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Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or mechanical,
including photocopying, recording, storing in an information retrieval system, or translating, in whole or in part, without
the prior written consent of National Instruments Corporation.

CVI™, LabVIEW™, National Instruments™, natinst.com™, NI-488™, NI-488.2™, NI-DAQ™, NI-VISA™, NI-VXI™,
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Product and company names listed are trademarks or trade names of their respective companies.

WARNING REGARDING MEDICAL AND CLINICAL USE OF NATIONAL INSTRUMENTS PRODUCTS

National Instruments products are not designed with components and testing intended to ensure a level of reliability
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and safety in medical or clinical treatment.
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About This Manual

The LabVIEW User Manual provides information about creating virtual
instruments (VIs). This manual also includes information about the
interfaces to which you can input and output data, using LabVIEW VIs to
perform analysis operations, and how LabVIEW handles network and
interapplication communication. Please read the LabVIEW Release Notes
before you use the LabVIEW User Manual.

Organization of This Manual

The LabVIEW User Manual is organized as follows.

Chapter 1, Introduction, introduces the unique LabVIEW approach to
programming. It also explains how to start using LabVIEW to develop
programs.

Part I, Introduction to G Programming

This section contains basic information about creating virtual instruments
(VIs), using VIs in other VIs, programming structures such as loops, and
data structures such as arrays and strings.

Part I, Introduction to G Programming, contains the following chapters.

© National Instruments Corporation

Chapter 2, Creating VIs, explains how to create a VI including the
front panel, which is the user interface, and the block diagram, which
is the source code. Once you create a VI, you can use it in other VIs.

Chapter 3, Loops and Charts, shows you how to repeat portions of the
block diagram using a While Loop and a For Loop. This chapter also
explains how to display graphically multiple points, one at a time, on
a chart.

Chapter 4, Case and Sequence Structures and the Formula Node,
explains how to use the Case structure, which is a conditional structure,
the Sequence structure, which aids in establishing execution order, and
the Formula Node, which aids in executing mathematical formulas.

Chapter 5, Arrays, Clusters, and Graphs, shows how to display a
group or array of data points on a graph. You can pass scale parameters
as well as an array of data points to a graph by creating a cluster, which
is a group of data different data types.

Chapter 6, Strings and File I/0, introduces string controls and
indicators and file input and output operations.
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Part Il, 1/0 Interfaces

Part Ill, Analysis

LabVIEW User Manual

This section contains basic information on the interfaces to which you can
input and output data, which are data acquisition, GPIB, serial, and VXI.
Refer to the Data Acquisition Basics Manual for basic information on
real-time data acquisition. VISA (Virtual Instrument Software
Architecture) is a single software library that interfaces with GPIB, serial,
and VXI instruments. LabVIEW applications developed especially for a
specific instrument are called instrument drivers. National Instruments
provides several instrument drivers using the VISA library, but you can also
build your own instrument drivers.

Part I1, I/O Interfaces, contains the following chapters.

e Chapter 7, Getting Started with a LabVIEW Instrument Driver,
explains how to create and use National Instruments instrument
drivers.

e Chapter 8, LabVIEW VISA Tutorial, shows you how to implement
common VISA applications using message-based and register-based
communication as well as events and locking.

e Chapter 9, Introduction to LabVIEW GPIB Functions, explains how
the GPIB operates and the difference between the IEEE 488 and
IEEE 488.2 interface.

e Chapter 10, Serial Port Vls, explains the important factors that affect
serial communication.

This section contains basic information on analysis of data, signal
processing, signal generation, linear algebra, curve fitting, probability, and
statistics.

Part 11, Analysis, contains the following chapters.

e Chapter 11, Introduction to Analysis in LabVIEW, introduces concepts
that apply to all analysis applications, including supported
functionality, notation and naming conventions, and sampling signal
methods.

*  Chapter 12, Signal Generation, explains how to produce signals using
the normalized frequency and how to build a simulated function
generator.

»  Chapter 13, Digital Signal Processing, shows the difference
between the Fast Fourier Transform (FFT) and the Discrete Fourier
Transform (DFT).
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Chapter 14, Smoothing Windows, explains how using windows
prevents spectral leakage and improves the analysis of acquired
signals.

Chapter 15, Spectrum Analysis and Measurement, shows how to
determine the amplitude and phase spectrum, develop a spectrum
analyzer, and determine the total harmonic distortion (THD).

Chapter 16, Filtering, explains how to filter unnecessary frequencies
from signals using infinite impulse response filters (IIR), finite
impulse response filters (FIR), and nonlinear filters.

Chapter 17, Curve Fitting, shows how to extract information from a
data set to create a data trend description.

Chapter 18, Linear Algebra, explains how to perform matrix
computation and analysis.

Chapter 19, Probability and Statistics, explains some fundamental
concepts of probability and statistics, and shows how to use these
concepts in solving real-world problems.

Part IV, Network and Interapplication Communication

This section contains basic information about network and interapplication
communication.

Part IV, Network and Interapplication Communication, contains the
following chapters.
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Chapter 20, Introduction to Communication, introduces the way
LabVIEW handles networking and interapplication communication.

Chapter 21, TCP and UDP, explains basic concepts of Transmission
Control Protocol (TCP), Internet Protocol (IP), and internet addresses.

Chapter 22, ActiveX Support, shows how LabVIEW can be an ActiveX
server and client. ActiveX is the same as OLE Automation
communication.

Chapter 23, Using DDE, explains how to use Dynamic Data Exchange
(DDE) to communicate between Windows applications. DDE can be
used in a client, a server, and across a network.

Chapter 24, AppleEvents, shows how AppleEvents are used to
communicate between LabVIEW and other Macintosh applications.
LabVIEW can be an AppleEvents server and client.

Chapter 25, Program-to-Program Communication, explains how
LabVIEW can communicate to other Macintosh applications using
Program-to-Program Communication (PPC).
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Part V, Advanced G Programming

This section contains information on VI customization; programmatic
control of front panel objects, VIs, and LabVIEW; and tips on how to
design complex applications.

Part V, Advanced G Programming, contains the following chapters.

Chapter 26, Customizing VIs, shows how to use VI Setup... and
VI Node Setup... to customize the appearance and execution behavior
of a VI when it is running.

Chapter 27, Front Panel Object Attributes, describes objects called
attribute nodes, which are special block diagram nodes that control the
appearance and functional characteristics of controls and indicators.

Chapter 28, Program Design, explains techniques to use when
creating programs and offers programming-style guidelines.

Chapter 29, Where to Go from Here, provides information about
resources you can use to create your applications successfully.

Appendices, Glossary, and Index

LabVIEW User Manual

Appendix A, Analysis References, lists the reference material used to
produce the Analysis VIs in LabVIEW. These references contain more
information on the theories and algorithms implemented in the
analysis library.

Appendix B, Common Questions, answers common questions about
LabVIEW networking communications and Instrument 1/O,
specifically GPIB and serial I/O.

Appendix C, Customer Communication, contains forms to help you
gather the information necessary to help us solve your technical
problems and a form you can use to comment on the product
documentation.

The Glossary contains an alphabetical list of terms used in this manual,
including abbreviations, acronyms, metric prefixes, mnemonics, and
symbols.

The Index contains an alphabetical list of key terms and topics in this
manual, including the page where you can find each one.
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Conventions Used in This Manual

bold italic

bold monospace

italic

The following conventions are used in this manual:

Angle brackets enclose the name of a key on the keyboard—for example,
<shift>. Angle brackets containing numbers separated by an ellipsis
represent a range of values associated with a bit or signal name—

for example, DBIO<3..0>.

A hyphen between two or more key names enclosed in angle brackets
denotes that you should simultaneously press the named keys—
for example, <Control-Alt-Delete>.

The » symbol leads you through nested menu items and dialog box options
to a final action. The sequence File»Page Setup»Options» Substitute
Fonts directs you to pull down the File menu, select the Page Setup item,
select Options, and finally select the Substitute Fonts options from the
last dialog box.

This icon to the left of bold text denotes the beginning of an activity, which
contains step-by-step instructions you can follow to learn more about
LabVIEW.

This icon to the left of bold text denotes the end of an activity, which
contains step-by-step instructions you can follow to learn more about
LabVIEW.

This icon to the left of bold italicized text denotes a note, which alerts you
to important information.

This icon to the left of bold italicized text denotes a caution, which advises
you of precautions to take to avoid injury, data loss, or a system crash.

Bold text denotes the names of menus, menu items, parameters, dialog
boxes, dialog box buttons or options, icons, windows, Windows 95 tabs,
or LEDs.

Bold italic text denotes an activity objective, note, caution, or warning.

Bold monospace text denotes messages and responses that the computer
automatically prints to the screen.

Italic text denotes variables, emphasis, a cross reference, or an introduction
to a key concept. This font also denotes text from which you supply the
appropriate word or value, as in Windows 3.x.
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monospace

paths

Platform

Text in this font denotes text or characters that you should literally enter
from the keyboard, sections of code, programming examples, and syntax
examples. This font is also used for the proper names of disk drives, paths,
directories, programs, subprograms, subroutines, device names, functions,
operations, variables, filenames and extensions, and for statements and
comments taken from programs.

Paths in this manual are denoted using backslashes (\) to separate drive
names, directories, folders, and files.

Text in this font denotes information related to a specific platform.

Related Documentation

* G Programming Reference Manual

*  LabVIEW Data Acquisition Basics Manual

*  LabVIEW Function and VI Reference Manual
e LabVIEW QuickStart Guide

* LabVIEW Online Reference, available by selecting
Help»Online Reference

e LabVIEW Online Tutorial (Windows only), which you launch from the
LabVIEW dialog box

e G Programming Quick Reference Card
*  LabVIEW Getting Started Card

*  LabVIEW Release Notes

e LabVIEW Upgrade Notes

Customer Communication

LabVIEW User Manual

National Instruments wants to receive your comments on our products
and manuals. We are interested in the applications you develop with our
products, and we want to help if you have problems with them. To make it
easy for you to contact us, this manual contains comment and configuration
forms for you to complete. These forms are in Appendix C, Customer
Communication, at the end of this manual.
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Introduction

This chapter introduces the unique LabVIEW approach to programming.
It also explains how to start using LabVIEW to develop programs. The
chapter refers you to other chapters or manuals for more information.

What Is LabVIEW?

LabVIEW is a program development environment, much like modern C
or BASIC development environments, and National Instruments
LabWindows/CVI. However, LabVIEW is different from those
applications in one important respect. Other programming systems use
text-based languages to create lines of code, while LabVIEW uses a
graphical programming language, G, to create programs in block diagram
form.

LabVIEW, like C or BASIC, is a general-purpose programming system
with extensive libraries of functions for any programming task. LabVIEW
includes libraries for data acquisition, GPIB and serial instrument control,
data analysis, data presentation, and data storage. LabVIEW also includes
conventional program development tools, so you can set breakpoints,
animate the execution to see how data passes through the program, and
single-step through the program to make debugging and program
development easier.

How Does LabVIEW Work?

LabVIEW is a general-purpose programming system, but it also includes
libraries of functions and development tools designed specifically for data
acquisition and instrument control. LabVIEW programs are called virtual
instruments (VIs) because their appearance and operation can imitate actual
instruments. However, VIs are similar to the functions of conventional
language programs.

A VI consists of an interactive user interface, a dataflow diagram that
serves as the source code, and icon connections that allow the VI to be
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called from higher level VIs. More specifically, VIs are structured as
follows:

e The interactive user interface of a VI is called the front panel,
because it simulates the panel of a physical instrument. The front
panel can contain knobs, push buttons, graphs, and other controls
and indicators. You enter data using a mouse and keyboard, and
then view the results on the computer screen.

e The VI receives instructions from a block diagram, which you
construct in G. The block diagram is a pictorial solution to a
programming problem. The block diagram is also the source code
for the VI.

e VIs are hierarchical and modular. You can use them as top-level
programs, or as subprograms within other programs. A VI within
another VI is called a subVI. The icon and connector of a VI work
like a graphical parameter list so that other VIs can pass data to a
subVI.

With these features, LabVIEW promotes and adheres to the concept of
modular programming. You divide an application into a series of tasks,
which you can divide again until a complicated application becomes a
series of simple subtasks. You build a VI to accomplish each subtask and
then combine those VIs on another block diagram to accomplish the larger
task. Finally, your top-level VI contains a collection of subVIs that
represent application functions.

Because you can execute each subVI by itself, apart from the rest of the
application, debugging is much easier. Furthermore, many low-level
subVIs often perform tasks common to several applications, so that you can
develop a specialized set of subVIs well-suited to applications you are
likely to construct.

G is the easy to use graphical data flow programming language on which
LabVIEW is based. G simplifies scientific computation, process
monitoring and control, and test and measurement applications, and you
also can use it for a wide variety of other applications.

Part I, Introduction to G Programming, covers the functionality of G that
you need to get started with most LabVIEW applications. For a more
extensive explanation of LabVIEW functionality, see the G Programming
Reference Manual.
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The basic concepts of G that are covered in this manual are described in the
following list.

e VIs—Virtual instruments (VIs) have three main parts: the front panel,
the block diagram, and the icon/connector. The front panel specifies
the user interface of the VI. The block diagram consists of the
executable code that you create using nodes, terminals, and wires.
With the icon/connector, you can use a VI as a subVI in the block
diagram of another VI. For more information about VIs, refer to
Chapter 2, Creating VIs and Chapter 26, Customizing VIs.

*  Loops and Charts—G has two structures to repeat execution of a
sub-diagram—the While Loop and the For Loop. Both structures are
resizable boxes. You place the subdiagram to be repeated inside the
border of the loop structure. The While Loop executes as long as the
value at the conditional terminal is TRUE. The For Loop executes a set
number of times. Charts are used to display real-time trend information
to the operator. For more information about loops and charts, refer to
Chapter 3, Loops and Charts.

*  Case and Sequence Structures—The Case structure is a conditional
branching control structure, which executes a subdiagram based on
certain input. A Sequence structure is a program control structure that
executes its subdiagrams in numeric order. For more information about
Case or Sequence structures, refer to Chapter 4, Case and Sequence
Structures and the Formula Node.

*  Attribute Nodes—Attribute nodes are special block diagram nodes
that you can use to control the appearance and functional
characteristics of controls and indicators. For more information about
attribute nodes, refer to Chapter 27, Front Panel Object Attributes.

e Arrays, Clusters and Graphs—An array is a resizable collection of
data elements of the same type. A cluster is a statically sized collection
of data elements of the same or different types. Graphs commonly are
used to display data. For more information about arrays, clusters, and
graphs, refer to Chapter 5, Arrays, Clusters, and Graphs.
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Organization of the LabVIEW System (Windows)
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After you have completed the installation, as described in the LabVIEW
Release Notes that come with your software, your LabVIEW directory
should contain the following files.

LABVIEW.EXE—This is the LabVIEW program. Launch this program
to start LabVIEW.

vi.lib directory—Contains libraries of VIs that are included with
LabVIEW, including GPIB, analysis, and data acquisition (DAQ) VIs.
Most of these are available from the Functions palette.

examples directory—Contains numerous subdirectories of examples.
This directory also contains a VI called readme . vi that serves as a
guide to the examples.

serpdrv and dagdrv—These files serve as part of LabVIEW’s
interface to the serial port, and DAQ communication, respectively.
These files must be in the same directory as vi.lib.

resource directory

— labview.rsc, lvstring.rsc, and 1vicon.rsc—Data files

used by the LabVIEW application

— (Windows 3.1) 1vdevice.d11—This file provides timing services
to LabVIEW and must be in the same directory as vi.1lib for
LabVIEW to run.

—  (Windows 3.1) 1vimage.d11—This file allows LabVIEW to load
images created using a variety of graphics programs.

— labview50.tlb—Thisfileis atype library to enable LabVIEW
to act as an ActiveX server.

— ole_container.dl11—This file enables LabVIEW to display
and update ActiveX containers.

— 1lvwutil32.d11—This file is used by the Solution Wizard,
which builds DAQ and Instrument I/O examples based on your
criteria.

— 1lvjpeg.dll and lvpng.dl1—These files provide support to
display JPEG and PNG graphics in HTML files when you print VI
documentation to an HTML file.

Cintools directory—Contains files necessary to build Code Interface
Nodes (CINs), which are a means to link C code to LabVIEW VIs.

visarc file—Serves as part of LabVIEW’s interface to VISA (Virtual
Instrument Software Architecture). VISA provides a single interface
library for controlling VXI, GPIB, and Serial instruments.
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* labview.ini—Contains the configuration options for LabVIEW.

* Project directory—Contains files which become items in the
LabVIEW Project menu.

* menus directory— Contains files used to configure the structure of the
Controls and Functions palettes.

* Instr.lib directory—Contains instrument drivers used to control
VXI, GPIB, and Serial instruments. When you install National
Instruments instrument drivers, place them in this directory because
they will be added to the Functions palette.

* Help directory—Contains complete online documentation as well as
the Search Examples help file, which aids in locating examples
common to your application.

* Tutorial directory—Contains files that are necessary to run the
online tutorial, an interactive tutorial covering the basic concepts of the
LabVIEW environment.

* Activity directory—Is a location where you can save the VIs you
create while completing the activities in this manual.

* User.lib directory—Is a location where you can save commonly
used VIs that you have created. The VIs in this directory will be
displayed in the Functions palette.

* Wizarddirectory—This directory creates the Solution Wizard option
in the File menu. You can use this directory to add items to the
File menu.

LabVIEW installs driver software for GPIB, data acquisition, and VXI
driver hardware. For configuration information, see Chapter 2, Installing
and Configuring Your Data Acquisition Hardware, in the LabVIEW Data
Acquisition Basics Manual, the VXI VI Reference Manual, and Chapter 8,
LabVIEW VISA Tutorial, of this manual.

Startup Screen on Windows

When you launch LabVIEW, you are greeted with a navigation dialog box
where introductory material, common commands, and Quick Tips are
easily accessible. If you prefer to bypass the navigation dialog, you can
disable it using a checkbox at the bottom of the dialog box. To reenable it,
use the Preferences dialog box.

When all VIs are closed, a similar dialog box appears. The Small Dialog
button switches to a simpler version of the dialog box—with only New,
Open, and Exit buttons.
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Organization of the LabVIEW System (Macintosh)
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After you have completed the installation, as described in the LabVIEW
Release Notes that come with your software, your LabVIEW directory
should contain the following files.

LabVIEW—This is the LabVIEW program. Launch this program to
start LabVIEW.

vi.lib folder—Contains libraries of VIs that are included with
LabVIEW, including GPIB, analysis, and data acquisition (DAQ) VIs.
Most of these are available from the Functions palette.

examples folder—Contains numerous subfolders of examples. This
folder also contains a VI called readme . vi that serves as a guide to
the examples.

resource folder

— lvstring.rsrcand lvicon.rsrc—Data files used by the
LabVIEW application.

— lvjpeg.lib and lvpng.lib—These files provide support to
display JPEG and PNG graphics in HTML files when you print VI
documentation to an HTML file.

cintools folder—Contains files necessary to build Code Interface
Nodes (CINs), which are a means to link C code to LabVIEW VIs.

visarc file—Serves as part of LabVIEW s interface to VISA, Virtual
Instrument Software Architecture. VISA provides a single interface
library for controlling VXI, GPIB, and Serial instruments.

Project folder—Contains files which become items in the LabVIEW
Project menu.

menus folder—Contains files used to configure the structure of the
Controls and Functions palettes.

instr.1lib folder—Contains instrument driers used to control VXI,
GPIB, and Serial instruments. When you install National Instruments
instrument drivers, place them in this directory because they will be
added to the Functions palette.

help folder—Contains complete online documentation as well as the
Search Examples help file, which aids in locating examples common
to your application.

activity folder—Is alocation where you can save the VIs you create
while completing the activities in this manual.
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user.1lib folder—Is a location where you can save commonly used
VIs that you have created. The Vs in this directory will be displayed
in the Functions palette.

Wizard folder—This directory creates the Solution Wizard option in
the File menu (PCI Macintosh only). You can use this directory to add
items to the File menu.

In addition, the LabVIEW installation utility installs several driver files so
that you can use GPIB and/or DAQ plug-in boards.

System Folder:Control Panels:NI-488 INIT—This control
panel contains the drivers for your GPIB boards. You can use it to
configure your boards, but you rarely need to change any settings.

System Folder:Control Panels:NI-DAQ—This control panel
loads DAQ drivers into memory. You can use it to configure the
location and behavior of your DAQ boards and SCXI modules.

System Folder:Extensions:NI-DMA/DSP—DBoth the GPIB and
DAQ drivers use this extension. It provides support for direct memory
access (DMA) transfer of data, which provides higher data transfer
rates. This extension also provides support for NI-DSP boards.

LabVIEW installs driver software for GPIB and data acquisition hardware.
For configuration information, see Chapter 2, Installing and Configuring
Your Data Acquisition Hardware, in the LabVIEW Data Acquisition Basics
Manual.

Organization of the LabVIEW System (UNIX)

After you have completed the installation, as described in the LabVIEW
Release Notes that come with your software, your LabVIEW directory
should contain the following files.

© National Instruments Corporation

labview—This is the LabVIEW program. Launch this program to
start LabVIEW.

vi.lib directory—Contains libraries of VIs that are included with
LabVIEW, including GPIB, analysis, and data acquisition (DAQ) VIs.
Most of these are available from the Functions palette.

examples directory—Contains numerous subdirectories of examples.
This directory also contains a VI called readme . vi that serves as a
guide to the examples.

serpdrv—This file serves as part of LabVIEW's interface to
serial port communication. This file must be in the same directory
asvi.lib.
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resource directory

— labview.rsc, lvstring.rsc, and 1vicon.rsc—Data files

used by the LabVIEW application

— 1lvjpeg.lib and lvpng.lib—These files provide support to
display JPEG and PNG graphics in HTML files when you print VI
documentation to an HTML file.

cintools directory—Contains files necessary to build Code
Interface Nodes (CINs), which are a means to link C code to
LabVIEW VIs.

visarc file—Serves as part of LabVIEW’s interface to VISA,
Virtual Instrument Software Architecture. VISA provides a single
interface library for controlling VXI, GPIB, and Serial instruments.

Project directory—Contains the files which become items in the
LabVIEW Project menu.

menus directory—Contains files used to configure the structure of the
Controls and Functions palettes.

instr.lib directory—Contains instrument drivers used to control
VXI, GPIB, and Serial instruments. When you install National
Instruments instrument drivers, place them in this directory because
they will be added to the Functions palette.

help directory—Contains complete online documentation as well as
the Search Examples help file, which aids in locating examples
common to your application.

activity directory—Is a location where you can save the VIs you
create while completing the activities in this manual.

user.lib directory—Is a location where you can save commonly
used VIs that you have created. The VIs in this directory will be
displayed in the Functions palette.

Wizard directory—This directory creates the Solution Wizard
option in the File menu. You can use this directory to add items to
the File menu.

acrobat directory—Contains online documentation in Acrobat
(.pdf) format.

acroread directory—Contains Adobe Acrobat reader files.
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Toolkit Support

Files that are installed in vi . 1ib\addons automatically show up at the top
level of the Controls and Functions palettes. This feature can be used by
new toolkits to make them more accessible after installation. If you already
have toolkits that installed files elsewhere, you can move them to the
addons directory for easier access. If you want to add your own VIs to the
palettes, we recommend placing them in user.lib or adding them to a
custom palette set.

Where Should | Start?

This manual provides basic information on how to build an application
in LabVIEW. To become familiar with the LabVIEW environment,

go through the LabVIEW Online Tutorial (Windows only), the

LabVIEW QuickStart Guide, and Part 1, Introduction to G Programming
in this manual.

Most LabVIEW applications are divided into the following tasks:

I/0 interface to sensors or instruments, data display on the front panel, data
analysis, data storage, and data transfer across a network. To learn more
about each of these tasks, refer to Part I, I/O Interfaces, Part 111, Analysis,
and Part IV, Network and Interapplication Communication. For advanced
G programming techniques, refer to Part V, Advanced G Programming,
in this manual.

To generate or find examples similar to your application, refer to the
Solution Wizard (Windows and PCI Macintosh only) or Search Examples
online help file (Windows only), which you can access from the LabVIEW
startup dialog.

For information on individual functions and VIs, refer to the LabVIEW
Function and VI Reference Manual and online help.
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Introduction to G Programming

Note

This section contains basic information about creating virtual instruments
(VIs), using VIs in other VIs, programming structures such as loops, and
data structures such as arrays and strings.

Part I, Introduction to G Programming, contains the following chapters.

Chapter 2, Creating VIs, explains how to create a VI including the
front panel, which is the user interface, and the block diagram, which
is the source code. Once you create a VI, you can use it in other VIs.

Chapter 3, Loops and Charts, shows you how to repeat portions of the
block diagram using a While Loop and a For Loop. This chapter also
explains how to display multiple points graphically, one at a time, on
a chart.

Chapter 4, Case and Sequence Structures and the Formula Node,
explains how to use the Case structure, which is a conditional structure,
the Sequence structure, which aids in establishing execution order, and
the Formula Node, which aids in executing mathematical formulas.

Chapter 5, Arrays, Clusters, and Graphs, shows how to display a
group or array of data points on a graph. You can pass scale parameters
as well as an array of data points to a graph by creating a cluster, which
is a group of different data types.

Chapter 6, Strings and File I/0, explains how to manipulate strings
and write those strings to an ASCII file.

(Windows 3.1) You must save the VIs you create in Part I in VI libraries.

VI libraries allow you to use file names that are longer than 8 characters.
Also, the VIs needed for the activities in Part I are located in the VI library
LabVIEW\Activity\Activity.1l1lb. Refer to the Saving Vls section in
Chapter 2, Editing VIs, of the G Programming Reference Manual for more
information on VI Libraries.



Creating Vls

This chapter introduces the basic concepts of virtual instruments and
provides activities that explain the following:

e How to create the icon and connector

e Howtousea VIasasubVI

What is a Virtual Instrument?

A virtual instrument (VI) is a program in the graphical programming
language G. Virtual instrument front panels often have a user interface
similar to physical instruments. G also has built-in functions that are similar
to VIs, but do not have front panels or block diagrams as VIs do. Function
icons always have a yellow background.

How Do You Build a VI?

VI Hierarchy

One of the keys to creating LabVIEW applications is understanding and
using the hierarchical nature of the VI. After you create a VI, you can use
it as a subVI in the block diagram of a higher-level VI.

When you create an application, you start at the top-level VI and define the
inputs and outputs for the application. Then, you construct subVIs to
perform the necessary operations on the data as it flows through the block
diagram. If a block diagram has a large number of icons, 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.

As with other applications, you can save your VI to a file in a regular
directory. With G, you also can save multiple VIs in a single file called a
VI library.
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If you are using Windows 3.1, you should save your VIs into VI libraries
because you can use long file names (up to 255 characters) with mixed
cases.

You should not use VI libraries unless you need to transfer your VIs to
Windows 3.1. Saving VIs as individual files is more effective than using
VI libraries because you can copy, rename, and delete files more easily than
if you are using a VI library. For a list of the advantages and disadvantages
of using VI libraries and individual files, see the section Saving VIs in
Chapter 2, Editing Vls, of the G Programming Reference Manual.

VI libraries have the same load, save, and open capabilities as other
directories. VI libraries, however, are not hierarchical. That is, you cannot
create a VI library inside of another VI library. You cannot create a new
directory inside a VI library, either. There is no way to list the VIs in a
VI library outside the LabVIEW environment.

After you create a VI library, it appears in the LabVIEW file dialog box as
a folder with VI on the folder icon. Regular directories appear as a folder
without the VI label.

Even though you might not save your own VIs in VI libraries, you should
be familiar with how they work. In the various activities in this manual, you
will save your VIs in the LabVIEW\Activity directory. Solutions to these
activities are provided in the LabVIEW\Activity\Solution directory.

Controls, Constants, and Indicators

LabVIEW User Manual

A control is an object you place on your front panel for entering data into a
Vlinteractively or into a subVI programmatically. An indicator is an object
you place on your front panel for displaying output. Controls and indicators
in G are similar to input and output parameters, respectively, in traditional
programming languages. An alternative to placing controls and indicators
on the front panel and then wiring them to functions or VIs on the block
diagram, is to create controls or indicators directly from the block diagram.
To do this, pop up on the input terminal of a function or VI on the block
diagram and select Create Control. This creates a control of the correct
data type and wires it to the terminal.
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[Device]

[

Show [
Data Operations ]
Replace ]

Temé
Representation » F

Format & Precision...
Create Constant

1]

Create Control
Create Indicator

You can create an indicator and wire it to an output terminal by popping up
on the terminal and selecting Create Indicator. As an alternative to placing
constants on the block diagram and wiring them to functions and VIs, you
can pop up on a function or VI terminal and select Create Constant. You
cannot delete a control or indicator from the block diagram. As with all
front panel objects, you must go to the front panel, select the Positioning
tool, and then delete the object.

Each time you create a new control or indicator on the front panel,
LabVIEW creates the corresponding terminal in the block diagram.

The terminal symbols suggest the data type of the control or indicator.
For example, a DBL terminal represents a double-precision, floating-point
number; a TF terminal is a Boolean; an 116 terminal represents a regular,
16-bit integer; and an ABC terminal represents a string. For more
information about data types in G, and their graphical representations,
see the G Programming Quick Reference Card.

Terminals are regions on a VI or function through which data passes.
Terminals are analogous to parameters in text-based programming
languages. It is important that you wire the correct terminals of a function
or VI. You can view the icon connector to make correct wiring easier.

To do this, pop up on the function or VI and choose Show»Terminals.
To return to the icon, pop up on the function or VI and select
Show»Terminals again.
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Wires

Hot Spot -‘f%
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A wire is a data path between nodes. Wires are colored according to the
kind of data each wire carries. Blue wires carry integers, orange wires carry
floating-point numbers, green wires carry Booleans, and pink wires carry
strings. For more information about wire styles and colors, see the

G Programming Quick Reference Card.

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. The hot spot of the
Wiring tool is the tip of the unwound wiring segment.

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 the mouse button.

When the Wiring tool is over a terminal, the terminal area blinks, to indicate
that clicking connects the wire to that terminal. Do not hold down the
mouse button while moving the Wiring tool from one terminal to another.
You can bend a wire once by moving the mouse perpendicular to the current
direction. To create more bends in the wire, click the mouse button.

To change the direction of the wire, press the spacebar. Click with the
mouse button, to tack the wire down and move the mouse perpendicularly.

Temp

Temp

[

Tip Strips

When you move the Wiring tool over the terminal of a node, a tip strip for
that terminal pops up. Tip strips consist of small, yellow text banners that
display the name of each terminal. These tip strips should help you to wire
the terminals. The following illustration displays the tip strip that appears
when you place the Wiring tool over an output of the Simple Error
Handler VI.
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i~ <¢—— Wiring Tool

<——Tip Strip

Note When you place the Wiring tool over a node, G displays wire stubs that indicate
each input and output. The wire stub has a dot at its end if it is an input to the node.

Wire Stretching

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

Temperature @
Temperature @

Temperature @

L]

=

)

Selecting and Deleting Wires

You might wire nodes incorrectly. If you do, select the wire you want to
delete and then press <Delete>. A wire segment is a single horizontal or
vertical piece of wire. The point where three or four wire segments join is
called a junction. 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. Double-clicking selects
a branch, and triple-clicking selects the entire wire.
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Segment

/\ e e e
(EER mop S S

7Segmem EE E;___ E?éﬂﬂ
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Bend . )
en Selects a Segment Selects a Branch Selects an Entire Wire

Bad Wires

[---] A dashed wire represents a bad wire. You can get a bad wire for a number
of reasons, such as connecting two controls, or connecting a source
terminal to a destination terminal when the data types do not match (for
instance, 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 Wires or <Ctrl-B> deletes all bad wires in the block
diagram. This is a useful quick fix to try if your VI refuses to run or returns
the Signal has Loose Ends error message.

Note Do not confuse a black, dashed wire with a dotted wire. A dotted wire represents a
Boolean data type, as the following illustration shows.

Dashed Wire (bad)

Murnber 1 tatch

Dotted Wire (good)
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) Activity 2-1. Create a VI

Your objective is to build a VI.

|\g@

Imagine that you have sensors that read temperature and volume readings
as voltage. You will use a VI in the LabVIEW\Activity directory to
simulate the temperature and volume measurements in volts. You will write
a VI to scale these measurements to degrees fahrenheit and liters,
respectively.

1. Open a new front panel by selecting File»New. If you have closed all
Vs, select New VI from the LabVIEW dialog box.

Note If the Controls palette is not visible, select Windows»Show Controls Palette 7o
display the palette. You also can access the Controls palette by popping up in an
open area of the front panel. To pop up, right-click on your mouse (<Option>-click
Jor Macintosh).

2. Select Tank from Controls»Numeric, and place it on the front panel.

3. Type volume in the label text box and click anywhere on the front
panel.

Note If you click outside the text box without entering text, the label disappears.
To show the label again, pop up on the control and select Show»Label.

4. Rescale the tank indicator to display the tank volume between 0.0

and 1000.0.
a. Using the Labeling tool, double-click on 10. 0 on the tank scale to
highlight it.

b. Type 1000 in the scale and click the mouse button anywhere on
the front panel. The intermediary increments are scaled
automatically.

5. Place a thermometer from Controls»Numeric on the front panel.
Label it Temp and rescale it to be between 0 and 100.
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6. Your front panel should look like the following illustration.

1000.0- ;;E';% 100.0- ,TB:%
750.0- 75.0-
500.0- 50.0-
250.0- 5.0-
0.0- EI.EI—.

7. Open the block diagram by choosing Windows»Show Diagram.
Select the objects listed below from the Functions palette and place
them on the block diagram.

Note If the Functions palette is not visible, select Windows»Show Functions Palette to
display the palette. You also can access the Functions palette by popping up in an

open area of the block diagram.

8. Place each of the following objects on the block diagram.

Process Monitor (Functions»Select a VI from the LabVIEW\Activity
directory)—Simulates reading a temperature voltage and volume value
from a sensor or transducer.

=[]

Eﬁﬂ Random Number Generator (Functions»Numeric)—Generates a number
between 0 and 1.

I}>, Multiply function (Functions»Numeric)—Multiplies two numbers and
returns their product. In this activity, you need two of these. Drop one from
the palette and copy and paste to create the other.

L=l
L]

Numeric Constant (Functions»Numeric)—You need two of these.
Drop one from the palette. Using the labeling tool, change its value to
10.00. Copy and paste it.

Note Another way to create a constant is to pop up on the terminal of a function or VI
using the Wiring tool. Select Create Constant from the floating menu. A constant
of the appropriate data type appears.
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9. To view the inputs and outputs of a function or a VI, select Show Help
from the Help menu and then drag the cursor over each function and
VI. The Help window for the Process Monitor VI is shown below.

Proc Preszsure

P
Index " % — Temperature
— Yalume

Process Monitor_vi

10. Using the Wiring tool, wire the objects as shown.
e Process Monitor vi
Proc | P Tem
i
HMaon [\

olurne|

[

10.00
Note To move objects around on the block diagram, click on the Positioning tool in the

Tools palette.

11. Select File»Save and save the VI as Temp & Vol.vi inthe
LabVIEW\Activity directory.

12. From the front panel, run the VI by clicking on the Run button. Notice
values for Volume and Temperature are displayed on the front panel.

13. Close the VI by selecting File»Close.

@ End of Activity 2-1.
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VI Documentation

You can document a VI by choosing Windows»Show VI Info.... Type the
description of the VI in the VI Information dialog box. Then, you can recall
the description by selecting Windows»Show VI Info... again.

You can edit the descriptions of objects on the front panel (or their
respective terminals on the block diagram) by popping up on the object and
choosing Data Operations»Description....

Note You cannot change the description of a VI or its front panel objects while the VI
is running.

The following illustration is an example pop-up menu that appears while
you are running a VI. You cannot add to or change the description while
running the VI, but you can view any previously entered information.

1000,0- Yolume
7h0.0-
Reinitialize to Drefault
Bon.0- [Euf [ata
260.0- Copy Data
Baste Data
n.o-

[Hrline Helm

You also can view the description of a front panel object by showing the
Help window (Help»Show Help) and moving the cursor over the object.

N

[ Activity 2-2. Document a Vi

—/

%

Your objective is to document a VI that you have created.

1. Openthe Temp & Vol.vi created in Activity 2-1 from the
LabVIEW\Activity directory.

2. Select Windows»Show VI Info.... Type the description for the VI, as
shown in the following illustration, and click on OK.
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¥ Information E

Memie: T &Yes Locking and Password Status:

Path: CALabVIEWNActivinhTemp & Val vi & Unlocked [no passward)

£ Locked [ho password)
Explain... |

Current Revizion: 13

£ Password-protected

Drescription:

This %I simulates reading a temperature sensor and level ransducer | -

~Memory Usage:

Resources: 184K Frant Panel: 3.0k
Block Diagram: 5.0k
Code: 41K
Data: 1.8K
Total: ~13.9K

ak. | Cancel |

3. Pop up on the tank and choose Data Operations»Description....
Type the description for the indicator, as shown in the following
illustration, and click OK.

Description
Walume Description
Dizplays simulated volume in livers) ;I
[
OF. Cancel
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4. Pop up on the thermometer and choose Data Operations»
Description.... Type in the description: Displays simulated
temperature (deg F) measurement. Click on OK.

5. Select Show Help from the Help menu. Place the cursor on Volume
and then on Temp. You can see the descriptions you typed in appear
in the help window.

Save and close the VI.

@ End of Actlwty 2-2.

What is a SubVI?

Hierarchy Window

LabVIEW User Manual

A subVI is much like a subroutine in text-based programming languages.
It is a VI that is used in the block diagram of another VI.

You can use any VI that has an icon and a connector as a subVI in
another VI. In the block diagram, you select VIs to use as subVIs from
Functions»Select a VI.... Choosing this option produces a file dialog box,
from which you can select any VI in the system. If you open a VI that does
not have an icon and a connector, a blank, square box appears in the calling
VI's block diagram. You cannot wire to this node. For more information
about icons and connectors, see the LabVIEW Online Tutorial, which you
can access from the startup dialog box.

A subVlI is analogous to a subroutine. A subVI node is analogous to a

subroutine call. The subVI node is not the subVTI itself, just as a subroutine
call statement in a program is not the subroutine itself. A block diagram that
contains several identical subVI nodes calls the same subVI several times.

The Hierarchy window displays a graphical representation of the calling
hierarchy for all VIs in memory, including type definitions and global
variables. You use the Hierarchy window (Project»Show VI Hierarchy)
to display the dependencies of VIs by providing information on VI callers
and subVIs. This window contains a toolbar that you can use to configure
several types of settings for displayed items. The following illustration
shows an example of the VI hierarchy toolbar.
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[ E & =eE

You can use buttons on the Hierarchy window toolbar or the View menu,
or pop up on an empty space in the window to access the following
options. For more information about the Hierarchy window see the
Using the Hierarchy Window section in Chapter 3, Using SubVls, of the
G Programming Reference Manual.

Redraw—Rearranges nodes after successive operations on hierarchy nodes
if you need to minimize line crossings and maximize symmetric aesthetics.
If a focus node exists, you then scroll through the window so that the first
root that shows subVls is visible.

i

Switch to vertical layout—Arranges the nodes from top-to-bottom, placing
roots at the top.

[&]

Switch to horizontal layout—Arranges the nodes from left-to-right, placing
roots on the left side.

2]

Include/Exclude VIs—Toggles the hierarchy graph to include VI libraries,
or exclude VIs in VI libraries.

ﬂl

Include/Exclude global—Toggles the hierarchy graph to include or exclude
global variables. Global variables store data used by several VIs.

2]

Include/Exclude typedefs—Toggles the hierarchy graph to include or
exclude typedefs. A typedefis a master copy of a custom control, which can
be used by several VIs.

Ex

In addition, the View menu and pop-up menus include Show all VIs and
Full VI Path in Label options that you cannot access on the toolbar.

As you move the Operating tool over objects in the Hierarchy window,
LabVIEW displays the name of the VI below the VI icon.

Ed

Use the <Tab> key to toggle between the Positioning and Scroll window
tools. This feature is useful for moving nodes from the Hierarchy window
to the block diagram.

You can drag a VI or subVI node to the block diagram or copy it to the

clipboard by clicking on the node. <Shift>-click on a VI or subVIs node to
select multiple objects for copying to other block diagrams or front panels.
Double-clicking on a VI or subVI node opens the front panel of that node.
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Any VIs that contain subVIs have an arrow button next to the VI that you
can use to show or hide subVlIs. Clicking on the red arrow button or
double-clicking on the VI itself displays the subVIs in that VI. A black
arrow button on a VI node means that all subVIs are displayed. You also
can pop up on a VI or subVI node to access a menu with options, such as
showing or hiding subVIs, opening the VI or subVI front panel, editing the
Vlicon, and so on.

Search Hierarchy

You also can search currently visible nodes in the Hierarchy window by
name. You initiate the search by typing in the name of the node, anywhere
on the window. As you type in the text, a search string appears, which
displays the text as you type it in and concurrently searches through the
hierarchy. The following illustration shows the search hierarchy.

Search: [Demo

E=H s, JEPLEY
% lTernp RERD
WOLTE

B Fead Yolkage.vi

After finding the correct node, you can press <Enter> to search for the next
node that matches the search string, or you can press <Shift-Enter> to find
the previous node that matches the search string.

Icon and Connector

LabVIEW User Manual

Every VI has a default icon displayed in the upper-right corner of the Front
Panel and Diagram windows. For Vs, the default is the LabVIEW VI icon
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 window and select
Edit Icon.

The following illustration shows the Icon Editor Window. You use the tools

at left to create the icon design in the pixel editing area. An image of the
actual icon size appears in one of the boxes to the right of the editing area.
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Icon Editor E
Fil= Edit Help
B & Ciopy fran
<

T
[~ Show Teminals

16 Colors

25E Colors 0K |

Cancel |

The tools to the left of the editing area perform the following functions:
Pencil tool—Draws and erases pixel by pixel.

Line tool—Draws straight lines. Press <Shift> and then drag this tool to
draw horizontal, vertical, and diagonal lines.

(/][]

Color Copy tool—Copies the foreground color from an element in the icon.
Fill bucket tool—Fills an outlined area with the foreground color.

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

=

Filled rectangle tool—Draws a rectangle bordered with the foreground
color and filled with the background color. Double-click to frame the icon
in the foreground color and fill it with the background color.

= Select tool—Selects an area of the icon for moving, cloning, or other
changes.

Text tool—Enters text into the icon design.

Foreground/Background—Displays the current foreground and
background colors. Click on each to get a color palette from which you can
choose new colors.
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The buttons at the right of the editing screen perform the following
functions:

*  Undo—Cancels the last operation you performed.
e OK—Saves your drawing as the VI icon and returns to the front panel.

e Cancel—Returns to the front panel without saving any changes.

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 defaults to Black & White, but you
can click on one of the other color options to switch modes.

Note If you design a color icon only, the icon does not show up in a subpalette of the
Functions palette if you place the VI in the * . 1ib directory, nor will the icon be
printed or displayed on a black and white monitor.

LabVIEW User Manual

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.

To define a connector, select Show Connector from the icon pane pop-up
menu on the Panel window.

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

Each rectangle on the connector represents a terminal area, and you can use
the rectangles either for input or output from the VI. If necessary, you can
select a different terminal pattern for your VI. To do this, pop up on the
icon, select Show Connector, pop up again, and select Patterns.
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7 Activity 2-3. Create an Icon and Gonnector

Your objective is to make an icon and connector for a VI.

@@

To use a VI as a subVI, you must create an icon to represent it on the block
diagram of another VI, and a connector pane to which you can connect
inputs and outputs. LabVIEW provides several tools with which you can
create or edit an icon for your VlIs.

The icon of a VI represents it as a subVI in the block diagram of other VIs.
It can be a pictorial representation of the purpose of the VI, or a textual
description of the VI.

1. Open Temp & Vol.vi inthe LabVIEW\Activity directory.

2.  From the front panel, pop up on the icon in the top right corner and
select Edit Icon.... You also can double click on the icon to invoke the
icon editor.

Note You only can access the icon/connector for a VI from the front panel.

3. Erase the default icon. With the Select tool, which appears as a dotted
rectangle, click and drag over the section you want to delete, and press
the <Delete> key. You also can double click on the shaded rectangle in
the tool box to erase the icon.

4. Draw a thermometer with the Pencil tool.

5. Create the text with the Text tool. To change the font, double-click on
the Text tool. Your icon should look similar to the following
illustration.

Icon Editor E

B & Coapy fran

TEMF | L&

16 Colors : :

III E L [~ Show Teminals
Unda |

i 286 Colors 0K |

Cancel |

LB
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6. Close the Icon Editor by clicking on OK. The new icon appears in the
icon pane.

7. Define the connector terminal pattern by popping up in the icon pane
on the front panel and choosing Show Connector. By default,
LabVIEW selects a terminal pattern based on the number of controls
and indicators on the front panel. Because there are two objects on
the front panel, the connector has two terminals, as shown at left.

