [dentify Device buttan
or double-clicking the instrument.

Found Resources

Scan Again...

|dentify Device

Set V154 Alias

[~ Dizplay ¥ISA Resource Mames

P | what is VISA? < Back | Meut » I Cancel |

The serial ports available may have different names depending on which

Note
computer platform you are using.
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Notice that the GPIB board and the Instrument Simulator have been

found. The Instrument Simulator is still configured for GPIB
communication, so it was found at address 2 on GPIBO.

Select theédentify Device button while the Instrument Simulator is

highlighted. This sends the *IDN? command to the device and reads

back the response. Cli€kK to confirm the query command.

Device |dentify String

Mational Instruments GPIB and Serial
Device Simulator Reyv B.1

]9

Cancel

4. Click the Next button to get the window shown below:

I+ Instrument Wizard

i\ | Instrument
¥ Wizard

Installed Instrument Drivers

Manage Instrument Drivers

The following instrument drivers are installed in LabWIEW. In this dialog box you
zan add or remove divers. ou alzo can open the example ¥(z] for any diver.

(B GRIE

* Hewlett-Packard 331204
+ Hewlett-Packard 344014
Mational Inztruments DEVSIM
. * Tektroniz TDS 220
¥ Seial
+ Mational Inztruments DEWSIM
+ Tekbronix TDS 220
W Computer-Based Instruments
* Mational Inztruments Pl-5102

| »

Add Drivers

Remaove Driver

Open Example

Corwert PMP Dirivers

-

Drriver Location: |in$tr. IEAMIDEYSIMSHIDEYSIM. b

Al zupported instruments for each diiver are displayed above.

< Back | Finish I Cancel

10-36
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5. Select th&ational Instruments Device SimulatorunderGPIB, and
click Open Exampleto open the instrument driver example VI for the
instrument simulator. The above procedure would be the same for any
other kind of remote instrument—the Wizard will find the device and
detect an instrument driver if one is available. It then allows you to view
what instrument drivers are currently installed on your system, and open
the associated instrument driver examples.

Interface Select [T:GFIE]

GPIE
Serial

GPIB Addresz [2]

45 100 DC Voltage
7h-
COM Port [1] i 2.0947 Wolts
£:Ii 1 25— error out
- zhatus code
Wawveform [0:Sinuzoid] : 40
Sinusoid-— -25-
Square- 50- 2OUICE
Moizy Sine- 25 j‘
Fiandom- 000 002 004 006 008 010 013
Chirp="_,

NI Instrument Simulator J

Wwaveform Graph

Block Diagram

6. Run the VI. The simulator supplies a random DC voltage and generates
the requested waveform on the graph. (The simulator may take several
seconds to acquire the waveform.) You can simulate different
waveforms by moving the/aveform slider and running the VI again.

Baud Rate [5:9500] [5E00 w/avefarm Graph
DY alt
Farity [0:Maone] olage
N . DEVSIM | DEVEIM DEVEIM DEVSIM
B OsaF [ fer
- = Ly + = 2
'@ ﬂ;L E“—-H-"S- loze errar aut

GPIB Address (2) [Ea}—tom

Initialize Application Example Error Check Close

daveform [0:Sinusoid)

ermar in (o ermor) [E=op xakinize

GFIB::
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7. Examine the block diagram. The device is first initialized with the
Initialize VI, then commands are sent to configure and request
information from the instrument in thgplication Example VI, and
finally the communication is ended with tBéseVI. All programs
using instrument drivers implement this structure of initialization,
communication, and shutdown.

8. Close the VI. Do not save any changes.
9. Exit the Instrument Wizard.

End of Exercise 10-4
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String Functions for Instrument Drivers
Instrument drivers are built to accommodate the multitude of command
strings you can use for the instrument. This section describes common string
manipulation functions for building instrument drivers.

multi-line string
gtring [™'] "'""""""‘3 E
7 <

line index . output string

Pick Line & Append

Pick Line & Append chooses a line frommulti-line string and appends
that line tostring. Line index selects the line frommulti-line string .
Carriage returns separate linesralti-line string .

In the example below, the string “AC \Volts” is selected and appended to the
string “SET”. Notice that Line Index 1 chooses the second line, because the
first line index is zero.