8. Pop up on the connector pane and select Rotate 90 Degrees.
Notice how the connector pane changes, as shown at left.

9. Assign the terminals to Temp and Volume.

a. Click on the top terminal in the connector. The cursor
automatically changes to the Wiring tool, and the terminal
turns black.

b. Click on the Temp indicator. A moving dashed line frames the
indicator, as shown in the following illustration. The selected
terminal changes to a color consistent with the datatype of the
control/indicator selected.

ragsoTr Jemel
imnn B
| 750~

i B0.0-

| 25.0-

1

T

If you click in an open area on the front panel, the dashed line disappears
and the selected terminal appears dimmed, indicating that you have
assigned the indicator to that terminal. If the terminal is white, you have not
made the connection correctly.

c. Repeat steps a and b to associate the bottom terminal with the
Volume indicator.

d. Pop up on the connector and select Show Icon....
10. Save the VI by choosing File»Save.
Now, this VIis complete and ready for use as a subVIin other VIs. The icon

represents the VI in the block diagram of the calling VI. The connector
(with two terminals) outputs the temperature and volume.
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Note The connector specifies the inputs and outputs of a VI when you use it as a subV1.
Remember that front panel controls can be used as inputs only; front panel
indicators can be used as outputs only.

11. Close the VI by choosing File»Close.

@ End of Activity 2-3.

Opening, Operating, and Changing SubVls

You can open a VI used as a subVI from the block diagram of the calling
VI by double-clicking on the subVIicon or by selecting Project»This VI’s
SubVlIs. You will see a palette containing all the subVIs of the calling VI.
Select the subVI you want to open.

Any changes you make to a subVTI alter only the version in memory until
you save the subVI. The changes affect all instances of the subVI and not
just the node you used to edit the VI.

N
0

Activity 2-4. Call a SubVI

Your objective is to build a VI that uses the Temp & Vol.vi as a subVI

E

The Temp & Vol VI you built in Activity 2-1 returns a temperature and
volume. You will take a volume reading and convert the value to gallons
when a switch is pressed.

Front Panel

Open a new front panel by selecting File»New.

2. Select a Horizontal Switch from the Controls»Boolean palette and
label it volume. Place free labels on the front panel to indicate Liters
and Gallons by using the Labeling tool.

3. Select ameter from Controls»Numeric and place it on the front panel.
Label it Tank Volume.
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Block Diagram

b

LabVIEW User Manual

Tank Volurme
Volume 400.0 500.0
. 200.0 : = 8000
Liters |:|:. Gallons
1000.0
0o
hY
968,29

4. Change the range of the meter to accommodate values ranging
between 0.0 and 1000.0. With the Operating tool, double-click on the
high limit and change it from 10.0 to 1000.0. Switch to the positioning
tool and resize the meter by dragging out one of the corners and
expanding the control.

Go to the block diagram by selecting Windows»Show Diagram.

6. Popup in a free area of the block diagram and choose
Functions»Select a VI.... A dialog box appears. Select
Temp & Vol.vi inthe LabVIEW\Activity directory. Click on
Open in the dialog box. LabVIEW places the Temp & Vol VI on the
block diagram.

7. Add the other objects to the block diagram as shown in the following

illustration.
Ternp & Wolvi
ﬂ'-fél; Dividd

Select T ahk Wolume

3785

Numeric Constant (Functions»Numeric)—Add a numeric constant to the
block diagram. Assign the value 3.785 to the constant by using the
Labeling tool. This is the conversion factor for switching from liters to
gallons.

Select Function (Function»Comparison)—Returns the value wired to the
TRUE or FALSE input, depending on the Boolean input.
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|> Divide function (Functions»Numeric)—Divides the value in liters by
3.785 to convert it to gallons.

8. Wire the diagram objects as shown.

| |:[} 9. Return to the front panel and click on the Run button in the toolbar.
| The meter shows the value in liters.

10. Click on the switch to select Gallons and click on the Run button.
The meter shows the value in gallons.

11. Save the VI as Using Temp & Vol.vi inthe LabVIEW\Activity
directory.

@ End of Activity 2-4.

How Do You Debug a VI?

A VI cannot compile or run if it is broken. Normally, the VI is broken while
you are creating or editing it, until you wire all the icons in the diagram. If it
still is broken when you finish, try selecting Remove Bad Wires from the
Edit menu. Often, this fixes a broken VI.

When your VI is not executable, a broken arrow appears instead of the Run
button. To list the errors, click on the broken Run button. Click on one of
the errors listed and then click on Find to highlight the object or terminal
that reported the error.

You can animate the VI block diagram execution by clicking on the
Highlight Execution button. Execution highlighting is commonly used
with single-step mode to trace the data flow in a block diagram.

For debugging purposes, you might 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 Step Over button. This action then causes
the first node to blink, denoting that it is ready to execute. Then you 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 button to execute the node but not single-step through 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 nodes execute. To single step through a structure or subVl,
select the Step Into button.
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Click on the Step Out button to finish execution of the block diagram nodes
and/or complete single stepping. For more information about debugging,
see Chapter 4, Executing and Debugging VIs and SubVls, in the

G Programming Reference Manual.

N

[ Activity 2-5. Debug a Vi in LabVIEW

_/

%

Your objective is to use the probe tool and the probe window and to
examine data flow in the block diagram using the execution highlighting
feature.

1. OpenUsing Temp & Vol.vi from the LabVIEW\Activity
directory.

2. Select Windows»Show Diagram.
If the Tools palette is not open, select Windows»Show Tools Palette.

4. Select the Probe tool from the Tools palette. Click with the Probe tool
on the wire coming out of the Divide function. A Probe window pops
up with the title Probe 1 and a yellow glyph with the number of the
probe, as shown in the following illustration. The Probe window
remains open, even if you switch to the front panel.

TEMF
yoL

Probe [1]

5. Return to the front panel. Move the Probe window so you can
view both the probe and volume values as shown in the following
illustration. Run the VI. The volume in gallons appears in the
Probe window while Tank Volume displays the value in liters.

Tank Wolurme

Yalurne

400.0 000
Liters |:|:. Gallons 2l BDD.D1 o
0o :

Probe [1] E3 T

Prabe [1] I—?SD Ea
| 2.0890E+2 :
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Note The volume values that appear on your screen may be different than what is
shown in this illustration. Refer to the Numeric Conversion section in Chapter 3,
Loops and Charts, for more information.

6.

Close the Probe window by clicking in the close box at the top of the
Probe window title bar.

Another useful debugging technique is to examine the flow of data in the
block diagram using the execution highlighting feature.

7.

[ & 8.

Return to the block diagram of the VI.

Begin execution highlighting by clicking on the Highlight Execution
button, in the toolbar. The Highlight Execution button changes to an
illuminated light bulb.

Click on the Run button to run the VI, and notice that execution
highlighting animates the VI block diagram execution. Moving
bubbles represent the flow of data through the VI. Also notice that data
values appear on the wires and display the values contained in the
wires at that time, as shown in the following block diagram, just as if
you had probed the wire.

T ahk Wolurne

You also can use the single stepping buttons if you want to walk through
the graphical code, one step at a time.

El 10.
IEI 11.
=

EI 12.

Begin single-stepping by clicking on the Step Over button, in the
toolbar.

Step into the Temp & Vol subVI by clicking on the Step Into button,
in the toolbar. Clicking on this button opens the front panel and block
diagram of your Temp & Vol subVI. Click on the Step Over button
until the VI finishes executing.

Finish executing the block diagram by clicking on the Step Out button,
in the toolbar. Clicking on this button completes all remaining
sequences in the block diagram.

@ End of Activity 2-5.
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Loops and Charts

This chapter introduces structures and explains the basic concepts of charts,
the While Loop, and the For Loop. This chapter also provides activities that
illustrate how to accomplish the following:

e Learn about different chart modes

*  Use a While Loop and a chart

*  Change the mechanical action of a Boolean switch
*  Control loop timing

*  Use a shift register

¢ Create a multiplot chart

*  Use a For Loop

What is a Structure?

A structure is a program control element. Structures control the flow of
data in a VI. G has five structures: the While Loop, the For Loop, the Case
structure, the Sequence structure, and the Formula Node. This chapter
introduces the While Loop and For Loop structures along with the chart and
the shift register. The Case structure, Sequence structure, and Formula
Node are explained in Chapter 4, Case and Sequence Structures and the
Formula Node.

While and For Loops are basic structures for programming with G, so you
can find them in most of the G examples as well as the activities in this
manual. You also can find more information on loops in Chapter 19,
Structures, in the G Programming Reference Manual.

For examples of structures, see Examples\General\structs.1lb.
For examples of charts, see Examples\General\Graphs\charts.1llb.
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Charts

Chart Modes

LabVIEW User Manual

A chart is a numeric plotting indicator which is updated with new data
periodically. You can find two types of charts in the Controls»Graph
palette: waveform chart and intensity chart. You can customize charts to
match your data display requirements or to display more information.
Features available for charts include: a scrollbar, a legend, a palette, a
digital display, and representation of scales with respect to time. For more
information about charts, see Chapter 15, Graph and Chart Controls and
Indicators, in your G Programming Reference Manual.

The following illustration shows the three chart display options available
from the Data Operations»Update Mode submenu—Strip chart,
Scope chart, and Sweep chart. The default mode is strip chart.

Strip Chart
10.0-
s.0-

6.0-

VA VAVEAN

2.0-

0.0-
49 149

[Scope Char]
10.0-
£.0-
6.0-
40_\/_\_/
2.0-

0.0-
100 200

Sweep Chart
100
20—
&.0-
MNAVAVEaVE
2.0+

on-
100 200
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Faster Chart Updates

You can pass an array of multiple values to the chart. The chart treats these
inputs as new data for a single plot. Refer to the charts.vi example
located in Examples\General\Graphs\charts.1llb.

Overlaid Versus Stacked Plots

You can display multiple plots on a chart using a single vertical scale,
called overlaid plots, or using multiple vertical scales, called stacked plots.
Refer to the charts.vi example located in Examples\General)\
Graphs\charts.1llb.

d

:E, Activity 3-1. Experiment with Chart Modes

Your objective is to view a chart as your VI runs in strip chart mode, scope
chart mode, and sweep chart mode.

1. Open Charts.vi, located in the following directory:
LabVIEW\Examples\General\Graphs\charts.1l1lb.

2.  Run the VI.

The strip chart mode has a scaling display similar to a paper tape strip chart
recorder. As each new value is received, it is plotted at the right margin and
old values shift to the left.

The scope chart mode has a retracing display similar to an oscilloscope.
As the VI receives each new value, it plots the value to the right of the last
value. When the plot reaches the right border of the plotting area, the VI
erases the plot and begins plotting again from the left border. The scope
chart is significantly faster than the strip chart because it is free of the
processing overhead involved in scrolling.

The sweep chart mode acts much like the scope chart, but it does not go
blank when the data hits the right border. Instead, a moving vertical line
marks the beginning of new data and moves across the display as the VI
adds new data.

3. With the VI still running, pop up on any chart, and select Update
Mode, and change the current mode to that of another chart. Notice the
difference between the various charts and modes.

Stop and close the VI.
A% End of Actnnty 3-1.
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While Loops

A While Loop is a structure that repeats a section of code until a condition
is met. It is comparable to a Do Loop or a Repeat-Until Loop in traditional
programming language.

The While Loop, shown in the following illustration, is a resizable box you
use to execute the diagram inside it until the Boolean value passed to the
conditional terminal (an input terminal) is FALSE. The VI checks the
conditional terminal at the end of each iteration; therefore, the While Loop
always executes at least once. The iteration terminal is an output numeric
terminal that outputs the number of times the loop has executed. However,
the iteration count always starts at zero, so if the loop runs once, the
iteration terminal outputs 0.

Iteration Conditional
Terminal Terminal

[ —[G

The While Loop is equivalent to the following pseudocode:
Do

Execute Diagram Inside the Loop (which sets the
condition)

While Condition is TRUE
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) Activity 3-2.  Use a While Loop and a Chart

Your objective is to use a While Loop and a chart for acquiring and

displaying data in real time.

You will build a VI that generates random data and displays it on a chart.
A knob control on the front panel adjusts the loop rate between 0 and 2
seconds and a switch stops the VI. You will change the mechanical action
of the switch so you do not have to turn on the switch each time you run
the VI. Use the front panel in the following illustration to get started.

Front Panel

G

Laop Delay (sec)
OM  #free label# I
OFF Transparent Color *knob#®
Crigital display
#yertical switch* hidden
Randorn Signal 052
1.0-
0.8-
06—
0.4-
0.2-
*wavefarm chart* oo-
Crigital displ h ’
igital display shown a s

Open a new front panel by selecting File»New.

Place a Vertical Switch (Controls»Boolean) on the front panel.
Label the switch Enable.

Use the Labeling tool to create free labels for oN and OFF. Select the
Labeling tool, and type in the label text. With the Color tool, shown at
left, make the border of the free label transparent by selecting the T
in the bottom left corner of the Color palette.

Place a waveform chart (Controls»Graph) on the front panel.
Label the chart Random Signal. The chart displays random data
in real time.

Note Make sure that you select a waveform chart and not a waveform graph. In the
Graph palette, the waveform chart appears closest to the left side.

© National Instruments Corporation
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5. Pop up on the chart and choose Show»Palette, and Show»Legend to
hide the palette and legend. The digital display shows the latest value.
Then pop up on the chart and choose Show»Digital Display and
Show»Scroll Bar.

Rescale the chart from 0.0 to 1. 0. Use the Labeling tool to replace the
high limit of 10.0 with 1.0.

-]

4 & 7. Place a knob (Controls»Numeric) on the front panel. Label the knob
Loop Delay (sec). This knob controls the timing of the While
Loop. Pop up on the knob and deselect Show»Digital Display to hide
the digital display.

8. Rescale the knob. Using the Labeling tool, double-click on 10. 0 in the
scale around the knob, and replace it with 2. 0.

Block Diagram

9. Open the block diagram and create the diagram in the following
illustration.

Fi andom Mumber [0-1 P —

i/ I

oo T it Ukl Mext mes Multiple]
‘

Enable

a. Place the While Loop in the block diagram by selecting it from
Functions»Structures. The While Loop is a resizable box that is
not dropped on the diagram immediately. Instead, you have the
chance to position and resize it. To do so, click in an area above
and to the left of all the terminals. Continue holding down the
mouse button and drag out a rectangle that encompasses the
terminals.
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Chapter 3 Loops and Charts

b. Select the Random Number (0-1) function from Functions»
Numeric.

c. Wire the diagram as shown in the Block Diagram, connecting the
Random Number (0—1) function to the Random Signal chart
terminal, and the Enable switch to the conditional terminal of the
While Loop. Leave the Loop Delay terminal unwired for now.

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

Save the VI as Random Signal.vi in the LabVIEW\Activity
directory.

Run the VI.

The While Loop is an indefinite looping structure. The diagram within it
executes as long as the specified condition is TRUE. In this example, as
long as the switch is on (TRUE), the diagram continues to generate random
numbers and display them on the chart.

13.

14.

15.

Stop the VI by clicking on the vertical switch. Turning the switch
off sends the value FALSE to the loop conditional terminal and stops
the loop.

Scroll through the chart. Click and hold down the mouse button on
either arrow in the scrollbar.

Clear the display buffer and reset the chart by popping up on the chart
and choosing Data Operations»Clear Chart.

Note The display buffer default size is 1,024 points. You can increase or decrease this
buffer size by popping up on the chart and choosing Chart History Length....
You only can use this feature when the VI is not running.

@ End of Activity 3-2.

© National Instruments Corporation
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Mechanical Action of Boolean Switches
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You might notice that each time you run the VI, you must turn on the
vertical switch and then click the Run button in the toolbar. With G, you
can modify the mechanical action of Boolean controls.

There are six possible choices for the mechanical action of a Boolean
control:

e Switch When Pressed
e Switch When Released
e Switch Until Released
e Latch When Pressed

e Latch When Released
e Latch Until Released

Below are figures depicting each of these boolean switches, as well as a
description of each of these mechanical actions.

Switch When Pressed action—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 Released action—Changes the control value only after you
release the mouse button, during a mouse click, within the graphical
boundary of the control. The action is not affected by how often the VI
reads the control. This action is similar to what happens when you click on
a check mark in a dialog box; it becomes highlighted but does not change
until you release the mouse button.

Switch Until Released action —Changes the control value when you click
on the control. It 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 doorbell, and is not affected by how often the VI reads the
control.

Latch When Pressed action—Changes the control value when you click on
the control. It retains the new value until the VI reads it once, at which point
the control reverts to its default value. (This action happens regardless of
whether 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.
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P Latch When Released action—Changes the control value only after you
. D—_u”— 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. As
with Switch When Released, this action is similar to the behavior of buttons
in a dialog box; clicking on this action highlights the button, and releasing
the mouse button latches a reading.

e Latch Until Released action —Changes the control value when you click
. DJ_,_L_t on the control. It retains the value until your VI reads the value once or until

you release the mouse button, depending on which one occurs last.

d

Activity 3-3.  Change the Mechanical Action
of a Boolean Switch

Your objective is to experiment with the different mechanical actions of
Boolean switches.

N\

1. Open the Random Signal.vi, as saved in Activity 3-2, from the
LabVIEW\Activity directory. The default value of the Enable
switch is FALSE.

2. Modify the vertical switch so it is used only to stop the VI. Change the
switch so that you do not need to turn on the switch each time you run
the VI.

Turn on the vertical switch with the Operating tool.

b. Pop up on the switch and choose Data Operations»Make
Current Value Default. This makes the ON position the default
value.

c. Pop up on the switch and choose Mechanical Action»Latch
When Pressed.

3. Run the VI. Click on the Enable switch to stop the acquisition.
The switch moves to the OFF position momentarily and is reset back
to the ON position.

4. Save the VL.
Note For your reference, LabVIEW contains an example that demonstrates these

behaviors, called Mechanical Action of Booleans.vi. Itis located in
Examples\General\Controls\booleans.1llb.

@ End of Activity 3-3.
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Timing

Loops and Charts

When you ran the VI in the previous activity, the While Loop executed as
quickly as possible. However, you can slow it down to iterate at certain
intervals with the functions in the Functions»Time & Dialog palette.

The timing functions express time in milliseconds (ms), however, your

operating system might not maintain this level of timing accuracy.

N

—/

(Windows 95/NT) The timer has a resolution of 1 ms. However, this is
hardware-dependent, so on slower systems, such as an 80386, you
might have lower resolution timing.

(Windows 3.1) The timer has a default resolution of 55 ms. You can
configure LabVIEW to have 1 ms resolution by selecting Edit»
Preferences..., selecting Performance and Disk from the Paths ring,
and unchecking the Use Default Timer checkbox. LabVIEW does not
use the 1 ms resolution by default because it places a greater load on
your operating system.

(Macintosh) For 68K systems without the QuickTime extension, the
timer has a resolution of 16 2/3 ms (1/60th of a second). If you have a
Power Macintosh or have QuickTime installed, timer resolution is

1 ms.

(UNIX) The timer has a resolution of 1 ms.

Activity 3-4. Control Loop Timing

Your objective is to control loop timing and ensure that no iteration is
shorter than the specified number of milliseconds.

1.

LabVIEW User Manual

Open Random Signal.vi, as modified and saved in Activity 3-3,
from the LabVIEW\Activity directory.

Modify the VI to generate a new random number at a time interval
specified by the knob, as shown in the following illustration.
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Randarn Signal

E. Wait Until Next ms Multiple function (Functions»Time & Dialog) —
e Multiply the knob terminal by 1,000 to convert the knob value in seconds
to milliseconds. Use this value as the input to the Wait Until Next ms
Multiple function.

|> Multiply function (Functions»Numeric)—The multiply function
multiplies the knob value by 1000 to convert seconds to milliseconds.

Numeric constant (Functions»Numeric)—The numeric constant holds the
constant by which you must multiply the knob value to get a quantity in
milliseconds. Thus, if the knob has a value of 1.0, the loop executes once
every 1000 milliseconds (once per second).

3. Run the VI. Rotate the knob to get different values for the loop delay.
Notice the effects of the loop delay on the update of the Random
Signal display.

4. Save the VI as Random Signal with Delay.vi in the
LabVIEW\Activity directory. Close the VI

@ End of Activity 3-4.
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Preventing Code Execution in the First lteration

The While Loop always executes at least once, because G performs the
loop test for continuation after the diagram executes. You can construct
a While Loop that pretests its conditional terminal by including a Case
structure inside the loop. Wire a Boolean input to the Case structure
selector terminal so the subdiagram for the FALSE condition executes if
the code in the While Loop should not execute. See Chapter 4, Case and
Sequence Structures and the Formula Node for more information about
using Case structures.

The subdiagram for the TRUE condition contains the work of the While
Loop. The test for continuation occurs outside the Case structure, and the
results are wired to the conditional terminal of the While Loop and the
selector terminal of the Case structure. In the following illustration, labels
represent the pretest condition.

A A[Truz

Fretest
Condition

Fretest |
Condition

This example has the same result as the following pseudocode:
While (pretest condition)
Do actual work of While Loop

Loop
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Shift Registers

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

Add Shift Register.

Online Help
Deszcription...

Shiow 3
Replace »

Remave while Loop

The shift register contains a pair of terminals directly opposite each other
on the vertical sides of the loop border. The right terminal stores the data
upon the completion of an iteration. That data shifts at the end of the
iteration and appears in the left terminal at the beginning of the next
iteration, as shown in the following illustration. 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 you wire
to the shift register.
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Before Loop Begins First lteration

Inital Inital
Value Value
—p

Subsequent lterations Last lteration

Previous
Value

Previous
Value

You can configure the shift register to remember values from several
previous iterations. This feature is useful for averaging data points.

You create additional terminals to access values from previous iterations
by popping up on the left or right terminal and choosing Add Element.
For example, if a shift register contains three elements in the left terminal,
you can access values from the last three iterations, as shown in the
following illustration.

Contains i-1 —p] Previous values Latest value —»|
Contains i-2 —p] are available at passes to the
Contains i-3—p»| the left terminal. right terminal.

Pop up on left
terminal to add
new elements or
use Positioning
tool to resize the
left terminal to
expose more
elements.

Pop up on border
for new shift register.
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) Activity 3-5.  Use a Shift Register

Your objective is to build a VI that displays a running average on a chart.

|\g@

Front Panel

1. Open a new front panel and create the objects as shown in the
following illustration.

R andom Flot
Enable 20-

Ok
OFF /5=

“Wertical Switch 1.0-
Default -> OM :
techanical Action

Latch 'when Preszed

PlotD |

05-
*wf aveformn Chart®

0.0-! Scrollbar showing
1]

* Free Label®
TN —

Tranzparent Labels
W %] $-241 )

2. Change the scale of the Waveform chart to range from 0.0 to 2. 0.

After adding the vertical switch, pop up on it and select Mechanical
Action»Latch When Pressed and set the ON state to be the default by
choosing Operate»Make Current Values Default.

Block Diagram

4. Build the block diagram shown in the following illustration.

R andorn Plot

Cormpound Arithmeticy

00
(N,
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Qi
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5. Add the While Loop (Functions»Structures) in the block diagram
and create the shift register.

a. Pop up on the left or right border of the While Loop and choose
Add Shift Register.

b. Add an extra element by popping up on the left terminal of the
shift register and choosing Add Element. Add a third element in
the same manner as the second.

Random Number (0-1) function (Functions»Numeric)—This function
generates random data ranging between 0 and 1.

Compound Arithmetic function (Functions»Numeric)—In this activity,
the compound arithmetic function returns the sum of random numbers from
two iterations. To add more inputs, pop up on an input and choose Add
Input from the pop-up menu.

Divide function (Functions»Numeric)—In this activity, the divide
function returns the average of the last four random numbers.

Numeric Constant (Functions»Numeric)—During each iteration of the
While Loop, the Random Number (0—1) function generates one random
value. The VI adds this value to the last three values stored in the left
terminals of the shift register. The Random Number (0—1) function divides
the result by four to find the average of the values (the current value plus
the previous three). Then the average is displayed on the waveform chart.

Wait Until Next ms Multiple function (Functions»Time & Dialog)—This
function ensures that each iteration of the loop occurs no faster than the
millisecond input. The input is 500 milliseconds for this activity. If you pop
up on the icon and choose Show»Label, the label Wait Until Next ms
Multiple appears.

6. Pop up on the input of the Wait Until Next ms Multiple function and
select Create Constant. A numeric constant appears and is
automatically wired to the function.

7. Type 500 in the label. The numeric constant wired to the Wait Until
Next ms Multiple function specifies a wait of 500 milliseconds
(one half-second). Thus, the loop executes once every half-second.
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Notice that the VI initializes the shift registers with a random number.

If you do not initialize the shift register terminal, it contains the default
value or the last value from the previous run and the first few averages are
meaningless.

8. Run the VI and observe the operation.

9. Save this VI as Random Average.vi in the LabVIEW\Activity
directory.

= Note

into your current data measurements

@ End of Activity 3-5.

Using Uninitialized Shift Registers

Remember to initialize shift registers to avoid incorporating old or default data

© National Instruments Corporation 3-17

You initialize a shift register by wiring a value from outside a While Loop
or For Loop to the left terminal of the shift register. Sometimes, however,
you want to execute a VI repeatedly with a loop and a shift register, so that
each time the VI executes, the initial output of the shift register is the last
value from the previous execution. To do that, you must leave the left shift
register terminal unwired from outside the loop. Leaving the input to the
left shift register terminal unwired preserves state information between
subsequent executions of a VI.

The following illustration shows an example of a subVI that calculates the
running average of four data points. The VI uses an uninitialized shift
register (with three additional elements) to store previous data points.

Running Average.vi _ (O]
File Edt Operate Project Windows Help Bso
| 13pt Application Font rerage
new input unning average
3000 0.00
7163 4| |l
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Running Average.vi Diagram [_ (O] x|

File Edit Operate Project Windows Help Hom
EE |13ptﬁ3«pplica average

runniné averaée

7063 4 |L|j

Each time the VI is called, running average is computed from the new
input and the previous three values. Then the new value is saved into the
shift register, and the previous two values are moved up in the shift register.
There is no input value wired to the input side of the left shift registers, so
all three values are preserved for the next execution of the VI.

Because this subVI has nothing wired to the condition terminal, it executes
exactly once when called. The While Loop in this subVI is not used to loop
several times, but to store values in the loop shift registers between calls.

When the Running Average VI is loaded into memory, the uninitialized
shift registers are set to zero automatically. If the shift registers are wired to
Boolean values, the initial value is FALSE.
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7 Activity 3-6.  Create a Multiplot Chart

Your objective is to create a chart that can accommodate more than
one plot.

Open the Random Average.vi you created in Activity 3-5.

2.  Modify the Front Panel as shown in the following illustration.

n
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=
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© National Instruments Corporation

Using the Positioning tool, stretch the legend to include two plots.

Show the digital display by popping up on the chart, and choosing
Show»Digital Display. Move the legend if necessary.

Rename Plot O to Current Value by double-clicking on the
label with the Labeling tool and typing in the new text. You can
resize the label area by dragging either of the left corners with
the Positioning tool. Rename Plot 1 to Running Avg in the
same way.

For the Current value plot, change the interpolation to
unconnected, the point style to square, and the color to green. You
can change the plot style and color by popping up on the legend.

3-19 LabVIEW User Manual



Chapter 3 Loops and Charts

Block Diagram

3. Modify the block diagram, as shown in the following illustration,
to display both the average and the current random number on the
same chart.

R andom Floh =

E nablef

E@ Bundle function (Functions»Cluster)—In this activity, the Bundle
function bundles the average and current value for plotting on the chart.
L The bundle node appears as shown at left when you place it in the block

diagram. You can add additional elements by using the Resizing cursor
(accessed by placing the Positioning tool at the corner of the function)
to enlarge the node.

Note The order of the inputs to the Bundle function determines the order of the plots on
the chart. For example, if you wire the raw data to the top input of the Bundle
function and the average to the bottom, the first plot corresponds to the raw data
and the second plot corresponds to the average.

4. From the front panel, run the VI. The VI displays two plots on the
chart. The plots are overlaid. That is, they share the same vertical scale.

5. From the block diagram, run the VI with execution highlighting turned
on to see the data in the shift registers.

6. Turn execution highlighting off. From the front panel, run the VI.
While the VI is running, use the buttons from the palette to modify the
chart. You can reset the chart, scale the X or Y axis, and change the
display format at any time. You also can scroll to view other areas or
zoom into areas of a graph or chart.

o You can use the X and Y buttons to rescale the X and Y axes, respectively.
If you want the graph to autoscale either of the scales continuously, click on
|:[| the lock switch to the left of each button to lock on autoscaling.
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You can use the other buttons to modify the axis text precision or to control
the operation mode for the chart. Experiment with these buttons to explore
their operation, scroll the area displayed, or zoom in on areas of the chart.

7. Format the scales of the waveform chart to represent either absolute or
relative time. To select the x scale time format, pop up on the x-scale
and select Formatting....

a.

Choose absolute time by selecting the Time & Date option from
the Format and Precision menu ring. This changes the dialog
box to the one shown below. For the waveform chart to start at a
certain time and increment at certain intervals, you can edit the
Xo and dX values respectively.

¥ Scale Formatting E

Scale Style tapping Mode ——

Farmat and Frecision: Example:

I Tirne & Date vl 07:28:39 PM
0241741995

o s Linear ¥ Time
22 7% AMPM 7 HH: MM
Eie Clsthors 24 hour % HH:MM 55

L~ [T wess
L~ [T s

Seconds Precigion: I 1]

-5Scaling Factors ——M [¥ Date

p] d[H:MM:55] ¥ MDA ¥ Don't Show Year
|12:DD:DEI.DE| PM | [10:00.00 DA ¥ 2 Digit Year
10/24/1336 YD @ 4 Digit Yaar

ak. I Canicel |

b. Format the chart to display the data starting from noon,

Oct. 24, 1996 and increment every 10 minutes, as shown above.

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 text may become larger
than the maximum size that the waveform can correctly present. To correct this,
use the Resizing cursor to make the display area of the chart smaller.

© National Instruments Corporation
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8. To select the relative time format, select Numeric from the Format
and Precision menu ring. Then you can select the Relative Time
(seconds) option in the dialog box and represent the time in seconds.
Modify the dialog box, as shown in the following illustration, and

select OK.
X Scale Formatting [ x|
Format and Precision: Example:
. I Humeric vI 15
Scale Style tapping Mode —
e #  Linear
o - I Decimal ;I

Grid Optiong

] [T s [0 Digis of Fresision
@ m P i~ Floating Paint Maotation

¥ Scientific Notation
rScaling Factors————————————————— ¥~ Engineering Motation
#0 s i+ Relative Time [seconds)
J0.00E+0 |1.00E+0

ak. I Cancel

9. Run the VL.

10. Save the VI as Multiple Random Plot.vi in the
LabVIEW\Activity directory.

@ End of Activity 3-6.

For Loops

LabVIEW User Manual

A For Loop executes a section of code a defined number of times. It is
resizable, and, like the While Loop, is not dropped on the block diagram
immediately. Instead, a small icon representing the For Loop appears in the
block diagram, and you have the opportunity to size and position it. To do
so, first click in an area above and to the left of all the terminals. While
holding down the mouse button, drag out a rectangle that encompasses the
terminals you want to place inside the For Loop. When you release the
mouse button, G creates a For Loop of the size and position you selected.
You place the For Loop on the block diagram by selecting it from
Functions»Structures.
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Loop Count —p>|M
Numerical Input

Numerical
Output

[}—

The For Loop executes the diagram inside its border a predetermined
number of times. The For Loop has two terminals, explained below.

E Count terminal (an input terminal)—The count terminal specifies the
number of times to execute the loop.

m Iteration terminal (an output terminal)—The iteration terminal contains the
number of times the loop has executed.
The For Loop is equivalent to the following pseudocode:
For i = 0 to N-1

Execute Diagram Inside The Loop

The following illustration shows a For Loop that generates 100 random
numbers and displays the points on a chart.
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Numeric Conversion

Note

Until now, all the numeric controls and indicators you have used have been
double-precision, floating-point numbers represented with 32 bits. G,
however, can represent numerics as integers (byte, word, or long) or
floating-point numbers (single-, double-, or extended-precision). The
default representation for a numeric is a double-precision, floating-point.

If you wire two terminals together that are of different data types,

G converts one of the terminals to the same representation as the other
terminal. As a reminder, G places a gray dot, called a coercion dot, on the
terminal where the conversion takes place.

For example, consider the For Loop count terminal. The terminal
representation is a long integer. If you wire a double-precision,
floating-point number to the count terminal, G converts the number to a
long integer. Notice the gray dot in the count terminal of the first For Loop.

Couble Precision Laong Integer

N
Gray Dot/
o . 0

When the VI converts floating-point numbers to integers, it rounds to the nearest
integer. If a number is exactly halfway between two integers, it is rounded to the
nearest even integer. For example, the VI rounds 6.5 to 6, but rounds 7.5 to 8. This
is an IEEE standard method for rounding numbers. See the IEEE Standard 754

Jor details.

LabVIEW User Manual
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) Activity 3-7.  Use a For Loop

Your objective is to use a For Loop and shift registers to calculate the
maximum value in a series of random numbers.

|\g@

Front Panel

1. Open a new front panel and add the objects shown in the following

illustration.
[Mascimum Yalue] [Random Data
1.0+ 000
0.8
0.6
0.4
0.2
0.0-¢ |
o o0
L1 [
a. Place a digital indicator on the front panel and label it Maximum
Value.
e b. Place a waveform chart on the front panel and label it Random
: J"} Data. Change the scale of the chart to range from 0.0 to 1.0.

c. Pop up on the chart and choose Show»Scrollbar and
Show»Digital Display. Pop up and hide the palette and legend.

d. Resize the scrollbar with the positioning tool.
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Block Diagram

2. Open the block diagram and modify it as shown in the following
J illustration.

Randorn Data
UL Fazirmurn alue

&

3. Place a For Loop (Functions»Structures) on the block diagram.

= 4. Add the shift register by popping up or right-clicking on the right or
left border of the For Loop and choosing Add Shift Register.

5. Add the following objects to the block diagram.

Random Number (0—1) function (Functions»Numeric)—This function
generates the random data.

i

Numeric Constant (Functions»Numeric)—The For Loop needs to know
how many iterations to make. In this case, you execute the For Loop
100 times.

Numeric Constant (Functions»Numeric)—You set the initial value of the
shift register to zero for this exercise because you know that the output of
the random number generator is from 0.0 to 1.0.

You must know something about the data you are collecting to initialize a
shift register. For example, if you initialize the shift register to 1.0, then that
value is already greater than all the expected data values, and is always the
maximum value. If you did not initialize the shift register, then it would
contain the maximum value of a previous run of the VI. Therefore, you
could get a maximum output value that is not related to the current set of
collected data.
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inputs and outputs the maximum value of the two in the top right corner and
the minimum of the two in the bottom right corner. Because you only are
interested in the maximum value for this exercise, wire only the maximum
output and ignore the minimum output.

B Max & Min function (Functions»Comparison)—Takes two numeric
L3

6. Wire the terminals as shown. If the Maximum Value terminal were
inside the For Loop, you would see it continuously updated, but
because it is outside the loop, it contains only the last calculated
maximum.

Note Updating indicators each time a loop iterates is time-consuming and you should
try to avoid it when possible to increase execution speed.

7. Run the VI.
8. Savethe VI as Calculate Max.vi in the LabVIEW\Activity
directory.

@ End of Activity 3-7.
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Case and Sequence Structures
and the Formula Node

This chapter introduces the basic concepts of Case and Sequence structures
and the Formula Node, and provides activities that explain the following:

*  How to use the Case structure
*  How to use the Sequence structure
*  What sequence locals are and how to use them

¢ What a Formula Node is and how to use it

Both Case and Sequence structures can have multiple subdiagrams,
configured like a deck of cards, of which only one is visible at a time. At the
top of each structure border is the subdiagram display window, which
contains a diagram identifier in the center and decrement and increment
buttons at each side. The diagram identifier indicates which subdiagram
currently is displayed. For Case structures, a diagram identifier is a list

of values which select the subdiagram. For Sequence structures, a diagram
identifier is the number of the frame in the sequence (0 to n — 1). The
following illustration shows a Case structure and a Sequence structure.

Increment/Decrement
Buttons ¢

/
flal 1[0.1]}

Diagram
Identifier

Case Structure Sequence Structure

Clicking on the decrement (left) or increment (right) button displays the
previous or next subdiagram, respectively. Incrementing from the last
subdiagram displays the first subdiagram, and decrementing from the first
subdiagram displays the last. For more information about Case and
Sequence structures, refer to Chapter 19, Structures, in the G Programming
Reference Manual.
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Case Structure

Note

The Case structure has two or more subdiagrams, or cases, exactly one of
which executes when the structure executes. This depends on the value
of an integer, Boolean, string, or enum value you wire to the external side
of the selection terminal or selector. A Case structure is shown in the
following illustration.

Case statements in other programming languages generally do not execute any

case if a case is out of range. In G, you must either include a default case that
handles out-of-range values or explicitly list every possible input value.

L Activity 4-1. Use the Case Structure

==

—/

Front Panel

LabVIEW User Manual

Your objective is to build a VI that checks a number to see if it is positive.
If the number is positive, the VI calculates the square root of the number;
otherwise, the VI returns an error.

1. Open a new front panel and create the objects as shown in the
following illustration.

#digital control# *digital indicator *

|—99999.DD indicates an error|

*free label*

The Number control supplies the number. The Square Root Value
indicator displays the square root of the number. The free label acts as a
note to the user.
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Block Diagram

2. Build the diagram as shown in the following illustration.

Square Root Y alue

Murnber
St | n : Pt
-33959.00
Error...
Megatiee Number
Selection
Terminal

3. Place a Case structure in the block diagram by selecting it from
Functions»Structures. The Case structure is a resizable box that is
not dropped on the diagram immediately. Instead, you have the chance
to position it and resize it. To do so, click in an area above and to the
left of all the terminals you want to be inside the Case structure.
Continue holding down the mouse button and drag out a rectangle that
encompasses the terminals.

Greater Or Equal To 0? function (Functions»Comparison)—Returns a
[@:’ TRUE if the number input is greater than or equal to 0.

I> Square Root function (Functions»Numeric)—Returns the square root of
the input number.
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Numeric Constant (Functions»Numeric)—In this activity, the constant
indicates the numeric value of the error.

% One Button Dialog function (Functions» Time & Dialog) —In this activity,
the function displays a dialog box that contains the message
Error...Negative Number.

Error String Constant (Functions»String)—Enter text inside the box with the
Megative Nurmber Labeling tool.

The VI executes either the TRUE case or the FALSE case. If the number is
greater than or equal to zero, the VI executes the TRUE case and returns the
square root of the number. The FALSE case outputs —99999.00 and
displays a dialog box with the message Error...Negative Number.

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 all the other cases.
Unwired tunnels appear as white squares.

4. Return to the front panel and run the VI. Try a number greater than zero
and a number less than zero by changing the value in the digital control
you labeled Number. Notice that when you change the digital control
to a negative number, LabVIEW displays the error message you set up
in the FALSE case of the Case structure.

5. Save the VI as Square Root.vi inthe LabVIEW\Activity
directory.

VI Logic

The block diagram in this activity has the same effect as the following
pseudocode in a text-based language.

if (Number >= 0) then

Square Root Value = SQRT (Number)

else

Square Root Value = -99999.00

Display Message "Error...Negative Number"

end if

@ End of Activity 4-1.
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Sequence Structures

The Sequence structure, which looks like frames of film, executes block
diagrams sequentially. In conventional programming 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, although sometimes it is necessary to execute one node before
another. G uses the Sequence structure as a method to control the order in
which nodes execute. G executes the diagram inside the border of Frame 0
first, it executes the diagram inside the border of Frame 1 second, and so
on. As with the Case structure, only one frame is visible at a time.

A Sequence structure is shown in the following illustration.

1[0.1]

ooooano

d

:ﬁ Activity 4-2. Use a Sequence Structure

Your objective is to build a VI that computes the time it takes to generate
a random number that matches a given number.

Front Panel

1. Open a new front panel and build the front panel shown in the
following illustration. Be sure to modify the controls and indicators
as described in the text following the illustration.

MHumber to Match Current Mumber
=[50 50
*digital control® “digital indicator®
[lata Range Frecigion =10
Min =10
IME'” = wlt:l ] # of iterations
nerement =
Default = 50 135
DL:lt.Df range -» Suspend *digital indicatar*
Precision =0 Representation -» 132
Time to katch
023 zEC

© National Instruments Corporation 4-5 LabVIEW User Manual



Chapter 4 Case and Sequence Structures and the Formula Node

132
EE
—

LabVIEW User Manual

The Number to Match control contains the number you want to match.
The Current Number indicator displays the current random number.
The # of iterations indicator displays the number of iterations before
amatch. Time to Match indicates how many seconds it took to find the
matching number.

Modifying the Numeric Format

By default, LabVIEW displays values in numeric controls in decimal
notation with two decimal places (for example, 3.14). You can use the
Format & Precision... option of a control or indicator pop-up menu to
change the precision or to display the numeric controls and indicators in
scientific or engineering notation. You can also use the

Format & Precision... option to denote time and date formats for
numerics.

2. Pop up on the Time to Match digital indicator and choose
Format & Precision.... The front panel must be the active window to
access the menu.

3. Enter 3 for Digits of Precision and click OK.

Format & Precision 1]

Farmat: Evample:

I Murmeric: vl 314

I 3 Digits of Precision

& Floating Point Maotation
 Scientific Notation

£ Engineering MNaotation
& Relative Time [zeconds)

ak. I Cancel

4.  Pop up on the Number to Match digital control and choose

Representation»132.

5. Repeat Step 4 for the Current Number and the # of iterations digital

indicators.
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Setting the Data Range

@ With the Data Range... option, you can prevent a user from setting a
control or indicator value outside a preset range or increment. Y our options
are to ignore the value, coerce it to within range, or suspend execution. The
range error symbol appears in place of the run button in the toolbar when a
range error suspends execution. Also, a solid, dark border frames the
control that is out of range.

6. Pop up on the Number to Match indicator and choose Data Range....

7. Fill in the dialog box as shown in the following illustration and
click OK.

Reprezentation

132 kimirnum |E|
=1 L]
/= .

G ERIE ] |1IJD
Long

Inerament |1

I alue iz Out of A ange:
Suspend = Default [0

Idse Default Walues |

ak. I Cancel |

Block Diagram
Open the block diagram.

Place the Sequence structure (Functions»Structures) in the block
diagram.

10. Enlarge the structure by dragging one corner with the Resizing cursor.
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11. Create a new frame by popping up on the frame border and choose
Add Frame After. Repeat this step to create frame 2.

12. Build the block diagram shown in the following illustrations.

-DDDDDDDDDDDDDDDD[‘DD2E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|D

Get initial tire

Tick Count [mz

+
OO0000000000000000000000000000000000020 10

-DDDDDDDDDDDDDDDD[“ID2E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|EID

Perfarm Auto bMatch. vi

Mumber to Match f of iterations|

|ncrement

" zhartg at 0
20 increment by 1%

+
OO0000000000000000000000000000000000020 10
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1000000000000 0000 2020000000 o0oo0oooo

Get final time. Compute time delay in seconds.

Timne bo katch

+
O0O0000000000000000000000000000000000 O

Frame 0 in the previous illustration contains a small box with an arrow in
it. That box is a sequence local variable which passes data between frames
of a Sequence structure. You can create sequence locals on the border of a
frame. Then, the data wired to a frame sequence local is available in
subsequent frames. However, you cannot access the data in frames
preceding the frame in which you created the sequence local.

13. Create the sequence local by popping up on the bottom border of
Frame 0 and choosing Add Sequence Local.

The sequence local appears as an empty square. The arrow inside the square
appears automatically when you wire a function to the sequence local.

14. Finish the block diagram as shown in the opening illustration of the
Block Diagram section in this activity.

Tick Count (ms) function (Functions»Time & Dialog)—Returns the
number of milliseconds that have elapsed since power on. For this activity,
you need two Tick Count functions.

Random Number (0—1) function (Functions»Numeric)—Returns a
random number between 0 and 1.

Multiply function (Functions»Numeric)—In this activity, the function
multiplies the random number by 100.

Numeric Constant function (Functions»Numeric)—In this activity, the
numeric constant represents the maximum number that can be multiplied.
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>
[

LAV

Round to Nearest function (Functions»Numeric)—In this activity, the
function rounds the random number between 0 and 100 to the nearest whole
number.

Not Equal? function (Functions»Comparison)—In this activity, the
function compares the random number to the number specified in the front
panel and returns a TRUE if the numbers are not equal. Otherwise, this
function returns FALSE.

Increment function (Functions»Numeric)—In this activity, the function
increments the While Loop count by 1.

Subtract function (Functions»Numeric)—In this activity, the function
returns the time (in milliseconds) elapsed between frame 2 and frame 0.

Divide function (Functions»Numeric)—In this activity, the function
divides the number of milliseconds elapsed by 1,000 to convert the number
to seconds.

Numeric constant (Functions»Numeric)—In this activity, the function
converts the number from milliseconds to seconds.

In Frame 0, the Tick Count (ms) function returns the current time in
milliseconds. This value is wired to the sequence local, where the value is
available in subsequent frames. In Frame 1, the VI executes the While Loop
as long as the number specified does not match the number that the Random
Number (0-1) function returns. In Frame 2, the Tick Count (ms) function
returns a new time in milliseconds. The VI subtracts the old time (passed
from Frame O through the sequence local) from the new time to compute
the time elapsed.

15. Return to the front panel and enter a number inside the Number to
Match control and run the VL.

16. Save the VI as Time to Match.vi in the LabVIEW\Activity
directory.

@ End of Activity 4-2.

LabVIEW User Manual
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Formula Node

The Formula Node is a resizable box that you can use to enter formulas
directly into a block diagram. You place the Formula Node on the block
diagram by selecting it from Functions»Structures. This feature is
useful when an equation has many variables or is otherwise complicated.
For example, consider the equation below:

y=x2+x+l

If you implement this equation using regular G arithmetic functions, the
block diagram looks like the one in the following illustration.

[

You can implement the same equation using a Formula Node, as shown in
the following illustration

Formula Node

With the Formula Node, you can directly enter a complicated formula, or
formulas, in lieu of creating block diagram subsections. You enter formulas
with the Labeling tool. You create the input and output terminals of the
Formula Node by popping up on the border of the node and choosing Add
Input (Add Output). Type the variable name in the box. Variables are case
sensitive. You enter the formula or formulas inside the box. Each formula
statement must end with a semicolon ( ;).
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LabVIEW User Manual

The operators and functions available inside the Formula Node are listed in
the Help window for the Formula Node, as shown in the following
illustration. A semicolon terminates each formula statement.

Help =] E3
[
Formula Mode operators, lowest precedence first;
azzignment =
conditional 7
logical ORI logical AND &
relational == l= » ¢ = <=
anthmetic  + - * 4 °
unary + -
Formula Mode functions:
abz acos acosh aszin asinh atan atanh ceil
coz cosh cot csc exp expml floor getexp getman
int intrz In Ihpl log log2 max min mod rand
rem sec sign sin ginc sinh sqrt tan tanh
-
SRR 4V

The following example shows how you can perform a conditional
assignment inside a Formula Node.

Consider the following code fragment that computes the square root of x if
x 1s positive, and assigns the result to y. If x is negative, the code assigns
99 toy.

if (x >= 0) then

y = sqrt (x)

else
y = —-99
end if

You can implement the code fragment using a Formula Node, as shown in
the following illustration.
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Conditional False
Operator  Condition

'

y=[wx=0]7sqrx] : -99;

Square

Murnber Roat

Condition  True
Condition

N

[ Activity 4-3. Use the Formula Node

Your objective is to build a VI that uses the Formula Node to calculate the
following equations.

:

yl = x> - x* + 5
y2 =m * x + Db

where x ranges from O to 10.

You will use only one Formula Node for both equations, and you will
graph the results on the same graph. For more information on graphs,
see Chapter 5, Arrays, Clusters, and Graphs.
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Front Panel

rd

Block Diagram

LabVIEW User Manual

1. Open a new front panel and build the front panel shown in following
illustration. The waveform graph indicator displays the plots of the
equation. The VI uses the two digital controls to input the values for

m and b.
ﬂ W avetorm Graph
e[ 10000~ vl
800.0- y2
b
B00.0-
sooo

400.0-
200.0-

0.0-) 1 [l 1 1 I
a 2 4 E g 10

2. Create the graph legend shown in the following illustration by
selecting Show»Legend. Use the Resizing cursor to drag the legend
downward so it displays two plots. Use the Labeling tool to rename the
plots. You can define the line style for each plot using the legend
pop-up menu. You also can color each plot by using the Color tool on
the plots legend.

3. Build the block diagram shown in the following illustration.

N

Pl=8"3-2"2+5;
p2=m u+b;

v aveform Graph

SE

Formula Node (Functions»Structures). With this node, you can enter
formulas directly. Create the three input terminals by popping up on the
border and choosing Add Input. You create the output terminal by
choosing Add Output from the pop-up menu.

4-14 © MNational Instruments Corporation



Chapter 4 Case and Sequence Structures and the Formula Node

When you create an input or output terminal, you must give it a variable
name. The variable name must match the one you use in the formula
exactly. The names are case sensitive. That is, if you use a lowercase a in
naming the terminal, you must use a lowercase a in the formula. You can
enter the variable names and formula with the Labeling tool.

Note Although variable names are not limited in length, be aware that long names take
up considerable diagram space. A semicolon ( ; ) terminates the formula
statement.

Numeric Constant (Functions»Numeric). You also can pop up on the

count terminal and select Create Constant to create and wire the numeric
constant automatically. The numeric constant specifies the number of For
Loop iterations. If x range is 0 to 10 including 10, you must wire 11 to the
count terminal.

m Because the iteration terminal counts from O to 10, you use it to control the
x value in the Formula Node.

E' Build Array (Functions»Array) puts two array inputs into the form of a
multiplot graph. Create the two input terminals by using the Resizing
cursor to drag one of the corners. For more information on arrays, see
Chapter 5, Arrays, Clusters, and Graphs.

4. Return to the front panel and run the VI with different values for m
and b.

5. Savethe VI as Equations.vi in the LabVIEW/Activity directory.

@ End of Activity 4-3.

Artificial Data Dependency

Nodes not connected by a wire can execute in any order. Nodes do not
necessarily execute in left-to-right, top-to-bottom order. A Sequence
structure is one way to control execution order when natural data
dependency does not exist.

Another way to control execution order is to create and artificial data
dependency, a condition in which the arrival of data rather than its value
triggers execution of an object. The receiver may not actually use the data
internally. The advantage of artificial dependency is that all of the nodes are
visible at one level, although, in some cases, the confusion created by the
artificial links between the nodes can be a disadvantage.
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You can open the Timing Template (data dep) .vi from
Examples\General\structs.1llb to see how the Timing Template
has been altered to use artificial data dependency rather than a sequence
structure.
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This chapter introduces the basic concepts of polymorphism, arrays,
clusters, and graphs and provides activities that explain auto-indexing and
the Graph and Analysis VIs.

Arrays

An array is a collection of data elements that are all the same type. An array
has one or more dimensions and up to 231 _ 1 elements per dimension,
memory permitting. You access each array element through its index. The
index is in the range O to n — 1, where # is the number of elements in the
array. The following 1D array of numeric values illustrates this structure.
Notice that the first element has index 0, the second element has index 1,
and so on.

index 0 1 2 3 4 5 6 7 8 9
10-elementarray |12 |32 |82 |80 |48 |51|6.0|10]|25]|17

How Do You Create and Initialize Arrays?

If you need an array as a source of data in your block diagram, you can
choose Functions»Array and then select and place the array shell on your
block diagram. Using the Operating tool, you can choose a numeric
constant, Boolean constant, or string constant to place inside the empty
array. The following illustration shows an example array shell with a
numeric constant inserted into the array shell.

To create an array on the front panel, select Array & Cluster from the
Controls palette and place the array shell on your front panel. Then select
an object (numeric, for example) and place that inside the array shell. This
creates an array of numerics.
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Note You also can create an array and its corresponding control on the front panel and
then copy or drag the array control to the block diagram to create a corresponding
constant.

Auto-Indexing

For more information on how to create array controls and indicators on the
front panel, see Chapter 14, Array and Cluster Controls and Indicators, in
the G Programming Reference Manual.

There are several ways to create and initialize arrays on the block diagram.
Some block diagram functions also produce arrays, as the following
illustration shows.

Sine Pattern
String to Byte Array

xX[i]=ASCll code  [1.00

of i" character

{01 234567 83ABCDEF

Array Controls, Constants, and Indicators

You create array controls, constants, and indicators on the front panel or
block diagram by combining an array shell with a numeric, Boolean, string,
or cluster. An array element cannot be another array, chart, or graph.

For examples of arrays, see Examples\Generallarrays.llb.

For Loop and While Loop structures can index and accumulate arrays at
their boundaries automatically. These capabilities collectively are called
auto-indexing. When you enable auto-indexing and wire an array of any
dimension from an external node to an input tunnel on the loop border,
components of that array enter the loop, one at a time, starting with the first
component. The loop indexes scalar elements from 1D arrays, 1D arrays
from 2D arrays, and so on. The opposite action occurs at output tunnels—
elements accumulate sequentially into 1D arrays, 1D arrays accumulate
into 2D arrays, and so on.

Note Auto-indexing is the default for every array wired to a For Loop. You can disable
auto-indexing by popping up on the tunnel (entry point of the input array) and
selecting Disable Indexing.

LabVIEW User Manual
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tunnel

Dizable Indexin

|

m Array Toolz
Create Constant
Create Control

Create |ndicatar

By default, auto-indexing is disabled for every array wired to a While Loop.
Pop up on the array tunnel of a While Loop to enable auto-indexing.

X

] .
~— Activity 5-1. Create an Array
with Auto-Indexing

Your objective is to create an array using the auto-indexing feature of a
For Loop and plot the array in a waveform graph.

DN

You will build a VI that generates an array using the Generate Waveform
VI and plots the array in a waveform graph. You also will modify the VI to
graph multiple plots.

Front Panel

1. Open a new front panel.

aveform Graph
=

.

1.0+
05-

n.o-

-0.5- T T T T
1] 20 40 g0 30 100

o el 2. Place an array shell from Controls»Array & Cluster in the front
k panel. Label the array shell waveform Array.
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Block Diagram

WAVE

&

LabVIEW User Manual

3. Place a digital indicator from Controls»Numeric inside the
element display of the array shell, as the following illustration shows.
This indicator displays the array contents.

‘wavetorm Arra

4. Place a waveform graph from Controls»Graph in the front panel.
Label the graph Waveform Graph.

Enlarge the graph by dragging a corner with the Resizing cursor.
6. Hide the legend and palette.

Disable autoscaling by popping up on the graph and deselecting
Y Scale»Autoscale Y.

8. Use the Text tool to rescale the Y axis to range from -0.5to 1.5.

9. Build the block diagram shown in the following illustration.

Delkax  =a

EE undie vy avefom Graph
I3
I!!H ' [E==

\ i aveform Array

1D Array

Generate YW aveform. i

Generate Waveform VI (Functions»Select a VI... from the
LabVIEW\Activity directory)—Returns one point of a waveform.
The VI requires a scalar index input, so wire the loop iteration terminal
to this input.

Notice that the wire from the Generate Waveform VI becomes thicker as it
changes to an array at the loop border.

The For Loop automatically accumulates the arrays at its boundary. This is
called auto-indexing. In this case, the numeric constant wired to the loop
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count numeric input has the For Loop create a 100-element array (indexed

0t0 99).
EEE N Bundle function (Functions»Cluster)—Assembles the plot components
L2} . . .
[eal ['] into a cluster. You need to resize the Bundle function icon before you can

wire it properly. Place the Positioning tool on the lower-left corner of the

[ icon. The tool transforms into the Resizing cursor shown at left. When the
tool changes, click and drag down until a third input terminal appears.
Now, you can continue wiring your block diagram as shown in the previous
illustration.

the number of For Loop iterations, the initial X value, and the delta X value.
Notice that you can pop up on the For Loop count terminal, shown at left,
and select Create Constant to add and wire a numeric constant for that
terminal automatically.

Numeric Constant (Functions»Numeric)—Three numeric constants set

10. From the front panel, run the VI. The VI plots the auto-indexed
waveform array on the waveform graph. The initial X value is 0 and the
delta X value is 1.

11. Change the delta X value to 0.5 and the initial X value to 20. Run the
VI again.

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 might correspond to 50 seconds worth of data starting
at 20 seconds.

12. You can view any element in the waveform array by entering the index
of that element in the index display. If you enter a number greater than
the array size, the display dims, indicating that you do not have a
defined element for that index.

- If you want 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. The tool transforms into the array Resizing cursor shown at left.
When the tool changes, drag to the right or straight down. The array now
displays several elements in ascending index order, beginning with the
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element corresponding to the specified index, as the following
illustration shows.

W avefarm Array W avefiorm Srray
# oz oz Joes | 6 ooz e
index 6 7 8 index W 7
DEE | 8

In the previous block diagram, you specified an initial X and a delta X value
for the waveform. The default initial X value is zero and the delta X value
is 1. So, you can wire the waveform array directly to the waveform graph
terminal without the initial X and delta X specified, as the following
illustration shows.

Generate "W avefarm. vi

&)

W aveform Graph

\ Wavetform Aray

1D Array

13. Return to the block diagram. Delete the Bundle function and the
numeric constants wired to it. To delete the function and constants,
select the function and constants with the Positioning tool then press
<Delete>. Select Edit>Remove Bad Wires. Finish wiring the block
diagram as shown in the previous illustration.

14. Run the VI. Notice that the VI plots the waveform with an initial
X value of 0 and a delta X value of 1.
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You can create multiplot waveform graphs by building an array of the data
type normally passed to a single-plot graph.

100HM]  Generate Wavebom.vi

Tl Waveform Array

"wiavefarm Graph
=)
..... ~ Build Array T

2D Array

0.50

-i5IH

15. Continue building your block diagram as shown in the preceding
diagram.

Sine function (Functions»Numeric»Trigonometric)—In this activity,
you use the function in a For Loop to build an array of points that represents
one cycle of a sine wave.

Build Array function (Functions»Array)—In this exercise, you use this
function to create the proper data structure to plot two arrays on a waveform
graph, which in this case is a 2D array. Enlarge the Build Array function to
create two inputs by dragging a corner with the Positioning tool.

Pi constant (Functions»Numeric»Additional Numeric Constants)—
Remember that you can find the Multiply and Divide functions in
Functions»Numeric.

16. Switch to the front panel. 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.
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Note You can change the appearance of a plot on the graph by popping up in the legend
Jor a particular plot. For example, you can change from a line graph to a bar
graph by choosing Common Plots»Bar Graph.

17. Save the VI as Graph Waveform Arrays.vi inthe
LabVIEW\Activity directory.

@ End of Activity 5-1.

In the previous example, the For Loop executed 100 times because a
constant of 100 was wired to the count terminal. The following activity
illustrates another means of determining how many times a loop will
execute.

N

Activity 5-2. Use Auto-Indexing
— on Input Arrays

Your objective is to open and operate a VI that uses auto-indexing in a
For Loop to process an array.

AN

1. Open the Separate Array Values VI by selecting File»Open.... The VI
is located in Examples\General\arrays.1llb.

2. Open the block diagram. The following illustration shows the block
diagram with both TRUE and FALSE cases visible.
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-

[

Initialize
A ay

-
+ g

Input Array
[DEL]

Initialize
ArEay

-
+ @

Input &rray

S Trae B

FPositive &ray

[mEL]

“M[F alse ™

Fositive drray

MNegative Array

[DBL]

Notice that the wire from Input Array changes from a thick wire outside
the For Loop, indicating it is an array, to a thin wire inside the loop,

-th

indicating it is a single element. The i"* element of the array is indexed
automatically from the array during each iteration.

© National Instruments Corporation
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Using Auto-Indexing to Set the For Loop Count

N

Notice that the count terminal is left unwired. When you use auto-indexing
on an array entering a For Loop, the loop executes according to the size of
the array, eliminating the need to wire a value to the count terminal. If you
use auto-indexing for more than one array, or if you set the count in
addition to auto-indexing an array, the actual number of iterations is the
smallest number possible.

3. Run the VI Of the eight input values, you will see four in the Positive
Array and four in the Negative Array.

4. From the block diagram, wire a constant of 5 to the count terminal of
the For Loop. Run the VI. You will see three values in the Positive
Array and two in the Negative Array, even though the input array still
has eight elements. This demonstrates that if N is set and you are
auto-indexing, the smaller number is used for the actual number of
iterations of the loop.

Close the VI and do not save changes.

@ End of Actlwty 9-2.

Using Array Functions

LabVIEW User Manual

G has many functions to manipulate arrays located in Functions»Array.
These functions include Replace Array Element, Search 1D Array,

Sort 1D Array, Reverse 1D Array, and Multiply Array Elements.

For more information about arrays and the array functions available,
refer to Chapter 14, Array and Cluster Controls and Indicators, in the

G Programming Reference Manual or Online Reference»Function and
VI Reference.

Build Array

91;":;?"% [;]I "_T”— array with appended elernent(z)
g

alarnen

clarnenT T

Build Array
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Build Array function (Functions»Array)—You can use it to create an
array from scalar values or from other arrays. Initially, the Build Array
function appears with one scalar input.

You can add as many inputs as you need to the Build Array function, and
each input can be either a scalar or an array. To add more inputs, pop up on
the left side of the function and select Add Element Input or Add Array

L Input. You also can enlarge the Build Array node with the Resizing cursor
(place the Positioning tool at the corner of an object to transform it into the
Resizing cursor). You can remove inputs by shrinking the node with the
Resizing cursor, or by selecting Remove Input.

The following illustration shows two ways to create and initialize arrays
with values from block diagram constants. On the left, five string constants
are built into a 1D array of strings. On the right, three groups of numeric
constants are built into three, 1D numeric arrays. Then, the three arrays are
combined into a 2D numeric array. The result is a 3 x 3 array with the rows
3,4,7,-1,6,2; and 5, -2, 8.

LR Avayol 2D Array
53 | strings of Numbers
=

You also can create an array by combining other arrays along with scalar
elements. For example, suppose you have two arrays and three scalar
elements that you want to combine into a new array with the order array 1,
scalar 1, scalar 2, array 2, and scalar 3.

Initialize Array

Use this function to create an array whose elements all have the same value.
In the following illustration, this function creates a 1D array.

Initialize &rray

"I} '— [132]
H 10 Arra
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The element input determines the data type and the value of each element.
The dimension size input determines the length of the array. For example,
if element is a long integer with the value of five and dimension size
has a value of 100, the result is a 1D array of 100 long integers all set to
five. You can wire the inputs from front panel control terminals, as shown
in the preceding illustration, from block diagram constants, or from
calculations on other parts of your diagram.

To create and initialize an array that has more than one dimension, pop up
on the lower-left side of the function and select Add Dimension. You also

(g can use the Resizing cursor to enlarge the Initialize Array node and add
more dimension size inputs, one for each additional dimension. You can
remove dimensions by shrinking the node by selecting Remove Dimension
from the function pop-up menu or with the Resizing cursor.

The following block diagram shows how to initialize a 3D array.

Initialize &rray

letemnent||[BZ}——
[dimension size 1{|[T5Z]] - [r32]

] A0 Arra
[dirnension size 2|
[dirnension size 3|

If all the dimension size inputs are zero, the function creates an empty array
of the specified type and dimension.

Array Size

Array Size returns the number of elements in the input array.

array E, zizelz)

[7laf2]5] N —1[« |

Array Size = 4 Elements
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31 2|5

. _ 2Rows
2D Array Size = 3 Columns

Array Subset

You can use this function to extract a portion of an array or matrix.

array =
index(07 ..
length —
g i
langitiy 7

sub-array

Array Subset

Array Subset returns a portion of an array starting at index and
containing length elements. The following illustrations show examples
of Array Subsets. Notice that the array index begins with 0.

1DArray|1|2|7|3|2|5|8|—
Index [ 2 ] -t —[ 7 [3]2][5]

Length HH New 1D Array

2D Array
718 2 | 5
2 | 5 7 1

1 4 2 7 ——
;-...:
;-q*

3 2 5
5 7 1
New 2D Array

Row Index |I|
Row Length
Column Index
Column Length
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LabVIEW User Manual

Index Array

The Index Array function accesses an element of an array.

n-dirmension array =|F_ element ar

1nn:|e::{ 0 — sub-array

-;!-:.ja._-\:: " -‘E e AI

Index Array

The following illustration shows an example of an Index Array function
accessing the third element of an array. Notice that the index of the third
element is 2 because the first element has index 0.

DAray[ 3 [ 2 [ 5[ 7 [1]4]2] |:|—
Index - Element

You also can use this function to slice off one or more dimensions of a
multi-dimensional array to create a subarray of the original. To do this,
stretch the Index Array function to include two index inputs, and select
the Disable Indexing command on the pop-up menu of the second index
terminal as shown in the following illustration. Now you have disabled the
access to a specific array column. By giving it a row index, the result is an
array whose elements are the elements of the specified row of the 2D array.
You also can disable indexing on the row terminal.

5-14 © MNational Instruments Corporation



Chapter 5 Arrays, Clusters, and Graphs

|:| <+— Array —»

.t
o4

Online Help
Drezcriptiar. .

Show 3
Replace 3

Disabled Input
(Empty Box)

le Indexing
Add Dimengion
R emove Dimenzion
Create Congtant
Create Contral
Create Indicator

Notice that the index terminal symbol changes from a solid to an empty
box when you disable indexing. To restore a disabled index, use the
Enable Indexing command from the same menu.

You can extract subarrays along any combination of dimensions.
The following illustration shows how to extract a 1D row or column arrays
from a 2D array.

Extract Column

F ; ZDArray Colurn 3§
:
=3
Fow 2 H
EpE—{E=r]

Extract Row
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From a 3D array, you can extract a 2D array by disabling two index
terminals, or a 1D array by disabling a single index terminal. The following
figure shows several ways to slice a 3D array.

A

The following rules govern the use of the Index Array function to slice
arrays:

e The dimension of the output object must equal the number of disabled
index terminals. For example:

—  Zero disabled = scalar element
—  One disabled = 1D component
— Two disabled = 2D component

e The values wired to enabled terminals must identify the output
elements.

Thus, you can interpret the lower left preceding example as a command to
generate a 1D array of all elements at column 0 and row 3. You can interpret
the upper right example as a command to generate a 2D array of page 1.
The new, 0™ element is the one closest to the original, as shown in the
preceding illustration.
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el Activity 5-3. Use the Build Array Function

g Your objective is to use the Build Array function to combine elements and
arrays into one bigger array.

Front Panel

1.

© National Instruments Corporation

Create a new front panel, as shown in the following illustration.

Place a digital control from the Controls»Numeric palette and label it
scalar 1.Change its representation to I32.

Copy and paste it to create two other digital controls and label them
scalar 2 and scalar 3.

Create an array of digital controls and label it array 1. Copy and
paste it and label it array 2.

Expand the arrays and enter the values 1 through 9 in array 1,
scalar 1, scalar 2,array 2,and scalar 3, asshown in the
illustration above.

Copy the array and paste it and change it to an indicator. Label it
1D array. Expand it to show nine values.
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Block Diagram

7. Place a Build Array function (Functions»Array) on the block
diagram. Expand it with the Positioning tool to have five inputs.

8. Pop up on the first input in the Build Array node and select Change to
Array. Do the same for the fourth input.

9. Wire the arrays and scalars to the node. The output array is a 1D array
composed of the elements of array 1 followed by scalar 1,
scalar 2, and the elements of array 2 and scalar 3, as the
following illustration shows.

Build &rray

|ar’r‘al,| 1||ﬁ|—ﬁ-:|+ =
|5ca]ar‘ 1|II—| [:]I [x32]
|5ca]ar‘ 2| 10 array

10. Run the VI. You can see the values in scalar 1, scalar 2,
scalar 3,array 1,and array 2 appear in a single 1D array.

]
+
L

11. Save the VI as Build Array.vi in the LabVIEW\Activity
directory.

@ End of Activity 5-3.

Efficient Memory Usage: Minimizing Data Copies

To save memory, you can use single-precision arrays instead of
double-precision arrays. For information about how memory is allocated,
see the section Monitoring Memory Usage in Chapter 28, Performance
Issues, in the G Programming Reference Manual.
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What is Polymorphism?

Polymorphism is the ability of a function to adjust to input data of different
types, dimensions, or representations. Most G functions are polymorphic.
For example, the following illustrations show some of the polymorphic
combinations of the Add function.

Combination Result

Scalar + Scalar > Scalar
2

2
Scalar + Array EEER Array
THIER >

Array + Array EEERN } EEREE B
iZiEE

In the first combination, the two scalars are added together, and the result
is a scalar. In the second combination, the scalar is added to each element
of the array, and the result is an array. An array is a collection of data. In the
third combination, each element of one array is added to the corresponding
element of the other array. You also can use other combinations, such as
clusters of numerics or arrays of clusters.

You can apply these principles to other G functions and data types.

G functions are polymorphic to different degrees. Some functions might
accept numeric and Boolean inputs, others might accept a combination of
any other data types. For more information about polymorphism, see
Online Reference»Function and VI Reference.
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Clusters

Graphs

A cluster is a data type that can contain data elements of different types.
The cluster in the block diagram that you will build in Activity 5-4 groups
related data elements from multiple places on the block diagram, reducing
wire clutter. When you use clusters, your subVlIs require fewer connection
terminals. A cluster is analogous to a record in Pascal or a struct in C. You
can think of a cluster as a bundle of wires, much like a telephone cable.
Each wire in the cable would represent a different element of the cluster.
The components include the initial X value (0), the delta X value (1), and
the Y array (waveform data, provided by the numeric constants on the
block diagram). In G, use the Bundle function to assemble a cluster. For
more information about Clusters refer to Chapter 14, Array and Cluster
Controls and Indicators, in the G Programming Reference Manual.

A graph is a two-dimensional display of one or more data arrays called
plots. There are three types of graphs in the Controls»Graph palette:

XY graph
*  Waveform graph
e Intensity graph

The difference between a graph and a chart is that a graph plots data as a
block, whereas a chart plots data point by point, or array by array.

For examples of graph VIs, see Examples\General\Graphs.

Customizing Graphs

LabVIEW User Manual

Both waveform and XY graphs have a number of optional parts that you
can show or hide using the Show submenu of the pop-up menu for the
graph. The options include a legend, through which you can define the
color and style for a given plot, a palette from which you can change scaling
and format options while the VI is running, and a cursor display. The
following illustration of a graph shows all of the optional components
except for the cursor display.
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Major Grids Minor Grids

label
10.0- 0. [[——]

2.0

Y Scale —» &.0

Legend

4.0

20

0.o-
u] 2 4 & g 10 | €— X Scale

[[l <4— Palette
[ |

Graph Cursors

You can place cursors and a cursor display on all the graphs in G, and you
can label the cursor on the plot. You can set a cursor to lock onto a plot, and
you can move multiple cursors at the same time. There is no limit to the
number of cursors a graph can have. The following illustration shows a
waveform graph with the cursor display.

0| Eud Jmm JEe =R

@lcm | Eo0 | 1EEE
p P AL

Y Position |  Style

Cursor

Movement X Position Control
Control  Cursor Lock
Name to Plot
Active Control
Cursor Button
for Cursor
Movement

For more detailed information on customizing graphs, see Chapter 15,
Graph and Chart Controls and Indicators, in the G Programming
Reference Manual.
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Refer to the ZoomGraph VI in Examples\General\Graphs\zoom.1l1lb
for an example that reads cursor values and programmatically zooms in and
out of a graph using the cursors.

Graph Axes

You can format the scales of a graph to represent either absolute or relative
time. Use absolute time format to display the time, date, or both for your
scale. If you do not want G to assume a date, use relative time format.

To select absolute or relative time format, pop up on the chart and select
the scale you want to modify. Select Formatting.... This enables the
Formatting dialog box, which you can use to specify different attributes
of the chart.

Data Acquisition Arrays

Data returned from a plug-in data acquisition board using the Data
Acquisition VIs can be in the form of a single value, a 1D array,

or a 2D array. You can find a number of graph examples located in
Examples\General\Graphs, which contains VIs to perform varied
functions with arrays and graphs.

N

[ Activity 5-4. Use the Graph and Analysis Vls

Your objective is to build a VI that measures temperature and displays the
values in real time. It also displays the average, maximum, and minimum
temperatures.

E

Front Panel

1. Create a new front panel as shown in the following illustration.
You can modify the point styles of the waveform chart and waveform
graph by popping up on their legends. Scale the charts as shown.
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Temperature
90.0-
0 =
80.0-
* wavetomn chart *
Legend Shawn dea F 20,0~ Mean
Paint ztyle -» small cross :
85,67
£0.0-
bdax
Temp Graph 15789
in
83.01

* waveform graph *
Legend Shawn | S e S S
Paint Sl_',J'B <> zmall squane E 10 16 20 25 30 35 29

*digital indicataors™

The Temperature waveform chart displays the temperature as it is acquired.
After acquisition, the VI plots the datain Temp Graph. The Mean, Max, and
Min digital indicators display the average, maximum, and minimum

temperatures.

2. Build the block diagram as shown in the following illustration:

M
= 5
i

[ea]] [ear

Termpetature

' ait Until Mext
rns Multiple

Delta X
0.25

EI

Digital Thermometer VI (Functions»Select a VI from the
LabVIEW\Activity directory)—Returns one temperature measurement.
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Qi

Wait Until Next ms Multiple function (Functions»Time & Dialog)—
In this exercise, this function ensures the For Loop executes every
0.25 seconds (250 milliseconds).

Numeric constant (Functions»Numeric)—You also can pop up on the
Wait Until Next ms Multiple function and select Create Constant to
automatically create and wire the numeric constant.

Array Max & Min function (Functions»Array)—In this activity, this
function returns the maximum and minimum temperature measured during
the acquisition.

Mean VI (Functions»Analysis»Probability and Statistics or
Functions»Base Analysis for LabVIEW Base Package users)—Returns
the average of the temperature measurements.

Bundle function (Functions»Cluster)—Assembles the plot components
into a 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.

The For Loop executes 40 times. The Wait Until Next ms Multiple function
causes each iteration to take place every 250 milliseconds. The VI stores
the temperature measurements in an array created at the For Loop border
(auto-indexing). After the For Loop completes execution, the array is
passed on to the subVIs and Temp Graph.

The Array Max&Min function returns the maximum and minimum
temperature. The Mean VI returns the average of the temperature
measurements.

Your completed VI bundles the data array with an initial X value of 0 and
a delta X value of 0.25. The VI requires a delta X value of 0.25 so that the
VI plots the temperature array points every 0.25 seconds on the waveform
graph.

3. Return to the front panel and run the VI.

4. Save the VI as Temperature Analysis.vi inthe
LabVIEW\Activity directory.

@ End of Activity 5-4.

LabVIEW User Manual
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Intensity Plots

LabVIEW has two methods for displaying three-dimensional data:

the intensity chart and the intensity graph. Both intensity plots accept
two-dimensional arrays of numbers, where each number is mapped to a
color. You can define the color mapping interactively, using an optional
color ramp scale, or programmatically, using an attribute node for the chart.
For examples using the intensity chart and graph, refer to intgraph.11b
in the Examples\General\Graphs directory.
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Strings

This chapter introduces string controls and indicators and file input and
output operations and provides activities that illustrate how to accomplish
the following:

*  Create string controls and indicators

*  Use string functions

*  Perform file input and output operations
»  Save data to files in spreadsheet format

e Write data to and read data from text files

A string is a collection of ASCII characters. In instrument control, you can
pass numeric data as character strings and then convert these strings to
numbers. Storing numeric data to disk can also involve strings. To store
numbers in an ASCII file, you must first convert numbers to strings before
writing the numbers to a disk file.

For examples of strings, see Examples\General\strings.1llb.

Creating String Controls and Indicators

You can find the string control and indicator, shown at left, in
Controls»String & Table. You can enter or change text inside a string
control using the Operating tool or the Labeling tool. Enlarge string
controls and indicators by dragging a corner with the Positioning tool.

String Contral

Yau enter text here.
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Strings and File 1/0

If you want to minimize space that a front panel string control or indicator
occupies, select Show»Scrollbar. If this option is dimmed, you must
increase the vertical size of the window to make it available.

Shring Contral

If pou have large
amounts of text,

0L Can minimize
the space taken by

the string contral
by uging the
zerollbar option.

N

[ Activity 6-1. Concatenate a String

LabVIEW has many functions to manipulate strings. For this activity,
your objective is to use some of the string functions to convert a number
to a string and concatenate that string with other strings to form a single
output string.

E

1. Open a new front panel and add the objects shown in the following
illustration. Be sure to modify the controls and indicators as shown.

Front Panel

Header Combined String
SET SET 5.5000%0LTS |
*gtiing contral® *gtring indicator*
MHurmber
el
%250 Length of Sting
“digital control 16

: *digital indicatar
Trailer Riepresentation -> |32
WOLTS
*stiing contral®

The two string controls and the digital control can be combined into a single
output string and displayed in the string indicator. The digital indicator
displays the string length.

LabVIEW User Manual 6-2 © National Instruments Corporation



Chapter 6 Strings and File 1/0

The Combined String output in this activity has a similar format to
command strings used to communicate with GPIB (IEEE 488) and serial
(RS-232 or RS-422) instruments. Refer to Part I1, I/O Interfaces, of this
manual to learn more about strings used for instrument commands.

Block Diagram

2. Build the block diagram shown in the following illustration.

Combined Strir

L_ength of Strin

Trailer
abc |

Format Into String function (Functions»String) concatenates and formats
numbers and strings into a single output string. Use the Resizing cursor on
the icon to add three argument inputs.

String Length function (Functions»String) returns the number of
characters in the concatenated string.

3.  Run the VI. Notice that the Format Into String function concatenates
the two string controls and the digital control into a single, output
string.

4. Save the VI as Build String.vi. You will use this VI in the next
exercise.

@ End of Activity 6-1.
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) Activity 6-2.  Use Format Strings

Your objective is to create a string according to the format you specify.

H@

You will use the Build String VI that you created in Activity 6-1 to create a
format string. With format strings, you can specify the format of arguments,
including the field width, base (hex, octal, and so on), and any text that
separates the arguments.

Front Panel
1. Open the Build String VI that you created in Activity 6-1.

Header Combined String
SET |SET 5.5000%0LTS |
MHurnber

3550

Trailer Length of Strin
WOLTS 16

Block Diagram

Combined Srin

Length of Strin

T railer
abc |
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2. Pop up on the Format Into String VI and select Edit Format String.
The following dialog box appears.

Edit Format String [ <]

Current Format Sequence: Selected Operation:
| Format sting  [e.0.:abc) =
Farmat fractional number ;
Format string Options
| Riight juistify =]
-
Add New Operation | [~ Use minirum field width: ?:5
™ Use masimum string length: ?js
Remave Thiz Operation |

Correzponding Format String:

I@zr %s

Create Shing Cancel |

Note You can also double-click on the node to access the Edit Format String dialog box.

Notice that the Current Format Sequence contains the argument types, in
the order that you wired them.

3. Set the precision of the numeric to 4.

a. Highlight Format fractional number in the Current Format
Sequence list box.

b. Click in the Use Specified Precision checkbox.

c. Highlight the numeric beside the Use Specified Precision
checkbox, type in 4, and press <Enter> (Windows); <return>
(Macintosh); <Return> (Sun); or <Enter> (HP-UX). The following
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illustration shows the selected options to set the precision of

number.
Edit Format String
Current Format Sequence: Selected Operation:
Format sting - | Foimat fractional number [e.0.:12.348) =]
Format fractional number .
Format sting Options
| Right justify _'I
= | Fad using spaces _'I
Add New Operation | [~ Use mirirnuri figld width: i;:;
[+ Use specified precision: |4
Remowe This Dperation |

Conesponding Farmat String:
o | s

Create String | Cancel |

4. Press the Create String button. Pressing this button automatically
inserts the correct format string information and wires format string to
the function, as shown in the following illustration.

Cornbired Strin

Length of Strin

5. Return to the front panel and type text inside the two string controls
and a number inside the digital control. Run the VI.

6. Save and close the VI. Name it Format String.vi.

@ End of Activity 6-2.
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) Activity 6-3.  String Subsets and
Number Extraction

Your objective is to take a subset of a string that contains the string
representation of a number and convert it to a numeric value.

|\g@

Front Panel

1. Openthe Parse String.vi from Examples\General)\
strings.1l1lb. Run the VI with the default inputs. Notice that the
string subset of DC is chosen for the input string. Also, notice that
the numeric part of the string was parsed out and converted to a
number. You can try different control values (remember that strings,
like arrays, are indexed starting with zero), or you can show the block
diagram to see how to parse the components out of the input string.

Input String
WOLTS DC +1.345E+02

Subszet Offzet
I
Subset Length Sting Subset
2z oC
Mumber Offzet Mumber
B
CIER 134 50
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Block Diagram
2. Open the block diagram of the Parse String VI, shown in the following

illustration.
Subszet Length
Subset Offset Stm:,. Subsel String Subset
132 | &§
| nput Strir
abc

LabVIEW uses the String Subset and Scan From String functions to parse
the input string.

M String Subset function (Functions»String) returns the substring beginning
) at offset and contains length number of characters. The first character

offset is zero.

In many instances, you must convert strings to numbers, such as when you
convert a data string received from an instrument into the data values.

Scan From String function (Functions»String) scans a string and converts
valid, numeric characters (0 to 9, +, —, e, E, and period) to numbers. If you
wire a format string, Scan From String makes conversions according to the
format. If you do not wire format string, Scan From String makes default
conversions for each default input terminal in the function. This function
starts scanning the string at offset. The first character offset is zero.

The Scan From String function is useful when you know the header length
(voLTs DcC in the example here), or when the string contains only valid
numeric characters.

3. Close the VI by selecting File»Close. Do not save the VI.

@ End of Activity 6-3.
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File 1/0

The G file I/O functions (Functions»File I/0) are a powerful and flexible
set of tools for working with files. In addition to reading and writing data,
the LabVIEW file I/O functions move and rename files and directories,
create spreadsheet-type files of readable ASCII text, and write data in
binary form for speed and compactness.

You can store or retrieve data from files in three different formats.

*  ASCII Byte Stream—You should store data in ASCII format when you
want to access it from another software package, such as a word
processing or spreadsheet program. To store data in this manner, you
must convert all data to ASCII strings.

* Datalog files—These files are in binary format that only G can access.
Datalog files are similar to database files because you can store several
different data types into one (log) record of a file.

* Binary Byte Stream—These files are the most compact and fastest
method of storing data. You must convert the data to binary string
format and you must know exactly what data types you are using to
save and retrieve the data to and from files.

This section discusses ASCII byte stream files because that is the most
common data file format. For examples of file I/O, see Examples\File.

File 1/0 Functions

Most file I/0 operations involve three basic steps: opening an existing
file or creating a new file; writing to or reading from the file; and closing
the file. Therefore, LabVIEW contains many utility VIs in Functions»
File I/O. This section describes the nine, high-level utilities. These utility
functions are built upon intermediate-level VIs that incorporate error
checking and handling with the file I/O functions.
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The Write Characters To File VI writes a character string to a new byte
stream file or appends the string to an existing file. This VI opens or creates
the file, writes the data, and then closes the file.

The Read Characters From File VI reads a specified number of characters
from a byte stream file beginning at a specified character offset. This VI
opens the file beforehand and closes it afterwards.

The Read Lines From File VI reads a specified number of lines from a byte
stream file beginning at a specified character offset. This VI opens the file
beforehand and closes it afterwards.

The Write To Spreadsheet File VI converts a 1D or 2D array of
single-precision numbers to a text string and writes the string to a new byte
stream file or appends the string to an existing file. You can optionally
transpose the data. This VI opens or creates the file beforehand and closes
it afterwards. You can use this VI to create text files readable by most
spreadsheet programs.

The Read From Spreadsheet File VI reads 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. You can
optionally transpose the array. This VI opens the file beforehand and closes
it afterwards. You can use this VI to read spreadsheet files saved in text
format.

For additional File I/O functions, select Function»File I/O»
Binary File VIs or Function»File I/O»Advanced File Functions.
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Writing to a Spreadsheet File

One very common application for saving data to a file is to format the text
file so that you can open it in a spreadsheet. In most spreadsheets, tabs
separate columns and EOL (End of Line) characters separate rows, as
shown in the following figure.

000 — 04258]

LOO = 03073 -+ = Tab

200 - 05453 = Line Separator
3,00 = 0946400

4.00 - 08517

Opening the file using a spreadsheet program yields the following table.

A [ B [ ¢
0.4253
0.3073
0.9453
0.964
0.9517

e D= O

c‘n‘m‘h|m|m‘—t
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) Activity 6-4. Write to a Spreadsheet File

@ Your objective is to modify an existing VI to use a file 1/0 function so that
you can save data to a new file in ASCII format. Later you can access this
file from a spreadsheet application.

N

Front Panel

1. Open the Graph Waveform Arrays.vi you builtin Activity 5-1.
As you recall, this VI generates two data arrays and plots them on
a graph. You modify this VI to write the two arrays to a file where
each column contains a data array.

W aweform Graph s aveform Array

100.0- 0l
80.0-
E0.0-
40.0-
20.0-

no-

-20.0-) [ [ I | 1
0 20 40 EBO 20 100

Block Diagram

2. Open the block diagram of Graph Waveform Arrays.vi and
modify the VI by adding the block diagram functions that have been
added to the lower right of the following illustration.
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BTz 5 The Write To Spreadsheet File VI (Functions»File I/0) converts the
= 2D array to a spreadsheet string and writes it to a file. If you have not

specified a path name, then a file dialog box pops up and prompts you for
a file name. The Write To Spreadsheet File writes either a 1D or 2D array
to file. Because you have a 2D array of data in this example, you do not
have to wire to the 1D input. With this VI, you can use a spreadsheet
delimiter or string of delimiters, such as tabs or commas in your data.

¥ Boolean Constant (Functions»Boolean) controls whether or not
G transposes the 2D array before writing it to file. To change the value
to TRUE click on the constant with the Operating tool. In this case, you
want the data transposed because the data arrays are row specific (each row
of the two-dimensional array is a data array). Because each column of the
spreadsheet file contains a data array, the 2D array must first be transposed.

3. Return to the front panel and run the VI. After the data arrays have
been generated, a file dialog box prompts you for the file name of the
new file you are creating. Type in a file name and click on OK.

ﬁ Caution Do not attempt to write data in VI libraries, such as the mywork .11b. Doing so
may result in overwriting your library and losing your previous work.

4. Save the VI, name it Waveform Arrays to File.vi, and close
the VI.

5. You now can use spreadsheet software or a text editor to open and view
the file you just created. You should see two columns of 100 elements.

In this example, the data was not converted or written to file until the entire
data arrays had been collected. If you are acquiring large buffers of data or
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would like to write the data values to disk as they are being generated, then
you must use a different File I/O VL.

@ End of Activity 6-4.

Activity 6-5. Append Data to a File

—/

Front Panel

132
N
—

LabVIEW User Manual

Your objective is to create a VI to append temperature data to a file in
ASCII format. This VI uses a For Loop to generate temperature values
and store them in a file. During each iteration, you will convert the data
to a string, add a comma as a delimiting character, and append the string
to a file.

1. Open anew front panel and place the objects as shown in the following
illustration.

Humber of paints
CIT—

Temperature Chart

10.0-
8.0-
6.0-
4.0-
2.0-

0.0-}
i

0.00

The front panel contains a digital control and a waveform chart.

Select Show»Digital Display. The # of points control specifies how
many temperature values to acquire and write to file. The chart displays
the temperature curve. Rescale the Y axis of the chart for the range
70.0 to 90.0, and rescale the X axis for the range O to 20.

2. Pop up on the # of points digital control and choose
Representation»132.
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Block Diagram
3. Open the block diagram.

N
Ernpty Path fw/rite Characters Ta File.v]
. ¥ Gibe. &=
Farmat Inta String| J;’E']
append to file?
ﬂTemp
[ )

4. Add the For Loop and enlarge it. This VI generates the number of
temperature values specified by the # of Points control.

5. Add a Shift Register to the loop by popping up on the loop border.
This shift register contains the path name to the file.

6. Finish wiring the objects.

Empty Path constant (Functions»File NO»File Constants). The Empty
Path function initializes the shift register so that the first time you try to
write a value to file, the path is empty. A file dialog box prompts you to
enter a file name.

Digital Thermometer VI returns a simulated temperature measurement

ﬂTemp from a temperature sensor.
] Format Into String function (Functions»String) converts the temperature
= measurement (a number) to a string and concatenates the comma that
follows it.
String constant (Functions»String). This format string specifies that you

want to convert a number to a fractional format string and follow the string
with a comma.

The Write Characters To File VI (Functions»File I/O) writes a string of
characters to a file.

Boolean Constant (Functions»Boolean) sets the append to file? input
of the Write Characters To File VI to True so that the new temperature
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values are appended to the selected file as the loop iterates. Click the
Operating tool on the constant to set its value to True.

7.

Return to the front panel and run the VI with the # of points set
to 20. A file dialog box prompts you for a file name. When you enter
a file name, the VI starts writing the temperature values to that file
as each point is generated.

Save the VI as Write Temperature to File.vi inthe
LabVIEW\Activity directory.

Use any word processing software such as Write for Windows, Teach
Text for Macintosh, or a text editor in UNIX to open that data file and
view the contents. You should get a file containing twenty data values
(with a precision of three places after the decimal point) separated by
commas.

@ End of Activity 6-5.

Activity 6-6. Read Data from a File

—/

Your objective is to create a VI that reads the data file you wrote in the
previous example and displays the data on a waveform graph. You must
read the data in the same data format in which you saved it. Therefore,
because you originally saved the data in ASCII format using string data
types, you must read it in as string data with one of the file 1/0 VIs.

Front Panel

1.

LabVIEW User Manual

Open a new front panel and build the front panel shown in the
following illustration.
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String Read fram Filz

Temperature Graph
10.0-

8.0-
B.0-
4.0-

2.0-

0.0-}
i

The front panel contains a string indicator and a waveform graph. The
String Read from File indicator displays the comma delimited temperature
data from the file you wrote in the previous activity. The graph displays the
temperature curve.

Block Diagram

2. Build the block diagram as shown in the following illustration.

[Read Characters From File. v

String R ead from Fils
_T

E mtract Murnbers. wi

Temperature Graph

The Read Characters From File VI (Functions»File I/0) reads the data
from the file and outputs the information in a string. If no path name is
specified, a file dialog box prompts you to enter a file name. In this
example, you do not need to determine the number of characters to read
because there are fewer characters in the file than the default of 512.

You must know how the data was stored in a file in order to read the data
back out. If you know how long a file is, you can use the Read Characters
From File VI to determine the known number of characters to read.
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The Extract Numbers VI (Examples\General\strings.11b) takes an
ASCII string containing numbers separated by commas, line feeds, or other
non-numeric characters and converts them to an array of numerics.