_Represents a Space Character
_DCVOLTS
_AC VOLTS |Multi-Line String
_OHMS
) Output
String [SET frrnnrnnnnnned iy String
Line Index [ 1] N SET AC VOLTS
Pick Line & Aééend

false ztring
true stning
zhrifig [M"'] ernnnd

gelector -~ 3"

output string

Select & Append

Select & Appendchooses a string according to a Boolsalectorand
appends that string giring. If the value input t@electoris TRUE, the
function appendtue string to string. If the value input tselectoris
FALSE, the function appendalse stringto thestring.

In the example below, the VI appends true-string “ON” to the input string
“DISPLAY”.

False String

[oFF}

True String

String
DISPLAY _

Output String

Selector P T ?! -‘. DISPLAY ON
Select & Append
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Exercise 10-5 Build Command String.vi
Objective: To build a command string based on input selecti

Front Panel

ons from the front panel.

Waveform Tupe

Text Dizplay Hidden

Skring 1
SOUR:FUMC OIS

Querny
NOIS - Cuery fo
(e fo
SO -
Command Sking
SOUR:FUM
SIM -
*‘Wertical Slide *

1 W avefarm
r ' avefarm Scaling Information

CMOIS; SEMNSVOLT:HEAD?

String &
SENSAOLT:HEAD?

1. Open a new panel.

2. Build the front panel shown above. Be sure to modify the controls

and indicators as depicted.

To modify the vertical slide to display text markers:

a. Pop up on the slide and cho
b. Using the Labeling tool, cha
c. Using the Operating tool, se

dsxt Labels.
nge “min” to “SIN”.
lect the “max” option from the text

display and use the Labeling tool to change “max” to “SQU".

Function
mas—— «
¥/max —

Waltz DC -

Text Display
(Pop up here to add items)

d. Pop up on the text display, chods#d Item After, and typeNOIS

in the text display.

e. Pop up on the slide and cho&®w»Text Displayto hide the

text display.

LabVIEW Basics | Course Manual 10-40

© MNational Instruments Corporation
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1.

H

T =

B0
+
B |

SENS

ooMI

Lesson 10 Instrument Control

Shring 1
Cormmand Striry
=
SEMS:
™
............ FR
Select & Append Shitg 2

Build the block diagram as shown above.

Pick Line & Append function String subpalette). In this exercise, this
function chooses either “SIN;”, “SQU;”, or “NOIS;” depending on the
value of the Function slide control, and appends the string to
“SOUR:FUNC:".

Select & Appendfunction String subpalette). In this exercise, this
function chooses either “DATA?;” or “VOLT:HEAD;”, based on the
value of the Query switch, and appends the string to “SENS:”.

Concatenate Stringdunction String subpalette). In this exercise, this
function concatenates the output string ofRiek Line & Append, a
semicolon, and the output string®¢lect & Append

String Constant function String subpalette). You need five of them.
Type text inside them using the Labeling tool.

Return to the front panel and run the VI. Try different settings for the
controls and observe the string indicators.

Close and save the VI. NameBiild Command String VI.

End of Exercise 10-5

© National Instruments Corporation
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E. Waveform Transfers

ASCII Waveforms

Many instruments return a waveform as either an ASCII string or a binary
string. Assuming the same waveform, a binary string transfer would be
faster and require less memory than an ASCII string transfer. Binary
encoding requires fewer bytes than ASCII encoding.

As an example, consider a waveform composed of 1,024 points, each point
having a value between 0 and 255. Using ASCII encoding, you would need
a maximum of 4 bytes to represent each point (a maximum of 3 bytes for the
value of the point and 1 byte for the separator, such as a comma). You would
need a maximum of 4,096 (4 * 1,024) bytes plus any header and trailer bytes
to represent the waveform as an ASCII string. Below is an example of an
ASCII waveform string.

CURVE {12,28,63,...1024 points in total... }JCR L
Header Data Point Trailer
(6 bytes) (up to 4 bytes each) (2 bytes)

You can use thextract Numbers VI (User Libraries»Basics Course
subpalette) to convert an ASCII waveform into a numeric array, as shown
below.