3. Return to the front panel and run the VI. Select the data file you just
wrote to disk when the file dialog box prompts you. You should see the
same data values displayed in the graph as you saw in the Write
Temperature to File VI example.

Save the VI, name it Temperature from File.vi,and close the VI.

@ End of Actlwty 6-6.

Using the File 1/0 Functions

Specifying a File

LabVIEW User Manual

Sometimes the high-level file I/O functions do not provide the functionality
you might need for saving data to disk. At this point, you must use the
functions from Functions»File I/O»Advanced.

There are two ways to specify a file—programmatically or through a
dialog box. In the programmatic method, you supply the filename and the
pathname for the VI.

(Windows) A pathname consists of the drive name (for example, C),
followed by a colon, followed by backslash-separated directory names,
followed by the filename. An example is C: \DATADIR\TESTL1 for a file
named TEST1 in the directory DATADIR on the C drive.

(Macintosh) A pathname consists of the drive name, followed by a colon,
followed by colon-separated folder names, followed by the filename.

An example is HardDrive:DataFolder:Test1 for a file named Test1
in the folder DataFolder on the volume named HardDrive.

(UNIX) A pathname consists of slash-separated directory names followed by
the filename. An example is /usr/datadirectory/testl for a file
named test1 in the directory /usr/datadirectory.

(All Platforms) Using the dialog box method, the File Dialog function
displays a dialog box that you can use to interactively search for a directory
and then type in a filename.
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Paths and Refnums

A path is a G data type that identifies files. You can enter or display a file
path using the standard syntax for a given platform with the path control
and path indicator. In many ways, the path control and indicator works like
a string control or indicator, except that G formats the path appropriately
for any platform supported by G.

A refnum consists of a G data type that identifies open files. When you

open a file, G returns a refnum associated with the file. All operations
performed on open files use the file refnums to identify each file. A refnum
is only valid for the period during which the file is open. If you close the
file, G disassociates the refnum with the file. If you subsequently open the
file, the new refnum may be different from the refnum that G used
previously.

In addition to associating an operation with a file, G remembers
information for each refnum, such as the current location for reading from
the file and the degree of access to the file that other users are permitted,
so that you can have concurrent but independent operations on a single file.
If you open a file multiple times, each open file operation returns a different
refnum.

File I/0 Examples

You can use the following examples to see how to use the File I/O functions
complete with proper error checking and handling techniques:

The Write to Text File VI (in Examples\File\smplfile.1llb) writes an
ASCII text file that contains data values with time-stamps.

The Read from Text File VI (in Examples\File\smplfile.11lb) reads
an ASCII text file that contains data values with time-stamps.
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Datalog Files

LabVIEW User Manual

The examples shown in this chapter illustrate simple methods for dealing
with files that contain data stored as a sequence of ASCII characters. This
approach is common when creating files that other software packages read,
such as a spreadsheet program. G has another file format, called a datalog
file. A datalog file stores data as a sequence of records of a single, arbitrary
data type, which you determine when you create the file. G indexes data in
a datalog file in terms of these records. While all the records in a datalog
file must be of a single type, that type can be complex. For instance, you
can set each record so that the record contains a cluster with a string, a
number, and an array.

If you are going to retrieve the data with a VI, you may not want to write
data to ASCII files, because converting data to and from strings can be time
consuming. For instance, converting a two-dimensional array to a string in
a spreadsheet format with headers and time-stamps is a complicated
operation. If you do not need to have the data stored in a format that other
applications can read, you may want to write data out as a datalog file.

In this form, writing data to a file requires little manipulation, making
writing and reading much faster. It also simplifies data retrieval, because
you can read the original blocks of data back as a log or record without
having to know how many bytes of data the records contain. G records the
amount of data for each record of a datalog file.

The Write Datalog File Example (in Examples\File\datalog.1l1lb)
creates a new datalog file and writes the specified number of records to the
file. Each record is a cluster containing a string and an array of single
precision numbers.

To read a datalog file, you must match the data type that was used to
write to the file. The Read Datalog File Example (in Examples\File\
datalog.1llb) reads a datalog file created by the Write Datalog File
Example one record at a time. The record read consists of a cluster
containing a string and an array of single precision numbers.
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1/0 Interfaces

This section contains basic information on the interfaces to which you can
input and output data, which are data acquisition, GPIB, serial, and VXI.
Refer to the Data Acquisition Basics Manual for introductory information
on real-time data acquisition. VISA (Virtual Instrument Software
Architecture) is a single software API that interfaces with GPIB, serial, and
VXI instruments. LabVIEW applications developed especially for a
specific instrument are called instrument drivers. National Instruments
provides several instrument drivers using the VISA library, but you can
also build your own instrument drivers.

Part I, I/O Interfaces, contains the following chapters.

Chapter 7, Getting Started with a LabVIEW Instrument Driver,
explains how to create and use National Instruments instrument
drivers.

Chapter 8, LabVIEW VISA Tutorial, shows you how to implement
common VISA applications using message-based and register-based
communication as well as events and locking.

Chapter 9, Introduction to LabVIEW GPIB Functions, explains how
the GPIB operates and the difference between the IEEE 488 and IEEE
488.2 interfaces.

Chapter 10, Serial Port VIs, describes the VIs for serial port
communication and explains the important factors that affect serial
communication.



Getting Started with a LabVIEW
Instrument Driver

This chapter begins by describing how to install and use instrument drivers
from the Instrument Driver Library, and ends with instruction on creating
your own instrument driver. This chapter steps you through common

techniques for verifying communication with your instrument, developing
an application using instrument drivers, and creating an instrument driver.

What is a LabVIEW Instrument Driver?

An instrument driver is a set of LabVIEW VIs that communicate with an
instrument using LabVIEW’s standard VISA I/O functions. Each VI
corresponds to a programmatic operation, such as configuring, reading
from, writing to, and triggering an instrument. LabVIEW instrument
drivers eliminate the need to learn the complex, low-level programming
commands for each instrument.

The LabVIEW instrument driver library contains instrument drivers for a
variety of programmable instruments that use the GPIB, VXI or serial
interface. You can use a library driver for your instrument as is. However,
instrument drivers are distributed with their block diagram source code, so
you can customize them for your specific application if need be.
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Where Can | Get Instrument Drivers?

Instrument drivers can be installed from an instrument driver CD or
downloaded from the National Instruments web site. You can obtain the
latest instrument driver order form by using a touch-tone phone to call
the National Instruments automated fax system, Fax-on-Demand, at
(512) 418-1111 or (800) 329-7177. Or you can download drivers using the
Instrument Driver Network on the web. To access this Network, connect to
http://www.natinst.com/idnet.

If an instrument driver for your particular instrument does not exist,
you can:

1. Try using a driver for a similar instrument. Often similar instruments
from the same manufacturer have similar if not identical command
sets.

2. Create an instrument driver using the guidelines in the Developing a
Quick and Simple LabVIEW Instrument Driver section in this chapter.

3. Develop a complete, fully functional instrument driver. To develop a
National Instruments quality driver, you can download Application
Note 006, Developing a LabVIEW Instrument Driver, from our web
site. This application note will help you to develop a complete
instrument driver.

Where Should | Install My LabVIEW Instrument Driver?

LabVIEW User Manual

Instrument drivers should be installed as a subdirectory of your
LabVIEW/instr.lib. For example, the HP34401A instrument driver,
which is included with LabVIEW, is installed in the following directory:

Labview/instr.lib/hp34401a

Within this directory you will find the menu files and VI libraries that make
up an instrument driver. The menu files allow you to view your instrument
driver VIs from the Functions palette. The VI libraries contain the
instrument driver VlIs.
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How Do | Access the Instrument Driver Vis?

You can find the Instrument Driver VIs near the bottom of the Functions
palette in the Instrument Drivers subpalette.
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Many of the instrument drivers have menus palettes which have the
following components:

Initialize VI

Close VI

Application Example Subpalette
Configuration Subpalette
Action/Status Subpalette

Data Subpalette

Utility Subpalette

Instrument driver VIs can also be accessed using the Select a VI option
from the Functions palette. To view the entire instrument driver hierarchy
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you might open the VI Tree V1. This is a non-executable VI that is designed
to show the functional structure of the instrument driver.

Instrument Driver Structure

The following figure shows the organization of a standard instrument
driver. Once you understand this model, you will find it applies to
numerous instrument drivers.

Application Programs Getting Started VI

Functional Body

Application Vls
Initialize Close
) Action & .
Configure Status Data Utility
Component Vls
I I
Support Vis VISA

Instrument Driver Model

LabVIEW User Manual

The Getting Started VIs are simple application VIs you can use without
modification. Run this VI to verify communication with your instrument.
Typically you will only need to change the instrument address before
running the VI from the front panel. However, there are a few that also
require you to specify the VISA Resource name (for example, GPIB::2).
For more information on VISA Resource names, see Chapter 8, LabVIEW
VISA Tutorial. The Getting Started VI generally consists of three sub-VIs:
the Initialize VI, an Application VI, and the Close VI.

The Application VIs are high-level examples of grouping together
low-level component functions to execute a typical programmatic
instrument operation. For example, the Application VIs might include
VIs to control the most commonly used instrument configurations and
measurements. These VIs serve as a code example to execute a common
operation such as configuring the instrument, triggering, and taking a
measurement.
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Because the application VIs are standard VIs with icons and connector
panes, you can call them from any high-level application when you want a
single, measurement-oriented interface to the driver. For many users, the
application VIs are the only instrument driver VIs needed for instrument
control. The HP34401 Example VI, shown in the following figure,
demonstrates an application VI front panel and block diagram.

File Edit Operate Project Windows Help |m=:u-w|
QI@%I [ || 13pt Application Font || (35 =] |70= =] ETaae
Hewlett 34401 A VISA session  dup VISA session
Packard Multimeter WA W

- i — Instr |rste
E'—' 0.000E +0 Source [0:ntemal]
|E|_§|I Internal
error out
Function [0 DC] Range/Rezolution [T:Auta] Samples (1) statuz code
lﬂ_ﬂ DC Yaltage IAuto g i o Eefror I ] | =
sOLICE
Manual Res. [1: 5.5 Digitz] Manual Range [1.00) Manual Delay (0] ‘
| o & &
1 5[55 Digits S0 30 ]
] | il

Function [0 DC)
tarwal Res. [1: 5.5 Digitz]
Y154 session

rrar in [no erar]

M arual B ange [1.00]

R ange/Resolution [T:&uta]

Conhigure Tngger Measzure

Source [Xlnternal)
Samplez (1]

teasurements
[T dup*ISA session

[ i - errar out

taral Delay (0]

The initialize VI, the first instrument driver VI called, establishes
communication with the instrument. Additionally, it can perform any
necessary actions to place the instrument either in its default power on
state or in some other specific state. Generally, the initialize VI only needs
to be called once at the beginning of your application program.

The configuration VIs are a collection of software routines that configure
the instrument to perform the desired operation. There may be numerous
configuration Vs, depending on the particular instrument. After these VIs
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Note

are called, the instrument is ready to take measurements or stimulate a
system.

The action/status category contains two types of VIs. Action VIs initiate or
terminate test and measurement operations. These operations can include
arming the trigger system or generating a stimulus. These VIs are different
from the configuration VIs because they do not change the instrument
settings, but only order the instrument to carry out an action based on its
current configuration. The status VIs obtain the current status of the
instrument or the status of pending operations.

The data Vls transfer data to or from the instrument. Examples include VIs
for reading a measured value or waveform from a measurement instrument,
VIs for downloading waveforms or digital patterns to a source instrument.

The utility VIs perform a variety of operations that are auxiliary to the most
often used instrument driver VIs. These VIs include the majority of the
instrument driver template VIs such as reset, self-test, revision, error query,
and error message and may include other custom instrument driver VIs that
perform operations such as calibration or storage and recall of setups.

The close VI terminates the software connection to the instrument and frees
up system resources. Generally, the close VI only needs to be called once at
the end of your application program or when you finish communication
with your instrument. You should make sure that for each successful call to
the initialize VI, that you have a matching close VI—otherwise you will be
maintaining unnecessary memory resources.

Application functions do not call initialize and close. To run an application

Junction, you must first run the initialize VI. The Getting Started VI calls initialize

and close.

Obtaining Help for Your Instrument Driver Vis

LabVIEW User Manual

LabVIEW instrument drivers are documented through the LabVIEW
Help window. There is a Help description for each instrument driver VI
as well as for each front panel control. To display the Help window,
choose Show Help from the Help menu. To display help for the VI, place
the cursor over the VI icon. To display help for the front panel controls,
place the cursor over the desired control. If you cannot see the entire
description in the Help window, you can obtain control or indicator help by
selecting Data Operations»Description... from the control or indicator
pop-up menu.
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Running the Getting Started VI Interactively
(Selecting the GPIB Address, Serial Port, and Logical Address)

To verify communication with your instrument and test a typical
programmatic instrument operation, you should first open the Getting
Started VI. Look over each of the controls and set them appropriately.
Generally, with the exception of the address field, the defaults for most
controls will be sufficient for your first run. You will need to set the address
appropriately. If you do not know the address of your instrument, refer to
the Instrument Wizard for help. After running the VI, check to see that
reasonable data was returned and an error was not reported in the error
cluster. The most common reasons for the Getting Started VI to fail are:

1. NI-VISA is not installed. If you did not choose this as an option during
your LabVIEW installation, you will need to install it before rerunning
your Getting Started VI.

2. The instrument address was incorrect. The Getting Started VI requires
you to specify the correct address for your instrument. If you are not
certain of your instrument’s address, run the Instrument Wizard or the
Find Resource function. If you are not familiar with the syntax for the
address string, refer to Chapter 8, LabVIEW VISA Tutorial, for help.
To access the Instrument Wizard, select Solution Wizard in the
LabVIEW dialog box. When prompted, select Instrument Wizard.

3. The instrument driver does not support the exact model you are using.
You might need to double-check that the instrument driver supports the
instrument model you are using.

Once you have verified basic communication with your instrument

using the Getting Started VI, you probably want to customize instrument
control for your needs. If your application needs are similar to the Getting
Started VI, the simplest means of creating a customized VI is to save a
copy of the Getting Started VI by selecting Save As... from the File menu.
You can change the default values on the front panel by selecting Make
Current Values Default from the Operate menu. Block diagram changes
might include changing the constants wired to the Application VI or other
sub-VIs. As mentioned earlier, the block diagram of the Getting Started VI
generally consists of three VIs: The Initialize VI, an Application Function
VI, and the Close VI.
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Interactively Testing Component Vis

Many users like to test out component VIs interactively before they include
them in their application. This helps to select appropriate instrument
configuration settings. To run the component VIs from their front panels,
you will first need to run the Initialize VI. For subsequent VIs, you will
need to first pop-up on the VISA Session control and select your resource
name from the Open Sessions... sub-menu, as shown below:

.;{;,I{EIJ %i T] I | 13pt Application Fant [ Iﬁi

Open
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Once you have selected your resource. You can interactively run the
component VI from the front panel multiple times without resetting the
resource selection.

In general, you should run the component VIs in the order you want to call
them in your application. First you run the Initialize VI, followed by one or
more configuration VIs. If you are using a trigger for your measurement,

you might need to call an action VI to arm the trigger. Calls to data VIs then
collect the measured value(s). When you are finished testing the instrument
driver component VIs, you should run the Close VI to deallocate resources.

Building Your Application

After selecting the component VIs you need and their execution order,
you can then build your application. If the execution order is similar to
the Application VI, you can modify the Application VI’s block diagram.
If your application differs significantly from the Application VI, you
should build your own VL.

You should place the VIs on your block diagram in order and then wire
them together using the VISA session and the error cluster parameters. You
do not need to wire all inputs for all component VlIs. If the default values
are sufficient for your application, you do not need to wire the input
terminals. For key inputs, you might want to wire the defaults anyway as a
means of documenting your VI. For repeated measurements, you should
place your data measurement VIs in a loop. Remember, if you place a
component VI inside a loop, you must disable indexing on the VISA
Session and Error cluster wires that are passed into and out of the loop.
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To check for instrument errors, you should periodically call the Error Query
VI. As shown in the following figure, a user could use an oscilloscope to
take frequency measurements once per second and display them to the
operator. Notice that the loop terminates on three possible conditions:

the operator stops the VI using a front panel control, an instrument error
is detected by the Error Query VI, or an error occurs with the VISA

I/O interface. If an error occurs within the loop, the Error Message VI will
then display a popup message to the operator. The Error Message VI is
similar to LabVIEW’s General Error Handler VI, except that additional
instrument-specific errors can be reported. One should use the Error
Message VI after executing several instrument driver VIs to recognize and
display any errors that may have occurred.

Initialize

WI54 zezzioh

Read Data

Configure
Close and
Measurement Type itz 000 g Error Handling
EG_TﬁIZ |_'II€TBGZ THRTISZRH TRTDS 2343
iEs s ikt
pArcHl e 5 ]
(] MBS A ooy N

o

Measuremert
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Related Topics

Open VISA Session Monitor Vi

LabVIEW User Manual

The Open VISA Session Monitor VI is handy if you are involved with
interactive or programmatic debugging of your instrument driver
application. During your debugging you might discover that you have
many open VISA sessions that need to be closed. If you open a significant
number of the VISA sessions without closing them, you decrease the
available memory resources. To close all the open sessions quickly, you
can run the Open VISA Session Monitor VI in the labview/vi.lib/
utility/visa.1llb library. Alternatively, you could save your work,
exit, and re-enter LabVIEW. Exiting LabVIEW closes all your open VISA
sessions.

7-10 © National Instruments Corporation



Error Handling

Chapter 7 Getting Started with a LabVIEW Instrument Driver

It is important to perform error handling in instrument control applications
because there are several potential sources for errors.

VISA functions can return errors because VISA or the underlying
software or hardware is not properly installed. For example, when
communicating with GPIB instruments, NI-488.2 must be installed to
correctly to use National Instruments’ GPIB controller card. Similarly,
if the board is not installed or is not correctly configured, the
instrument driver VIs will return an error. This type of error can be
detected with the Error Message VI or LabVIEW’s General Error
Handler VI.

VISA functions can return errors if the device you are accessing is not
responding the commands you have sent. The instrument could be
incorrectly addressed, malfunctioning, or unable to understand the
commands that are being sent. This type of error can be detected with
the Error Message VI or LabVIEW’s General Error Handler V1.

The instrument reports errors. Generally, an instrument will flag an
error for reasons ranging from invalid commands to settings out of
range to missing hardware options. These instrument errors can be
detected by calling the instrument driver’s Error Query VI followed by
the Error Message VI.

For more information on error handling, see the Error Handling with VISA
section in Chapter 8, LabVIEW VISA Tutorial.

Testing Communication with Your Instrument

If you are having difficulty communicating with your instrument using the
instrument driver VIs, use the Easy VISA 10 VIs to test simple reads and
writes interactively without running the VISA Open and VISA Close VIs.
For example, for the Easy VISA Write VI, you only need to provide the
resource name and the message to be sent to the instrument. The Easy VISA
IO VIs include the following and are shown in the following illustration:

© National Instruments Corporation

Easy VISA Find Resources
Easy VISA Write

Easy VISA Read

Easy VISA Write & Read

Easy VISA Serial Write & Read
Easy Register Write

Easy Register Read
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Although these Easy VISA 10 VIs are convenient for testing purposes, they
should be used with caution for application development. For each read or
write to the instrument, these VIs always open and close a VISA Session,
which can slow down your application if called repeatedly. For this reason,
it is best to use the standard VISA functions for application development.

Developing a Quick and Simple LabVIEW
Instrument Driver

Although National Instruments continues to develop new instrument
drivers, we do not have the resources to develop drivers for all the
requested instruments. You might find yourself in a situation where you
need to interface with an instrument and no driver is available. This section
describes how to develop a simple instrument driver for your application.

Modifying an Existing Driver

LabVIEW User Manual

Before you start from scratch, check that no driver exists for your
instrument. This might include checking both the manufacturer’s web site,
as well as National Instruments’ web site. While you are checking the web
sites, you should be on the lookout for instrument drivers that support a
similar instrument. Instruments from the same model series often have
similar command sets. Similarly, SCPI instruments of like functionality
also have similar command sets. Obtain these drivers and assess the
command set similarity to your instrument. For instruments from the same
model series, you might need to contact the manufacturer and ask for
details on the differences between the command sets. If you are comparing
similar SCPI instruments, you will need to compare the instrument driver
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commands with those in your instrument’s programming manual.

You might want to modify an existing driver to optimize the code. For the
driver to be used by a variety of users, a component VI might attempt to
change a setting that is not necessary for your application. In general, you
will only want to optimize those VIs that are called repeatedly in a loop.
Configuration VIs are generally only called once, and have little effect on
application speed.

The simplest way to modify an instrument driver VI is to rename it by
selecting Save As... from the File menu. To identify the new VI you should
change the name by either modifying the prefix or the description. For
example, if you were modifying a Tektronix TDS oscilloscope instrument
driver to work with a different instrument, you might want to rename the
VI prefixes from TKTDS7XX to a name appropriate for your instrument.
Once you have modified the name, you will want to modify the block
diagram and front panel controls. Most changes to the block diagram will
be related to the string functions. If you are not familiar with the string
functions, such as Pick Line and Append or Select and Append, refer to the
LabVIEW Online Reference for more information.

Each Initialize VI optionally calls an Identification Query that is specific to
an instrument model or model series. You will either need to turn off this
option, or you will need to change the response to the identification query
command. For SCPI instruments, this command is *IDN?.

The degree to which an instrument driver needs to be changed will depend
on how similar the instruments and their command sets are. If the command
sets are very different, you will be better off starting from scratch.

Developing a Simple Driver

Most message-based instruments are controlled programmatically by a
series of writes and reads to and from the instrument. For most simple
instrument drivers only four VISA functions are needed: VISA Open,
VISA Write, VISA Read, and VISA Close.

The simple instrument driver VI shown in the following illustration
makes just one write and one read from an instrument. This VI first opens
resources to the instrument using the VISA Open VI. Then, it sends the
MEAS:DC? command (as described in the instruments user manual) to
return a DC measurement from the instrument. The VISA Read function
returns the measurement in the form of a string. To use the measurement
with other numeric functions, the string is converted to a numeric using the
Scan from String function. After completing the last read or write to the
instrument, the VISA Close function is called. This is followed by the
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Simple Error Handler VI to process any errors that might have occurred
with the Instrument IO functions.

bytes to read

VIS session far class) |
session [for class) MEAS:DLC?
Elﬂsﬂ

J.'BS'A (| (B LA
Tlaboy abi -, E : @
e [E1] R @) C k# ,

GFIB:3

DC Meazurement

For a more modular instrument driver, you might try to break up the reads
and writes to the instrument according to the type of operation you are
trying to accomplish. You might want to combine the reads and writes
necessary to set up configuration into one VI, while measurement reading
is in another V1. For repeated measurements, you could place your
measurement VIs in a loop. If you know exactly what the configuration of
your setup is, you probably could include all the configuration commands
into one string constant, as shown below.

MEASU:IMM:SOURCE CH1:

MEASLLIMM TYPE MEAM

MEASLLIMM 7 MEASLEIMM:
ALUE? read buffer

WISA session [for class)
TIEA TIEA G EA
[ez0UICE hame ) b I—abc" pars aror out

erar in [ho error]l Eerl} o ETH| R [
1024
byte count

If, on the other hand, you want a user to be able to select different
configurations, then you will need to programmatically build command
strings. You can use the Pick Line & Append function to choose from a
selection of strings and concatenate it to another string in a single step. This
procedure is easier than using a Case structure and the Concatenate Strings
function.
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The block diagram on the left in the following illustration is easier than the
one on the right.

TRIG:COUP:ALC;
TRIG:COUP DC;
:TRIG:COUP HFR;

Trigger Coupling [0:AC) Trigger Coupling [0:40C)

By using the Select & Append function you can select a string constant and
concatenate it to another string in a single step. This procedure is easier
than using a Select function followed by a Concatenate function.

The block diagram on the left in the following illustration is easier than the
one on the right.

MO0 AUTO;
MO0 WORM;

SO0 ALTO;
Trigger Mode [F:Marm] [CTE]-

MO0 NORM:;

Trigger kMode [F:Marm]

Other useful string functions for building command strings are the Format
into String function and the Format & Append function. These functions
convert one or more numerics into a string with a variety of formatting
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options. Both the Pick Line & Append and the Format into String functions
are demonstrated in the block diagram shown below:

TRIG:S0UR-

Source [0: Internal] i

L TRIG:COUN %3 2e;5AMP.COUN 3.2

Trigger Count [1]
Samples (1]

W54 session dup VIS4 session

errar out

After you read the response from the instrument, you should parse the
measurement into a numeric value. The Scan from String function is useful
for converting ASCII numbers to numerics. The following code strips off
the “VOLTS DC” part of the string input and converts the “+1.28E+2” to a
double precision numeric. The string input is typical of a response from a
multimeter.
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If your instrument returns binary data, use the Type Cast function. This
function changes the data type of a wire, but not how the data is stored in
memory. VISA Reads return string data, regardless of whether it is encoded
as ASCII or binary. Therefore, to convert the binary string to a numeric or
numeric array, you need to type case the string to a different datatype. The
following example strips off a 4-byte header from a 1,000-byte response
string and then converts the remaining values to a single precision array.

0.00

[5cL] | Data Aray

Developing a Full-Featured Driver

If you are developing a driver that will be used by others, you might want to
consider developing a full-featured driver. These drivers are more modular
and have an architecture similar to those in the National Instruments
Instrument Driver Library, complete with error reporting and utility
functions. For more details about developing a more detailed driver, refer
to the Application Note 006, Developing a LabVIEW Instrument Driver,
on the National Instruments web site.

Using LabVIEW with IVI Instrument Drivers

In addition to the more than 600 LabVIEW source code drivers, you can
control instruments with IVI (Intelligent Virtual Instruments) instrument
drivers. IVI instrument drivers are DLL-based drivers developed in
LabWindows/CVI that give production test users additional benefits,
including the following.

* Instrument state caching for improved performance
e Simulation

e Multithread safety

* Instrument attribute access

See the LabVIEW Online Reference for more information about IVI
instrument drivers and how to use them.
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What is VISA?

This chapter is an overview of LabVIEW’s implementation of VISA.
It explains the basic concepts involved in programming instruments with
VISA and gives examples demonstrating simple VISA concepts.

VISA is a standard I/O Application Programming Interface (API)

for instrumentation programming. VISA by itself does not provide
instrumentation programming capability. VISA is a high-level API that
calls into lower level drivers. The hierarchy of NI-VISA is shown in the
figure below.

VISA
\ 4
Serial GPIB VXI
OS Calls NI-488.2 NI-VXI

VISA can control VXI, GPIB, or serial instruments, making the appropriate
driver calls depending on the type of instrument being used. When
debugging VISA problems it is important to keep in mind that this
hierarchy exists. What may appear to be a VISA problem could in reality
be a problem with one of the drivers into which VISA is calling.

Supported Platforms and Environments

Because VISA is the industry standard for developing instrument drivers,
most instrument drivers currently written by National Instruments use
VISA and therefore support Macintosh, Windows 3.x, Windows 95,
Windows NT, Solaris 1, Solaris 2, and HP-UX,, if the system-level drivers
are available for that platform.
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Why Use VISA?

VISA Is the Standard

VISA is the standard API for instrument drivers throughout the
instrumentation industry. In addition, you can use one API to control a suite
of instruments of different types, including VXI, GPIB and serial.

Interface Independence

VISA uses the same operations to communicate with instruments
regardless of the interface type. For example, the VISA command to write
an ASCII string to a message-based instrument is the same whether the
instrument is serial, GPIB, or VXI. Thus VISA provides interface
independence. This makes it easier to switch bus interfaces, which means
that users who must program instruments for different interfaces only need
to learn one APL.

Platform Independence

VISA is designed so that programs written using VISA function calls are
easily portable from one platform to another. To ensure platform
independence, VISA strictly defines its own data types. Therefore issues
like the size, in bytes, of an integer variable from one platform to another
should not affect a VISA program. The VISA function calls and their
associated parameters are uniform across all platforms. Software can be
ported to other platforms and then recompiled. A LabVIEW program can
be ported to any platform supporting LabVIEW.

Easily Adapted to the Future

LabVIEW User Manual

Another advantage of VISA is that it is an object-oriented API that will
easily adapt to new instrumentation interfaces as they are developed in the
future, making application migration to the new interfaces easy.
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Basic VISA Concepts

A simplified outline of the internal structure of the VISA API is shown in
the diagram below.

Default Resource Manager

— Finds Resources
— Opens Sessions

Message-Based Register-Based
— Read —In
— Write —Out
Properties Events
— Read (Get) — Wait (Synchronous)
— Write (Set) — Install Handler (Asynchronous)

Default Resource Manager, Session, and Instrument Descriptors

The Default Resource Manager is at the highest level of VISA operations.
LabVIEW automatically establishes communication with the default
Resource Manager at the first VISA VI call. This brings up two terms that
need to be defined: resource and session.

Resource—An entity with which you can communicate. Examples include
instrument (INSTR) and memory access (MEMACC) resources.

Session—A connection (link) to any existing resource, including the
Default Resource Manager.

You use the VISA Default Resource Manager to open sessions to other
resources. You must open sessions to the instruments before a VI can
communicate with them.

The VISA Default Resource Manager can also search for available
resources in the system. You can then open sessions to any of these
resources.
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How Do | Search for Resources?

The VISA Find Resource function shown below searches for available
resources in the system. This function is a common starting point for a
VISA program. You can use it to determine if all of the necessary resources
for the application to run are available.

LabVIEW User Manual

expression ["]

L4154
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find lizt
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error in [no eror)

P grror aulk

¥I5A Find Resource

The only necessary input to the VISA Find Resource function is a string
called the search expression. This determines what types of resources
the Find Resource VI will return. Possible strings for the search expression
are shown in the table below and can be found in the LabVIEW Online

Reference.

Instrument Resources Expression
GPIB GPIB[0 — 9]*::? *INSTR
GPIB-VXI GPIB-VXI?*INSTR
GPIB or GPIB-VXI GPIB?*INSTR
VXI VXI?*INSTR
All VXI PEVXI[0 — 9]*::7*INSTR
serial ASRL[0 - 9]*::7*INSTR
All P*INSTR

Memory Access Resources Expression
VXI VXI?*MEMACC
GPIB-VXI GPIB-VXI?*MEMACC
All VXTI PVXI[0-9]*::7*MEMACC
All *MEMACC

84
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The return values of the function are the return count (which reports the
number of resources that were found) and the find list. The find list is an
array of strings. Each string contains the description of one of the resources
that was found. These strings are known as instrument descriptors. A VI
that will find all of the available resources in the system is shown in the
figure below.

find lizt
[ab<]
Search Expression et count
FINSTR IS oo
- ljia error out
F

Instrument Descriptor—The exact name and location of a VISA
resource. This string has the following format:

Interface Type[board index]::Address::VISA Class

The instrument descriptors are simply specific instruments found by the
search query. The board index only needs to be used if more than one
interface type is present in the system. For example, if the system contains
two GPIB plug in boards one could be referred to as GPIBO and one as
GPIBI1. In this case, the board index needs to be used in instrument
descriptors. For VXI instruments the Address parameter is the Logical
Address of the instrument. For GPIB instruments it is the GPIB primary
address. Serial instruments do not use the address parameter. For example,
ASRLI1::INSTR is the descriptor for the COM 1 serial port on a personal
computer.

What is a VISA Class?

The VISA Class is a grouping that encapsulates some or all of the VISA
operations. INSTR is the most general class that encompasses all

VISA operations for an instrument. In the future other classes might be
added to the VISA specification. Currently the VISA Class does not need
to be included as part of the instrument descriptor, but you should include
it to ensure future compatibility. Currently, if the VISA class is left blank,
it will default to the INSTR class.
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Popping Up on a VISA Control

LabVIEW supplies another way to set the class for a VISA session that can
be used now. You can pop up on the front panel VISA Session control and
select the VISA Class as shown in the following figure.

154 zezzion [Insh
15

Izt |

[ Change to Indicator
Find T erminal
Shiow »
Data Dperations
Create »
Key Navigation. ..
Feplace »

pEn SEssan: B GPIB Instr
WHEI/GPIBA] MBD Instr
WHEI/GPIBAH] RBD Instr
Sernial Inztr
Generic Event
Service Request Event
Trigger Event
Wil Signal Event
Fesource Manager

If a class other than the default Instr class is selected, only functions for
operations associated with that device class can be wired successfully with
this session. For example, if GPIB Instr is selected for the VISA class, the
functions for VXI register access can not be wired with the session.

Opening a Session

The instrument descriptors are used to open sessions to the resources in the
system. The VISA Open function is shown below.

tirneaut (0]
¥I5A zession [for class) [EEE] WISA zegzion
resource name ["] ~f G
access mode f

&rrar in [ho ermar]

YISA Open

i femmcem rrr QUL

The resource name input is the VISA instrument descriptor for the resource
to which a session will be opened.
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Note You do not need to use the Find Resource VI to obtain instrument descriptors for
resources. The VISA Open VI can be used with an instrument descriptor provided
by the user or programmer. However, to be sure of the syntax for the descriptor it
is best to run Find Resource first.

Note In most applications, sessions only need to be opened once for each instrument
that the application will communicate with. This session can be routed throughout
the application and then closed at the end of the application.

Notice that there is also a VISA session input to the VISA Open VI. To
open sessions to resources in LabVIEW a VISA Session front panel control
is needed. The VISA session front panel control can be found in the
Controls Palette in the Path & Refnum subpalette.

i3 Controls
Path & Refnum
L2
| & b
List |4 [MEERLS
il

A
o

in M
» .
ol O
-—1Path & Refnum

Htive YISA Session

G £ [ [0 [=
CEE) [g) [) [[oed

How Do the Default Resource Manager, Instrument Descriptors, and
Sessions Relate?

It is important to have a clear understanding at this point of the Default
Resource Manager, instrument descriptors, and sessions. A good analogy
can be made between the VISA Default Resource Manager and a telephone
operator. Opening a session to the Default Resource Manager (remember
this is done automatically in LabVIEW) is like picking up the phone and
calling the operator to establish a line of communication between a
program and the VISA driver.

In turn the telephone operator can dial phone numbers to establish lines
of communication with resources in the system. The phone numbers that
the resource manager uses are the instrument descriptors. The lines of
communication are the sessions that are opened to VISA resources.

In addition, the resource manager can look for all the available phone
numbers. This is the VISA Find Resource operation.
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Closing a Session

An open session to a VISA resource also uses system resources within
the computer. To properly end a VISA program, all of the opened

VISA sessions should be closed. To do this there is a VISA Close VI that
is shown below.

YISA zession ]
&rmar in (o ermar] [:_‘\ﬁ &ror out
¥ISA Cloze

The VISA session input to the VISA Close VI is the session to be closed.
This session originally comes from the output session terminal of the
VISA Open VL.

If a session is not closed when a VI is run, it remains open. It is a good idea
to close sessions that are opened in an application so open sessions don’t
build up and cause problems with system resources. However, there are
cases when leaving sessions open can be useful.

Note If a VI is aborted (for example, when you are debugging a VI) the VISA session is
not closed automatically. You can use the Open VISA Session Monitor VI (located
in vi.lib/Utility) to assist in closing such sessions.

LabVIEW User Manual

When Is It a Good Idea to Leave a Session Open?

If a VIruns and leaves a session open without closing it, this session can be
used in later VIs. An open session can be accessed by popping up on a
VISA Session front panel control and choosing Open Sessions. The output
of the VISA Session front panel control will then be the selected open
session. In this way sessions can be closed that were left open from earlier
runs of a VI. This method can also be used to interactively test parts of an
application. An example of selecting an open session is shown in the
following figure.
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154 zeszion [Instr
145a

k Change to Indicator
Find Terminal
Show 3
Data Operations
Create 3
Key Mavigation. ..
Replace 3

4SRLT:IMSTR{Instr]

You can use the VISA Session control to check for open sessions.
Accessing open sessions by popping up on front panel VISA Session
Controls also provides a convenient way to interactively run parts of an
instrument driver.

Error Handling with VISA

Error handling with VISA VIs is similar to error handling with other

I/O VIs in LabVIEW. Each of the VISA VIs contain Error Input and Error
Output terminals that are used to pass error clusters from one VI to another
in a diagram. The error cluster contains a Boolean flag indicating whether
an error has occurred, a numeric VISA error code, and a string containing
the location of the VI where the error occurred. If an error occurs
subsequent VIs will not try to execute and simply pass on the error cluster.
A front panel error cluster indicator showing the output from the error out
terminal of a VISA VI is shown in the figure below.

error out

zhatus code
-107 3807

TOLIMCe
154 Open in
rititled 1

Notice that in this case an error has occurred. Also notice that the VISA
error code is cut off in the code indicator. VISA error codes are 32-bit
integers that are usually in hexadecimal format. The LabVIEW error cluster
displays the code in decimal. The VISA Error Codes topic in the LabVIEW
Online Reference, and the Numeric Error Codes section in Appendix A,
Error Codes, of the LabVIEW Function and VI Reference Manual, also list
the error codes in decimal. However, as the figure above shows, these error
codes are cut off in the error cluster. The code indicator must be resized to
display the entire error code.
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The LabVIEW Simple and General Error Handler VIs can be found in the
Time & Dialog subpalette under the Functions palette. If an error occurs,
these VIs provide a pop-up dialog box, which displays possible reasons
for the error. The Simple Error Handler VI returns the same error as the
error cluster used in the previous example, but provides more detailed
information about the error, as shown in the following figure.

w

Ermor -1073807342 occured at 154 Openin
Untitled 1.

Pozzible reazons:
WISA [Hex 0xBFFFO012] Invalid resource reference specified. Parsing emor.

Cantinue I Stop |

Notice that the code description is listed under the possible reasons. It is not
always convenient to handle errors with pop up dialog boxes through the
LabVIEW error handling VIs. VISA also provides an operation that will
take a VISA error code and produce the error message string corresponding
to the code as an output. This VI is shown in the figure below.

YISA session EA dup V154 seszsion

ﬂ:}c e shatus description
=A== mrror out

Erar in (o errar)

¥I5A Status Description

The inputs to this VI are a VISA session and a VISA error cluster. The VI
will check the VISA code in the input error cluster and output the text
description of the code in Status Description. The following figure shows
a LabVIEW string indicator displaying the error string returned from the
VISA Status Description VI.

W54 Ermor string

|Inva|id resource reference specified. Parzing ermor. |

The exact method used for implementing error handling will depend on the
nature of the program. However, some sort of error handling mechanism
should be implemented in any program involving VISA.
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You can use the Easy VISA VIs to verify that you have established
communication with your instrument. When developing your applications,
you should use the other VISA VIs in the palette because they give you
more control over your instrument. For more information about the

Easy VISA VIs, see the Testing Communication with Your Instrument
section of Chapter 7, Getting Started with a LabVIEW Instrument Driver.
The examples in the following sections do not use the Easy VISA VIs.

Message-Based Communication

Serial, GPIB, and many VXI devices recognize a variety of message-based
command strings. At the VISA level the actual protocol used to send a
command string to an instrument is transparent. A user only needs to know
that they would like to write a message to or read a message from a
message-based device. The VIs that are used to perform these operations
are VISA Write and VISA Read.

Note These same VIs are used to write message-based commands to GPIB, serial,
and message-based VXI instruments. VISA knows automatically which driver
Junctions to call based on the type of resource being used.

The VISA Write VI is shown below.

VISA session l-f-'ES‘-ﬂ dup VIS4 zezzion
wirite: bffer [~ ARty return count
21107 in [no erpor| === L {TH error out
VISA Write

The only input, besides the session, is the string to be sent to the instrument.

The VISA Read VI is equally easy to use. It is shown below.

¥ISA zession l-f-'t-lm dup V154 sezsion
byte count (0] - b =, read buffer
Ermar in (o eror] === R return count
errar out
¥I5A Read

The VISA Read VI must be given a byte count input equal to the maximum
number of bytes that should be read from the instrument. The VI will stop
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reading when this number of bytes has been read or when the end of the
transfer is indicated.

The actual message-based commands that the instrument recognizes vary
from manufacturer to manufacturer. IEEE 488.2 and SCPI standardized the
commands for message-based instruments. Many instruments follow these
standards. However, the only way to be certain of the commands for a
particular instrument is to refer to the documentation provided by the
manufacturer. However, instrument drivers exist for many message-based
devices. These instrument drivers contain functions that put together the
appropriate ASCII command strings and send them to the instrument. See
the National Instruments website or ftp site to obtain the latest drivers.

How Do | Write To and Read From a Message-Based Device?

A simple example that writes the *IDN? (identification) string to a
message-based instrument and reads the response is shown in the figure
below.

WS4 zazzion [Instr] Bptes Wiritten Read Buffer
(=3l
WISAOREN  wiga it VISA Read| Y154 Closs Simple Erar Handler wi
I-0INS TR | pelabiny r:ﬁgx 5
Inztrument O eszcripkor 0% i B =
wiite Buffer [FIDM 7] Butes to Read

This program could be used successfully with any device that recognizes
the *IDN? command. The device could be serial, GPIB, or message-based
VXI. The only change would be the instrument descriptor.

Register-Based Communication (VXI only)

LabVIEW User Manual

VISA contains a set of register access VIs for use with VXI instruments.
If you are using GPIB or serial devices only, this section does not apply.

Some VXTI instruments do not support message-based commands. The only
way to communicate with these instruments is through register accesses.
All VXI instruments have configuration registers in the upper 16 kilobytes
of A16 memory space. Therefore, register access functions can also be used
to read from and write to the configuration registers for message-based
devices. The basic VISA operation used to read a value from a register is
VISA In. There are actually three different versions of this operation for
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reading an 8-, 16-, or 32-bit value. You must use the VI for the access width
that your instrument supports. For example, a particular instrument might
return a bus error for 32-bit accesses if it were designed for 16-bit access.
The VISA In 16 VI is shown in the following figure.

address space [A16; 1] ———
¥ISA zeszion WHEA dup 154 seszion
affzet [0] - 16 [T L walue
EMMar in (o o] === <= erar oLk
¥ISA In 16

This VI and the other basic register access VIs can be found in the High
Level Register Access subpalette under the main VISA function palette.

I High Level Register Access |

[E] LS4 (B
M

a i |r 1B =]

L5 LASA L5 L4154 L5 LA

8 16 ol [ 52 8 16 | (32

P ] ] | P o
8 16 (57| s I |52
17 5] o e e

The address space input indicates which VXI address space to use.

The offset input sometimes causes confusion. Remember that VISA keeps
track of the base memory address that a device requests in each address
space. The offset input is relative to this base address.

Consider the following example. Suppose that you have a device at Logical
Address 1 and would like to use the VISA In 16 VI to read its ID/Logical
Address configuration register. You know that this register is at absolute
address 0xC040 in A16 space and that the configuration registers for

the device at Logical Address 1 lie from 0xC040 to OxCO7F. However,
VISA also knows this and you only need to specify the offset in this region
you wish to access. In this case that offset is zero.
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There is another set of high-level register access operations that parallel the
VISA In operations, but are for writing to registers. These operations are
the VISA Out operations. The VISA Out 16 VI is shown below.

address space (416 1] ————
YISA session e dup V154 session
offzet (0] - m

walue [0] e
error in [no emor) ====j=

VISA Out 16

efrror out

This VI is similar to the VISA In 16 VI except the value to write must

be provided to the value terminal. Keep in mind when using the VISA Out
VIs that some registers may not respond to a write cycle or may cause a
bus error.

Basic Register Access

LabVIEW User Manual

An example of using the high-level VISA access functions in a VI is shown
in the simple program below.

WISA gession [Instr)

416 Space  walue read
VIS4 Open YISA Close Simple Ermor Handler.wi
] Fea || Ea
2 M 16 o i
|¢—”T] cr‘;

VIS& In 16

Offzet

|- 0:IMSTH

Instrument Descriptor

This block diagram shows how to use the VISA In 16 VI to read the first
configuration register for a VXI device at Logical Address 0. The offset
parameter, in this case zero, is relative to the memory range that the device
requests in the VXI address space being accessed. The address space
parameter indicates which VXTI address space is being accessed. In this case
the device is at Logical Address 0. Its configuration registers are located
from 0xC000 to 0xCO3F in the A16 address space. The VISA In 16
operation with offset O is really reading the register at 0xC000.

The program reads from a 16-bit register in the A16 address space at the
specified offset (0) of the specified resource (VXI::0::INSTR). If an error
occurs in the sequence of VISA VIs that execute in the program diagram,
the Simple Error Handler returns a dialog box informing the user of the
error and displaying the text message associated with the VISA Error Code.
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Basic Register Move

The following block diagram shows how to use the VISA Move In 16 VI to
read the first four configuration registers for a VXI device at Logical

Address 0.
Y1524 sezsion (Instr)
Al6 Address Space data
[v36]
WIS4 Open WISA Close
] P e | ]
&) 16 1 i
i ] =il %
[E30UICE Name WISA Move In 16
L-0:INSTR offset | Count

The VISA Move In VIs are used to read large blocks of data from

VXI devices. The data is returned as an array of four 16-bit values. There
is a corresponding set of VISA Move Out VIs for moving large blocks of
data to VXI devices. The Move In and Move Out VIs have 8-, 16-, and
32-bit versions. The appropriate VI is determined by the size of the
registers that are going to be accessed.