Extract Numbers.vi|
ASCIl Waveform - [EEI.] Numeric
String Ll Dl Array

Binary Waveforms Encoded as 1-Byte Integers

LabVIEW Basics | Course Manual

The same waveform using binary encoding requires only 1,024 bytes

(1 * 1,024) plus any header and trailer bytes to be represented as a binary
string. Using binary encoding, you need only 1 byte to represent the point,
assuming each point is an unsigned 8-bit integer. Below is an example of a
binary waveform string:

CURVE % {MSB}LSB} {AAxd...1024 bytes in total...} {Chk} CR
Header Count Data Point Trailer
(7 bytes) (4 bytes) (1 byte each) (3 bytes)
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Converting the binary string to a numeric array is a little more complex. You
must convert the string to an integer array. You can do this by using the
String To Byte Array function String»Conversionsubpalette). You must
remove all header and trailer information from the string before you can
convert it to an array. Otherwise, this information also is converted.

Waveform
| [ llﬂ] Numeric Array
Binary Waveforms Encoded as 2-Byte Integers

If each point in the binary waveform string is encoded as a 2-byte integer, it
is easier and much faster to useType Castfunction Advanced»Data
Manipulation subpalette). (See th@bVIEW Basics I Course Manuar
further information on type casting.)

Binary Waveform
String (without

header or trailer)

For example, consider a GPIB oscilloscope that transfers waveform data in
binary notation. The waveform is composed of 1,024 data points. Each data
point is a 2-byte signed integer. Therefore, the entire waveform is composed
of 2,048 bytes. Assume the waveform has a 4-byte header “DATA” and a
2-byte trailer—a carriage return character followed by a line feed character.
For example,

4-byte header 2-byte trailer (carriage return) (line feed)

|
DATA«HB1»«LB1» «HB2»«LB2»...«HB1024»«LB1024»«CR»«LF»

2 bytes representing the first data point

Memory

«LF»«CR»«LB1024»«HB1024»...«LB2»«HB2»«|LB1»«HB1»ATAD w A D

from instrument ALlT
LB1|HB1
LB2|HB2

oA~ DNO

LE51024.H81024 2050
LF | CR |2052
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The following block diagram fragment shows how you can us&ype
Castfunction to cast the binary waveform string into an array of 16-bit

integers.

2054F |GPIB Read

16 Type Ama

Not needed if the instrument
first sends the low byte and

Scope Address IZ%;Q then the high byte
String
=& offset 7
) N =
byte count| | |E212  © 4 ce £ =

‘_( aveform Arra
— [118]

[Sting Subzet|  [Type Cast|  [Swap Bytes]

You may need to use ti8wvap Bytesfunction Advanced»Data

Manipulation subpalette) to swap the high-order 8 bits and the low-order
8 bits for every element. Remember, the GPIB is an 8-bit bus. It can transfer
only one byte at a time. If the instrument first sends the low byte and then

the high byte, you do not need to use3$weap Bytesfunction.

In the example on the previous page, you needed to uSsviqeBytes

function because the instrument sent the high-order byte first. Because the
high-order byte is received first, it is placed in a lower memory location than

the low-order byte semtfter the high-order byte.

Memory Memory

A | D |0 D|A O

A T |2 — T A |2

LB1|HB1|4 8“—; HB1|LB1|4

LB2|HB2|6 HB2|LB2|6

: Swap Bytes| :
LB1024 | HB1024 2050 HB1024 | LB1024 2050
LF | CR |2052 CR | LF [2052
10-44 © MNational Instruments Corporation



Lesson 10 Instrument Control

Exercise 10-6 Waveform Example.vi

Objective: To graph a waveform that an instrument such as a digital oscilloscope returns as an
ASCII string or a binary string.
For the ASCII waveform string, assume the waveform consists of 128
points. Up to four ASCII characters, separated by commas, represent each
point. A header precedes the data points, as shown below:

CURVE {12,28,63,...128 points in total...,}CR LF
For the binary waveform string, assume that the waveform consists of 128

points. Each point is represented as a 1-byte unsigned integer. A header
precedes the data points, as shown below:

CURVE % {Bin Count MSB}Bin Count LSB}{aaxA...128 bytes in
total...} {Checksum} CR LF

You will examine a VI that converts the waveform to an array of numbers.
The VI then will graph the array. In this exercise, the VI reads the waveform
string from the Instrument Simulator or from a previously stored array.

Front Panel

Data Format| Data Source| H of Bytes in String
Binany Simulated 979
ASCIH GFIB

Wavefarm Sking Wavefn:nrm|

CURVE 43748 09054E1,
0.8429E1,7 106866331,
7.0970.7.7300,7 9161,

7 BE777.3702.7 3012,
7.4318.7.5704.7 536,

7 52617 46207 4556, o
7.4901.7 51977 5203,

7 5026748927 4301,
7.4993,7.5051 -4, 3754,
-0.9055E1,-0.8429E1,

71071 -6 6335 -7.0970,

7.7303 -7.9165 -7 BBAN,
7.3705,-7.3015 -7 4318,

7 57007 -7.5939,-7 5264,

7 4623 -7 4559 -7 4504, s : - - : —
7197 7 EAOR T R A 0 20 40 B0 80 100 L7

Open thaVaveform Example VI.

The VI already is built for you. The string indicatbsplays the
waveform string. The indicatoraf Bytesin String displays the
waveform string length. Data Format specifies either an ASCII
waveform or a binary waveform. Data Source specifies whether
the data is simulated or read from the Instrument Simulator via
the GPIB.
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Block Diagram

7 True
Acquire and corert the binary waveform sting into an aray of numbers. oy ——
fa] False o
rE30LICE Name String Length|  [# of Bytes in Strin
GRIB:2:INSTR] e
ERSY 1| 1D24 ‘
R L String To Byte Aray| 3

SOUR:FUNC SOUFORM: EH i— [scu
DATAIMT, B:SEMS:DATA?

i o] False

Acquire and convert the A5CH waveform string into an aray of numbers.

E stract Mumbers)

SOUR:FUNC SOUFORM:DATA
2 JASCSEMS.DATA?

1. Examine the block diagram.

String Length function String subpalette). In this exercise, this VI
returns the number of characters in the waveform string.

Extract Numbers VI (User Libraries»Basics Coursesubpalette). In

this exercise, this VI extracts numbers from the ASCII waveform string
and puts them in an array. Assume that non-numeric characters, such as
commas, separate numbers in the string.

e String Subsetfunction String subpalette). In this exercise, this
'E%ﬁ function returns a substring 128 bytes long starting from the ninth byte

of the binary waveform string. This excludes the header and trailer bytes
from the binary waveform string.

String to Byte Array function String»Conversionsubpalette). In this
exercise, this function converts the binary string into an array of
unsigned integers.

E> Subtract function (Numeric subpalette). In this exercise, this function
subtracts 127 from each array element. This process is required to
correctly convert the data points as the oscilloscope manual specifies.

The Easy VISA Write & Read VIs query the Instrument Simulator for a
square wave in either ASCII or one-byte binary format. Singple
Error Handler VI reports any errors.
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Return the front panel and run the VI.

With the Data Format switch set to ASCII, the ASCII waveform
string is displayed, the values are converted to a numeric array, and
the string length and numeric array are then displayed.

Select the Binary option from the Data Formattrol. Run the VI
again. The binary waveform string and string length are displayed,
and the string is converted to a numeric array and displayed in the
graph.

Notice that the binary waveform is similar to the ASCII waveform;
however, the number of bytes in the string is significantly lower. It is
more efficient to transfer waveforms as binary strings rather than ASCII
strings, because binary encoding requires fewer bytes to transfer the
same information.

Close the VI. Do not save any changes.

End of Exercise 10-6

© National Instruments Corporation

10-47 LabVIEW Basics | Course Manual



Lesson 10 Instrument Control

Exercise 10-7 (Optional)

LabVIEW Basics | Course Manual

For this exercise, assume that you are acquiring a waveform from a GPIB
digitizing oscilloscope. The oscilloscope sends the waveform data in binary
notation. The waveform is composed of 128 data points. Each data point is
a 2-bytesignedinteger (type 116). Therefore, the entire waveform is
composed of 256 bytes. The waveform has a 5-byte header “DATA (space)”
and a 1-byte trailer, a line feed character. For example,

5-byte header 1-byte terminating character (line feed)
|
#3256<MSB 0><LSB 0><MSB 1><LSB 1>...<MSB 127><LSB 127><LF>

2 bytes representing the first data point

Create a VI that acquires a binary waveform string from the Instrument
Simulator, casts the data to an array of 16-bit numbers, and plots the array
on a graph.

You can configure the Instrument Simulator to output waveform data
encoded as 2-byte integers by first sending it the command “FORM:DATA
INT, 16:” and then querying the Simulator for the waveform by sending it
the command “SENS:DATA?”. The waveform is composed of 128 data
points. Each data point is a 2-byte signed integer. Therefore, the entire
waveform is composed of 256 bytes, excluding the header and trailer bytes.
The waveform contains a 5-byte header and a 1-byte trailer, as shown in the
example above.