Low-Level Access Functions

Low-Level Access (LLA) functions provide a very efficient way to
perform register-based communication. LLA functions incur much less
overhead than High-Level Access (HLA) functions for certain types of
accesses. LLA functions perform the same steps that the HLA functions do,
except that each individual task performed by an HLA function is an
individual function under LLA.

Using VISA to Perform Low-Level Register Accesses

The first LLA operation you need to call for accessing a device register is
the VISA Map Address operation, which sets up the hardware window
to allow access to the VXI address space. The VISA Map Address
operation programs the hardware to map local CPU addresses to VXI
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addresses as described in the previous section. The following code is an
example of programming the hardware to access A16 space.

address zpace [A16: 1]

WS4, session [for class]
-—E EA — A
i YL
[itoins TR| H
map base [0] map size [0]

This sample code sets up the hardware to map A16 space, starting at offset
0 for 0x40 bytes. Remember that the offset is relative to the base address of
the device we are talking to through the vISa session, not from the base of
A16 space itself. Therefore, offset O does not mean address 0 in A16 space,
but rather the starting point of the device’s A16 memory.

Note To access the device registers through a MEMACC session, you need to provide
the absolute VXIbus addresses (base address for device + register offset in device
address space).

If you need more than a single map for a device, you will need to open a
second session to the device because VISA currently supports only a single
map per session. There is very low overhead in having two sessions because
sessions themselves do not take much memory. However, you will need to
keep track of two session handles. Notice that this is different from the
maximum number of windows you can have on a system. The hardware for
the controller you are using may have a limit on the number of unique
windows it can support. When you are finished with the window, or you
need to change the mapping to another address or address space, you must
first unmap the window using the VISA Unmap Address operation.

WIS session ATE space Offset  Retumed value
o 1 E=| [Uis]
* [l V154 Cloze
""'5"‘_;;. _"‘"5'?. _'!:_: =z WL/ GPIBAELAME RBD Instr E, I_‘fg’q” ] ""'S‘a“ Viza
Resource name 0% o H{nr Win Size " rii u il cr‘; e
Y154 Open WVISA Map WIS WISA Unmap
) Address Peek 16 Address
rmap size Wwin Size
map base E— -

This example maps 64 bytes (hex 40) to the A16 address space starting at
offset 0 from the address of the device at Logical Address 1. When using
LLA operations, always specify a map size that is large enough to
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accommodate the range of addresses you will access. You can do this by
using a property node to determine the amount of address space used by the
device. Property nodes are explained later in this chapter.

Note The default maximum window that can be mapped is typically 64kB. If using a
MITE-based controller, you can request more than 64kB, but you will need to
increase your User Window size. This is done in the resource editor for your
controller, either T&M Explorer, VXIEdit, or VXlItedit. Please consult the
documentation that came with your controller.

Bus Errors

Bus errors are not reported by the LLA operations. In fact, VISA Peek and
VISA Poke do notreport any error conditions. However, the HLA
operations do report bus errors. When using the LLA operations, you must
ensure that the addresses you are accessing are valid.

Comparison of High-Level and Low-Level Access
Speed

In terms of the speed of developing your application, the HLA operations
are much faster to implement and debug because of the simpler interface
and the status information received after each access. For example,

HLA operations encapsulate the mapping and unmapping of hardware
windows, which means that you do not need to call VISA Map Address
and VISA Unmap Address separately.

For speed of execution, the LLA operations perform faster when used for
several random register I/O accesses in a single mapped window. If you
know that the next several accesses are within a single window, you can
perform the mapping just once and then each of the access has minimal
overhead.

The HLA operations will be slower because they must perform a map,
access, and unmap within each call. Even if the window is correctly
mapped for the access, the HLA call at the very least must perform
some sort of check to determine if it needs to remap. Also, because
HLA operations encapsulate many status checking capabilities not
included in LLA operations, HLA operations have higher software
overhead. For these reasons, HLA is slower than LLA in many cases.

Note For block transfers, the high-level VISA Move operations perform the fastest.
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Ease of Use

HLA operations are easier to use because they encapsulate many status
checking capabilities not included in LLA operations, which explains the
higher software overhead and lower execution speed of HLA operations.
HLA operations also encapsulate the mapping and unmapping of hardware
windows, which means that you do not need to call VISA Map Address
and VISA Unmap Address separately.

Accessing Multiple Address Spaces

You can use LLA operations to access only the address space currently
mapped with a single VISA session. For a single session, to access a
different address space, you need to perform a remapping, which involves
calling VISA Unmap Address and VISA Map Address. Therefore,
LLA programming becomes more complex for accessing several address
spaces concurrently.

In addition, if you have several sessions to the same or different devices
all performing register I/0, they must compete for the finite number of
hardware windows available. When using LLA operations, you must
allocate the windows and always ensure that the program does not ask for
more windows than are available. The HLA operations avoid this problem
by restoring the window to the previous setting when they are done. Even
if all windows are currently in use by LLA operations, you can still use
HLA functions because they will save the state of the window, remap,
access, and then restore the window. As a result, you are not restricted when
using the HLA operations.

VISA Properties

LabVIEW User Manual

The basic operations that are associated with message and register-based
resources in VISA have now been introduced. These operations allow
register access, and message-based communication. In addition to the basic
communication operations, VISA resources have a variety of properties
(attributes) with values that can be read or set in a program.

In a LabVIEW program these properties are handled programmatically
in the same way that the properties of front panel controls and indicators
are handled. Property nodes are used to read or set the values of VISA
properties. The property node is shown in the following figure.
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referance [ ] dup reference
errar in Cno error) i 4 class [ o aut

name 1 y—attribute 1
attribute 2—  name 2 i

parng g atirinng F

Property Node

Note The property node is a generic node that also can be used to set ActiveX/OLE and
VI Server properties.

After placing a property node on the block diagram, you can set the
properties for a VISA class. You can use either of the following methods
to do this.

*  Wire a VISA Session to the reference input terminal of the
property node.

*  Pop up on the property node and choose Instr from the Select VISA
Class menu.

The property node contains a single property terminal when it is initially
placed on the block diagram. However, it can be resized to contain as many
terminals as necessary. The initial terminal on the VISA property node is a
read terminal. This means that the value of the property selected in that
terminal will be read. This is indicated by the small arrow pointing to the
right at the right edge of the terminal. Many terminals can be changed
individually from a read terminal to a write terminal by popping-up on the
property you wish to change.

Note Some properties are read only. Their values can not be set.

To select the property in each terminal of the property node, pop up on the
property node terminal and choose Select Item. This will provide a list of
all the possible properties that can be set in the program. The number of
different properties that are shown under the Select Item choice of the
VISA Property Node can be limited by changing the VISA Class of the
property node.

To change the VISA class pop up on the VISA property node and select
VISA Class. Several different classes can be selected under this option
besides the default INSTR class which encompasses all possible VISA
properties. These classes limit the properties displayed to those related to
that selected class instead of all the VISA properties. Once a session is
connected to the Session input terminal of the property node, the VISA
Class will be set to the class associated with that session.
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Serial
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Initially, the VISA properties will be somewhat unfamiliar and their exact
nature may not be clear from the name alone. The LabVIEW Online
Reference contains information on the properties. Brief descriptions of
individual properties are also available in the simple help window. To get a
brief description of a specific property, select the property in one of the
terminals of a property node and then open the help window. This is shown
for the VXI LA property below.

i Help (O]

¥l Logical Address LI
Wl LA, [word)

o= Instr b
Wl LAy

Thiz attribute value is the
logical address of the Wl
device.

= &[?]4] ol

Note that the help window shows the specific variable type of the property
and gives a brief description of what the property does. In cases where it is
not clear what variable type to use for reading or writing a property,
remember popping up on a property node and selecting Create Constant,
Create Control, or Create Indicator will automatically select the
appropriate variable type.

There are two basic types of VISA properties—global properties and
local properties. Global properties are specific to a resource while local
properties are specific to a session. For example, the VXI LA property is an
example of a global property. It applies to all of the sessions that are open
to that resource. A local property is a property that could be different for
individual sessions to a specific resource. An example of a local property is
the timeout value. Some of the common properties for each resource type
are shown in the following lists.

Serial Baud Rate—The baud rate for the serial port.
Serial Data Bits—The number data bits used for serial transmissions.
Serial Parity—The parity used for serial transmissions.

Serial Stop Bits—The number of stop bits used for serial transmissions.
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GPIB Readdressing—Specifies if the device should be readdressed
before every write operation.

GPIB Unaddressing— Specifies if the device should be unaddressed after
read and write operations.

Mainframe Logical Address—The lowest logical address of a device in
the same chassis with the resource.

Manufacturer Identification—The manufacturer ID number from the
device’s configuration registers.

Model Code—The model code of the device from the device’s
configuration registers.

Slot—The slot in the chassis that the device resides in.
VXTI Logical Address—The logical address of the device.

VXI Memory Address Space—The VXI address space used by the
resource.

VXI Memory Address Base—The base address of the memory region
used by the resource.

VXI Memory Address Size—The size of memory region used by the
resource.

There are many other properties besides those listed here. There are also
properties that are not specific to a certain interface type. The timeout
property, which is the timeout used in message-based I/O operations,

is a good example of such a property. The most complete source for
information about properties is the LabVIEW Online Reference, which
you can access by selecting Help»Online Reference.

The online help shows which type of interfaces the property applies to, if
the property is local or global, its data type, and what the valid range of
values are for the property. It also shows related items and gives a detailed
description of the property.
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VISA Property Examples

Serial Write and Read

This section contains three simple examples of using properties in
VISA programs. The first, shown in the following figure, writes a string
to a serial instrument and reads the response.

ASFL Baud [15200)

WIS session [Instr)

Buffer to write

VIS Wiite VISA Property Node  VISAResd  VISA Close

Instr _
ASAL Baud R
ASAL Data Bits
A5AL Stop Bits
ASAL F'anty

Bytes writter Fead buffer

ASAL Data Bits [8)  ASRL Stop Bits [10] ASAL Parity [0]

The VI opens a session to the serial port COM 1 and initializes it for
19,200 baud, 8 data bits, no parity, and 1 stop bit. A string is then written
to the port. After writing the string and waiting for 10 seconds the number
of bytes that have been returned by the device are obtained using another
VISA property. These bytes are then read from the port. Notice that you
use the value 10 to set the number of stop bits to one. (This is from the
VISA specification. 10 corresponds to 1 stop bit, 20 to 2 stop bits.)

How Do | Set a Termination Character
for a Read Operation?
The next example shows how to use properties to set a termination

character for VISA read operations. Some message-based devices send a
special termination character when they have no more data to send.
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TemChar

WISA session [Instr]

resource name [GPIBO:2:INSTR)]

byte count [100] read butfer
[u32]
WI54 Open YISA Property Node [GeB<]
[ ) A | A | )
o= Inste T "Iabc-,‘ | abi, b =
* TemChar b e [E13] g @1 c %
----- *TermChar E
+ Trno Walue
return count

in

TemChar Enable

Trno Walue

10000;
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This VI opens a session to GPIB instrument at primary address 2. The VI
sets the termination character to a linefeed (decimal value 10) and then
enables the use of a termination character with another property. The

VI also sets the timeout property to 10,000 milliseconds (10 seconds).

It then writes the string *IDN? to the instrument and tries to read back a
100 character response. The read will terminate when the termination
character is received. The VI stops when the termination character is
received, after it reads 100 bytes, or after 10 seconds.

VXI Properties

The final example shows how to read some of the common properties
associated with a VXI instrument.

WS4 session [Inatr)
-—‘ W54 Open WISA Property Mode WS4 Close
] Bt Instr D FEA
2l Marf 1d ¢
todel Cade +
Slot [
rezource hame V1002 INSTR]
Manf 1d
todel Code
Slat
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Events

This VI opens a session to a VXI instrument at Logical Address 2 and reads
the manufacturer ID, model code, and slot for the VXI module.

GPIB SRQ Events

An event is a VISA means of communication between a resource and its
applications. It is a way for the resource to notify the application that some
condition has occurred that requires action by the application. Examples of
different events are included in the following sections.

The following block diagram shows how to handle GPIB Service Request
(SRQ) events with VISA.

VIS4 session [Instr)

WS4 Open

wirite: buffer [ timeout [0) read buffer
{0 =1
154 Enable Evert WIS4 it Y154 Read STB IS4 Read VISA Close

status buyte count (0]

T

resource name [GPIBO:2:INSTHR)

<3FFF2008]

1] i Fii&li Ew Tar v ol

GPIB SRQ Events

Tl Fakse B YI5A Disable Event
WISA Wait an Event Async.vi A
HIK
ey O 154 Close] return count
LIEET GPIE 5A0 Events

event session [Generic Event]
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The VI enables service request events and then writes a command string to
the instrument. The instrument is expected to respond with an SRQ when
it has processed the string. The Wait on Event Async VI is used to wait for
up to 10 seconds for the SRQ event to occur. Once the SRQ occurs, the
instrument’s status byte is read with the Read Status Byte VI. The status
byte must be read after GPIB SRQ events occur or later SRQ events may
not be received properly. Finally the response is read from the instrument
and displayed. The Wait on Event Async is different from the regular
Wait on Event VI in that it continuously calls Wait on Event with a timeout
of zero to poll for the event. This frees up time for other parallel segments
of the program to execute while waiting for the event.
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Interrupt Events

This diagram shows how to detect a trigger on TTL Trigger Line O for a
device at Logical Address 1. You must set the type of trigger events to
detect with a VISA property before the events are enabled. The VI waits for
up to 10 seconds for the event to be received. If the event is received

successfully the event is closed in the VI.
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Locking

This diagram demonstrates using VISA’s event handling capability to
detect a VXI interrupt asserted by a VXI device at Logical Address 1. The
VI enables VXI Signal Processing Events and then goes into a loop that
repeatedly calls VISA Wait on Event. The loop will terminate if an event is
received or if a front panel stop switch is selected. The Wait on Event VI
has a timeout terminal that is set to a value of zero. In this case the VI
simply checks to see if any events have been received and then immediately
returns a timeout error if there is no event in the event queue. If an event is
received the event session is closed and notification of the event is
produced. Once the event handling is finished the events are disabled.

LabVIEW User Manual

VISA introduces locks for access control of resources. In VISA, GPIB
and VXI applications can open multiple sessions to the same resource
simultaneously and can access the resource through these different sessions
concurrently. In some cases, applications accessing a resource must restrict
other sessions from accessing that resource. For example, an application
may need to execute a write and a read operation as a single step so that
no other operations take place between the write and read operations.

The application can lock the resource before invoking the write operation
and unlock it after the read operation, to execute them as a single step.

The VISA locking mechanism enforces arbitration of accesses to resources
on an individual basis. If a session locks a resource, operations invoked by
other sessions are serviced or returned with a locking error, depending on
the operation and the type of lock used.
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This VI opens two sessions to the same resource but locks the first session.
The first session then writes a command to the resource and reads the
response. Once the write/read sequence is completed the first session
unlocks the resource. At this point the second session, which is trying to
perform the same write/read, will no longer receive a resource locked error
on the write operation and can complete successfully. Locking can be used
in cases where more than one application may be accessing the same
resource or multiple sessions will be opened to the resource in a single

application.
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Shared Locking

There may be cases where you want to lock access to a resource, but
selectively share this access. The figure below shows the Lock VI in
complex help view.

lock type [exclusive; 1] ———
¥I5A zession iES-ﬂ | dup Y154 seszion
irnecwat [0) : acces: key
requested key mrﬁ error out
2rrar in [ho ermar]
¥I5A Lock

Lock type defaults to exclusive, but you can set it to shared. You can then
wire a string to requested key to be the password needed for another
application to access the resource. However, the VI assigns one in access
key if you don’t ask for one. You can then use this key to access a locked
resource.

Platform-Specific Issues

LabVIEW User Manual

This section discusses programming information for you to consider when
developing applications that use the NI-VISA driver.

After installing the driver software, you can begin to develop your
VISA application software. Remember that the NI-VISA driver relies
on NI-488.2 and NI-VXI for driver-level I/O accesses.

Windows 95/NT users—On VXI and MXI systems, use T&M
Explorer to run the VXI Resource Manager, configure your hardware,
and assign VME and GPIB-VXI addresses. For GPIB systems, use the
system Device Manager to configure your hardware. To control
instruments through serial ports, you can use T&M Explorer to change
the default settings, or you can perform all the necessary configuration
at run time by setting VISA attributes.

All other platforms—On VXI and MXI systems, you must still run
VXIinit and Resman, and use VXledit or VXItedit for configuration
purposes. Similarly, for GPIB and GPIB-VXI systems, you still use
the GPIB Control Panel applet or IBCONF to configure your system.
To control instruments through serial ports, you can do all necessary
configuration at run time by setting VISA attributes.
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Programming Considerations

This section contains information for you to consider when developing
applications that use the NI-VISA I/O interface software.

Multiple Applications Using the NI-VISA Driver

Multiple-application support is an important feature in all implementations
of the NI-VISA driver. You can have several applications that use NI-VISA
running simultaneously. You can even have multiple instances of the same
application that uses the NI-VISA driver running simultaneously, if your
application is designed for this. The NI-VISA operations perform in the
same manner whether you have only one application or several applications
(or several instances of an application) all trying to use the NI-VISA driver.

However, you need to be careful in cases when you have multiple
applications or sessions using the low-level VXIbus access functions.
The memory windows used to access the VXIbus are a limited resource.
You should call the viMapAddress() operation before attempting to
perform low-level VXIbus access with viPeekXX() or viPokeXX().
Immediately after the accesses are completed, you should always call

the viUnmapAddress() operation so that you free up the memory window
for other applications.

Multiple Interface Support Issues

This section contains information about how to use and/or configure your
NI-VISA software for certain types of interfaces.

VXI and GPIB Platforms

NI-VISA supports all existing National Instruments VXI, GPIB, and serial
hardware for the operating systems on which NI-VISA exists. For VXI,
this includes MXI-1 and MXI-2 platforms, the GPIB-VXI, and the line of
VXIpc embedded computers. For GPIB, this includes, but is not limited to,
the PCI-GPIB, NB-GPIB, GPIB-SPARC series, the full line of
AT-GPIB/TNT boards, and the GPIB-ENET box, which you can use to
remotely control GPIB devices. With the GPIB-ENET, you can even
remotely control VXI devices when using a GPIB-VXI controller.
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Multiple GPIB-VXI Support

Windows 95/NT users can refer to the T&M Explorer utility to add
multiple National Instruments GPIB-VXI controllers, or any other
vendor’s GPIB-VXI controller, to your system. Windows 3.x and
UNIX users must use the VISAconf utility to add the controllers.

Serial Port Support

NI-VISA currently supports only a single session at a time on a given
serial port. The maximum number of serial ports that NI-VISA currently
supports on any platform is 32. The default numbering of serial ports is
system-dependent.

Platform Method

Windows 3.x, Windows 95, Windows NT ASRL1 — ASRL4 access COM1 — COM4

ASRL10 — ASRL13 access LPT1 — LPT4

Macintosh 68K, Macintosh PPC ASRL1 accesses the modem port
ASRL2 accesses the printer port
Solaris 1.x ASRL1 — ASRL6 access
/dev/ttya— /dev/ttyf
Solaris 2.x ASRL1 — ASRL6 access
/dev/cua/a— /dev/cua/f
HP-UX 9 ASRL1 and ASRL2 access serial ports 1 and 2
HP-UX 10 through /dev/tty00 and /dev/tty01l on
HP-UX9. HP-UX10 uses /dev/tty0p0 and
/dev/ttylp0. Additional ports are numbered
consecutively starting at ASRL3, which uses
/dev/tty02.
VME Support
To access VME devices in your system, you must configure NI-VXI to see
these devices. Windows 95/NT users can configure NI-VXI by using the
Add Device Wizard in the T&M Explorer. Users on other platforms must
use the Non-VXI Device Editor in VXIedit or VXItedit. For each address
space in which your device has memory, you must create a separate
pseudo-device entry with a logical address between 256 and 511.
For example, a VME device with memory in both A24 and A32 spaces
requires two entries. You can also specify which interrupt levels the device
uses. VXI and VME devices cannot share interrupt levels. You can then
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access the device from NI-VISA just as you would a VXI device, by
specifying the address space and the offset from the base at which you have
configured it. NI-VISA support for VME devices includes the register
access operations (both high-level and low-level) and the block-move
operations, as well as the ability to receive interrupts.

Debugging A VISA Program

This section contains information on debugging VISA programs. Because
of VISA’s nature there are more possibilities to consider when debugging
VISA problems than when working with standalone drivers. VISA makes
calls into NI-VXI, NI-488, or Operating System serial APIs. Therefore,
problems that appear in VISA could be related to the driver VISA is calling,
and not VISA itself.

If no VISA VIs appear to be working in LabVIEW (including instrument
drivers), the first step to take is the VISA Find Resource VI. This VI will
run without any other VISA VIs in the block diagram. If this VI produces
strange errors such as nonstandard VISA errors, the problem is most likely
that the wrong version of VISA is installed or that VISA is not installed
correctly. If VISA Find Resource runs correctly, LabVIEW is working
correctly with the VISA driver. The next step is to identify what sequence
of VlIs is producing the error in the LabVIEW program.

If it is a simple sequence of events that is producing the error, a good next
step in debugging is to try the same sequence interactively with the VISAIC
utility (see the next section). Itis generally a good idea to do initial program
development interactively. If the interactive utility works successfully but
the same sequence in LabVIEW does not, it is an indication that LabVIEW
might have a problem interacting with the VISA driver. If the same
sequence exhibits the same problem interactively in VISAIC it is possible
that a problem exists with one of the drivers VISA is calling. You can use
the interactive utilities for these drivers (VIC for NI-VXI and IBIC for
NI-488.2) to try to perform the equivalent operations. If the problems
persist on this level, it is an indication that there may be a problem with the
lower-level driver or its installation.
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Debugging Tool for Windows 95/NT

VISAIC

NI Spy tracks the calls your application makes to National Instruments test
and measurement (T&M) drivers, including NI-VISA, NI-VXI, and
NI-488.2. NI-488.2 users may notice that NI Spy is similar to GPIB Spy.

NI Spy highlights functions that return errors, so you can quickly determine
which functions failed during your development. NI Spy can also log your
program’s calls to these drivers, so you can check them for errors at your
convenience.

LabVIEW User Manual

VISA comes with a utility called VISA Interactive Control (VISAIC) on all
platforms that support VISA and LabVIEW, except the Macintosh. This
utility provides access to all of VISA’s functionality interactively, in an
easy-to-use graphical environment. It is a convenient starting point for
program development and learning about VISA.

When VISAIC runs it automatically finds all of the available resources in
the system and lists the instrument descriptors for each of these resources
under the appropriate resource type. The VISAIC opening window is
shown in the figure below.

YI5A Interactive Control [_ ]

File Edit ‘“iew Help
\m#nﬂﬂ‘éhrs@
WISA 140 I Saft Frant Panelsl MI I.I"Di @ Copyright 1997

i Wiew By Tupe s Wiew By Connection

.My Cnmputer +

sqaw{lu MEMACC
=35 Mainframe 0
ENHI0C0CIMETR
Eﬂ\!}{lﬂ:ﬂ::lNSTR
VHI0C3IINSTR
= FASRLT (oM
| L ASRLIIINSTR
=- W ASRLZ (COMZ)
| L ASRLZ:INETR
=- W ASRLIO (LPT1) +

Resource to Open:
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The Soft Front Panels tab of the main VISAIC panel will give you the
option to launch the soft front panels of any VXIplug&play instrument
drivers that have been installed on the system.

The NI I/O tab will give you the option to launch the NI-VXI interactive
utility or the NI-488 interactive utility. This gives you convenient links into
the interactive utilities for the drivers VISA calls in case you would like to
try debugging at this level.

Double clicking on any of the instrument descriptors shown in the VISAIC
window will open a session to that instrument. Opening a session to the
instrument produces a window with a series of tabs for interactively
running VISA commands. The exact appearance of these tabs depends on
which compatibility mode VISAIC is in. To access the compatibility mode
and other VISAIC preferences select Edit»Preferences... to bring up the
window shown below.

Preferences <]

Preferences will be applied to new session windows,

Class Tab Color
E Labiwindows/Cy]
Operation Tab Color i LabivIEWw
Default Resource Wiew
Selected Tab Test Color P By ey
| By Tvpe

[» Show VIS4 session number in window title
[~ Show duplicate GRPIE and GFIB- resources

= Show Memory Access resources

QK Cancel Default

The VISA implementations are slightly different in LabVIEW and
LabWindows/CVI. These differences are reflected in the operation tabs
that are shown when you open a session to a resource. By default the
compatibility mode is set to Labwindows/CV]I, and you should change this
to LabVIEW. Once the preferences are changed the new preferences will
take effect for any session that is opened later.
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When a session to a resource is opened interactively a window similar to
the one shown below will appear.

VXI0::1::INSTR [Session 0x0056083C)
Template | INSTR Basic 1/0| INSTR Register 120

Enable Eventl Dizable Event[ Dizcard Eventsll it on Eventl
Attribute Node (Read) | Atibute Node [wiite]| Lock | Unlock |

Currert Value

User Data VI x0

Fieturn Y alue

0

WsA | Query the value of the specified attribute. Execute |
ATTR =

There are three main tabs that appear in the window. The initial tab is the
template tab that contains all of the operations dealing with events,
properties, and locks. Notice that there is a different tab for each of these
operations under the main tab. The other main tabs are the INSTR Basic I/O
and INSTR Register I/0. The Basic I/O tab contains the basic operations
for message-based instruments while the Register I/O tab contains the basic
operations for register-based instruments. The Register I/O tab only
appears for VXI instruments.
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GPIB Functions

This chapter explains how the General Purpose Interface Bus (GPIB)
operates and the difference between the IEEE 488 and IEEE 488.2
interfaces.

There are two GPIB standards—IEEE 488 and IEEE 488.2.
Hewlett-Packard designed the GPIB (originally called the HP-IB)

to interconnect and control its line of programmable instruments.

The GPIB was soon applied to other applications such as intercomputer
communication and peripheral control because of its 1 Mbytes/s maximum
data transfer rates. It was later accepted as IEEE Standard 488-1975 and has
since evolved into ANSI/IEEE Standard 488.2-1987. The versatility of the
system prompted the name General Purpose Interface Bus.

National Instruments brought the GPIB to users of non-Hewlett-Packard
computers and devices, specializing in both high-performance, high-speed
hardware interfaces and comprehensive, full-function software. The GPIB
functions for LabVIEW follow the IEEE 488.2 specification.

Types of Messages

The GPIB carries device-dependent messages and interface messages.

*  Device-dependent messages, often called data or data messages,
contain device-specific information such as programming instructions,
measurement results, machine status, and data files.

* Interface messages manage the bus itself. They are usually called
commands or command messages. Interface messages perform such
tasks as initializing the bus, addressing and unaddressing devices, and
setting device modes for remote or local programming.

Do not confuse the term command as used here with some device
instructions, which can also be called commands. These device-specific
instructions are actually data messages.
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The ANSI/IEEE Standard 488.2-1987 expanded on the earlier IEEE 488.1
standard to describe exactly how the Controller should manage the GPIB,
including the standard messages that compliant devices should understand,
the mechanisms for reporting device errors and other status information,
and the various protocols that discover and configure compliant devices
connected to the bus.

IEEE 488.2 has the ability to monitor any of the bus lines at any time is
crucial for detecting active devices (Talkers and Listeners) on the GPIB.
GPIB devices can be Talkers, Listeners, and/or Controllers. A digital
voltmeter, for example, is a Talker and may be a Listener as well. A Talker
sends data messages to one or more Listeners. The Controller manages the
flow of information on the GPIB by sending commands to all devices.

The GPIB is like an ordinary computer bus, except that the computer has
its circuit cards interconnected via a backplane bus, whereas the GPIB has
stand-alone devices interconnected via a cable bus.

The role of the GPIB Controller is similar to the role of the CPU of a
computer, but a better analogy is to the switching center of a city telephone
system. The switching center (Controller) monitors the communications
network (GPIB). When the center (Controller) notices that a party (device)
wants to make a call (send a data message), it connects the caller (Talker)
to the receiver (Listener).

The Controller addresses a Talker and a Listener before the Talker can send
its message to the Listener. After the Talker transmits the message, the
Controller may unaddress both devices.

Some bus configurations do not require a Controller. For example, one
device may always be a Talker (called a Talk-only device) and there may be
one or more Listen-only devices.

A Controller is necessary when you must change the active or addressed
Talker or Listener. A computer usually handles the Controller function.

With the GPIB board and its software, your personal computer plays all
three roles:

¢ Controller—to manage the GPIB
e Talker—to send data

e Listener—to receive data
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The Controller-In-Charge and System Controller

Although there can be multiple Controllers on the GPIB, only one
Controller at a time is active or Controller-In-Charge (CIC). You can
pass active control from the current CIC to an idle Controller. Only one
device on the bus—the System Controller—can make itself the CIC.
The GPIB board is usually the System Controller.

Compatible GPIB Hardware

The following National Instruments GPIB hardware products are
compatible with LabVIEW:

LabVIEW for Windows 95 and Windows 95-Japanese

*  AT-GPIB/TNT, AT-GPIB/TNT (PnP), AT-GPIB/TNT+, PCI-GPIB
*  PCMCIA-GPIB, PCMCIA-GPIB+

*  GPIB-ENET

* EISA-GPIB

*  VXlIpc Model 850

*  NEC-GPIB/TNT, NEC-GPIB/TNT (PnP)

*  GPIB-PCII/ITA

* PC/104-GPIB

. CPCI-GPIB

. GPIB-ENET

. PMC-GPIB
LabVIEW for Windows NT

*  AT-GPIB, AT-GPIB/TNT
» PCMCIA-GPIB

* PCI-GPIB
e  VXlIpc Model 850
*  GPIB-ENET
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LabVIEW for Windows 3.1

LabVIEW for Mac 0S

LabVIEW for HP-UX

LabVIEW User Manual

AT-GPIB, AT-GPIB/TNT, AT-GPIB/TNT (PnP), AT-GPIB/TNT+,
PCI-GPIB

PCMCIA-GPIB, PCMCIA-GPIB+
GPIB-ENET

EISA-GPIB

VXlIpc Model 850

NEC-GPIB/TNT (Japanese), NEC-GPIB/TNT (PnP) (Japanese),
GPIB-PCII/ITIA

GPIB-232CT-A
GPIB-485CT-A
GPIB-1284CT
PCI/ITA
STD-GPIB
EXM-GPIB
MC-GPIB

PCI-GPIB

NB-GPIB/TNT, NB-GPIB-P/TNT
PCMCIA-GPIB

LC-GPIB

GPIB-ENET

GPIB-232CT-A

GPIB-SCSI-A

PC/104-GPIB

NB-DMA2800 (Traditional GPIB functions only)

GPIB-ENET
EISA-GPIB
AT-GPIB/TNT
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GPIB-ENET
GPIB-SCSI-A
SB-GPIB/TNT

LabVIEW for Concurrent PowerMAX

© National Instruments Corporation

GPIB-1014
GPIB-1014D
GPIB-1014P
GPIB-1014DP
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Serial Port Vis

This chapter describes the VIs for serial port operations and explains the
important factors that affect serial communication.

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.

RS-232 Instrument

Serial Port

RS-232 Cable \

Serial communication is popular because most computers have one or two
serial ports. Many GPIB instruments also are available with serial ports.
A limitation of serial communication, however, is that a serial port can
communicate with only one device.

Some peripheral devices require characters to terminate strings of data sent
to them. Common terminating characters are a carriage return, a line feed,
or a semicolon. Consult the device manual to determine if a terminating
character is needed.

For examples of how to use the Serial Port VIs, see
examples\instr\smplserl.1llb.

© National Instruments Corporation 10-1 LabVIEW User Manual



Chapter 10 Serial Port Vis

Handshaking Modes

A common problem in serial communications is ensuring that both sender
and receiver keep up with data transmission. The serial port driver can
buffer incoming/outgoing information, but that buffer is of a finite size.
When it becomes full, the computer ignores new data until you have read
enough data out of the buffer to make room for new information.

Handshaking helps prevent this buffer from overflowing. With
handshaking, the sender and the receiver notify each other when their
buffers fill up. The sender can then stop sending new information until the
other end of the serial communication is ready for new data.

You can perform two kinds of handshaking in LabVIEW—software
handshaking and hardware handshaking. You can turn both of these forms
of handshaking on or off using the Serial Port Init VI. By default, the VIs
do not use handshaking.

Software Handshaking—XON/XOFF

Error Codes

XON/XOFF is a software handshaking protocol you can use to avoid
overflowing serial port buffers. When the receive buffer is nearly full, the
receiver sends XOFF (<Ctrl-S> [decimal 19]) to tell the other device to stop
sending data. When the receive buffer is sufficiently empty, the receiver
sends XON (<Ctrl-Q> [decimal 17]) to indicate that transmission can
begin again. When you enable XON/XOFF, the devices always interpret
<Ctrl-Q> and <Ctrl-S> as XON and XOFF characters, never as data.
When you disable XON/XOFF, you can send <Ctrl-Q> and <Ctrl-S> as
data. Do not use XON/XOFF with binary data transfers because <Ctrl-Q>
or <Ctrl-S> may be embedded in the data, and the devices will interpret
them as XON and XOFF instead of as data.

LabVIEW User Manual

You can connect the error code parameter to one of the error handler VIs.
These VIs can describe the error and give you options on how to proceed
when an error occurs.

Some error codes returned by the serial port VIs are platform-specific.
Please refer to your system documentation for a list of error codes.
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Port Number

Windows 95/NT and 3.x

When you use the serial port VIs under Windows 95/NT and Windows 3.x,
the port number parameter can have the following values:

0: COMI 5: COM6 10: LPT1
COM2 6: COM7 11: LPT2
COM3 7: COMS 12: LPT3
COM4 8: COM9Y 13: LPT4
COM5

O R N R

When you use the serial port VIs under Windows 95 or Windows NT,
the port number parameter is 0 for COM1, 1 for COM2, and so on.

Macintosh

On the Macintosh, port 0 is the modem, using the drivers .ain and . aout.
Port 1 is the printer, using the drivers .bin and .bout. To get more ports
on a Macintosh, you must install other boards, with the accompanying
drivers.

UNIX

On a Sun SPARCstation under Solaris 1 and on Concurrent PowerMAX,
the port number parameter for the serial port VIs is O for /dev/ttya,

1 for /dev/ttyb, and so on. Under Solaris 2, port O refers to /dev/cua/a,
1 to /dev/cua/b, and so on. Under HP-UX port number 0O refers to
/dev/tty00, 1to /dev/tty01, and so on.

On Concurrent PowerMAX, port O refers to /dev/console, Port 1 refers
to /dev/ttyl, Port 2 refers to /dev/tty2, and so on.

Because other vendor’s serial port boards can have arbitrary device names,
LabVIEW has developed an easy interface to keep the numbering of ports
simple. In LabVIEW for Sun, HP-UX, and Concurrent PowerMAX, a
configuration option exists to tell LabVIEW how to address the serial ports.
LabVIEW supports any board that uses standard UNIX devices. Some
manufacturers suggest using cua rather than tty device nodes with their
boards. LabVIEW can address both types of nodes.
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The file . labviewrc contains the LabVIEW configuration options.
To set the devices the serial port VIs use, set the configuration option
labview.serialDevices to the list of devices you intend to use.

For example, the default is:

labview.serialDevices:/dev/ttya:/dev/ttyb:/dev/ttyc:...
:/dev/ttyz.

Note This requires that any third party serial board installation include a method of
creating a standard /dev file (node) and that the user knows the name of that file.
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Analysis

This section contains basic information on analysis of post acquisition data,
signal processing, signal generation, linear algebra, curve fitting,
probability, and statistics.

Part II1, Analysis, contains the following chapters.

e Chapter 11, Introduction to Analysis in LabVIEW, introduces
concepts that apply to all analysis applications, including supported
functionality, notation and naming conventions, and sampling signal
methods.

*  Chapter 12, Signal Generation, explains how to produce signals using
normalized frequency and how to build a simulated function generator.

e Chapter 13, Digital Signal Processing, describes the fundamentals of
the Fast Fourier Transform (FFT) and the Discrete Fourier Transform
(DFT) and how they are used in spectral analysis.

*  Chapter 14, Smoothing Windows, explains how using windows
prevents spectral leakage and improves the analysis of acquired
signals.

e Chapter 15, Spectrum Analysis and Measurement, shows how to
determine the amplitude and phase spectrum, develop a spectrum
analyzer, and determine the total harmonic distortion (THD) of your
signals.

»  Chapter 16, Filtering, explains how to filter unwanted frequencies
from signals using infinite impulse response filters (IIR), finite
impulse response filters (FIR), and nonlinear filters.

e Chapter 17, Curve Fitting, shows how to extract information from a
data set to obtain a functional description.



Part Il Analysis

e Chapter 18, Linear Algebra, explains how to perform matrix
computation and analysis.

e Chapter 19, Probability and Statistics, explains some fundamental
concepts on probability and statistics, and shows how to use these
concepts in solving real-world problems.
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Introduction to Analysis
in LabVIEW

Digital signals are everywhere in the world around us. Telephone
companies use digital signals to represent the human voice. Radio, TV,
and hi-fi sound systems are all gradually converting to the digital domain
because of its superior fidelity, noise reduction, and signal processing
flexibility. Data is transmitted from satellites to earth ground stations

in digital form. NASA’s pictures of distant planets and outer space are
often processed digitally to remove noise and extract useful information.
Economic data, census results, and stock market prices are all available in
digital form. Because of the many advantages of digital signal processing,
analog signals are also converted to digital form before they are processed
with a computer.

This chapter provides a background in basic digital signal processing and

an introduction to the LabVIEW Analysis Library, which consists of
hundreds of VIs for signal processing and analysis.

The Importance of Data Analysis

Modern, high-speed floating-point numerical and digital signal
processors have become increasingly important to real-time and analysis
systems. A few of the many possible applications include biomedical
data processing, speech synthesis and recognition, and digital audio and
image processing.
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The importance of integrating analysis libraries into engineering stations is
that the raw data, as shown in the following figure, does not always
immediately convey useful information. Often you must transform the
signal, remove noise disturbances, correct for data corrupted by faulty
equipment, or compensate for environmental effects, such as temperature
and humidity.

” i l“ I ' i I' d |||,

By analyzing and processing the digital data, you can extract the useful
information from the noise and present it in a form more comprehensible
than the raw data. The following figure shows the processed data.

The LabVIEW block diagram programming approach and the extensive set
of LabVIEW analysis VIs simplify the development of analysis
applications.

The LabVIEW analysis VIs give you the most recent data analysis
techniques using VIs that you can wire together. Instead of worrying about
implementation details for analysis routines, as you do in conventional
programming languages, you can concentrate on solving your data analysis
problems.
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Full Development System

The base analysis VI library is a subset of the advanced analysis VI library.
The base analysis library includes VIs for statistical analysis, linear
algebra, and numerical analysis. The advanced analysis library includes
more VIs in these areas as well as VIs for signal generation, time and
frequency-domain algorithms, windowing routines, digital filters,
evaluations, and regressions.

If the VIs in the base analysis library do not satisfy your needs, then you
can add the LabVIEW Advanced Analysis Libraries to the LabVIEW Base
Package. Once you upgrade, you will have all the analysis tools available
in the Full Development System.

Analysis VI Overview

Once the analog signal has been converted to digital form by the

A/D Converter (ADC) and is available in your computer as a digital signal
(a set of samples), you will usually want to process these samples in some
way. The processing could be to determine the characteristics of the system
from which the samples were obtained, to measure certain features of the
signal, or to convert them into a form suitable for human understanding.

The Analysis library contains VIs to perform extensive numerical analysis,
signal generation and signal processing, curve fitting, measurement, and
other analysis functions. The Analysis Library, included in the LabVIEW
full development system, is a key component in building a virtual
instrumentation system. Besides containing the analysis functionality
found in many math packages, it also features many unique signal
processing and measurement functions that are designed exclusively for
the instrumentation industry.
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The LabVIEW Analysis VIs are available in the Analysis subpalette of the
Functions Palette in LabVIEW or BridgeVIEW.

EE Functions

There are 10 analysis VI libraries. The main categories are:

3 Signal Generation: VIs that generate digital patterns and waveforms.
.&wﬁk
e
¥ {H}} Digital Signal Processing: VIs that perform frequency domain
transformations, frequency domain analysis, time domain analysis, and
other transforms such as the Hartley and Hilbert transforms.
= Measurement Functions: VIs that perform measurement-oriented
. functions such as single-sided spectrums, scaled windowing, and peak

power and frequency estimation.

Digital Filters: VIs that perform IIR, FIR, and nonlinear digital filtering
functions.

Windowing Functions: VIs that perform data windowing.
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statistics functions, such as identifying the mean or the standard deviation
of a set of data, as well as inferential statistics functions for probability and
analysis of variance (ANOVA).

i 3 Probability and Statistics Functions: VIs that perform descriptive
P

Curve Fitting Functions: VIs that perform curve fitting functions and
interpolations.

_ Linear Algebra Functions: VIs that perform algebraic functions for real
B[] and complex vectors and matrices.

Array Operations: VIs that perform common, one- and two-dimensional
numerical array operations, such as linear evaluation and scaling.

Additional Numerical Methods: VIs that use numerical methods to
perform root-finding, numerical integration, and peak detection.

In these chapters, you will learn how to use the VIs from the analysis library
to build a function generator and a simple, yet practical, spectrum analyzer.
You will also learn how to use digital filters, the purpose of windowing and
the advantages of different types of windows, how to perform simple
curve-fitting tasks, and much more. The activities in these chapters require
the LabVIEW/BridgeVIEW full development system. For the more
adventurous, an extensive set of examples that demonstrate how to use the
analysis VIs can be found in the labview\examples\analysis folder.

In addition to the Analysis library, National Instruments also offers

many analysis add-ons that make LabVIEW one of the most powerful
analysis software packages available. These add-ons include the Joint
Time-Frequency Analysis Toolkit, which includes the National Instruments
award-winning Gabor spectrogram algorithm that analyzes time-frequency
features not easily obtained by conventional Fourier analysis; the G Math
Toolkit that offers extended math functionality like a formula parser,
routines for optimization and solving differential equations, numerous
types of 2D and 3D plots, and more; the Digital Filter Design Toolkit; and
many others.

© National Instruments Corporation 11-5 LabVIEW User Manual



Chapter 11 Introduction to Analysis in LabVIEW

Notation and Naming Conventions

LabVIEW User Manual

To help you identify the type of parameters and operations, this section of
the manual uses the following notation and naming conventions unless
otherwise specified in a VI description. Although there are a few scalar
functions and operations, most of the analysis VIs process large blocks of
data in the form of one-dimensional arrays (or vectors) and
two-dimensional arrays (or matrices).

Normal lower case letters represent scalars or constants. For example,
a,
T,
b=1.234.
Capital letters represent arrays. For example,
X?
A?
Y=aX+b.

In general, X and Y denote 1D arrays, and A, B, and C represent matrices.

Array indexes in LabVIEW are zero-based. The index of the first element
in the array, regardless of its dimension, is zero. The following sequence of
numbers represents a 1D array X containing n elements.

X = {xp x;, x5, 0, x,_4}
The following scalar quantity represents the ith element of the sequence X.
x, 0<i<n

1

The first element in the sequence is X, and the last element in the sequence
is x,,_1, for a total of n elements.
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The following sequence of numbers represents a 2D array containing
n rows and m columns.

Aoy Ao Gp2 - Aopm-1

ayp 4dpp G o Ay
A =

Ayg Ay Gy oo Appy g

_an—IO Ay _11 A2 - an—lm—l_

The total number of elements in the 2D array is the product of n and m.
The first index corresponds to the row number, and the second index
corresponds to the column number. The following scalar quantity
represents the element located on the ith row and the jth column.

a,j,OSi<nandOSj<m
The first element in A is a0 and the last element is a

n—1 m-1-

Unless otherwise specified, this manual uses the following simplified array
operation notations.

Setting the elements of an array to a scalar constant is represented by
X=a,
which corresponds to the sequence
X={a,a,a,...,a}

and is used instead of

for

i=0,1,2,...,n-1.
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Multiplying the elements of an array by a scalar constant is represented by
Y=alX,
which corresponds to the sequence
Y={axp,ax,axy,...,ax, 1}

and is used instead of

for
i=0,1,2,...,n-1.
Similarly, multiplying a 2D array by a scalar constant is represented by
B=kA,

which corresponds to the sequence

kay, kay kay, .. kag,_,

ka,, ka, kay, .. ka;,_,
B =

kay, kay, kay, .. ka,,

_k“n-m ka,_yy ka,_y ... kan—lm—l_

and is used instead of

for
i=0,1,2,...,n-1
and
j=0,1,2,...,m-1.
An array with no elements is an empty array and is represented by
Empty=NULL=@={}.

In general, operations on empty arrays result in empty output arrays or
undefined results.
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Sampling Signals

To use digital signal processing techniques, you must first convert an
analog signal into its digital representation. In practice, this is implemented
by using an analog-to-digital (A/D) converter. Consider an analog signal
x() that is sampled every At seconds. The time interval Az is known as the
sampling interval or sampling period. Its reciprocal, 1/At, is known as the
sampling frequency, with units of samples/second. Each of the discrete
values of x(t) at t = 0, At, 2A¢, 3A¢, etc., is known as a sample. Thus, x(0),
x(Af), x(2A1), ..., are all samples. The signal x(¢) can thus be represented by
the discrete set of samples

{x(0), x(Ar), x(2A1), x(3AY), ..., x(kA?), ... }.

Figure 11-1 below shows an analog signal and its corresponding sampled
version. The sampling interval is Ar. Observe that the samples are defined
at discrete points in time.

At = distance between
samples along time axis

At

e

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 11-1. Analog Signal and Corresponding Sampled Version
The following notation represents the individual samples:
x[i] = x(iAy),
for

i=0,1,2,...
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If N samples are obtained from the signal x(¢), then x(#) can be represented
by the sequence

X = {x[0], x[1], x[2], x[3], ..., x[N-1] }

This is known as the digital representation or the sampled version of x(f).
Note that the sequence X = {x[i]} is indexed on the integer variable i, and
does not contain any information about the sampling rate. So by knowing
just the values of the samples contained in X, you will have no idea of what
the sample rate is.

Sampling Considerations

A/D converters (ADCs) are an integral part of National Instruments
DAQ boards. One of the most important parameters of an analog input
system is the rate at which the DAQ board samples an incoming signal.
The sampling rate determines how often an analog-to-digital (A/D)
conversion takes place. A fast sampling rate acquires more points in a given
time and can therefore often form a better representation of the original
signal than a slow sampling rate. Sampling too slowly may result in a poor
representation of your analog signal. Figure 11-2 shows an adequately
sampled signal, as well as the effects of undersampling. The effect of
undersampling is that the signal appears as if it has a different frequency
than it truly does. This misrepresentation of a signal is called an alias.

Adequately sampled signal

Aliased signal due to undersampling

Figure 11-2. Aliasing Effects of an Improper Sampling Rate
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According to the Nyquist theorem, to avoid aliasing you must sample at a
rate greater than twice the maximum frequency component in the signal
you are acquiring. For a given sampling rate, the maximum frequency that
can be represented accurately, without aliasing, is known as the Nyquist
frequency. The Nyquist frequency is one half the sampling frequency.
Signals with frequency components above the Nyquist frequency will
appear aliased between DC and the Nyquist frequency. The alias frequency
is the absolute value of the difference between the frequency of the input
signal and the closest integer multiple of the sampling rate. Figures 11-3
and 11-4 illustrate this phenomenon. For example, assume f5, the sampling
frequency, is 100 Hz. Also, assume the input signal contains the following
frequencies—25 Hz, 70 Hz, 160 Hz, and 510 Hz. These frequencies are
shown in Figure 11-3.

A
o)
kel
2
=
< F1 F2 F3 F4
= 25 Hz 70 Hz 160 Hz 510 Hz
T | T T// / | T >
Frequenc
0 q ¥ fs/2=50 fs=100 500
Nyquist Frequency Sampling Frequency

Figure 11-3. Actual Signal Frequency Components
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In Figure 11-4, we see that frequencies below the Nyquist frequency
(fs/2=50 Hz) are sampled correctly. Frequencies above the Nyquist
frequency appear as aliases. For example, F1 (25 Hz) appears at the correct
frequency, but F2 (70 Hz), F3 (160 Hz), and F4 (510 Hz) have aliases at
30 Hz, 40 Hz, and 10 Hz, respectively. To calculate the alias frequency, use
the following equation:

Alias Freq. = ABS (Closest Integer Multiple
of Sampling Freq. — Input Freq.)

where ABS means “the absolute value.” For example,

Alias F2 = [100 - 70| = 30 Hz
Alias F3 = [(2)100 — 160] = 40 Hz
Alias F4 = |(5)100 — 510 = 10 Hz

Actual Frequency ——p»
4 Aliased Frequenc
2 F2 alias queney - >
2 30 Hz
S F3 alias
JIF4alias  F1 20 Ha F2 F3 F4
=|10Hz 25Hz / 70 Hz 160 Hz 510 Hz
: : : ‘ ‘ / / ‘ >
Frequenc
0 q y fs/2=50 fs=100 500
Nyquist Frequency Sampling Frequency
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Figure 11-4. Signal Frequency Components and Aliases

A question often asked is, “How fast should I sample?” Your first thought
may be to sample at the maximum rate available on your DAQ board.
However, if you sample very fast over long periods of time, you may not
have enough memory or hard disk space to hold the data. Figure 11-5
shows the effects of various sampling rates. In case a, the sine wave of
frequency f is sampled at the same frequency fs (samples/sec) = f
(cycles/sec), or at 1 sample per cycle. The reconstructed waveform appears
as an alias at DC. As you increase the sampling to 7 samples/4 cycles, as in
case b, the waveform increases in frequency, but aliases to a frequency less
than the original signal (3 cycles instead of 4). The sampling rate in case b
is fs = 7/4 f. If you increase the sampling rate to fs = 2f, the digitized
waveform has the correct frequency (same number of cycles), and can be
reconstructed as the original sinusoidal wave, as shown in case c. For
time-domain processing, it may be important to increase your sampling rate
so that the samples more closely represent the original signal. By increasing
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the sampling rate to well above f, say to fs=10f, or 10 samples/cycle, you
can accurately reproduce the waveform, as shown in case d.

a) 1 sample/1 cycle

‘ ‘

b) 7 samples/4 cycles

HH
|

d) 10 samples/cycle

Figure 11-5. Effects of Sampling at Different Rates

Why Do You Need Anti-Aliasing Filters?

We have seen that the sampling rate should be at least twice the maximum
frequency of the signal that we are sampling. In other words, the maximum
frequency of the input signal should be less than or equal to half of the
sampling rate. But how do you ensure that this is definitely the case in
practice? Even if you are sure that the signal being measured has an upper
limit on its frequency, pickup from stray signals (such as the powerline
frequency or from local radio stations) could contain frequencies higher
than the Nyquist frequency. These frequencies may then alias into the
desired frequency range and thus give us erroneous results.

To be completely sure that the frequency content of the input signal is
limited, a low pass filter (a filter that passes low frequencies but attenuates
the high frequencies) is added before the sampler and the ADC. This filter
is called an anti-alias filter because by attenuating the higher frequencies
(greater than Nyquist), it prevents the aliasing components from being
sampled. Because at this stage (before the sampler and the ADC) we are
still in the analog world, the anti-aliasing filter is an analog filter.
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An ideal anti-alias filter is as shown in figure (a) below.

Transition Band
3 3 >
5 5
(@) o
S S
i o
1 Frequency 1 o Frequency
a. Ideal Anti-alias Filter b. Practical Anti-alias Filter

It passes all the desired input frequencies (below f7) and cuts off all the
undesired frequencies (above f1). However, such a filter is not physically
realizable. In practice, filters look as shown in figure (b) above. They pass
all frequencies < fI, and cut-off all frequencies > f2. The region between
f1 and f2 is known as the transition band, which contains a gradual
attenuation of the input frequencies. Although you want to pass only
signals with frequencies < fI, those signals in the transition band could
still cause aliasing. Therefore, in practice, the sampling frequency should
be greater than two times the highest frequency in the transition band. So,
this turns out to be more than two times the maximum input frequency (f7).
That is one reason why you may see that the sampling rate is more than
twice the maximum input frequency. We will see in a later section how the
transition band of the filter depends on the filter type being designed.

Why Use Decibels?

LabVIEW User Manual

On some instruments, you will see the option of displaying the amplitude
in a linear or decibel (dB) scale. The linear scale shows the amplitudes as
they are, whereas the decibel scale is a transformation of the linear scale
into a logarithmic scale. We will now see why this transformation is
necessary.

Suppose that you want to display a signal with very large as well as very
small amplitudes. Let us assume you have a display of height 10 cm,

and will utilize the entire height of the display for the largest amplitude.
So, if the largest amplitude in the signal is 100 V, a height of 1 cm of the
display corresponds to 10 V. If the smallest amplitude of the signal is 0.1 V,
this corresponds to a height of only 0.1 mm. This will barely be visible on
the display.

To see all the amplitudes, from the largest to the smallest, you need to
change the amplitude scale. Alexander Graham Bell invented a unit, the
Bell, which is logarithmic, compressing large amplitudes and expanding
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the small amplitudes. However, the Bell was too big of a unit, so commonly
the decibel (1/10th of a Bell) is used. The decibel (dB) is defined as

one dB = 10 log;( (Power Ratio) = 20 log;( (Voltage Ratio)

The following table shows the relationship between the decibel and the

Power and Voltage Ratios.

dB Power Ratio Voltage Ratio
+40 10000 100
+20 100 10
+6 4 2
+3 2 1.4
0 1 1
-3 172 1/1.4
-6 1/4 172
-20 1/100 1/10
—40 1/10000 1/100

Thus, you see that the dB scale is useful in compressing a wide range of
amplitudes into a small set of numbers. The decibel scale is often used in
sound and vibration measurements and in displaying frequency domain

information.
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This chapter explains how to produce signals using normalized frequency
and how to build a simulated function generator. For examples of how to
use the signal generation Vs, see the examples located in
examples\analysis\sigxmpl.llb.

Signal Generation

You will learn how to use the VIs in the analysis library to generate many
different types of signals. Some of the applications for signal
generation are:

*  Simulating signals to test your algorithm when real-world signals are
not available (for example, when you do not have a DAQ board for
obtaining real-world signals, or when access to real-world signals is
not possible).

*  Generating signals to apply to a D/A converter.

Normalized Frequency

In the analog world, a signal frequency is measured in Hz or cycles per
second. But the digital system often uses a digital frequency, which is the
ratio between the analog frequency and the sampling frequency:

digital frequency = analog frequency / sampling frequency

This digital frequency is known as the normalized frequency. Its units are
cycles/sample.
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Some of the Signal Generation VIs use an input frequency control, f, that is
assumed to use normalized frequency units of cycles per sample. This
frequency ranges from 0.0 to 1.0, which corresponds to a real frequency
range of O to the sampling frequency fs. This frequency also wraps around
1.0, so that a normalized frequency of 1.1 is equivalent to 0.1. As an
example, a signal that is sampled at the Nyquist rate (fs/2) means that it is
sampled twice per cycle (that is, two samples/cycle). This will correspond
to a normalized frequency of 1/2 cycles/sample = 0.5 cycles/sample.

The reciprocal of the normalized frequency, //f, gives you the number of
times that the signal is sampled in one cycle.

When you use a VI that requires the normalized frequency as an input, you
must convert your frequency units to the normalized units of cycles/sample.
You must use these normalized units with the following VIs.

e Sine Wave

*  Square Wave

*  Sawtooth Wave
e Triangle Wave
e Arbitrary Wave
e Chirp Pattern

If you are used to working in frequency units of cycles, you can convert
cycles to cycles/sample by dividing cycles by the number of samples
generated. The following illustration shows the Sine Wave VI, which is
being used to generate two cycles of a sine wave.

frequency  ftype Sine Wave

s200

| ﬂ|cycles |

1.0-

number of samples
CEO
sampling rate [Hz] nommalized frequency

»[1000.00

0.04
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The following illustration shows the block diagram for converting cycles to
cycles/sample.

hurnber of samples
132

E c |3|est - DD_‘"""""’—m

opoles | 2 normalized freﬁuencg

f = cycles/zample = 1/25

samples

sampling rate (Hz

DEBL

You need only divide the frequency (in cycles) by the number of samples.
In the above example, the frequency of 2 cycles is divided by 50 samples,
resulting in a normalized frequency of f'= 1/25 cycles/sample. This means
that it takes 25 (the reciprocal of f) samples to generate one cycle of the
sine wave.

However, you may need to use frequency units of Hz (cycles/s). If you need
to convert from Hz (or cycles/s) to cycles/sample, divide your frequency in
cycles/s by the sampling rate given in samples/s.

cycles/s _ cycles

samples/s  sample
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The following illustration shows the Sine Wave VI used to generate a
60 Hz sine signal.

frequency  fltype Sine Wave
JEooo | HHz |

number of samples
EC
zampling rate [Hz] normalized frequency

»[1000.00 0.08

[o+
|

5 5D

30 40 4

The following illustration shows a block diagram for generating a Hertz
sine signal. You divide the frequency of 60 Hz by the sampling rate of
1000 Hz to get the normalized frequency of f = 0.06 cycles/sample.
Therefore, it takes almost 17 (1/0.06) samples to generate one cycle of
the sine wave.

number of samples
132

Sine Wawe v

s L [oEL]
1.00)

R EH

cycles/zec

hormalized freauencé
+>—i

f = cyclesdzample = 0.06

samples/zec | 1000

sampling rate (Hz)

DEL
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The signal generation VIs create many common signals required for
network analysis and simulation. You can also use the signal generation VIs
in conjunction with National Instruments hardware to generate analog
output signals.

5 Activity 12-1. Learn More about

Normalized Frequency

Your objective is to learn more about normalized frequency by adjusting
the frequency, sampling rate, and number of samples and observing the
effects on a sine wave.

1. Open a new front panel and create the objects as shown in the
following illustration.

*DBL Digital
Contral®

#|32 Digital
Cantral

*DEBL Digital
Contral®

*DEL Digital
Indicator

frequency f type *Erumerated TYPe®  Gine Wave

Cl E| :
deoo | fH: | El':ment& .
number of samples Cycles 05-
H L

200
L 0.0-
sampling rate [Hz) 05-
+/2000.00 .

=07y | | | ] ] 1 ]

normalized frequency| / avefarm Graph® 0D 25 &0 75 100 125 150 175
2000.00
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Block Diagram

LabVIEW User Manual

Build the block diagram shown in the following illustration.

number of samples
132
SrsWaver

1.00

=

cycles | 2 hormalized freﬁuencé
zamples f = cyclesdzample = 1425
sampling rate (Hz
DBL
number of samples
132
Sine Wawe v

L -[DBI.]
.00
HBL L

cyclesésec | 60 hormalized freﬁuencé
{‘,)—H
f = cycles! le =0.06
zamplesdzec SHEESEAMPIE

DEL

Sine Wave VI (Analysis»Signal Generation palette).

3.

Save the VI as Normalized Frequency.vi in the
LabVIEW\Activity directory.

Select a frequency of 2 cycles (frequency = 2 and ftype = cycles) and
number of samples = 100. Run the VI. Note that the plot will show
2 cycles.

Increase the number of samples to 150, 200, and 250. How many
cycles do you see?

Now keep the number of samples = 100. Increase the number of
cycles to 3, 4, and 5. How many cycles do you see?
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Thus, when you choose the frequency in terms of cycles, you will see
that many cycles of the input waveform on the plot. Note that the
sampling rate is irrelevant in this case.

Change ftype to Hz and sampling rate (Hz) to 1,000.

Keeping the number of samples fixed at 100, change the frequency
to 10, 20, 30, and 40. How many cycles of the waveform do you see on
the plot for each case? Explain your observations.

9. Repeat the above step by keeping the frequency fixed at 10 and change
the number of samples to 100, 200, 300, and 400. How many cycles
of the waveform do you see on the plot for each case? Explain your
observations.

10. Keep the frequency fixed at 20 and the number of samples fixed at
200. Change the sampling rate (Hz) to 500, 1,000, and 2,000. Make
sure you understand the results.

@ End of Activity 12-1.

Wave and Pattern Vs

Phase Control

You will notice that the names of most of the signal generation VIs have
the word wave or pattern in them. There is a basic difference in the
operation of the two different types of VIs. It has to do with whether or not
the VI can keep track of the phase of the signal that it generates each time
it is called.

The wave VIs have a phase in control where you can specify the initial
phase (in degrees) of the first sample of the generated waveform. They also
have a phase out indicator that specifies what the phase of the next sample
of the generated waveform is going to be. In addition, a reset phase control
decides whether or not the phase of the first sample generated when the
wave VI is called is the phase specified at the phase in control, or whether
it is the phase available at the phase out control when the VI last executed.
A TRUE value of reset phase sets the initial phase to phase in, whereas a
FALSE value sets it to the value of phase out when the VI last executed.

The wave VIs are all reentrant (can keep track of phase internally) and
accept frequency in normalized units (cycles/sample). The only pattern VI
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that presently uses normalized units is the Chirp Pattern VI. Setting the
reset phase Boolean to FALSE allows for continuous sampling simulation.

Note Wave VIs are reentrant and accept the frequency input in terms of
normalized units.

In the next activity, you will generate a sine wave using both the Sine Wave
VI and the Sine Pattern VI. You will see how in the Sine Wave VI you
have more control over the initial phase than in the Sine Pattern VI.

u Activity 12-2. Use the Sine Wave and
Sine Pattern Vis

Your objective is to generate a sinusoidal waveform using both the
Sine Wave VI and the Sine Pattern VI and to understand the differences.

\g@

Front Panel

1. Open a new front panel and create the objects as shown in the
following illustration.

Sine Wave
cycles or freq 1.0- Flot0 S

0.5-

Sl2.00

“DBL Digital Cantral®
igital Cantral 00~

A0f5=

sampling freq.

:1DD.DD 1.0 | 1 i 1 1 1 |
o 20 40 80 100 120 140
*DBL Digital Control®

Wty B8] &8+ “f avetorm Graph®
v uy
phase in e eyl
: 0.00 Sine Pattern
*DEL Digital Contral* 1.0+ Plat O H
05-
reset phaze 0.0-
“Boolean Square Button® 1.0 ] | i i
0 80 100 120 140
M = B+ il aveform Graph®
it 2l
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Block Diagram

2. Build the block diagram shown in the following illustration.

[Sine Patterm.vi
| i [DBL]
cycles or freq|mEC] } n"_| me] [[Sine Wane]
—f
EmWaey

Sine Pattern VI (Analysis»Signal Generation palette).

i Sine Wave VI (Analysis»Signal Generation palette).

3. Save the VI as Wave and Pattern.vi inthe LabVIEW\Activity
directory.
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Set the controls to the following values:
cycles/freq: 2.00

sampling freq: 100

phase in: 0.00

reset phase: OFF

Run the VI several times.

Observe that the Sine Wave plot changes each time you run the VI.
Because reset phase is set to OFF, the phase of the sine wave changes
with each call to the VI, being equal to the value of phase out during
the previous call. However, the Sine Pattern plot always remains the
same, showing 2 cycles of the sinusoidal waveform. The initial phase
of the Sine Pattern plot is equal to the value set in the phase in control.

Note “Phase in”’ and “phase out” are specified in degrees.

5.

Change phase in to 90 and run the VI several times. Just as before, the
Sine Wave plot changes each time you run the VI. However, the Sine
Pattern plot does not change, but the initial phase of the sinusoidal
pattern is 90 degrees—the same as that specified in the phase in
control.

With phase in still at 90, set reset phase to ON and run the VI several
times. The sinusoidal waveforms shown in both the Sine Wave and
Sine Pattern plots start at 90 degrees, but do not change with successive
calls to the VL.

Keeping reset phase as ON, run the VI several times for each of the
following values of phase in: 45, 180, 270, and 360. Note the initial
phase of the generated waveform each time that the VI is run.

@ End of Activity 12-2.

LabVIEW User Manual
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ty 12-3. Build a Function Generator

Your objective is to build a simple function generator that can
generate the following waveforms.

Sine Wave
Square Wave
Triangle Wave
Sawtooth Wave

*DBEL Digital Control*

*DEL Digital Control®

“Boolean Yertical Switch®

1. Open a new front panel and create the objects as shown in the
following illustration.
zamples Signal Source W aveform Plot
shoo = Sine Wave 1.0-
132 Digital Contral® *Enumerated Type:
Elements: 05-
amplitude Sine Wave
El Triangle Wave
1.00 g -
1 Square Wave 0o
“DEL Digital Control® Sawtooth W awve
.D_E_
frequency Sampling Fate (Hz] - .DD_'EID " |j2 i -04 . IjB . IjS 0 :IEI
T T 210000 |Hg : ' : : ' :
“DEL Digital Control® “DEBL Digital Control® “d gwelom Graph®
square duty cycle [Z] phaze 1ezet phaze
4 |

*Boolean Rectangular
Stop Button®

The signal source control selects the type of waveform that you want to

generate.

The square duty cycle control is used only for setting the duty cycle of the

square wave.

The samples control determines the number of samples in the plot.

Notice that these are all wave VIs, and therefore they require the frequency
input to be the normalized frequency. So, you divide frequency by the
sample rate and the result is the normalized frequency wired to the finput

of the VIs.

© National Instruments Corporation
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Block Diagram

2. Build the block diagram shown in the following illustration.

quare W ave o

zamples reset phase-' W avebarm Plat
==
frequency amnli g

plitude
I
phaze
S ampling Pate (Hz) Sional Source i

S avwtooth ' ave]
Eawlooth wWavei

Sine WWave

Sine Wave.vi

i

G

e
%

T

a

e
A
t
&l
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Sine Wave VI (Analysis»Signal Generation palette) generates a sine
wave of normalized frequency f.

Triangle Wave VI (Analysis»Signal Generation palette) generates a
triangular wave of normalized frequency f.

Square Wave VI (Analysis»Signal Generation palette) generates a
square wave of normalized frequency f with specified duty cycle.

Sawtooth Wave VI (Analysis»Signal Generation palette) generates a
sawtooth wave of normalized frequency f.

3.

Save the VI as Function Generator.vi inthe
LabVIEW\Activity directory.

Select a sampling rate of 1000 Hz, amplitude = 1, samples = 100,
frequency = 10, reset phase = ON, and signal source = sine wave.
Because sampling rate = 1000 and frequency = 10 Hz, every

100 samples corresponds to one cycle.
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Run the VI and observe the resulting plot.

6. Change samples to 200, 300, and 400. How many cycles of the
waveform do you see? Explain why.

7. With samples set to 100, change reset phase to OFF. Do you notice
any difference in the plot?

Change frequency to 10.01 Hz. What happens? Why?
Change reset phase to ON. Now what happens? Explain why.

10. Repeat steps 4 through 9 for different waveforms selected in the signal
source control.

@ End of Activity 12-3.
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Digital Signal Processing

This chapter describes the fundamentals of the Fast Fourier Transform
(FFT) and the Discrete Fourier Transform (DFT) and how they are used in
spectral analysis. For examples of how to use the digital signal processing
VIs, see the examples located in examples\analysis\dspxmpl.1llb.

The Fast Fourier Transform (FFT)

The samples of a signal obtained from a DAQ board constitute the

time domain representation of the signal. This representation gives

the amplitudes of the signal at the instants of time during which it had
been sampled. However, in many cases you want to know the frequency
content of a signal rather than the amplitudes of the individual samples.
The representation of a signal in terms of its individual frequency
components is known as the frequency domain representation of the
signal. The frequency domain representation could give more insight
about the signal and the system from which it was generated.

The algorithm used to transform samples of the data from the time domain
into the frequency domain is known as the discrete Fourier transform or
DFT. The DFT establishes the relationship between the samples of a signal
in the time domain and their representation in the frequency domain.

The DFT is widely used in the fields of spectral analysis, applied
mechanics, acoustics, medical imaging, numerical analysis,
instrumentation, and telecommunications.

Tirme Domain

1.0-

1
10

Frequetncy Damain

0.5-

0.4~
0.3-

o] o

0.1-

0.0~ 1 1 1 1 1 1
1] 5 10 15 20 25 kil

1 1
15 20 28 3

time domain representation of x[n] frequency domain representation

Suppose you have obtained N samples of a signal from a DAQ board. If you
apply the DFT to N samples of this time domain representation of the
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signal, the result is also of length N samples, but the information it contains
is of the frequency domain representation. The relationship between the
N samples in the time domain and the N samples in the frequency domain
is explained below.

If the signal is sampled at a sampling rate of f; Hz, then the time interval
between the samples (that is, the sampling interval) is Af, where

1

At =
s

The sample signals are denoted by x[i], 0 <i < N-1 (thatis, you have a total
of N samples). When the discrete Fourier transform, given by

N-1
—j2mik/ N
X, = ine J (13-1)
i=0

for
k=0,1,2,...,N-1

is applied to these N samples, the resulting output (X[k], 0 d k d N-1) is the
frequency domain representation of x[i]. Notice that both the time domain
x and the frequency domain X have a total of N samples. Analogous to the
time spacing of At between the samples of x in the time domain, you have
a frequency spacing of

1
NAt

between the components of X in the frequency domain. Afis also known

as the frequency resolution. To increase the frequency resolution (smaller
Af) you must either increase the number of samples N (with fs constant) or
decrease the sampling frequency fs (with N constant).

In the following example, you will go through the mathematics of
Equation 13-1 to calculate the DFT for a D.C. signal.

DFT Calculation Example

LabVIEW User Manual

In the next section, you will see the exact frequencies to which the
N samples of the DFT correspond. For the present discussion, assume that
X[0] corresponds to D.C., or the average value, of the signal. To see the
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result of calculating the DFT of a waveform with the use of Equation 13-1,
consider a D.C. signal having a constant amplitude of +1 V. Four samples
of this signal are taken, as shown in the figure below.

»

amplitude

x[0] X[1] x[2] X[3]
\

b

time

Each of the samples has a value +1, giving the time sequence
x[0] =x[1]=x[3]=x[4] =1

Using Equation 13-1 to calculate the DFT of this sequence and making use
of Euler’s identity,

exp (-i0) = cos(8 ) — jsin(0 )

you get:
N-1
X[0] = ine‘ﬂ"’“/” = x[0] + x[1] + x[2] + x[3] = 4
i=0
X[1] = x[0] +x[1] B:os%—jsin%%+x[2](cos(ﬂ)—jsin(T[)) +
x[3] %:OSEBZTD Jsmgl%— (I-j-1+5)=0
X[2] = x[0] + x[1] (cos(m) Jsm(T[))+x[2](cos(2T[) —jsin(21M)) +
x[3](cos(31) —jsin(3mM))= (1-1+1-1)=0
X[3] = x[0] +x[1] B:OSD—D jsmgi%%+x[2](cos(3n) —jsin(3m))

x[3] B;os%r%—jsin%= (1-j-1-j)=0
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Therefore, except for the DC component, X[0], all the other values are zero,
which is as expected. However, the calculated value of X[0] depends on
the value of N (the number of samples). Because you had N =4, X[0] = 4.
If N = 10, then you would have calculated X[0] = 10. This dependency of
X[ ] on N also occurs for the other frequency components. Thus, you
usually divide the DFT output by N, so as to obtain the correct magnitude
of the frequency component.

Magnitude and Phase Information

LabVIEW User Manual

You have seen that N samples of the input signal result in N samples of the
DFT. That is, the number of samples in both the time and frequency
representations is the same. From Equation 13-1, you see that regardless of
whether the input signal x[i] is real or complex, X[k] is always complex
(although the imaginary part may be zero). Thus, because the DFT is
complex, it contains two pieces of information—the amplitude and the
phase. It turns out that for real signals (x[i] real) such as those obtained from
the output of one channel of a DAQ board, the DFT is symmetric with the
following properties:

| X[k]|=| X[N-k] |
and
phase ( X[k] ) = — phase(X[N-k] )

The terms used to describe this symmetry are that the magnitude of X[k] is
even symmetric, and phase(X[k]) is odd symmetric. An even symmetric

signal is one that is symmetric about the y-axis, whereas an odd symmetric
signal is symmetric about the origin. This is shown in the following figures.

even symmetry odd symmetry

The net effect of this symmetry is that there is repetition of information
contained in the N samples of the DFT. Because of this repetition of
information, only half of the samples of the DFT actually need to be
computed or displayed, as the other half can be obtained from this
repetition.
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Note If the input signal is complex, the DFT will be nonsymmetric and you cannot use
this trick.

Frequency Spacing between DFT/FFT Samples

If the sampling interval is Ar seconds, and the first (k = 0) data sample is at
0 seconds, then the kth (k> 0, k integer) data sample is at kAr seconds.
Similarly, if the frequency resolution is Af Hz

( of = ]3 ) then the k™ sample of the DFT occurs at a frequency of kAf
Hz. (Actually, as you will soon see, this is valid for only up to the first half
of the frequency components. The other half represent negative frequency
components.) Depending on whether the number of samples, N, is even or
odd, you can have a different interpretation of the frequency corresponding
to the k™ sample of the DFT.

For example, suppose Nis even and let p = N . The following table
shows the frequency to which each format elerient of the complex output
sequence X corresponds.

Note that the p”* element, X[p], corresponds to the Nyquist frequency.
The negative entries in the second column beyond the Nyquist frequency
represent negative frequencies.

For example, if N =8, p = N/2 = 4, then

X[0] DC

X[1] Of
X[2] 20
X[3] 3Af

X[4] 4Af (Nyquist freq)
X[5] =3Af

X[6] =20f

X[7] -Of

Here, X[1] and X[7] will have the same magnitude, X[2] and X[6} will
have the same magnitude, and X[3] and X[5] will have the same magnitude.
The difference is that whereas X[1], X[2], and X[3] correspond to positive
frequency components, X[5], X[6], and X[7] correspond to negative
frequency components. Note that X[4] is at the Nyquist frequency.
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The following illustration represents this complex sequence for N = 8.

Fourier Transform [magritude]|

4.0-

3.0-
2.0-
1.0-
0.0-)
A A A
positive
frequencies

DC

component

frequencies

negative

Such a representation, where you see both the positive and negative
frequencies, is known as the two-sided transform.

Note that when N is odd, there is no component at the Nyquist frequency.

For example, if N =7, p=(N-1)/2 = (7-1)/2 = 3, and you have

X[0]
X[1]
X[2]
X[3]
X[4]
X[5]
X[6]

DC
Af
20f
3Bf
“30f
ONf
-Nf

Now X[1] and X[6] have the same magnitude, X[2] and X[5] have the same
magnitude, and X[3] and X[4] have the same magnitude. However, whereas
X[1], X[2], and X[3] correspond to positive frequencies, X[4], X[5], and
X[6] correspond to negative frequencies. Because N is odd, there is no
component at the Nyquist frequency.

13-6
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The following illustration represents the preceding table for N = 7.

Fourier Transform [magnitude]|
4.0
3.0-

20-
1.0~
0.0-;
a
A A A A A A
DC positive negative
frequencies frequencies

This is also a two-sided transform, because you have both the positive and
negative frequencies.

Fast Fourier Transforms

Direct implementation of the DFT on N data samples requires
approximately N? complex operations and is a time-consuming process.
However, when the size of the sequence is a power of 2,

N=2" form=1,2,3,...

you can implement the computation of the DFT with approximately

N log,(N) operations. This makes the calculation of the DFT much faster,
and DSP literature refers to these algorithms as fast Fourier transforms
(FFTs). The FFT is nothing but a fast algorithm for calculating the DFT
when the number of samples (N) is a power of 2.

The advantages of the FFT include speed and memory efficiency, because
the VI can compute the FFT “in place,” that is, no additional memory
buffers are needed to compute the output. The size of the input sequence,
however, must be a power of 2. The DFT can efficiently process any size
sequence, but the DFT is slower than the FFT and uses more memory,
because it must allocate additional buffers for storing intermediate results
during processing.
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Zero Padding

A technique employed to make the input sequence size equal to a power of
2 is to add zeros to the end of the sequence so that the total number of
samples is equal to the next higher power of 2. For example, if you have
10 samples of a signal, you can add six zeros to make the total number of
samples equal to 16 (= 2% a power of 2). This is shown below:

Original signal
1.0-
0.5-
0.0-

0.5-

A0
o1 2

Zero padded sighal
1.0-
0.5-
0.0-

0.5-

A0-]
0

The addition of zeros to the end of the time domain waveform does

not affect the spectrum of the signal. In addition to making the total number
of samples a power of two so that faster computation is made possible

by using the FFT, zero padding also helps in increasing the frequency
resolution (recall that Af = fs/N) by increasing the number of samples, N.
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FFT Vis in the Analysis Library

The analysis library contains two VIs that compute the FFT of a signal.
They are the Real FFT VI and Complex FFT VI.

The difference between the two Vs is that the Real FFT VI computes the
FFT of a real-valued signal, whereas the Complex FFT VI computes the
FFT of a complex-valued signal. However, keep in mind that the outputs of
both VIs are complex.

Most real-world signals are real valued, and hence you can use the

Real FFT VI for most applications. Of course, you could also use the
Complex FFT VI by setting the imaginary part of the signal to zero.

An example of an application where you could use the Complex FFT VI
is when the signal consists of both a real and imaginary component. Such a
type of signal occurs frequently in the field of telecommunications, where
you modulate a waveform by a complex exponential. The process of
modulation by a complex exponential results in a complex signal, as shown
below:

x(t) —p| Modulationby L y(t) = x(t)cos(wt) — jx(t)sin(ct)
exp(-jwt)

The block diagram below shows a simplified version of how you can
generate 10 cycles of a complex signal:

ngs'g\ RedAm To Comples Complex FFT.vi To next stage
Generate 10 cycles Etb FiH)
x
..... '”_“-.1
E—"isIn
I

quadrature [0 deg) relationzhip
hetween zin & cozx
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Ej Act

@@

Front Panel
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Vi

ty 13-1. Use the Real FFT VI

In this activity, your objective is to display the two-sided and the one-sided
Fourier transform of a signal using the Real FFT VI, and to observe the
effect of aliasing in the frequency spectrum.

1.

Build the front panel shown in the following illustration.

frequency [Hz]
=T
*DEL Digital Control®

sampling freg
Shoo.oo
*DBL Digital Caontral?

# of samples
(]
*32 Digital Contral*

Time Domain Sequence
1.0-

0l/5=

0.0-

A0fE=

B R
0 10 20 30 40 5O EO 70 8O 90 99
i aveform Graph®

Spectrum
0.5-

0.4-
0.3=
0.2-
0.1-

0.0-" : : : : :
0.0 200 40.0 B0.0 80.0 33.0

“faveform Graph®
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Block Diagram

2. Build the block diagram shown in the following illustration.

reuen spacing 0 Spectum
e

Time Diomain Sequence
[oBL]

Feal FFT i
[ of samples][E2]] Fixy

Complex To Palar

E}' Array Size function (Functions»Array palette) scales the output of the

FFT by the number of samples so as to obtain the correct amplitude of the
frequency components.

B Sine Wave function (Functions»Analysis»Signal Generation palette)
i generates a time domain sinusoidal waveform.
Real FFT function (Functions»Analysis»Digital Signal Processing
Fix palette) computes the FFT of the input data samples.
= " Complex to Polar function (Functions»Numeric»Complex palette)

separates the complex output of the FFT into its real and imaginary
(magnitude and phase) parts. The phase information is in units of radians.
Here you are displaying only the magnitude of the FFT.

The frequency spacing, Af, is given by dividing the sampling freq by the
# of samples.

3. Save this VI as FFT_2sided.vi in the LabVIEW\Activity
directory.

4. Select frequency (Hz) = 10, sampling freq = 100, and
# of samples = 100. Run the VI.

Notice the plots of the time waveform and the frequency spectrum.
Because sampling freq = # of samples = 100, you are in effect
sampling for 1 second. Thus, the number of cycles of the sine wave you
see in the time waveform is equal to the frequency(Hz) you select.
In this case, you will see 10 cycles. (If you change the frequency (Hz)
to 5, you will see five cycles).
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Two-Sided FFT

Examine the frequency spectrum (the Fourier transform). You will
notice two peaks, one at 10 Hz and the other at 90 Hz. The peak at
90 Hz is actually the negative frequency of 10 Hz. The plot you see is
known as the 2-sided FFT because it shows both the positive and the
negative frequencies.

Run the VI with frequency (Hz) = 10 and then with
frequency (Hz) = 20. For each case, note the shift in both peaks
of the spectrum.

Note Also observe the time domain plot for frequency (Hz) = 10 and 20. Which one gives
a better representation of the sine wave? Why?

One-Sided FFT

LabVIEW User Manual

7.

10.

Because fs = 100 Hz, you can accurately sample only signals having a
frequency < 50 Hz (Nyquist frequency = fs/2). Change the frequency
(Hz) to 48 Hz. You should see the peaks at + 48 Hz on the spectrum
plot.

Now change the frequency (Hz) to 52 Hz. Is there any difference
between the result of step 5 and what you see on the plots now?
Because 52 > Nyquist, the frequency of 52 is aliased to

[100 — 52| = 48 Hz.

Change frequency (Hz) to 30 Hz and 70 Hz and run the VL. Is there
any difference between the two cases? Explain why.

Modify the block diagram of the VI as shown below. You have seen
that the FFT had repetition of information because it contained
information about both the positive and the negative frequencies.
This modification now shows only half the FFT points (only the
positive frequency components). This representation is known as the
1-sided FFT. The 1-sided FFT shows only the positive frequency
components. Note that you need to multiply the positive frequency
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components by two to obtain the correct amplitude. The D.C.
component, however, is left untouched.

Spectium

reqUency spacing

Time Domain Sequence
[oBL]

For Loop)

Cormplex]

Feal FFT v Erra Subset| Ta Polar
— _|z *
L w1 a

o |
n

of samples

{=Iu[¥]

ling freq

Eg E:En
3 0
=, g o
=
¥]
s
]

For Loop)

[@} Equal To O? function (Functions»Comparison palette) tests to see if the
array index is equal zero. If so, it corresponds to the D.C. component and
should not be multiplied by two.

11. Run the VI with the following values: frequency (Hz) = 30,
sampling freq = 100, # of samples = 100.

12. Save the VI as FFT_1lsided.vi in the LabVIEW\Activity
directory.

13. Change the value of frequency (Hz) to 70 and run the VI. Do you
notice any difference between this and the result of step 9?

@ End of Activity 13-1.
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The Power Spectrum

You have seen that the DFT (or FFT) of a real signal is a complex number,
having a real and an imaginary part. The power in each frequency
component represented by the DFT/FFT can be obtained by squaring the
magnitude of that frequency component. Thus, the power in the k"
frequency component (the k™ element of the DFT/FFT) is given by |X[k] |2.
The plot showing the power in each of the frequency components is known
as the power spectrum. Because the DFT/FFT of a real signal is
symmetric, the power at a positive frequency of kAfis the same as the
power at the corresponding negative frequency of —kAf (DC and Nyquist
components not included). The total power in the DC

N 2
XH
Loss of Phase Information

, respectively.
Because the power is obtained by squaring the magnitude of the DFT/FFT,
the power spectrum is always real. The disadvantage of this is that the
phase information is lost. If you want phase information, you must use the
DFT/FFT, which gives you a complex output.

and Nyquist components are |X[0]|* and

You can use the power spectrum in applications where phase information is
not necessary (for example, to calculate the harmonic power in a signal).
You can apply a sinusoidal input to a nonlinear system and see the power
in the harmonics at the system output.

Frequency Spacing between Samples

You can use the Power Spectrum VI in the Analysis»Digital Signal
Processing subpalette to calculate the power spectrum of the time domain
data samples. Just like the DFT/FFT, the number of samples from the
Power Spectrum VI output is the same as the number of data samples
applied at the input. Also, the frequency spacing between the output
samples is Af = fs/N.
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Summary

The time domain representation (sample values) of a signal can be
converted into the frequency domain representation by means of an
algorithm known as the discrete Fourier transform (DFT). To have fast
calculation of the DFT, an algorithm known as the fast Fourier transform
(FFT) is used. You can use this algorithm when the number of signal
samples is a power of two.

The output of the conventional DFT/FFT is two-sided because it contains
information about both the positive and the negative frequencies. This
output can be converted into a one-sided DFT/FFT by using only half the
DFT/FFT output points. The frequency spacing between the samples of the
DFT/FFT is Af = fs/N.

The power spectrum can be calculated from the DFT/FFT by squaring the
magnitude of the individual frequency components. The Power Spectrum
VI in the advanced analysis library does this automatically for you. The
units of the output of the Power Spectrum VI are in Vrms®. However, the
power spectrum does not provide any phase information.

The DFT, FFT, and power spectrum are useful for measuring the frequency
content of stationary or transient signals. The FFT provides the average
frequency content of the signal over the entire time that the signal was
acquired. For this reason, you use the FFT mostly for stationary signal
analysis (when the signal is not significantly changing in frequency content
over the time that the signal is acquired), or when you want only the average
energy at each frequency line. A large class of measurement problems fall
in this category. For measuring frequency information that changes during
the acquisition, you should use the joint time-frequency analysis (JTFA)
toolkit or the wavelet and filter banks designer (WFBD) toolkit.
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Smoothing Windows

This chapter explains how using windows prevents spectral leakage and
improves the analysis of acquired signals. For examples of how to use the
analysis window VIs, see the examples located in examples\analysis\
windxmpl.1llb.

Introduction to Smoothing Windows

In practical signal-sampling applications, you can obtain only a finite
record of the signal, even when you carefully observe the sampling theorem
and sampling conditions. Unfortunately for the discrete-time system, the
finite sampling record results in a truncated waveform that has different
spectral characteristics from the original continuous-time signal. These
discontinuities produce leakage of spectral information, resulting in a
discrete-time spectrum that is a smeared version of the original
continuous-time spectrum.

A simple way to improve the spectral characteristics of a sampled signal is
to apply smoothing windows. When performing Fourier or spectral
analysis on finite-length data, you can use windows to minimize the
transition edges of your truncated waveforms, thus reducing spectral
leakage. When used in this manner, smoothing windows act like
predefined, narrowband, lowpass filters.
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About Spectral Leakage and Smoothing Windows

When you use the DFT/FFT to find the frequency content of a signal, it is
inherently assumed that the data that you have is a single period of a
periodically repeating waveform. This is shown in Figure 14-1. The first
period shown is the one sampled. The waveform corresponding to this
period is then repeated in time to produce the periodic waveform.

A
One Period Discontinuity

Y W AN ANy

Figure 14-1. Periodic Waveform Created from Sampled Period

p Time

As seen in the previous figure, because of the assumption of periodicity
of the waveform, discontinuities between successive periods will occur.
This happens when you sample a noninteger number of cycles. These
artificial discontinuities turn up as very high frequencies in the spectrum
of the signal, frequencies that were not present in the original signal.
These frequencies could be much higher than the Nyquist frequency, and
as you have seen before, will be aliased somewhere between 0 and fs/2.
The spectrum you get by using the DFT/FFT therefore will not be the actual
spectrum of the original signal, but will be a smeared version. It appears as
if the energy at one frequency has leaked out into all the other frequencies.
This phenomenon is known as spectral leakage.
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Figure 14-2 shows a sine wave and its corresponding Fourier transform.
The sampled time domain waveform is shown in Graph 1. Because the
Fourier transform assumes periodicity, you repeat this waveform in time,
and the periodic time waveform of the sine wave of Graph 1 is shown in
Graph 2. The corresponding spectral representation is shown in Graph 3.
Because the time record in Graph 2 is periodic, with no discontinuities,
its spectrum is a single line showing the frequency of the sine wave. The
reason that the waveform in Graph 2 does not have any discontinuities is
because you have sampled an integer number of cycles (in this case, 1)
of the time waveform.

Graph 2. Time Domain with FFT Assumption|

One block of data [1,024 points) The FFT algorithm assumes the same block of data
iz repeated over and over throughout time.

Amplitide Graph 3. Frequency Domain|

Window 5 election

Harnrirg *#/findow
Mo window

The dizcontinuity in the signal shown in Graph 2, at the tranzition between the byo time
records, is a result of acquinng only a finite time record. The time record discontinuity
causes smearing around the main lobe, or spike. in the frequency domain plot, Graph 3.

i

Figure 14-2. Sine Wave and Corresponding Fourier Transform
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In Figure 14-3, you see the spectral representation when you sample a
noninteger number of cycles of the time waveform (namely 1.25).
Graph 1 now consists of 1.25 cycles of the sine wave. When you repeat
this periodically, the resulting waveform, as shown in Graph 2, consists
of discontinuities. The corresponding spectrum is shown in Graph 3.
Notice how the energy is now spread over a wide range of frequencies.
This smearing of the energy is spectral leakage. The energy has leaked
out of one of the FFT lines and smeared itself into all the other lines.

Graph 2. Time Domain with FFT Assumption|

Ore block of data (1,024 points)| The FFT algorithm assumes the same block of data
is repeated over and over throughout time,

Amplitude Graph 3. F) Dramai

F 12E eEuEi LETE ‘window Selection
Harming “indow
Mo Window

The dizcontinuity in the zsignal shown in Graph 2, at the rangition betweet the baa timne
records, iz a result of acquining only a finite ime recard. The time record discontinuity
cauzes smeaning around the main lobe, or zpike, in the frequency domain plat, Graph 3.

EEEN)

Figure 14-3. Spectral Representation When Sampling a Nonintegral Number
of Samples
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Leakage exists because of the finite time record of the input signal.

To overcome leakage, one solution is to take an infinite time record,

from —infinity to +infinity. Then the FFT would calculate one single line at
the correct frequency. Waiting for infinite time is, however, not possible in
practice. So, because you are limited to having a finite time record, another
technique, known as windowing, is used to reduce the spectral leakage.

The amount of spectral leakage depends on the amplitude of the
discontinuity. The larger the discontinuity, the more the leakage, and

vice versa. You can use windowing to reduce the amplitude of the
discontinuities at the boundaries of each period. It consists of multiplying
the time record by a finite length window whose amplitude varies smoothly
and gradually towards zero at the edges. This is shown in Figure 14-4,
where the original time signal is windowed using a Hanning window.
Notice that the time waveform of the windowed signal gradually tapers to
zero at the ends. Therefore, when performing Fourier or spectral analysis
on finite-length data, you can use windows to minimize the transition edges
of your sampled waveform. A smoothing window function applied to the
data before it is transformed into the frequency domain minimizes spectral
leakage.

Note that if the time record contains an integral number of cycles, as shown
in Figure 14-2, then the assumption of periodicity does not result in any
discontinuities, and thus there is no spectral leakage. The problem arises
only when you have a nonintegral number of cycles.
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Original signal

140
Hamming Window
1.0-

80 100 120 140

Figure 14-4. Time Signal Windowed Using a Hamming Window
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Windowing Applications

There are several reasons to use windowing. Some of these are:
*  To define the duration of the observation.
*  Reduction of spectral leakage.