After you have finished, name the Binary Waveform.vi.

End of Exercise 10-7
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Summary, Tips, and Tricks

e Serial communication is a popular means of transmitting data between
a computer and a peripheral device such as a programmable instrument
or even another computer. The LabVIES&rial library contains
functions used for serial port operations.

» TheGPIB library contains VIs that control GPIB instruments. The
commonly used functions a@&PIB Write , GPIB Read, andGPIB
Status.

« TheGPIB Write function sends data to an instrument. GRdB Read
function reads data from an instrument. Q@B Status function
returns the status of the GPIB any time you execute the function.

* The VISA functions are used for the 1/O interface for controlling VXI,
GPIB, RS-232, and other types of instruments.

* The LabVIEW Instrument Driver library eliminates the need to have an
intimate knowledge of a specific instrument or 1/O interface. A
LabVIEW instrument driver is a set of VIs that control a programmable
instrument, where each VI corresponds to an operation such as
configuring, reading from, writing to, or triggering the instrument.

* There are more than 600 instrument drivers in the library. (See the
National Instruments catalog for a list.) If you have an instrument that is
not on the list, you can find a similar instrument on the list and easily
modify its driver. LabVIEW instrument drivers simplify instrument
control and reduce test program development time by eliminating the
need to learn the low-level programming protocol for each instrument.

« LabVIEW has many String functions and Utility VIs ideally suited to
help you easily convert data from one type to another or extract numbers
from strings.

e The Instrument Wizard in LabVIEW allows you to quickly detect what
devices are connected to your computer, installs the appropriate
instrument drivers, and opens example VIs to communicate with the
connected devices.
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Additional Exercises
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10-8

10-9

10-10

The Instrument Simulator can simulate the operation of a GPIB
voltmeter. The Instrument Simulator returns a random number
between 0 and +10.0 (representing a voltage) when you send it the
commandvEAS:DC? The voltage string is returned in the format
[+/-]1.2345E[+/-]0<LF> . Build a VI that continuously queries

the Instrument Simulator for a new voltage and plots the returned
value on a strip chart. Use a front panel switch to stop the VI. Save
the VI asSimulator Voltmeter.vi.

Modify theVISA Write &Read VI from Exercise 10-3 so that the
user can select between the GPIB and Serial options for the
Instrument Simulator. Reconfigure the Instrument Simulator for
serial communication and test this VI. Name théNA8A Write &
Read?2.vi

Use the Instrument Wizard as you did in Exercise 10-4 to test and

examine the Instrument Simulator instrument driver as it
communicates in serial mode.
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Notes
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Notes
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This appendix contains the following sections of useful information for
LabVIEW users:

A. Additional Information

B. ASCII Character Code Equivalents Table
C. VI Quick Reference

D. Instructor’s Notes
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Appendix

A. Additional Information

Application Notes

Many LabVIEW application notes are available. You can request these notes
from National Instruments or access them from the National Instruments
World Wide Web site dittp://www.natinst.com . The Instrupedia
CD-ROM also contains all available application and technical notes.
Contact National Instruments for more information about application notes.

Instrument Driver Library

LabVIEW Basics | Course Manual

The LabVIEW Instrument Driver Library contains VIs for more than 600
GPIB, serial, VXIbus, and computer-based instruments. All current
instrument drivers are on your LabVIEW CD. You also can request these
instrument drivers from National Instruments or access them from the
World Wide Web site, bulletin board, and FTP sites.

A-2 © National Instruments Corporation



Appendix

B. ASCII Character Code Equivalents Table

The following table contains the hexadecimal, octal, and decimal code
equivalents for ASCII character codes.