»  Separation of a small amplitude signal from a larger amplitude signal
with frequencies very close to each other.

Characteristics of Different Types of Window Functions

Applying a window to (windowing) a signal in the time domain is
equivalent to multiplying the signal by the window function. Because
multiplication in the time domain is equivalent to convolution in the
frequency domain, the spectrum of the windowed signal is a convolution
of the spectrum of the original signal with the spectrum of the window.
Thus, windowing changes the shape of the signal in the time domain,

as well as affecting the spectrum that you see.

Many different types of windows are available in the LabVIEW analysis
library. Depending on your application, one may be more useful than the
others. Some of these windows are:

Rectangular (None)

The rectangular window has a value of one over its time interval.
Mathematically, it can be written as:

w[n]=1.0

for

where N is the length of the window. Applying a rectangular window
is equivalent to not using any window. This is because the rectangular
function just truncates the signal to within a finite time interval.

The rectangular window has the highest amount of spectral leakage.
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Hanning
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Smoothing Windows

The rectangular window for N = 32 is shown in the following illustration:

Rectangular ‘Window
1.1-

0 5 10 15 20 25 30 35

The rectangular window is useful for analyzing transients that have a
duration shorter than that of the window. It is also used in order tracking,
where the effective sampling rate is proportional to the speed of the shaft in
rotating machines. In this application, it detects the main mode of vibration
of the machine and its harmonics.

This window has a shape similar to that of half a cycle of a cosine wave.
Its defining equation is

w(n) = 0.5 - 0.5cos(2Tm/N)

for

A Hanning window with N = 32 is shown below:

Hanning “#indomw
1.0-

0.0- 1 1 1 1 1 1 [
] 5 10 15 20 25 30 35
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The Hanning window is useful for analyzing transients longer than the time
duration of the window, and also for general purpose applications.

Hamming

This window is a modified version of the Hanning window. Its shape is also
similar to that of a cosine wave. It can be defined as

w(n) =0.54 — 0.46cos(2Tm/N)

for

A Hamming window with N = 32 is shown below:

Hamrning 'WWikndow
1.0-
0.8-
[.E-
0.4-
0.2-

0.0-)
0

5 10 15 20 25 W 35

You see that the Hanning and Hamming windows are somewhat similar.
However, note that in the time domain, the Hamming window does not get
as close to zero near the edges as does the Hanning window.
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Kaiser-Bessel

This window is a “flexible” window whose shape the user can modify by
adjusting the parameter beta. Thus, depending on your application, you can
change the shape of the window to control the amount of spectral leakage.
The Kaiser-Bessel window for different values of befa are shown below:

K.aizer-B ezsel Window [beta = 0.1]

1D_ m||||||||||||||||||||||||||M

15 2EI 25 3EI

F.aizer-Bezzel Window [beta =1]

| DM"“IIM

15 2EI 25 3EI

F.aizer-Beszzel Window [beta = 5]
1.0-

0 5 10 15 20 25 30 35

Note that for small values of beta, the shape is close to that of a rectangular
window. Actually, for beta =0 .0, you do get a rectangular window. As you
increase beta, the window tapers off more to the sides.

This window is good for detecting two signals of almost the same
frequency, but significantly different amplitudes.
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The shape of this window is that of a triangle. It is given by
wn]=1-|(2n-N)/N|
for
n=0,1,2,..n-1

A triangle window for N = 32 is shown below:

Triangle Window

1.0-

0.5-

0.0-)
0

E 10 15 20 25 W 35

This window has the best amplitude accuracy of all the window functions.
The increased amplitude accuracy (+ 0.02 dB for signals exactly between
integral cycles) is at the expense of frequency selectivity. The Flattop
window is most useful in accurately measuring the amplitude of single
frequency components with little nearby spectral energy in the signal.
The Flattop window can be defined as

w(n) = a0 — al *cos(2Tm/N) + a2*cos(4Tm/N)]
where

a0 = 0.2810638602
al =0.5208971735
a2 =0.1980389663
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Exponential
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A flattop window is shown below:

Flat Top Window

1.0~
0.8+
0.6+
0.4-
0.2-
0.0+

-n.z2-h
0 5 10 15 20 25 30 35

The shape of this window is that of a decaying exponential. It can be
mathematically expressed as:

for

where fis the final value. The initial value of the window is one, and it
gradually decays towards zero. The final value of the exponential can be
adjusted to between 0 and 1. The exponential window for N = 32, with the
final value specified as 0.1, is shown below:

E xponential Window
1.0-
0.8-
0.E-
0.4-
0.2-

0.0-)
0

E 10 15 20 25 W 35

This window is useful in analyzing transients (signals that exist only for a
short time duration) whose duration is longer than the length of the window.
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This window can be applied to signals that decay exponentially, such as the
response of structures with light damping that are excited by an impact (for
example, a hammer).

Windows for Spectral Analysis Versus Windows
for Coefficient Design

The window VIs implemented in the Analysis library in LabVIEW are
designed for spectral analysis applications. In these applications, the input
signal is windowed by passing it through one of the window VIs. The
windowed signal is then passed to a DFT-based VI for frequency-domain
display and analysis.

The window functions designed for spectral analysis must be DFT-even,
a term defined by Fredric J. Harris in his paper On the Use of Windows
for Harmonic Analysis with the Discrete Fourier Transform (Proceedings
of the IEEE, Volume 66, No.1, January 1978). A window function is
DFT-even if its dot product (inner product) with integral cycles of sine
sequences is identically zero. Another way to think of a DFT-even sequence
is that its DFT has no imaginary component.

The following figures illustrate the Hanning window and one cycle of a sine
pattern for a sample size of 8. The figures below show that the DFT-even
Hanning window is not symmetric about its midpoint and its last point is
not equal to its first point, much like one complete cycle of a sine pattern.

Hanning SWindow
1.|:|_ L
o8- * .
06—
[ ] L ]
0.4-
n.z- . .
a.0- T T T T T T
] 1 z z 4 5 [ 7
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1.0- o
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n [
-1.e- T T T T T T
u] 1 2 ] 4 =] = T

Finally, the DFT considers input sequences to be periodic—that the
signal being analyzed is actually a concatenation of the input signal.

The following illustration shows three such cycles of the previous
sequences, demonstrating the smooth periodic extension of the DFT-even
window and the single-cycle sine pattern.

Feriodic Extension

y \\/ﬂ\\ﬂ\\

e
<

Another type of window application is that of FIR filter design, see the
Windowed FIR Filters section in Chapter 16, Filtering. This application
requires windows that are symmetric about their midpoint.

The following equations of the Hanning window function illustrate the
difference between the DFT-even window function (spectral analysis) and
the symmetrical window function (coefficient design).
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Hanning window function for spectral analysis:

wli] = 053 —Cosg'}\-’[%%

for
i=0,1,2, ..., N—1

Hanning window function for symmetrical coefficient design:

wli] = 0.5% — cos %%B%

for
i=0,1, 2, ..., N-1

The two equations above show that you can implement the symmetrical
window functions by slightly modifying the use of the DFT-even window
functions. The following illustration shows a block diagram that uses the
Hanning Window VI to implement symmetrical windowing of filter
coefficients.

Input Coefficients Windowed Coefficients
[DBL] x [oBL]

form symmetric window

See Appendix A, Analysis References, for more information on smoothing
windows.
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What Type of Window Do | Use?

Now that you have seen several of the many different types of windows that
are available, you may ask, “What type of window should I use?”

The answer depends on the type of signal you have and what you are
looking for. Choosing the correct window requires some prior knowledge
of the signal that you are analyzing. In summary, the following table shows
the different types of signals and the appropriate windows that you can use
with them.

Type of signal Window

Transients whose duration is shorter than the length Rectangular
of the window

Transients whose duration is longer than the length Exponential, Hanning
of the window

General-purpose applications Hanning

Order tracking Rectangular

System analysis (frequency response measurements) | Hanning (for random excitation),
Rectangular (for pseudorandom
excitation)

Separation of two tones with frequencies very close Kaiser-Bessel
to each other, but with widely differing amplitudes

Separation of two tones with frequencies very close Rectangular
to each other, but with almost equal amplitudes

Accurate single tone amplitude measurements Flat Top

In many cases, you may not have sufficient prior knowledge of the signal,
so you need to experiment with different windows to find the best one.
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7 Activity 14-1. Compare a Windowed and
Y= Nonwindowed Signal

Your objective is to observe the difference (both time and frequency
domains) between a windowed and nonwindowed signal.

d

AN

Front Panel

1. Open a new front panel and create the objects as shown in the
following illustration.

W aveform Graph®

“wiaveforn Graph® Spectrum of Original Signal

Orniginal Signal
1.0-

ml5=
0.0-

5=

1.0~ [ [ [
I} 20 a1 100 120 140

Windowed Signal “wf aveform Graph®

1.0-

05—
no-
-0.5-
1.0+ i i
100 120 140

cycles
w025

*DBL Digital Control®

Spectrum of Windowed Signal|  “avefom Graph®

0.8-

0.6-
0.4-
0.2-

0.0-!
0 10

0.4-

03-
0z2-
01-
oo-*
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Block Diagram

2. Build the block diagram shown in the following illustration.

Sine Pattern.vi EELI‘ILI‘IIHQ windaw.vi : iﬂl::||DWEl:| Signal
= 1 DEL

5 pectrum of Windowed Signal
||I||II|.E [oBL]

wplik
ki

[vnplitude and Phaze Spectium. i

Original Signal
[mEL]

Spectumn of Driginal Signall

[o1]

mp!ll:
ry

[mplitude and Phaze Spectium. v

fire:
et ki
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The Sine Pattern VI (Functions»Analysis»Signal Generation palette)
generates a sine wave with the number of cycles specified in the cycles
control.

The time waveform of the sine wave is windowed using the Hamming
Window VI (Functions»Analysis»Windows palette), and both the
windowed and nonwindowed time waveforms are displayed on the left
two plots on the front panel.

The Amplitude and Phase Spectrum VI (Functions»Analysis»
Measurement palette) obtains the amplitude spectrum of the windowed
and nonwindowed time waveforms. These waveforms are displayed on the
two plots on the right side of the front panel.

3. Save the VI as Windowed & Unwindowed Signal.vi in the
LabVIEW\Activity directory.

4. Set cycles to 10 (an integral number) and run the VI. Note that the
spectrum of the windowed signal is broader (wider) than the spectrum
of the nonwindowed signal. But both the spectra are concentrated
near 10 on the x-axis.
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Change cycles to 10.25 (a nonintegral number) and run the VI.

Note that the spectrum of the nonwindowed signal is now more spread
out than it was before. This is because now you have a noninteger
number of cycles, and when you repeat the waveform to make it
periodic, you get discontinuities. The spectrum of the windowed signal
is still concentrated, but that of the nonwindowed signal has now
smeared all over the frequency domain. (This is spectral leakage.)

Change cycles to 10.5 and observe the frequency domain plots.
Spectral leakage of the original signal is clearly apparent.

@ End of Activity 14-1.
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Spectrum Analysis and

Measurement

This chapter shows how to determine the amplitude and phase spectrum,

develop a spectrum analyzer, and determine the total harmonic distortion
(THD) of your signals. For examples of how to use the measurement Vs,
see the examples located in examples\analysis\measure\

measxmpl.llb.

Introduction to Measurement Vis

Several measurement VIs perform commonly used time domain to
frequency-domain transformations such as amplitude and phase spectrum,
signal power spectrum, network transfer function, and so on. Other
measurement VIs interact with VIs that perform such functions as scaled
time domain windowing and power and frequency estimation.

You can use the measurement VIs for the following applications:

*  Spectrum analysis applications

Amplitude and phase spectrum
Power spectrum

Scaled time domain window
Power and frequency estimate

Harmonic analysis and total harmonic distortion (THD)
measurements

*  Network and dual channel analysis applications

© National Instruments Corporation

Impulse response function
Network functions (including coherence)

Cross power spectrum
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The DFT, FFT, and power spectrum are useful for measuring the frequency
content of stationary or transient signals. The FFT provides the average
frequency content of the signal over the entire time that the signal was
acquired. For this reason, you use the FFT mostly for stationary signal
analysis (when the signal is not significantly changing in frequency content
over the time that the signal is acquired), or when you want only the average
energy at each frequency line. A large class of measurement problems fall
in this category. For measuring frequency information that changes during
the acquisition, you should use joint time-frequency analysis VIs, such as
the Gabor Spectrogram.

The measurement VIs are built on top of the signal processing VIs and have
the following characteristics, which model the behavior of traditional,
benchtop frequency analysis instruments.

e Real-world, time-domain signal input is assumed.

e Outputs are in magnitude and phase, scaled, and in units where
appropriate, ready for immediate graphing.

*  Single-sided spectrums from DC to Sampling Frequency .

e Sampling period to frequency interval conversion for graphing with
appropriate X axis units (in Hz).

*  Corrections for the windows being used are applied where appropriate.

e Windows are scaled so that each window gives the same peak spectrum
amplitude result within its amplitude accuracy constraints.

e Views power or amplitude spectrums in Variouzs unit formats, including
decibels and spectral density units, such as V°/Hz, V/ \/Hz, and
SO on.
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In general, you can directly connect the measurement VIs to the output of
data acquisition VIs and to graphs through the axis cluster, as the following
spectrum analyzer diagram shows.

MM
Log/Linear| L4k Spectrurn Unit
L] ot [Epectrum Unif
el
Display Unit T |
EE HE S Ext Freq peak
channe] (0] | EE
—] EHE T -| JBL |
[Cabc | - @
‘%? ki uh deltat T
’7 _E/ﬁw chrum| Stan|  |Est Power peal
deta-t |

=zl

sample ratel

window constants

The measurement examples include the following:

Amplitude Spectrum Example

Simulated Dynamic Signal Analysis Example

Total Harmonic Distortion (THD) Example

You can use the following examples with National Instruments hardware.

© National Instruments Corporation

Simple Spectrum Analyzer and Spectrum Analyzer—Both work with
any analog input hardware (use dynamic signal acquisition hardware
for good quality measurements).

Dynamic Signal Analyzer and Network Analyzer—Both work with
dynamic signal acquisition (DSA) hardware.

15-3
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You Will Learn

Spectrum Anal

e About the Measurement VIs and how they can be used to perform
various signal processing operations.

e About how to calculate the frequency (amplitude & phase) spectrum of
a time domain signal, with the appropriate units.

e About how to calculate the frequency response of a system, by
processing the system stimulus and response signals, with the
appropriate units.

e  About how to compute the coherence function and how to use it to
understand your frequency response measurements.

e About how to determine the total harmonic distortion present in
a signal.

ysis

Calculating the Am

LabVIEW User Manual

plitude and Phase Spectrum of a Signal

In many applications, knowing the frequency content of a signal provides
insight into the system that generated the signal. You can use the
information obtained analyze the frequency content of sounds, calibrate
instruments, estimate the amount of noise and vibration generated by parts
of machines, and so on. The next activity demonstrates how to use the
Amplitude and Phase Spectrum VI to measure the amplitude and phase of
a signal.
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5 Activity 15-1. Use the Amplitude and
— Phase Spectrum VI

In this activity, your objective is to compute the amplitude and phase
spectrum of a signal.

d

AN

Front Panel
1. Open the Amp Spectrum Example VI found in the examples\
analysis\measure\measxmpl.11b library. The signal is
generated by the Simple Function Generator VI, which simulates a
multi-function generator with additive white noise.

ﬂsamples Logflmear dBVims | Amplitude Spectrum
ahzd | JE | 3gaa
-20.000- “
sample rate display unit _40.000- |
“Mo240.00 - ' l ’ e -
I L oyt Y
wincow i ' ’ r Hz
5‘4Term B-Harris ~BB.815- : : : : o
i 0.0 1000.0 20000 30000 40000 5110.0
radians Fhase Spectrum
557! . . . . i Hz
0.0 10000 20000 30000  4000.0 5110.0
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Block Diagram

2. Open and examine the block diagram.

sample rate
==l

winclow
samples <]

wAmplitude Vims tagnitude Unit

log/linear

H

display unit Amplitude Spectrum
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The Amplitude and Phase Spectrum VI calculates the amplitude spectrum
and the phase spectrum of a time domain signal. The connections to this VI
are discussed below.

The input time domain signal is applied at the Signal (V) control.

The magnitude and phase of the spectrum of the input signal is available at
the Amp Spectrum Mag (Vrms) and the Amp Spectrum Phase (radians)
outputs respectively. The Spectrum Unit Conversion VI is used to convert
the original Vrms output of the Amplitude and Phase Spectrum to any other
common units (Vrms, Vpk, Vrms*2, Vpk*2, Vrms JITZ s VkaITZ R
Vrms”2/Hz, and Vpk”2/Hz). The last four units are amplitude spectral
density (Vrms JHz, VkaITz ) and power spectral density (Vrms*2/Hz,
and Vpk”~2/Hz). The window constants output cluster from the Scaled
Time Domain Window VI contains constants for the selected window
which are required for spectral density measurements.
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Run the VI.

4. Run the Amp Spectrum example continuously with the Simple
Function Generator front panel open so that you can change the
simulated frequency and waveform type as well as the amplitude and
noise level of the signal. Notice the changes to the amplitude spectrum.

@ End of Activity 15-1.

Calculating the Frequency Response of a System

Measuring the frequency content of individual signals is useful on its own,
but the frequency response of systems is widely used in analyzing the
behavior of all kinds of networks, from the impedance of electrical
components to the analysis of the natural vibrating frequency of dynamic
structures. The frequency response completely characterizes how a
network will respond to a given input.
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5 Activity 15-2. Compute the Frequency and
Impulse Response

Your objective is to compute the frequency response and impulse
response of a system, and to compute the coherence function and
understand how it is used to validate your frequency response
measurements.

g@

AN

Front Panel

1.  Open a new front panel and add the objects shown in the following
illustration. This front panel shows the frequency response magnitude
and the impulse response function for a bandpass filter. The coherence
function is plotted on the same scale as the frequency response
magnitude because it is also a spectral measurement.

samples Frequency Response and Coherence FR tag
|
w1024 Coherence I

averages

<o

oo 1000 2000 3000 4000 5000

I ﬂ,Jlﬁl_
IS+

Irmpulze Response Irmpulse m

DEI D'I DE 03 04 DE DE D? DB DB ‘lD ‘I'I
I o 2

vy
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2. Open the block diagram and modify it as shown in the following
illustration. Here we are measuring the system response of a bandpass
filter (Butterworth Filter VI) by passing white noise (Uniform White
Noise VI) as the system stimulus and collecting the filter output as the
system response. Both the stimulus and response are windowed by the
Hanning window (Scaled Time Domain Window VI) and the entire
system is monitored for a number of frames, or averages. The stimulus
and response data is then sent to the Network Functions (avg) VI where
all the actual computations related to the system frequency response

B
+Bandpass response

are made.
averages
N
The System
fOoooooooo0oo0000 @
samples stimulug — Metwork Functions (awg)
P

Frequency Response
and Coherence

=]
[
m p O O00O00000000000 m
. ] Impulse Response
EED NSS
N

ool [
1000.0 = "
L= The Network Functions (avg) VI computes the frequency response
(magnitude and phase), cross power spectrum (magnitude and phase),

i~ e

coherence function, and impulse response. By increasing the number of
frames of input and output data (increasing averages on the front panel), the
estimates of the system response functions improve. In this diagram, only
the frequency response magnitude, coherence, and impulse response are
plotted.

The coherence function measures how much of the output signal is
correlated with the input signal, and thus it gives an indication of the
validity of your frequency response estimate. Injected noise and nonlinear
system behavior at certain frequencies cause the coherence function to dip
below unity at those frequencies. For uncorrelated system noise, the more
averages are taken, the more the coherence function approaches unity, and
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the better the frequency response estimate. One last bit of information to
remember about the coherence function is that it is only defined when you
are averaging more than one frame of input and output data. For only one
average, coherence will be unity at all frequencies, even where your
frequency response estimates may be poor.

@ End of Activity 15-2.

Harmonic Distortion

LabVIEW User Manual

When a signal, x(¢), of a particular frequency (for example, f1) is passed
through a nonlinear system, the output of the system consists of not only
the input frequency (f1), but also its harmonics (f2 = 2*f1, 3 = 3*f1,

f4 = 4*f1, and so on). The number of harmonics, and their corresponding
amplitudes, that are generated depends on the degree of nonlinearity of the
system. In general, the more the nonlinearity, the higher the harmonics, and
vice versa.

f,—p| Nonlinear Ly ¢ of 3f 4f, ..
System

An example of a nonlinear system is a system where the output y(z) is the
cube of the input signal x(?).

cos(wt) —{ y(t) = f(x) = x3(t) —» cos’(wt)

So, if the input is
x(t) = cos(wt),
the output is
x3(t) = 0.5%cos(ot) + 0.25%[ cos(wt) + cos(3ux) |

Therefore, the output contains not only the input fundamental frequency of
W), but also the third harmonic of 3w
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Total Harmonic Distortion

To determine the amount of nonlinear distortion that a system introduces,
you need to measure the amplitudes of the harmonics that were introduced
by the system relative to the amplitude of the fundamental. Harmonic
distortion is a relative measure of the amplitudes of the harmonics as
compared to the amplitude of the fundamental. If the amplitude of the
fundamental is A, and the amplitudes of the harmonics are A,

(second harmonic), A3 (third harmonic), A4 (fourth harmonic), ... Ay (Nth
harmonic), then the total harmonic distortion (THD) is given by

THD = sqrt (A2 + Ay 2 + A% + .. AND/A,
and the percentage total harmonic distortion (% THD) is
% THD = 100%sqrt ( A;2 + Ay? + A2 + ... ANP/A,

In the next activity, you will generate a sine wave and pass it through a
nonlinear system. The block diagram of the nonlinear system is shown

below:
nonlinear distartion
|nput Signal
[oBL]
Diztorted Dutput Sighal
T
Uniforrn White Maoise. vi [o5t]

7]

=
=

additive noize distortion

Verify from the block diagram that if the input is x(t) = cos(wt), the output is

y(t) = cos(wt) + 0.5cos>(wt) + 0.1n(t)
= cos(wt) + [1 + cos(2wt)]/4 + 0.1n(t)
=0.25 + cos(wt) + 0.25cos(2wt) + 0.1n(t)

Therefore, this nonlinear system generates an additional DC component as
well as the second harmonic of the fundamental.
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Spectrum Analysis and Measurement

Using the Harmonic Analyzer VI
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You can use the Harmonic Analyzer VI to calculate the %THD present in
the signal at the output of the nonlinear system. It finds the fundamental and
harmonic components (their amplitudes and corresponding frequencies)
present in the power spectrum applied at its input, and calculates the
percentage of total harmonic distortion (% THD) and the percentage of total
harmonic distortion plus noise (%THD + Noise). The connections to the
Harmonic Analyzer VI are shown below:

frame size ———
Auto Power Spectrim o Harmonic Amplitudes
# harmonics - e ~ Hammonic Frequencies
wird o e

_|— _l_ ZTHD
gampling rate 2 THD + Moize

fundarnental frequency

Harmonic Analpzer_ vi

To use this VI, you need to give it the power spectrum of the signal whose
THD you want it to calculate. Thus, in this example, you need to make the
following connections:

gg;t;i:m [Scaled Time Domain Window.v  [iuto Power Spectrum.wi  [Harmonic Analyzer vil
EHEW=?
signal =] | | Pt
v E‘"’/‘fiwj2 ectm
[ndonl5]]

The Scaled Time Domain Window VI applies a window to the output y(t)
of the nonlinear system (Your System). This is then passed on to the Auto
Power Spectrum VI, which sends the power spectrum of y(t) to the
Harmonic Analyzer VI, which then calculates the amplitudes and
frequencies of the harmonics, the THD, and the %THD.

You can specify the number of harmonics you want the VI to find in the
# harmonics control. Their amplitudes and corresponding frequencies are
returned in the Harmonic Amplitudes and Harmonic Frequencies array
indicators.
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The number specified in the # harmonics control includes the fundamental. So, if
you enter a value of 2 in the # harmonics control, it means to find the fundamental
(say, of freq f1) and the second harmonic (of frequency f2 = 2%f1). If you enter a
value of N, the VI will find the fundamental and the corresponding (N-1)
harmonics.

The following are explanations of some of the other controls:

fundamental frequency is an estimate of the frequency of the fundamental
component. If left as zero (the default), the VI uses the frequency of the
non-DC component with the highest amplitude as the fundamental
frequency.

window is the type of window you applied to your original time signal.
It is the window that you select in the Scaled Time Domain Window V1.
For an accurate estimation of the THD, it is recommended that you select
a window function. The default is the uniform window.

sampling rate is the input sampling frequency in Hz.

The % THD + Noise output requires some further explanation. The
calculations for % THD + Noise are almost similar to that for % THD,
except that the noise power is also added to that of the harmonics. It is
given by

% THD + Noise = 100*sqrt ( sum(APS))/A1

where sum(APS) is the sum of the Auto Power Spectrum elements minus
the elements near DC and near the index of the fundamental frequency.
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) Activity 15-3. Calculate Harmonic Distortion
(=~

N

Your objective is to use the Harmonic Analyzer VI for harmonic
distortion calculations.

Block Diagram

1. Open the THD Example VI from examples\analysis\
measxmpl.11b and view the block diagram.

@“"| [Ewto Power Spectium|

fundarnental frequenc

d i - I> Harmonic Annplitudes|
Tow z i
|> Hrstem) f _ _
: Hamonic Frequencie

-_-III % THD
% THD + Moize]

OoO0000000000000000000000000000000000000000000000040

Some of this will already be familiar to you. Your System is the nonlinear
system that you saw previously. Its output is windowed, and the power
spectrum calculated and given to the Harmonic Analyzer VI.

The Sine Wave VI generates a fundamental of frequency specified in the
fundamental frequency control.
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Front Panel

2. View the front panel. At the bottom, you see a plot of the power
spectrum of the output of the nonlinear system. On the top right side
are the array indicators for the frequencies and amplitudes of the
fundamental and its harmonics. The size of the array depends on the
value entered in the # harmonics control.

. Haimonic Freguencies JHarmaric Amplitudes|
frame zize ﬁ 1024 ;E o £ Dz
ling rate % [10240.00 L : |—M392
sampling rate & : 2000.10 0.0305
window g Mone )

fundamental frequency ﬂ 1000.00
# harmaonics g

Auto Power Spectium - 24 7346
[

0.0 1000.0 2000.0 3000.0 4000.0 51100

3. Change the fundamental frequency to 1000, # harmeonics to 2, and
run the VI several times. Each time, note the values in the output
indicators (Harmonic Frequencies, Harmonic Amplitudes,

% THD, and % THD + Noise).

Why do you get different values each time you run the VI?

Which of the values, % THD or % THD + Noise, is larger? Can you
explain why?

4. Runthe VI with different selections of the window control and observe
the peaks in the power spectrum.

Which window gives the narrowest peaks? The widest? Can you
explain why?
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5. Change the fundamental frequency to 3000 and run the VI.
Why do you get an error?

Hint: Consider the relationship between the Nyquist frequency and the
frequency of the harmonic(s).

When you finish, close the VI and exit LabVIEW.

@ End of Actlwtv 15-3.

Summary

You have seen that the measurement VIs can perform common
measurement tasks. Some of these tasks include calculating the amplitude
and phase spectrum of a signal, and the amount of harmonic distortion.
Other VIs calculate properties of a system such as its transfer function, its
impulse response, the cross power spectrum between the input and output
signals, and so on. The ready-made VIs to perform these measurements are
available in the Analysis»Measurements subpalette.
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Filtering

This chapter explains how to filter unwanted frequencies from signals

using infinite impulse response filters (IIR), finite impulse response filters
(FIR), and nonlinear filters. For examples of how to use the analysis filter
VIs, see the examples located in examples\analysis\fltrxmpl.1llb.

Introduction to Digital Filtering Functions

Analog filter design is one of the most important areas of electronic design.
Although analog filter design books featuring simple, tested filter designs
exist, filter design is often reserved for specialists because it requires
advanced mathematical knowledge and understanding of the processes
involved in the system affecting the filter.

Modern sampling and digital signal processing tools make it possible to
replace analog filters with digital filters in applications that require
flexibility and programmability. These applications include audio,
telecommunications, geophysics, and medical monitoring.

Digital filters have the following advantages over their analog counterparts:
e They are software programmable.
e They are stable and predictable.

*  They do not drift with temperature or humidity and do not require
precision components.

*  They have a superior performance-to-cost ratio.

You can use digital filters in LabVIEW to control parameters such as filter
order, cutoff frequencies, amount of ripple, and stopband attenuation.

The digital filter VIs described in this section follow the virtual instrument
philosophy. The VIs handle all the design issues, computations, memory
management, and actual data filtering internally, transparent to the user.
You do not have to be an expert in digital filters or digital filter theory to
process the data.
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The following discussion of sampling theory is intended to give you a better
understanding of the filter parameters and how they relate to the input
parameters.

The sampling theorem states that you can reconstruct a continuous-time
signal from discrete, equally spaced samples if the sampling frequency is at
least twice that of the highest frequency in the time signal. Assume you can
sample the time signal of interest at At equally spaced intervals without
losing information. The A parameter is the sampling interval.

You can obtain the sampling rate or sampling frequency f; from the
sampling interval

which means that, according to the sampling theorem, the highest
frequency that the digital system can process is

I

fNyq T

The highest frequency the system can process is known as the Nyquist
frequency. This also applies to digital filters. For example, if your sampling
interval is

At =0.001 sec,
then the sampling frequency is
f;=1,000 Hz,
and the highest frequency that the system can process is

fyg =500 Hz.

The following types of filtering operations are based upon filter design
techniques:

*  Smoothing windows
e Infinite impulse response (IIR) or recursive digital filters
*  Finite impulse response (FIR) or nonrecursive digital filters

e Nonlinear filters
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The rest of this chapter presents a brief theoretical background on the
IR, FIR, and nonlinear techniques and discusses the digital filter VIs
corresponding to each technique. Refer to Chapter 14, Smoothing
Windows, for information about the VIs that implement smoothing
windows.

Filters alter or remove unwanted frequencies. Depending on the frequency
range that they either pass or attenuate, they can be classified into the
following types:

*  Alowpass filter passes low frequencies, but attenuates high
frequencies.

* A highpass filter passes high frequencies, but attenuates low
frequencies.

* A bandpass filter passes a certain band of frequencies.

* A bandstop filter attenuates a certain band of frequencies.

The ideal frequency response of these filters is shown below:

»

amplitude

:|—>frequency

Lowpass Highpass Bandpass Bandstop

amplitude
amplitude
amplitude

frequency frequency frequency
fo for fe2 for fe2

You see that the lowpass filter passes all frequencies below f,., whereas the
highpass filter passes all frequencies above f,.. The bandpass filter passes all
frequencies between f,; and f,.,, whereas the bandstop filter attenuates all
frequencies between f,; and f,.,. The frequency points f_, f.; and f,, are
known as the cut-off frequencies of the filter. When designing filters, you
need to specify these cut-off frequencies.

The frequency range that is passed through the filter is known as the
passband (PB) of the filter. An ideal filter has a gain of one (0 dB) in the
passband so that the amplitude of the signal neither increases nor decreases.
The stopband (SB) corresponds to that range of frequencies that do not pass
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through the filter at all and are rejected (attenuated). The passband and the
stopband for the different types of filters are shown below:

»

A
PB sB

fc
Lowpass

amplitude

»

amplitude

A
sB PB

fc
Highpass

»

amplitude

A A
SB PB  SB 3l sB P8
2>
a
. sLL I,
@©
freq freq

for  fe2 fer fe2
Bandpass Bandstop

Note that whereas the lowpass and highpass filters have one passband and
one stopband, the bandpass filter has one passband and two stopbands, and
the bandstop filter has two passbands and one stopband.

Practical (Nonideal) Filters

The Transition Band

Ideally, a filter should have a unit gain (0 dB) in the passband, and a gain
of zero (—infinity dB) in the stopband. However, in a real implementation,
not all of these criteria can be fulfilled. In practice, there is always a finite
transition region between the passband and the stopband. In this region,
the gain of the filter changes gradually from 1 (0 dB) in the passband to

0 (—infinity) in the stopband. The following diagrams show the passband,
the stopband, and the transition region (TR) for the different types of
nonideal filters. Note that the passband is now the region where the
frequency range within which the gain of the filter varies from 0 dB

to -3 dB.

LabVIEW User Manual
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Lowpass Highpass
pass pass
stop stop
Bandpass Bandstop
N
pass pass pass
stop stop stop
A A A A
Transition Regions

Passhand Ripple and Stopband Attenuation

In many applications, it is okay to allow the gain in the passband to vary
slightly from unity. This variation in the passband is called the passband
ripple and is the difference between the actual gain and the desired gain of
unity. The stopband attenuation, in practice, cannot be infinite, and you
must specify a value with which you are satisfied. Both the passband ripple
and the stopband attenuation are measured in decibels or dB, defined by:

dB = 20*10g 1 O(Ao(f)/Al(f))

where log;y denotes the logarithm to the base 10, and A;(f) and A (f) are
the amplitudes of a particular frequency f before and after the filtering,
respectively.

For example, for —0.02 dB passband ripple, the formula gives:

—0.02 = 20*log o(Ao(F)/A;(f))
A (DA = 1070001 = 0.9977

which shows that the ratio of input and output amplitudes is close to unity.

© National Instruments Corporation 16-5 LabVIEW User Manual



Chapter 16 Filtering

If you have —60 dB attenuation in the stopband, you have

—60 = 20*log; o(A,(F)/A(f))
A (H/A(F) = 1072 = 0.001

which means the output amplitude is 1/1000 of the input amplitude.
The following figure, though not drawn to scale, illustrates this concept

v

—-0.00dB /\ Iy

—0.02dB
¢ passband ripple

—60.00dB / \ \ 4

Note Attenuation is usually expressed in decibels without the word “minus,” but a
negative dB value is normally assumed.

lIR and FIR Filters

Another method of classification of filters is based on their impulse
response. But what is an impulse response? The response of a filter to an
input that is an impulse (x[0] = 1 and x[i] = O for all i # 0) is called the
impulse response of the filter (see figure below). The Fourier transform of
the impulse response is known as the frequency response of the filter. The
frequency response of a filter tells you what the output of the filter is going
to be at different frequencies. In other words, it tells you the gain of the
filter at different frequencies. For an ideal filter, the gain should be 1 in the
passband and 0 in the stopband. So, all frequencies in the passband are
passed “as is” to the output, but there is no output for frequencies in the
stopband.

stopband
attenuation
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If the impulse response of the filter falls to zero after a finite amount of
time, it is known as a finite impulse response (FIR) filter. However, if the
impulse response exists indefinitely, it is known as an infinite impulse
response (IIR) filter. Whether the impulse response is finite or not (that is,
whether the filter is FIR or IIR) depends on how the output is calculated.

The basic difference between FIR and IIR filters is that for FIR filters, the
output depends only on the current and past input values, whereas for IIR
filters, the output depends not only on the current and past input values, but
also on the past output values.

As an example, consider a cash register at a supermarket. Let x[k] be the
cost of the present item that a customer buys and x(k—1) is the price of the
previous item, where 1< k < N, and N is the total number of items. The cash
register adds the cost of each item to produce a “running” total. This
“running” total y[k], up to the K™ item, is given by

yIK] = x[k] + x[k=1] + x[k=2] + X[k=3] + .....+ x[1] (16-1A)

Thus, the total for N items is y/N]. Because y[k] is the total up to the kth
item, and y/k—1] is the total up to the (k—1I )titem, you can rewrite
Equation 16-1A as

ylk] = y[k-1] + x[k] (16-1B)

If you add a sales tax of 8.25%, Equations 16-1A and 16-1B can be
rewritten as

ylk] = 1.0825x[k] + 1.0825x[k—1] + 1.0825 x[k-2] + (16-2A)
1.0825x[k-3] + ... + 1.0825x[1]

ylk] = y[k-1] + 1.0825x[k] (16-2B)
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Filter Coefficients

Note that both Equations 16-2A and 16-2B are identical in describing
the behavior of the cash register. The difference is that whereas 16-2A is
implemented only in terms of the inputs, 16-2B is implemented in

terms of both the input and the output. Equation 16-2A is known as

the nonrecursive, or FIR, implementation. Equation 16-2B is known as
the recursive, or IIR, implementation.

In Equation 16-2A, the multiplying constant for each term is 1.0825. In
Equation 16-2B, the multiplying constants are 1 (for y/k—1]) and 1.0825
(for x[k]). These multiplying constants are known as the coefficients of the
filter. For an IIR filter, the coefficients multiplying the inputs are known as
the forward coefficients, and those multiplying the outputs are known as the
reverse coefficients.

Equations of the form 16-1A, 16-1B, 16-2A, or 16-2B that describe the
operation of the filter are known as difference equations.

The disadvantage of IIR filters is that the phase response is nonlinear. If the
application does not require phase information, such as simple signal
monitoring, IIR filters may be appropriate. You should use FIR filters for
those applications requiring linear phase responses. The recursive nature of
IIR filters makes them more difficult to design and implement.

Infinite Impulse Response Filters

LabVIEW User Manual

Infinite impulse response filters (IIR) are digital filters with impulse
responses that can theoretically be infinite in length (duration). The general
difference equation characterizing IIR filters is

-1 N,-1

ld\/ : O 6.3
Vi = G_OEZ by - Z akyi—k% (16-3)

=0 k=1

where N, is the number of forward coefficients (b;) and N, is the number
of reverse coefficients (ay).

In most IIR filter designs (and in all of the LabVIEW IIR filters), coefficient
agis 1. The output sample at the present sample index i is the sum of scaled
present and past inputs (x; and x; _; when # 0) and scaled past outputs
(v;_p)- Because of this, IIR filters are also known as recursive filters or
autoregressive moving-average (ARMA) filters.
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The response of the general IIR filter to an impulse (xy = 1 and x; = 0 for all
i #0) is called the impulse response of the filter. The impulse response of
the filter described by Equation 16-3 is indeed of infinite length for nonzero
coefficients. In practical filter applications, however, the impulse response
of stable IIR filters decays to near zero in a finite number of samples.

IIR filters in LabVIEW contain the following properties:

*  Negative indices resulting from Equation 16-3 are assumed to be zero
the first time you call the VI.

*  Because the initial filter state is assumed to be zero (negative indices),
a transient proportional to the filter order occurs before the filter
reaches a steady state. The duration of the transient response, or delay,
for lowpass and highpass filters is equal to the filter order.

* Delay = order.

e The duration of the transient response for bandpass and bandstop
filters is twice the filter order

e Delay =2 * order.
You can eliminate this transient response on successive calls by enabling

state memory. To enable state memory, set the init/cont control of the VI to
TRUE (continuous filtering).

Transient Steady State

Original Signal
Filtered Signal ..o

The number of elements in the filtered sequence equals the number of
elements in the input sequence.

The filter retains the internal filter state values when the filtering completes.
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The advantage of digital IIR filters over finite impulse response (FIR)
filters is that IIR filters usually require fewer coefficients to perform similar
filtering operations. Thus, IIR filters execute much faster and do not require
extra memory, because they execute in place.

The disadvantage of IIR filters is that the phase response is nonlinear. If the
application does not require phase information, such as simple signal
monitoring, IIR filters may be appropriate. You should use FIR filters for
those applications requiring linear phase responses.

Cascade Form IR Filtering

Filters implemented using the structure defined by Equation 16-4 directly
are known as direct form IIR filters. Direct form implementations are
often sensitive to errors introduced by coefficient quantization and by
computational, precision limits. Additionally, a filter designed to be stable
can become unstable with increasing coefficient length, which is
proportional to filter order.

A less sensitive structure can be obtained by breaking up the direct form
transfer function into lower order sections, or filter stages. The direct form
transfer function of the filter given by Equation 16-4 (with ay = 1) can be
written as a ratio of z transforms, as follows:

by+biz7 M+ ... +bNb_1z’(N’7’ n

H(z) = . 16-4
l+az ' +.vay 7D (16-4)

By factoring Equation 16-4 into second-order sections, the transfer
function of the filter becomes a product of second-order filter functions

Ny -1 )
bog+ bz +byz
1 2

H(z) = (16-5)

ho] L+az7 +ayz

where N = | N,/2 | is the largest integer < N,/2, and N, > Nb. (N, is the
number of stages.) This new filter structure can be described as a cascade
of second-order filters.

X[i] o—— stage 1 —— stage2 |—— stage Ny ——o0 x]i]

Cascaded Filter Stages
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Each individual stage is implemented using the direct form II filter
structure because it requires a minimum number of arithmetic operations
and a minimum number of delay elements (internal filter states). Each stage
has one input, one output, and two past internal states (s;[i—1] and s;[i-2]).

If n is the number of samples in the input sequence, the filtering operation
proceeds as in the following equations:

yolil = x[i],
sglil = yi  i-1] — apsili-11 — aysili-21, k=1, 2,..., N
Yilil = bogsilil + bygsili-11 + bygsili-2], k=1, 2,..., N
ylil = ynlil
for each sample
i=0,1,2,..n-1

For filters with a single cutoff frequency (lowpass and highpass),
second-order filter stages can be designed directly. The overall IIR lowpass
or highpass filter contains cascaded second-order filters.

For filters with two cutoff frequencies (bandpass and bandstop),
fourth-order filter stages are a more natural form. The overall IR bandpass
or bandstop filter is cascaded fourth-order filters. The filtering operation for
fourth-order stages proceeds as in the following equations:

yolil = x[i],

Sk[i] = yk—] [l—l] — alksk[i—l] — astk[i—Z] — a3ksk[i—3] — a4ksk[i—4],
k=1,2,.,N,

yk[l] = b()ksk[i] + b]ksk[i—l] + bZkSk[i_z] + b3ksk[l—3] + b4ksk[i—4],
k=1,2,.,N,

ylil = yslil-

Notice that in the case of fourth-order filter stages, N, = | (N, +1)/4 ] .
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Butterworth Filters

Chebyshev Filters

LabVIEW User Manual

A smooth response at all frequencies and a monotonic decrease from the
specified cutoff frequencies characterize the frequency response of
Butterworth filters. Butterworth filters are maximally flat—the ideal
response of unity in the passband and zero in the stopband. The half power
frequency or the 3-dB down frequency corresponds to the specified cutoff
frequencies.

The following illustration shows the response of a lowpass Butterworth
filter. The advantage of Butterworth filters is a smooth, monotonically
decreasing frequency response. After you set the cutoff frequency,
LabVIEW sets the steepness of the transition proportional to the filter
order. Higher order Butterworth filters approach the ideal lowpass filter
response.

1.0 =

- S Bulterwonn
. L Response

0.8
0.7-
0.6
0.5
0.4
0.3 Order=2
024 Order=5 | . o
014 Order=20

0.0-
0.

Butterworth filters do not always provide a good approximation of the
ideal filter response because of the slow rolloff between the passband
(the portion of interest in the spectrum) and the stopband (the unwanted
portion of the spectrum).

Chebysheyv filters minimize peak error in the passband by accounting for
the maximum absolute value of the difference between the ideal filter and
the filter response you want (the maximum tolerable error in the passband).
The frequency response characteristics of Chebyshev filters have an
equiripple magnitude response in the passband, monotonically decreasing
magnitude response in the stopband, and a sharper rolloff than Butterworth
filters.

16-12 © MNational Instruments Corporation



Chapter 16 Filtering

The following graph shows the response of a lowpass Chebysheyv filter.
Notice that the equiripple response in the passband is constrained by the
maximum tolerable ripple error and that the sharp rolloff appears in the
stopband. The advantage of Chebyshev filters over Butterworth filters is
that Chebyshev filters have a sharper transition between the passband and
the stopband with a lower order filter. This produces smaller absolute errors
and higher execution speeds.

0.0+

Chebyshey
Response

Order=2 :\
Order=3 | E
Order=5 | .« -~ - L

-3.0 T T T T
0.0 [N n.z 0.3 0.4 0.5

Chebyshev Il or Inverse Chebyshev Filters

Chebyshev II, also known as inverse Chebyshev or Type II Chebyshev
filters, are similar to Chebyshev filters, except that Chebyshev II filters
distribute the error over the stopband (as opposed to the passband), and
Chebysheyv II filters are maximally flat in the passband (as opposed to the
stopband).

Chebyshev II filters minimize peak error in the stopband by accounting for
the maximum absolute value of the difference between the ideal filter and
the filter response you want. The frequency response characteristics of
Chebyshev II filters are equiripple magnitude response in the stopband,
monotonically decreasing magnitude response in the passband, and a
rolloff sharper than Butterworth filters.

The following graph plots the response of a lowpass Chebyshev II filter.
Notice that the equiripple response in the stopband is constrained by the
maximum tolerable error and that the smooth monotonic rolloff appears in
the stopband. The advantage of Chebyshev Il filters over Butterworth filters
is that Chebyshev II filters give a sharper transition between the passband
and the stopband with a lower order filter. This difference corresponds to a
smaller, absolute error and higher execution speed. One advantage of
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Chebyshev II filters over regular Chebyshev filters is that Chebyshev 11
filters distribute the error in the stopband instead of the passband.