Hex Octal | Decimal| ASCII Hex Octal | Decimal| ASCII
00 000 0 NUL 20 040 32 SP
01 001 1 SOH 21 041 33 !
02 002 2 STX 22 042 34 "
03 003 3 ETX 23 043 35 #
04 004 4 EOT 24 044 36 $
05 005 5 ENQ 25 045 37 %
06 006 6 ACK 26 046 38 &
07 007 7 BEL 27 047 39 '
08 010 8 BS 28 050 40 (
09 011 9 HT 29 051 41 )
OA 012 10 LF 2A 052 42 *
0B 013 11 VT 2B 053 43 +
ocC 014 12 FF 2C 054 44 ,
oD 015 13 CR 2D 055 45 -
OE 016 14 SO 2E 056 46
OF 017 15 Si 2F 057 47 /
10 020 16 DLE 30 060 48 0
11 021 17 DC1 31 061 49 1
12 022 18 DC2 32 062 50 2
13 023 19 DC3 33 063 51 3
14 024 20 DC4 34 064 52 4
15 025 21 NAK 35 065 53 5
16 026 22 SYN 36 066 54 6
17 027 23 ETB 37 067 55 7
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Hex Octal | Decimal| ASCII Hex Octal | Decimal| ASCII
18 030 24 CAN 38 070 56 8
19 031 25 EM 39 071 57 9
1A 032 26 SUB 3A 072 58
1B 033 27 ESC 3B 073 59 ;
1C 034 28 FS 3C 074 60 <
1D 035 29 GS 3D 075 61 =
1E 036 30 RS 3E 076 62 >
1F 037 31 us 3F 077 63 ?
40 100 64 @ 60 140 96
41 101 65 A 61 141 97 a
42 102 66 B 62 142 98 b
43 103 67 C 63 143 99 c
44 104 68 D 64 144 100 d
45 105 69 E 65 145 101 e
46 106 70 F 66 146 102 f
47 107 71 G 67 147 103 g
48 110 72 H 68 150 104 h
49 111 73 I 69 151 105 i
4A 112 74 J 6A 152 106 i
4B 113 75 K 6B 153 107 k
4C 114 76 L 6C 154 108 I
4D 115 77 M 6D 155 109 m
4E 116 78 N 6E 156 110 n
4F 117 79 @] 6F 157 111 o
50 120 80 P 70 160 112 p
51 121 81 Q 71 161 113 q
52 122 82 R 72 162 114 r
53 123 83 S 73 163 115 s
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Hex Octal | Decimal| ASCII Hex Octal | Decimal| ASCII
54 124 84 T 74 164 116 t
55 125 85 u 75 165 117 u
56 126 86 \Y 76 166 118 v
57 127 87 W 77 167 119 w
58 130 88 X 78 170 120 X
59 131 89 Y 79 171 121 y
5A 132 90 z 7A 172 122 z
5B 133 91 [ 7B 173 123 {
5C 134 92 \ 7C 174 124 |
5D 135 93 ] 7D 175 125 }
5E 136 94 N T7E 176 126 ~
5F 137 95 _ 7F 177 127 DEL
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C. VI Quick Reference

This section contains a list of the VIs and functions used in the course.

Timing

q Wait Until Next ms Multiple function (Time & Dialog
i

i subpalette). Controls loop timing.

o+ =g Get Date/Time Stringfunction (Time & Dialog subpalette).
Returns the current date and time in string format.

#

e [0

Charts and Graphs

Bundle function Cluster subpalette). Creates data necessary for
graphs and multiplot strip charts.

nH|+H
(7Y -

Build Array function (Array subpalette). Creates data necessary
for multiplot graphs.

| I |
+ &
(]

Arrays

Array Size function Array subpalette). Returns the number of
elements in an array.

Build Array function Array subpalette). Concatenates two arrays
or adds extra elements to an array.

3 8

Index Array function Array subpalette). Returns an element of
an array.

X
0

1
iy

Array Subsetfunction (Array subpalette). Returns a portion of an
array.

T
|LEH
L

i Initialize Array function (Array subpalette). Returns an array in
which every element is initialized to a specific value.

Mathematics

General Polynomial FitVI (Mathematics»Curve Fitting
subpalette). Returns an array that is a polynomial fit to the input
array.

¥ | Mean VI (Mathematics»Probability and Statisticssubpalette).
Returns the average of the array values.

rMean
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Appendix

String Length function String subpalette). Returns the number of
characters in a string.

Concatenate Stringsunction String subpalette). Concatenates
strings into a single output string.

String Subsetfunction String subpalette). Returns a portion of a
string.

Match Pattern function String subpalette). Returns the matched
string and portions of the string before and after the match.

Format Into String function String subpalette). Converts a
number to a string.

Scan From Stringfunction String subpalette). Converts a string
to a number.

Extract Numbers VI (User Libraries»Basics Course

subpalette). Extracts numbers from a string and puts them in an
array. Numbers in the string are assumed to be in ASCII and
separated by a non-numeric character such as a comma.

Open/Create/Replace File/I (File subpalette). Displays an
interactive file dialog box that you use to create a new file or open
an existing one.

Read Filefunction (File subpalette). Reads bytes of data from the
file starting at the current file mark (beginning of the file).

Write File function (File subpalette). Writes data to a file.

Close Filefunction (File subpalette). Closes a file.
Write To Spreadsheet FileVl (File subpalette). Writes array data
to a spreadsheet format file that you specify.

Read From Spreadsheet Fil&/I (File subpalette). Reads data
from a spreadsheet file into an array.

Data Acquisition (Easy 1/0)

Al
OME FT

"\{1
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Al Sample ChannelVI (DAQ»Analog Input subpalette). Reads
an analog input channel and returns the voltage.
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AO Update ChannelVI (DAQ»Analog Output subpalette).
Outputs the specified voltage using an analog output channel.

Al Acquire Waveforms VI (DAQ»Analog Input subpalette).
Acquires the specified number of samples at the specified sample
rate from multiple input channels and returns the acquired data.

AO Generate WaveformsVI (DAQ»Analog Output subpalette).
Generates the specified number of samples at the specified update
rate to multiple output channels.

GPIB Write function (nstrument I/O»GPIB subpalette). Writes
a string to a GPIB device.

GPIB Readfunction (nstrument I/O»GPIB subpalette). Reads a
string from a GPIB device.

GPIB Statusfunction (nstrument I/O»GPIB subpalette).
Returns the status of the GPIB Controller after the last GPIB
operation.

VISA Open function (nstrument I/O»VISA subpalette). Opens
a session to a specified device.

VISA Read function (nstrument I/O»VISA subpalette). Reads
data from the device.

VISA Write function (nstrument I/O»VISA subpalette). Writes
data to the device.

VISA Closefunction (nstrument I/O»VISA subpalette). Closes
a session to a specified device.

Easy VISA Write & Read VI (Instrument I/O»VISA

subpalette). Writes a command string to the instrument specified by
the resource name and then reads back the instrument’s response
into the read buffer.

BeepVI (Advancedsubpalette). Sounds a beep.

One Button Dialogfunction (Time & Dialog subpalette).
Displays a dialog box.

A-8 © National Instruments Corporation



Appendix

D. Instructor’s Notes

Windows
1. Each station consists of the following:

GPIB Board ] LabVIEW
—I Basics |
Course
Board ID = 1 DAQ MIO Board Manual
| IN—
DAQ Signal ]
Accessory y FEeEre
E ) NI Instrument
NI Software—LabVIEW 5.1 FDS Simulator (addr 2)
Other ltems:
a. Ribbon cable to connect the DAQ MIO Board to the DAQ Signal Accessory
b. GPIB cable to connect the instrument simulator to the GPIB Board
c. Power supply for the instrument simulator
d. Wires (two per station)
e. Serial cable to connect the instrument simulator to the computer

2. Copy the files from the disks accompanying this manual as described in
the Self-Paced Ussection in thé&Student Guidand theReadMe.txt
file on the disks.

3. Test the station by starting LabVIEW and running$ié_TestVI
from Start»Programs»Station Tests»LV Station Tes{see the
customer education resources coordinator for the VI).

4. Launch the DAQ Channel Wizard and openBASICS1.DAQ
configuration file.
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National Instruments encourages you to comment on the documentation supplied with our products. This information
helps us provide quality products to meet your needs.

Title: LabVIEW Basics | Course Manual
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Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.
Name
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Company

Address

E-mail Address

Phone (__ ) Fax (__ )

Mail to: Technical Publications Faxto: Technical Publications
National Instruments Corporation National Instruments Corporation
11500 North MoPac Expressway 512 683 6837
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Course Evaluation

Course

Location

Instructor Date

Student Information (optional)
Name

Company Phone

Instructor
Please evaluate the instructor by checking the appropriate citdtesatisfactory Poor Satisfactory Good Excellent

Instructor’s ability to communicate course concepts O O O O
Instructor’'s knowledge of the subject matter
Instructor’s presentation skills

Instructor’s sensitivity to class needs

Instructor’s preparation for the class

O Ooo0ood

O O O O
0 a 0 a
O O O O
0 a 0 a
Course

Training facility quality

Training equipment quality

Was the hardware set up correctly?d Yes [ No

The course length was 0 Too long O Justright O Too short

The detail of topics covered in the course wa&l Too much O Justright O Not enough
The course material was clear and easy to follol Yes O No 0O Sometimes

Did the course cover material as advertised? Yes O No

O O

| had the skills or knowledge | needed to attend this courdé. Yes [0 No If no, how could you have been better
prepared for the course?