ChebyshevTl
Response

-104

-154

=204

Order=2
Qrder=3 | .
Order=5 | .- _.-_-

-3 T T d T
0.0 0. 0.z 0.3

-oR]

Elliptic (or Cauer) Filters

Elliptic filters minimize the peak error by distributing it over the
passband and the stopband. Equi-ripples in the passband and the stopband
characterize the magnitude response of elliptic filters. Compared with the
same order Butterworth or Chebyshev filters, the elliptic design provides
the sharpest transition between the passband and the stopband. For this
reason, elliptic filters are used widely.

The following graph plots the response of a lowpass elliptic filter. Notice
that the ripple in both the passband and stopband is constrained by the same
maximum tolerable error (as specified by ripple amount in dB). Also,
notice the sharp transition edge for even low-order elliptic filters.

_ EMliptic
2 Response

0.3{ Order=2
0.2 Order=3 [ o
014 Order=4 | .
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You can use Bessel filters to reduce nonlinear phase distortion inherent in
all TIR filters. In higher order filters and those with a steeper rolloff, this
condition is more pronounced, especially in the transition regions of the
filters. Bessel filters have maximally flat response in both magnitude and
phase. Furthermore, the phase response in the passband of Bessel filters,
which is the region of interest, is nearly linear. Like Butterworth filters,
Bessel filters require high-order filters to minimize the error and, for this
reason, are not widely used. You can also obtain linear phase response
using FIR filter designs.The following graphs plot the response of a
lowpass Bessel filter. Notice that the response is smooth at all frequencies,
as well as monotonically decreasing in both magnitude and phase. Also,
notice that the phase in the passband is nearly linear.
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Finite Impulse Response Filters

Finite impulse response (FIR) filters are digital filters, which have a finite
impulse response. FIR filters are also known as nonrecursive filters,
convolution filters, or moving-average (MA) filters because you can
express the output of an FIR filter as a finite convolution

n-1
Yi = Z hyx; g
k=0

where x represents the input sequence to be filtered, y represents the output
filtered sequence, and & represents the FIR filter coefficients.

The following list gives the most important characteristics of FIR filters:

e They can achieve linear phase because of filter coefficient symmetry in
the realization.

e They are always stable.

*  You can perform the filtering function using the convolution and, as
such, generally associate a delay with the output sequence

delay = n;l’

where 7 is the number of FIR filter coefficients.

The following graphs plot a typical magnitude and phase response of
FIR filters versus normalized frequency.
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The discontinuities in the phase response arise from the discontinuities
introduced when you compute the magnitude response using the absolute
value. Notice that the discontinuities in phase are on the order of pi. The
phase, however, is clearly linear. See Appendix A, Analysis References, for
material that can give you more information on this topic.

You design FIR filters by approximating a specified, desired frequency
response of a discrete-time system. The most common techniques
approximate the desired magnitude response while maintaining a
linear-phase response.

Designing FIR Filters by Windowing

The simplest method for designing linear-phase FIR filters is the window
design method. To design a FIR filter by windowing, you start with an ideal
frequency response, calculate its impulse response, and then truncate the
impulse response to produce a finite number of coefficients. To meet the
linear-phase constraint, by maintain symmetry about the center point of the
coefficients. The truncation of the ideal impulse response results in the
effect known as the Gibbs phenomenon— oscillatory behavior near abrupt
transitions (cutoff frequencies) in the FIR filter frequency response.

You can reduce the effects of the Gibbs phenomenon by smoothing the
truncation of the ideal impulse response using a smoothing window
function. By tapering the FIR coefficients at each end, you can diminish the
height of the side lobes in the frequency response. The disadvantage to this
method, however, is that the main lobe widens, resulting in a wider
transition region at the cutoff frequencies. The selection of a window
function, then, is similar to the choice between Chebyshev and Butterworth
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IIR filters in that it is a trade-off between side lobe levels near the cutoff
frequencies and width of the transition region.

Designing FIR filters by windowing is simple and computationally
inexpensive. It is therefore the fastest way to design FIR filters. It is not
necessarily, however, the best FIR filter design method.

Designing Optimum FIR Filters Using the Parks-McClellan Algorithm

The Parks-McClellan algorithm offers an optimum FIR filter design
technique that attempts to design the best filter possible for a given number
of coefficients. Such a design reduces the adverse effects at the cutoff
frequencies. It also offers more control over the approximation errors in
different frequency bands—control that is not possible with the window
method.

Using the Parks-McClellan algorithm to design FIR filters is
computationally expensive. This method, however, produces optimum
FIR filters by applying time-consuming iterative techniques.

Designing Narrowband FIR Filters

LabVIEW User Manual

When you use conventional techniques to design FIR filters with especially
narrow bandwidths, the resulting filter lengths may be very long. FIR filters
with long filter lengths often require lengthy design and implementation
times, and are more susceptible to numerical inaccuracy. In some cases,
conventional filter design techniques, such as the Parks-McClellan
algorithm, may fail the design altogether.

You can use a very efficient algorithm, called the Interpolated Finite
Impulse Response (IFIR) filter design technique, to design narrowband FIR
filters. Using this technique produces narrowband filters that require far
fewer coefficients (and therefore fewer computations) than those filters
designed by the direct application of the Parks-McClellan algorithm.
LabVIEW also uses this technique to produce wideband, lowpass (cutoff
frequency near Nyquist) and highpass filters (cutoff frequency near zero).
For more information about IFIR filter design, see Multirate Systems and
Filter Banks by P.P. Vaidyanathan, or the paper on interpolated finite
impulse response filters by Neuvo, et al., listed in Appendix A, Analysis
References, of this manual.
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Windowed FIR Filters

You use the filter type parameter of the FIR VIs to select the type of
windowed FIR filter you want: lowpass, highpass, bandpass, or bandstop.
The following list gives the two related FIR VIs:

¢ FIR Windowed Coefficients— Generates the windowed
(or unwindowed) coefficients.

*  FIR Windowed Filters—Filters the input using windowed
(or unwindowed) coefficients.

Optimum FIR Filters

You can use the Parks-McClellan algorithm to design optimum,
linear-phase, FIR filter coefficients in the sense that the resulting

filter optimally matches the filter specifications for a given number of
coefficients. The Parks-McClellan VI takes as input an array of band
descriptions, each containing information describing the response you
want for the given band. The VI outputs the FIR coefficients along with
computed ripple, which is a measure of the deviation of the resulting filter
from the ideal filter specifications.

Four VIs use the Parks-McClellan VI to implement filters whose stopband
and passband ripple level are equal: Equiripple LowPass, Equiripple
HighPass, Equiripple BandPass, and Equiripple BandStop.

FIR Narrowhand Filters

You can design narrowband FIR filters using the FIR Narrowband
Coefficients VI, and then implement the filtering using the FIR
Narrowband Filter VI. The design and implementation are separate
operations because many narrowband filters require lengthy design times,
while the actual filtering process is very fast and efficient. Keep this in
mind when creating your narrowband filtering diagrams.

The parameters required for narrowband filter specification are filter type,
sampling rate, passband and stopband frequencies, passband ripple (linear
scale), and stopband attenuation (decibels). For bandpass and bandstop
filters, passband and stopband frequencies refer to bandwidths, and you
must specify an additional center frequency parameter. You can also design
wideband lowpass filters (cutoff frequency near Nyquist) and wideband
highpass filters (cutoff frequency near zero) using the narrowband

filter VIs.
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The following illustration shows how to use the FIR Narrowband
Coefficients VI and the FIR Narrowband Filter VI to estimate the response
of a narrowband filter to an impulse.

—1 # 5 an impulse

FIR Marrowband Filter Filter Response
ripple:rp H'E.: A IToe]
sampling freq: fs r IFIiE -|-nmpod Fin) s
W o il
passband: fpass I DEL ! Fﬁ i 'H"o':‘
I3
stopband : fatop e T
FIE Marrowband Coefficients
center freq: fo
attenuation (db): Ar

filter type

Nonlinear Filters

Smoothing windows, IIR filters, and FIR filters are linear because they
satisfy the superposition and proportionality principles

L {ax(r) + by(n} = aL {x(1)} + bL{y(n},

where a and b are constants, x(f) and y(f) are signals, L{*} is a linear
filtering operation, and their inputs and outputs are related via the
convolution operation.

A nonlinear filter does not meet the preceding conditions and you cannot
obtain its output signals via the convolution operation, because a set

of coefficients cannot characterize the impulse response of the filter.
Nonlinear filters provide specific filtering characteristics that are difficult
to obtain using linear techniques. The median filter is a nonlinear filter that
combines lowpass filter characteristics (to remove high-frequency noise)
and high-frequency characteristics (to detect edges).

How Do | Decide Which Filter to Use?

LabVIEW User Manual

Now that you have seen the different types of filters and their
characteristics, the question arises as to which filter design is best suited
for your application. In general, some of the factors affecting the choice of
a suitable filter are whether you require linear phase, whether you can
tolerate ripples, and whether a narrow transition band is required. The
following flowchart is expected to serve as a guideline for selecting the
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correct filter. Keep in mind that in practice, you may need to experiment
with several different options before finally finding the best one.

Yes )
linear phase? FIR Filter
No
No
ripple OK?
Yes
Yes

Elliptic narrowest possible transition region? low order

Butterworth

No ¢

ripple

in PB?
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ripple
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Multiband
filter specs?
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Butterworth

Inv. Chebyshev

Chebyshev

Elliptic

FIR
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Ej Act

@@

Front Panel
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Vi

ty 16-1. Extract a Sine Wave

Your objective is to filter data samples that consist of both
high-frequency noise and a sinusoidal signal.

In this activity, you combine a sine wave generated by the Sine Pattern VI
with high-frequency noise. (The high-frequency noise is obtained by
highpass filtering uniform white noise with a Butterworth filter.) The
combined signal is then lowpass filtered by another Butterworth filter to
extract the sine wave.

Frequency 125.5-
oo | Ha
“DBL Digital Cartrol ~ 50.0-
0.o-
CLtOf K
Frequency -50.0-
B0.00-— -100.0-
-132.1 -1 - - - - - - - - - .
Hz 0o 01 02 03 04 0B 06 07 08 03 10
26.00-
“whaveform Graph®
noo-',
*vertical slide™
Filter Order
10-= v
8_
5_
2- -1.0-7 ; ; - : : 4 ; c
- 0o 01 02 03 04 DB O6 0OF 08 03 10
¥
“vertical slide” wiavetormn Graph®

1.  Open a new VI and build the front panel as shown above.

a. Select a Digital Control from the Numeric»Controls palette and

label it Frequency.

b. Select Vertical Slide from the Numeric»Controls palette and

label it Cut-Off Frequency.

c. Select another Vertical Slide from the Numeric»Controls palette

and label it Filter Order.
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d. Select a Waveform Graph from the Numeric»Graph palette for
displaying the noisy signal, and another Waveform Graph for
displaying the original signal.

Block Diagram
2. Build the block diagram as shown below.

Sine Pathern. vl

pohclas

Frequency

E
_ e
sum the sine and rlﬁ\/ cal ||

U rifarm White Moise. vi bandlimited noize POT—
{0 s s
1000.0 i |
Butterwarth Filker.wi
Cut-0Ff TBoL]
TR = B utterworth Filker v Frequency
Filter Qrrdler

Generate high freq noise
by highpass filkering a
uniformn noige gequence,

Eutract the sinewave by lowpass
fikering the noisy signal.

Sine Pattern VI (Functions»Analysis»Signal Generation palette)
generates a sine wave of the desired frequency.

Uniform White Noise VI (Functions»Analysis»Signal Generation
palette) generates uniform white noise that is added to the sinusoidal signal.

Butterworth Filter VI (Functions»Analysis»Filters palette) highpass
filters the noise.

Notice that you are generating 10 cycles of the sine wave, and there are
1000 samples. Also, the sampling frequency to the Butterworth Filter VI
on the right side is specified as 1000 Hz. Thus, effectively you are
generating a 10 Hz signal.

3. Save the VI as Extract the Sine Wave.vi in the
LabVIEW\Activity directory.

4. Switch back to the front panel. Select a Frequency of 10 Hz, a
Cut-Off Frequency of 25 Hz, and a Filter Order of 5. Run the VI.

5. Reduce the Filter Order to 4, 3, and 2, and observe the difference in
the filtered signal. Explain what happens as you lower the filter order.
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6. When you finish, save the VI as Extract the Sine Wave.vi in the
Dig filt.llb library.

7. Close the VI.

@ End of Activity 16-1.

Summary

LabVIEW User Manual

You have seen from the frequency response characteristics that practical
filters differ from ideal filters. For practical filters, the gain in the passband
may not always be equal to 1, the attenuation in the stopband may not
always be -infinity, and there exists a transition region of finite width. The
width of the transition region depends on the filter order, and the width
decreases with increasing order.

You have also learned about both FIR and IIR digital filters. The output of
FIR filters depends only on the current and past input values, whereas the
output of IIR filters depends on the current and past input values as well as
the past output values. You saw the frequency response of different designs
of IIR filters and classified them according to the presence of ripples in the
passband and/or the stopband. Because of the dependence of its output on
past outputs, a transient appears at the output of an IIR filter each time the
Vlis called. This transient can be eliminated after the first call to the VI by
setting its init/cont control to a TRUE value.
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This chapter describes how to extract information from a data set to obtain
a functional description. For examples of how to use the regression Vs, see
the examples located in examples\analysis\regressn.1llb.

Introduction to Curve Fitting

Curve fitting analysis is a technique for extracting a set of curve parameters
or coefficients from the data set to obtain a functional description of the
data set. The algorithm that fits a curve to a particular data set is known as
the Least Squares Method and is discussed in most introductory textbooks
in probability and statistics. The error is defined as

e(a) = [f(x,a) — y(X)I, (17-1)

where e(a) is the error, y(x) is the observed data set, f{x,a) is the functional
description of the data set, and a is the set of curve coefficients which best
describes the curve.

For example, let a = {ag, a;}. Then the functional description of a line is
fx,a) =ag+ a; x.

The least squares algorithm finds a by solving the system
0
—e(a) =0 (17-2)
da

To solve this system, you set up and solve the Jacobian system generated
by expanding Equation 17-2. After you solve the system for a, you can
obtain an estimate of the observed data set for any value of x using the
functional description f(x, a).

In LabVIEW, the curve fitting VIs automatically set up and solve the
Jacobian system and return the set of coefficients that best describes your
data set. You can concentrate on the functional description of your data and
not worry about solving the system in Equation 17-2.
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Two input sequences, Y Values and X Values, represent the data set y(x).
A sample or point in the data set is

(-xi7 J’i),

where x; is the i element of the sequence X Values, and y;is the i element
of the sequence Y Values.

In general, for each predefined type of curve fit, there are two types of VIs,
unless otherwise specified. One type returns only the coefficients, so that
you can further manipulate the data. The other type returns the coefficients,
the corresponding expected or fitted curve, and the mean squared error
(MSE). Because it is a discrete system, the VI calculates the MSE, which
is arelative measure of the residuals between the expected curve values and
the actual observed values, using the formula

n-1

1 2
MSE = ’—lZ(fi—yi) (17-3)
i=0

where fis the sequence representing the fitted values, y is the sequence
representing the observed values, and » is the number of sample points
observed.

The Analysis library offers both linear and nonlinear curve fitting
algorithms. The different types of curve fitting in LabVIEW are outlined
below:

*  Linear Fit—{its experimental data to a straight line of the form
y=mx+c.

ylil=ap+a;*x[i]
*  Exponential Fit—fits data to an exponential curve of the form
y = aexp(bx)
ylil = ap*exp(a; *x[i])

*  General Polynomial Fit—fits data to a polynomial function of
the form

y=a+bx+cx"2 +..
yli] = ag+a, *x[i]+ay*x[i]*...
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e General Linear Fit—fits data to
ylil = ag+a; ¥t (x[ID+a, *H(x[i]) + ...

where y[i] is a linear combination of the parameters a;), a;, a,.... The general
linear fit also features selectable algorithms for better precision and
accuracy. For example, y = aj + a;*sin(x) is a linear fit because y has a
linear relationship with parameters a( and a;. Polynomial fits are always
linear fits for the same reason. But special algorithms can be designed for
the polynomial fit to speed up the fitting processing and improve accuracy.

*  Nonlinear Levenberg-Marquardt Fit—{its data to
y[l] = f(X[l], ao, aj, az...)

where ag, a;, a,... are the parameters. This method is the most general

method and does not require y to have a linear relationship with ag, a;, a,....
It can be used to fit linear or nonlinear curves, but is almost always used to
fit a nonlinear curve, because the general linear fit method is better suited
to linear curve fitting. The Levenberg-Marquardt method does not always
guarantee a correct result, so it is absolutely necessary to verify the results.

Applications of Curve Fitting

The practical applications of curve fitting are numerous. Some of them are
listed below.

¢ Removal of measurement noise.

» Filling in missing data points (for example, if one or more
measurements were missed or improperly recorded).

* Interpolation (estimation of data between data points; for example,
if the time between measurements is not small enough).

*  Extrapolation (estimation of data beyond data points; for example,
if you are looking for data values before or after the measurements
were taken).

» Differentiation of digital data. (For example, if you need to find the
derivative of the data points. The discrete data can be modeled by a
polynomial, and the resulting polynomial equation can be
differentiated.)

* Integration of digital data (for example, to find the area under a curve
when you have only the discrete points of the curve).

* To obtain the trajectory of an object based on discrete measurements
of its velocity (first derivative) or acceleration (second derivative).
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) Activity 17-1. Use the Curve Fitting Vs

Your objective is to use and compare the Linear, Exponential and
Polynomial Curve Fit VIs to obtain the set of least square coefficients
that best represent a set of data points.

|\g@

Front Panel

1. Open the Regressions Demo VI from the 1ibrary regressn.llb.
The front panel and block diagram are already built for you.

Algorithm Selector

0.4-
gLinear
0.2-
Samples
E|
:IW 0.0-
Order o
y 0.2
W5
04—t
Moize Lewvel xox 5T )
010 015 -
1 . T . ; . ; . ; ; '
0.05 ) 020 oo 01 02 03 04 05 0OF OF 08 049 1.0
3 ik Raw Data et
0.2 0.2 g Fitted Curve

This VI generates “noisy” data samples that are approximately linear,
exponential, or polynomial. It then uses the corresponding analysis curve
fitting VIs to determine the parameters of the curve that best fits those data
points. (At this stage, you do not need to worry about how the noisy data
samples are generated.) You can control the noise amplitude with the
Noise Level control on the front panel.
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Select Linear in the Algorithm Selector control, and set the
Noise Level control to about 0.1. Run the VI. Notice the spread of
the data points and the fitted curve (straight line).

Experiment with different values of Order and Noise Level. What do
you notice? How does the mse change?

Change the Algorithm Selector to Exponential and run the VI.
Experiment with different values of Order and Noise Level. What do
you notice?

Change the Algorithm Selector to Polynomial and run the VI.
Experiment with different values of Order and Noise Level. What do
you notice?

In particular, with the Algorithm Selector control set to Polynomial,
change the Order to 0 and run the VI. Then change it to 1 and run the
VI. Explain your observations.
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7. Depending on your observations in steps 2, 3, 4, and 5, for which of the
algorithms (Linear, Exponential, Polynomial) is the Order control the
most effective? Why?

Close the VI and quit. Do not save any changes.

@ End of Actlwty 17-1.

General LS Linear Fit Theory

The General LS Linear Fit Problem can be described as follows.

Given a set of observation data, find a set of coefficients that fit the linear
“model.”

Vi = byxigt by xy

= Y by =0, 1. nl, (17-4)

where B is the set of Coefficients, 7 is the number of elements in Y Values
and the number of rows of H, and k is the number of Coefficients.

x;; 1s your observation data, which is contained in H.

X00  Xor---  Xok-1
X10 X1 Xre-d
H =
An-10 Xn-12-+ Xn_1k-1]

Equation 17-4 can also be written as Y = HB.
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This is a multiple linear regression model, which uses several variables
Xi0» Xi1» -1 Xj;_ 1 » to predict one variable y;. In contrast, the Linear Fit,
Exponential Fit, and Polynomial Fit VIs are all based on a single predictor
variable, which uses one variable to predict another variable.

In most cases, we have more observation data than coefficients. The
equations in 17-4 may not have the solution. The fit problem becomes to
find the coefficient B that minimizes the difference between the observed
data, y; and the predicted value:

k-1
Z; = z b -
j=0

This VI uses the least chi-square plane method to obtain the coefficients
in 17-4, that is, finding the solution, B, which minimizes the quantity:

i — 2] ) O
X = Z O—00 = Z D—LE = [HoB-Y,|? (17-5)

£,00. 0 &0 O
1= 1= D D
0 0

where

h Li=0,1, ..., n-1;j=0, 1, ..., k-1.

_ M _ 7

oij T g.° Yoi = g.
1 1

In this equation, o; is the Standard Deviation. If the measurement errors

are independent and normally distributed with constant standard deviation

0, = 0, the preceding equation is also the least square estimation.

© National Instruments Corporation 17-7 LabVIEW User Manual



Chapter 17 Curve Fitting

There are different ways to minimize )(2 . One way to minimize )(2 is to set
the partial derivatives of )(2 to zero with respect to by, by, ..., by_;.

Q|
=
¥
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=)

(&3]
< &
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(o]
N
1
(e}

e o

%m
= X
| [\S)
|
(=)

The preceding equations can be derived to:
HIH,B = HlY (17-6)
Where H{ is the transpose of Hy,.

The equations in 17-6 are also called normal equations of the least-square
problems. You can solve them using LU or Cholesky factorization
algorithms, but the solution from the normal equations is susceptible to
roundoff error.

An alternative, and preferred way to minimize )(2 is to find the least-square
solution of equations

H()B=Y0.

You can use QR or SVD factorization to find the solution, B. For QR
factorization, you can choose Householder, Givens, and Givens2 (also
called fast Givens).

Different algorithms can give you different precision, and in some cases,
if one algorithm cannot solve the equation, perhaps another algorithm can.
You can try different algorithms to find the best one based on your
observation data.
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The Covariance matrix C is computed as
C= (HIH,) .

The Best Fit Z is given by

k-1
z= Y by
j=0
The mse is obtained using the following formula:

| n_lg-—lel
mse = }Tl D_O'i 0

i=0

The polynomial fit that has a single predictor variable can be thought of as a
special case of multiple regression. If the observation data sets are { x;, y}

where i =0, 1, ..., n—1, the model for polynomial fit is
k-1
yi= S bl = byt byt byt kb byt (17-7)
j=0

i=0,1,2,...,n—-1.

Comparing equations 17-4 and 17-7 shows that x;; = x} . In other words,

-0 — — 42 — yk—1
xio—x- .x<1—x<, xiz—xi,... )Cikfl = X5
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In this case, you can build H as follows:

%1 Xo X§ ... xf7! %
El X, xt .. xf-t E
0 0
g g
H=1. H|
a ad
g- g
g g
} :
ol - X X4 0

Instead of using x;; = x}, you can also choose another function formula
to fit the data sets {x;,y} . In general, you can select x;; = f;(x;). Here,
j;-(x,-) is the function model that you choose to fit your observation data.
In polynomial fit, f;(x;) = x/

In general, you can build H as follows:

Efo(xo) filxg) falxg) v fi1(xp)
%fo(xl) L) fHlx) o fio(xy)

e

I o

O(xn—l) file, ) fHlx,o) - fk—l(xn—l)g
Your fit model is:

Y = bofo(x) +b1fl(x) + .. +bk_1fk71(x) :
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How to Use the General LS Linear Fit VI

The Linear Fit VI calculates the coefficients a; and a; that best fits the
experimental data (x[i] and y[i]) to a straight line model given by

y[i] = ag + ay*x[i]

Here, y[i] is a linear combination of the coefficients ay and a;. You can
extend this concept further so that the multiplier for al is some function of
x. For example:

yli] = ay + a;*sin(wx[i])

or
ylil = ag + a,*x[i]?
or
yli] = ag + a; *cos(wxi]?)

where w is the angular frequency. In each of these cases, y[i] is a linear
combination of the coefficients ay and a,. This is the basic idea behind the
General LS Linear Fit VI, where the y[i] can be linear combinations of
several coefficients, each of which may be multiplied by some function of
the x[i]. Therefore, you can use it to calculate coefficients of the functional
models that can be represented as linear combinations of the coefficients,
such as

y = ag + a;*sin(wx)
or

y=ag+ al"‘x2 + a2*cos(wx?)

3

y = ap + a1 *(3sin(wx)) + a,*x” + a3/ x + ...

In each case, note that y is a linear function of the coefficients (although it
may be a nonlinear function of x).
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You will now see how to use the General LS Linear Fit VI to find the best
linear fit to a set of data points. The inputs and outputs of the General LS
Linear Fit VI are shown below.

Standard Deviation———

H e LT Coefficients
¥ W alues = e = Best Fit
covanance selectar f Linfis % mze
algorithm error
Covariance

General LS Linear Fit_vi

The data that you collect (x[i] and y[i]) is to be given to the inputs H and
Y Values. The Covariance output is the matrix of covariances between the
coefficients ay, where ¢;; is the covariance between a; and a;, and ¢y is the
variance of aj. At this stage, you need not be concerned about the inputs
Standard Deviation, covariance selector, and algorithm. For now, you
will just use their default values. You can refer to the Analysis Online

Reference for more details on these inputs.

The matrix H is known as the Observation Matrix and will be explained
in more detail later. Y Values is the set of observed data points y[i].

For example, suppose you have collected samples (Y Values) from a
transducer and you want to solve for the coefficients of the model:

o . 2
y = a,+a;sin(0x) + a,cos (Wx) + ax

You see that the multiplier for each a; (0 9 j 3) is a different function.
For example, g, is multiplied by 1, a; is multiplied by sin(wx), a, is
multiplied by cos(wx), and so on. To build H, you set each column of H to
the independent functions evaluated at each x value, x[i]. Assuming there
are 100 “x” values, H would be:

1 sin(wx,) cos(wx,) x02
1 sin(wx,;) cos(wx,) xl2

1 sin(wx,) cos(wx,) x22

1 sin(wxgy) cos(Wxgg) x992
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If you have N data points and k coefficients (a), aj, ....a_;) for which to
solve, H will be an N-by-k matrix with N rows and k columns. Thus, the
number of rows of H is equal to the number of elements in Y Values,
whereas the number of columns of H is equal to the number of coefficients

for which you are trying to solve.

In practice, H is not available and must be built. Given that you have
the N independent X Values and observed Y Values, the following block
diagram demonstrates how to build H and use the General LS Linear

Fit VI.
N . Coeffizients
1.0
F1=sinw 1), = q G‘enLS [0B1]
= LR 1 | T - Sy

W E;c:iw #; _: = LinFit

W ’ 2
W Malues
[oBL] "

' Walues
[oBL]
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5 Activity 17-2. Use the General LS Linear Fit VI

For this activity, your objective is to learn how to set up the input
parameters and use the General LS Linear Fit VI.

This activity demonstrates how to use the General LS Linear Fit VI to
obtain the set of least square coefficients a and the fitted values, and also
how to set up the input parameters to the VI.

The purpose is to find the set of least square coefficients a that best
represent the set of data points (x[i], y[i]). As an example, suppose that we
have a physical process that generates data using the relationship

y = 2hy(x) + 3h,(x) + 4h,(x) + noise (17-8)
where
)
ho(x) = sin(x7),
hy(x) = cos(x),
1
h = n
2(%) x+1
and noise is a random value. Also, assume you have some idea of the
general form of the relationship between x and y, but are not quite sure of

the coefficient values. So, you may think that the relationship between
x and y is of the form

Y = apfo(x) + a,fi(x) + ayfy(x) + asf3(x) + ayfy(x) (17-9)
where
£, = 10,

fi(x) = sin(x),
f>(x) = 3cos(x),

f3(x) = )%’
fulx) = x*.
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Equations 17-8 and 17-9 respectively correspond to the actual physical
process and to your guess of this process. The coefficients you choose in
your guess may be close to the actual values, or may be far away from them.
Your objective now is to accurately determine the coefficients a.

Building the Observation Matrix

To obtain the coefficients a, you must supply the set of (x[i], y[i]) points
in the arrays H and Y Values (where the matrix H is a 2D array) to the
General LS Linear Fit VI. The x[i] and y[i] points are the values observed
in your experiment. A simple way to build the matrix H is to use the
Formula Node as shown in the following block diagram.

N
yo=t;
¥ Obzerved yl = sin(x"2];
[0BL] ] 42 = S*oosl),; =]
Fr U3 = 17010 PEE g
yd =4 E gtEl=
i

You can edit the formula node to change, add, or delete functions. At this
point, you have all the necessary inputs to use the General LS Linear Fit VI
to solve for a. To obtain equation (1) from equation (2), you need to
multiply fy(x) by 0.0, f;(x) by 2.0, f>(x) by 1.0, f3(x) by 4.0 and f,(x) by 0.0.
Thus, looking at equations (1) and (2), note that the expected set of
coefficients are

a = {0.0,2.0, 1.0, 4.0, 0.0}
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The block diagram below demonstrates how to set up the General LS
Linear Fit VI to obtain the coefficients and a new set of y values.

|Dh59r'ved Drata and Fitted Eur've|

MNurnlrata

-[EEI EDatat
rea

y=f)

noize amplitude

-
LEaI=]

O oy T

Crata
Create

=10

LabVIEW User Manual

The subVI labeled Data Create generates the X and Y arrays. You can
replace this icon with one that actually collects the data in your
experiments. The icon labeled H(X,i) generates the 2D matrix H.

The last portion of the block diagram overlays the original and the
estimated data points and produces a visual record of the General LS Linear
Fit. Executing the General LS Linear Fit VI with the values of X, Y, and H
returns the following set of coefficients.

The resulting equation is thus

y =0.0298(1) + 2.167Osin(x2) + 1.0301(3cos(x))
+3.9226/(x+1) + 0.00(x*)
=0.0298 + 2.1670sin(x?) + 1.0301(3cos(x)) + 3.9226/(x+1)

The following graph displays the results.
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nioize amplitude MurmDiata algarithrm

e /128 #/5vD observed data u
Observed Data and Fitted Curve fitted data

06 00 05 10 15 20 25 30 35 40 45 50 55 BO B5 70 75 73

MSE elrar Coefficients
3.433E1 ] 01062 20397 0.9310 39654 -0.0000

y = al + al=sin[x"2] + a2=3cos[x] + a3/(x+1] + ad=x"4

You will now see the VI in which this particular example has been
implemented.

1. Open the General LS Fit Example VI from the library
examples\analysis\regressn.llb.

2. Examine the block diagram. Make sure you understand it.
Examine the front panel.

noise amplitude: can change the amplitude of the noise added to the
data points. The larger this value, the more the spread of the data
points.

NumbData: the number of data points that you want to generate.

algorithm: provides a choice of six different algorithms to obtain the
set of coefficients and the fitted values. In this particular example, there
is no significant difference among different algorithms. You can select
different algorithms from the front panel to see the results. In some
cases, different algorithms may have significant differences,
depending on your observed data set.

MSE: gives the mean squared error. The smaller the MSE, the better
the fit.

error: gives the error code in case of any errors. If error code = 0,
it indicates no error. For a list of error codes, see Appendix A,
Error Codes, in the LabVIEW Function and VI Reference Manual.

Coefficients: the calculated values of the coefficients (ay, a;, a,, a3,
and a,) of the model.
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4. Run the VI with progressively larger values of the noise amplitude.
What happens to the observed data plotted on the graph? What about
the MSE?

5. For afixed value of noise amplitude, run the VI by choosing different
algorithms from the algorithm control. Do you find that any one
algorithm is better than the other? Which one gives you the
lowest MSE?

When you finish, close the VI. Do not save any changes.

@ End of Actlwty 17-2.

Nonlinear Lev-Mar Fit Theory

LabVIEW User Manual

This VI determines the set of coefficients that minimize the chi-square
quantity:

N-1 -
W2 = 3 Iji—f(xi;jl---“M)g (17-10)

i=0

In this equation, (x;, ;) are the input data points, and fix;;a;...ay) = fiX, A)
is the nonlinear function where a;...a,, are coefficients. If the measurement
errors are independent and normally distributed with constant, standard
deviation o; = g, this is also the least-square estimation.

You must specify the nonlinear function f=f(X, A) in the Formula Node on
the block diagram of the Target Fnc & Deriv NonLin VI, which is a subVI
of the Nonlinear Lev-Mar Fit VI. You can access the Target Fnc & Deriv
NonLin VI by selecting it from the menu that appears when you select
Project»This VI’s SubVls.

This VI provides two ways to calculate the Jacobian (partial derivatives
with respect to the coefficients) needed in the algorithm. These two
methods follow:

e Numerical calculation—Uses a numerical approximation to compute
the Jacobian.

*  Formula calculation—Uses a formula to compute the Jacobian.
You need to specity the Jacobian function 0f/dA in the Formula Node
on the block diagram of the Target Fnc & Deriv NonLin VI, as well as
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the nonlinear function f = f{X, A). This is a more efficient computation
than the numerical calculation, because it does not require a numerical
approximation to the Jacobian.

The input arrays X and Y define the set of input data points. The VI
assumes that you have prior knowledge of the nonlinear relationship
between the x and y coordinates. That is, f = f{X, A), where the set of
coefficients, A, is determined by the Levenberg-Marquardt algorithm.

Using this function successfully sometimes depends on how close your
initial guess coefficients are to the solution. Therefore, it is always worth
taking effort and time to obtain good initial guess coefficients to the
solution from any available resources before using the function.

Using the Nonlinear Lev-Mar Fit VI

[Fargel bnd
& Deviw

Note

So far, you have seen VIs that are used when there is a linear relationship
between y and the coefficients a, a;, a,, .... However, when a nonlinear
relationship exists, you can use the Nonlinear Lev-Mar Fit VI to determine
the coefficients. This VI uses the Levenberg-Marquardt method, which is
very robust, to find the coefficients A = {a), a;, a,, ..., a;} of the nonlinear
relationship between A and y[i]. The VI assumes that you have prior
knowledge of the nonlinear relationship between the x and y coordinates.

As a preliminary step, you need to specify the nonlinear function in the
Formula Node on the block diagram of one of the subVIs of the Nonlinear
Lev-Mar Fit VI. This particular subVI is the Target Fnc and Deriv NonLin
VI. You can access the Target Fnc and Deriv NonLin VI by selecting it
from the menu that appears when you select Project»This VI’s SubVIs.

When using the Nonlinear Lev-Mar Fit VI, you also must specify the nonlinear
function in the Formula Node on the block diagram of the Target Fnc and
Deriv NonLin VI.

The connections to the Nonlinear Lev-Mar Fit VI are shown below:

Standard Deviation Covariance
* Best Fit Coeffizients
Y Best Fit
Iritial Guess Coefficients mze

mnaw iberation
derivative

error

Monlinear Lev-Mar Fit_wi
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X and Y are the input data points x[i] and y[i].

Initial Guess Coefficients is your initial guess as to what the coefficient
values are. The coefficients are those used in the formula that you entered
in the Formula Node of the Target Fnc and Deriv NonLin VI. Using the
Nonlinear Lev-Mar Fit VI successfully sometimes depends on how close
your initial guess coefficients are to the actual solution. Therefore, it is
always worth taking the time and effort to obtain a good initial guess to the
solution from any available resource.

For now, you can leave the other inputs to their default values. For more
information on these inputs, see the Analysis Online Reference.

Best Fit Coefficients: the values of the coefficients (a, a;, ...) that best fit
the model of the experimental data.

Activity 17-3. Use the Nonlinear
Lev-Mar Fit VI

For this activity, your objective is to create a general exponential
signal a*exp(b*x) + ¢ + noise, and then use the Nonlinear Lev-Mar
Fit VI to fit the data and get the best guess coefficients a, b, and c of
the general exponential signal.

{
-

E

In this activity, you will see how to use the Nonlinear Lev-Mar Fit VI to
determine the coefficients g, b, and c, of a nonlinear function given by
a*exp(b*x) + c.
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1. Open the Nonlinear Lev-Mar Exponential Fit VI from the library
examples\analysis\regressn.llb. The front panel is shown in

the followi

ng illustration.

geheral exponential signal

This example creates a general exponential signal a*exp(b*x] + ¢ + noise, then uses the
Monlinear Lewv-tar Fit Y| to fit the data and get the best guess coefficients a, b, and c, of the

number of points  [nitial Coefficients

Standard Deviation

ﬂ )
2 5/1.000 4F0 | #0 |EEm EIl
b 5-0.100 ninise level H[0.00
cfoo | Hoiooo | EIry
1aw data ® 7w
5 auzszian fitted data
y Coreariatice
- 0 |[036
’\ 0
23 Best Guess Coef
26 X ][
24 011
N i
2.2 3
b s

H

WK M

s

errar

1.9-

E3

mse
00 50 100 150 200 250 30.0 350 400 450 500 | [000 (T

w L w H

The a, b, and ¢ controls determine the actual values of the coefficients a, b,
and c. The Initial Coefficients control is your educated guess as to the
actual values of a, b, and c. Finally, the Best Guess Coef indicator gives
you the values of a, b, and ¢ calculated by the Nonlinear Lev-Mar Fit VI.
To simulate a more practical example, we also add noise to this equation,
thus making it of the form:

a*exp(b*x) + ¢ + noise

The noise level control adjusts the noise level. Note that the actual
values of g, b, and c being chosen are +1.0, —0.1 and 2.0. In the
Initial Coefficients control, the default guess for these is a = 2.0, b =0,

and ¢ = 4.0.
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Block Diagram

2. Examine the block diagram.

number of points

|LTI|2_| [relex & Bundle Cluster Array
N I
m DEL |
7 i vl Ur:i.fuoan}White Maize. vi
-
Exponential
H x I vonl.inr.
b X rx
¥ s
A EE [0BL] | Best Guess Coef
o] "
c
[Initial Cosfficients Efrar
[pBL]

The data samples of the exponential function are simulated using the
Exponential VI (Numeric»Logarithmic subpalette) and uniform white
noise is added to the samples with the help of the Uniform White Noise VI
(Analysis»Signal Generation subpalette).

3. From the Project menu, select Unopened SubVIs»Target Fnc and
Deriv NonLin VI. The front panel of the Target Fnc and Deriv NonLin
VI opens, as shown below.

Thiz % calculates the output v az a function of the input
array # as well az the denvatives of the function at all values
of %, The uzer specifies the "'Target Function” and its
derivatives in the formula nodes of this W1, The function
dezcribes the relationship of ¥ to = and the coefficients uzed
are updated in each iteration after a new guess at their value
iz taken. Hence ', Denvatives, and Coefficients are
continuougly changing.

Flag

- Y
g o deriv HL00
Coefficientz

E IDediriveatives

: FL—
+/n.000
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4. Switch to the block diagram.

o _deriv t
A Fartial Derivatives of fix) with
Coefficients % ia respectto the coeflicients a.
I[IJBI.]I EE

d0 = explal™);
d1 =al**expal™x);

Derivatives

]

W [

[ — ]
0
..

2]
O

=1
0
F

Function fx)

Flease ignore the above partial derivative
formula if yvou select numerical caculation
far contral derivative in the Manlinear
Lesw-tar Fit .

Observe the Formula Node at the bottom. It has the form of the
function whose parameters (a0, al, and a2) you are trying to evaluate.

5. Close the front panel and the block diagram of the Target Fnc and
Deriv NonLin VL.

6. Run the NonLinear Lev-Mar Exponential Fit VI. Note that the values
of the coefficients returned in Best Guess Coef are very close to the
actual values entered in the Initial Coefficients control. Also note the
value of the mse.

7. Increase the noise level from 0.1 to 0.5. What happens to the mse and
the coefficient values in Best Guess Coef? Why?

8. Change the noise level back to 0.1 and the Initial Coefficients to 5.0,
-2.0, and 10.0, and run the VI. Note the values returned in the
Best Guess Coef and the mse indicators.

9. With the noise level still at 0.1, change your guess of the
Initial Coefficients to 5.0, 8.0, and 10.0, and run the VI. This time,
your guess is further away than the one you chose in step 4. Notice the
error. This illustrates how important it is to have a reasonably educated
guess for the coefficients.

10. When you finish, close the VI. Do not save any changes.

@ End of Activity 17-3.
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Linear Algebra

This chapter explains how to use the linear algebra VIs to perform matrix
computation and analysis. For examples of how to use the linear algebra
VIs, see the examples located in examples\analysis\linxmpl.1l1lb.

Linear Systems and Matrix Analysis

Types of Matrices

Systems of linear algebraic equations arise in many applications that

involve scientific computations such as signal processing, computational
fluid dynamics, and others. Such systems may occur naturally or may be
the result of approximating differential equations by algebraic equations.

Whatever the application, it is always necessary to find an accurate solution
for the system of equations in a very efficient way. In matrix-vector
notation, such a system of linear algebraic equations has the form

Ax = b

where A is an n X n matrix, b is a given vector consisting of n elements, and
x is the unknown solution vector to be determined. A matrix is represented
by a 2D array of elements. These elements may be real numbers, complex
numbers, functions, or operators. The matrix A shown below is an array of
m rows and n columns with m X n elements.

g0 Qo1 -+ Qo,n-1
A=| %0 9,1 - Gna
Q1,0 Am-1,1 =+ Ap_1,n-1
Here, a; ; denotes the (i, )" element located in the i” row and the j* column.

In general, such a matrix is called a rectangular matrix. When m = n, so
that the number of rows is equal to the number of columns, it is called a
square matrix. An m X 1 matrix (m rows and one column) is called a
column vector. A row vectoris a 1 X n matrix (1 row and n columns). If all
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the elements other than the diagonal elements are zero (that is, a; i= 0,
i #J), such a matrix is called a diagonal matrix. For example,

400
A=1050
009

is a diagonal matrix. A diagonal matrix with all the diagonal elements equal
to one is called an identity matrix, also known as unit matrix. If all the
elements below the main diagonal are zero, then the matrix is known as an
upper triangular matrix. On the other hand, if all the elements above the
main diagonal are zero, then the matrix is known as a lower triangular
matrix. When all the elements are real numbers, the matrix is referred to as
a real matrix. On the other hand, when at least one of the elements of the
matrix is a complex number, the matrix is referred to as a complex matrix.
To make things simpler to understand, you will work mainly with real
matrices in this lesson. However, for the adventurous, there are also some
activities involving complex matrices.

Determinant of a Matrix

LabVIEW User Manual

One of the most important attributes of a matrix is its determinant. In the
simplest case, the determinant of a 2 x 2 matrix

A= |@ b
cd
is given by ad — bc . The determinant of a square matrix is formed by
taking the determinant of its elements. For example, if

253
A=1617
169

then the determinant of A, denoted by |A] , is

Al=|l2 53| O 0=
e 17)|_s|[6 7|| 4 5]/6 1|5
Oll6 9 19 160

169

2(=33) = 5(47) + 3(35) =—196
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The determinant tells many important properties of the matrix. For
example, if the determinant of the matrix is zero, then the matrix is
singular. In other words, the above matrix (with nonzero determinant) is
nonsingular. You will revisit the concept of singularity later in the section
Matrix Inverse and Solving Systems of Linear Equations, when the lesson
discusses the solution of linear equations and matrix inverses.

Transpose of a Matrix

The transpose of a real matrix is formed by interchanging its rows and
columns. If the matrix B represents the transpose of A, denoted by AT, then

bjj=a; ;. For the matrix A defined above,
261
T
B=A=1516
379

In case of complex matrices, we define complex conjugate transposition.
If the matrix D represents the complex conjugate transpose (if a = x + iy,
then complex conjugate a* = x - iy) of a complex matrix C, then

D=C"0d =0,

LJ

That is, the matrix D is obtained by replacing every element in C by its
complex conjugate and then interchanging the rows and columns of the
resulting matrix.

A real matrix is called a symmetric matrix if the transpose of the matrix is
equal to the matrix itself. The example matrix A is not a symmetric matrix.
If a complex matrix C satisfies the relation C = C!, then C is called a
Hermitian matrix.

Can You Obtain One Vector as a Linear Combination
of Other Vectors? (Linear Independence)

A set of vectors xy, Xy, ...., X, is said to be linearly dependent if and only if
there exist scalars 0, 05, ..., 0, not all zero, such that

O x; +0,x,+...+0,x, =0
In simpler terms, if one of the vectors can be written in terms of a linear

combination of the others, then the vectors are said to be linearly
dependent.

© National Instruments Corporation 18-3 LabVIEW User Manual



Chapter 18 Linear Algebra

If the only set of a; for which the above equation holds is a; = 0,
a, =0, .., a, = 0, then the set of vectors xy, x,, ..., X, is said to be
linearly independent. So, in this case, none of the vectors can be written in
terms of a linear combination of the others. Given any set of vectors, the
above equation always holds for a; = 0, a, =0,..., a, = 0.
Therefore, to show the linear independence of the set, you must show that
o, =0, a,=0,.., a, =0 istheonly setof a; for which the above
equation holds.

For example, first consider the vectors

hoel

Notice that a; = 0 and o, = 0 are the only values, for which the
relation o x + 0,y = 0 holds true. Hence, these two vectors are linearly
independent of each other. Let us now look at vectors

= -l

Notice that, if o; = -2 and a, = 1 ,then o,x+ a,y = 0. Therefore,
these two vectors are linearly dependent on each other. You must
completely understand this definition of linear independence of vectors to
fully appreciate the concept of the rank of the matrix as discussed next.

How Can You Determine Linear Independence?
(Matrix Rank)

The rank of a matrix A, denoted by p(A), is the maximum number of
linearly independent columns in A. If you look at the example matrix A,
you will find that all the columns of A are linearly independent of each
other. That is, none of the columns can be 