What were the strong points of the course?

What topics would you add to the course?

What part(s) of the course need to be condensed or removed?

What needs to be added to the course to make it better?

Are there others at your company who have training needs? Please list.

Do you have other training needs that we could assist you with?

How did you hear about this cours&? National Instruments web sitél National Instruments Sales Representative
0 Mailing 0O Co-worker O Other







Customer Education Student Profile

Name Title

Company Mail Stop

Mailing Address

City State/Province Country Zip
Telephone Fax

E-Mail

Date Event Location

Industry and Application Information

Which industry does your company primarily serve? (check only one)

O Automotive

O Computer

0 Consumer products

O Electronics
O Graphics

O Industrial systems -
factory floor/integratol

Medical
Military/space
Paper/pulp

I i By |

O Pharmaceutical

O Aero/avionics
O Semiconductor
0 ATE/automated test

Petrochemical/plasticc [0 Other

O Test, measurement,

and instrumentation

O Telecommunications

O

University/education

If you are currently a customer of National Instruments, please check the products you use:

O LabVIEW™

O LabWindows/CVI™

O BridgeVIEW™
O Lookout™

0 HIQ™

O ComponentWorks™

O VirtualBench™
O Measure™

Please check the operating system(s) you use:

O Windows 95
O Windows NT

O Windows 3.1
O Sun

Please check the bus architecture(s) you use:

O PC/XTIAT
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0 PCI
0 VME
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O LabVIEW
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O BridgeVIEW
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O ComponentWorks
O VirtualBench

U Measure
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SCXI™
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VXI
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O

Mac OS
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SCXI
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VXI
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B B

I R I B |

Fieldbus™
IMAQ™ Vision
Serial

Motion control

HP-UX

DEC

Fieldbus
IMAQ Vision
Serial

Motion control

My systems are developed by In-house staff [0 System(s) integrator O consultant

System description




Which statements best describe your role in the purchase of instrumentation or data acquisition products?
O | set company standards. O | use a PC regularly in my instrumentation system.
O linfluence product purchases. O 1 develop virtual instrumentation applications.

O I evaluate and recommend software.

Which statement best describes your function in the company? (check only one)

O Education O Calibration O Government/legal O Production test

O Manufacturing/ O Engineering O Research/R&D/grad O Systems integrator/
automation management student hardware

0 Reseller/sales O Purchasing/contracts [ Software developer O Software consultant

O Service/repair O Student/co-op O Design 0 Compliance testing

Please Check Below for Free Product Information
Software Tools

O Instrupedia™/Windows (CD) — includes catalogue, software demaos, application notes, and more
O Software Showcase/Windows and Macintosh (CD) — Demos of entire software line
0 DAQ Designer™/Windows (3.5 in.) — DAQ system integration tool

Catalogues and Newsletters

O Measurement and Automation Catalogue O Automation View™hewsletter
0 VXI Product Solutions Guide Third-Party Solution CD

0 Academic Catalogue O NI Newse-mail newsletter

O

O Instrumentation Newsletter™

Industry-Specific Literature

(|

O Aerospace O Semiconductor O Analytical chemistry Industrial automation

O

0 Telecommunications O Vibration/acoustics Education 00 Laboratory automation

O

O Automotive O Physiology Test and measuremet

Product Literature (check up to three)

O LabWindows/CVI O Analysis 0 GPIB 0 PXI™

0 ComponentWorks 0 HIQ O GPIB chip kit 0 IMAQ

0 TestStand™ O Measure 0 HS488™ O Customer education

0 LabVIEW Add-On 0 LabVIEW O Virtual instrumentatior [0 Computer-based
Toolkit pack productivity study software instruments

O BridgeVIEW O DAQ O VXI 0 SCXI signal

0 Lookout [0 Low-cost DAQ 0 VME conditioning

Additional Literature
O NI Global Services 0 LabVIEW Technical Resource Subscription Card
O Customer Education Course Schedule
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