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PREFACE

Learning with LabVIEW™ presents basic programming concepts in a graphi-
cal environment and relates them to real-world applications in academia and
industry. Understanding and using the intuitive and powerful LabVIEW soft-
ware is easier than ever before. As you read through the book and work through
the examples, we hope you will agree that this book is more of a personal tour
guide than a software manual.

The LabVIEW graphical development environment was built specifically
for applications in engineering and science, with built-in functionality designed
to reduce development time for design and simulation in signal processing,
control, communcations, electronics and more. LabVIEW is widely considered
the industry standard for design, test, measurement, automation, and control
applications. With LabVIEW, students can design graphical programming solu-
tions to their homework problems and laboratory experiments—an ideal tool
for science and engineering applications—that is also fun to use! The Learning
with LabVIEW book affords students the opportunity for self-paced learning and
independent project development.

The goal of this book is to help students learn to use LabVIEW on their own.
With that goal in mind, this book is very art-intensive with over 500 figures in all.
That means that there are numerous screen captures in each section taken from
a typical LabVIEW session. The figures contain additional labels and pointers
added to the LabVIEW screen captures to help students understand what they
are seeing on their computer screens as they follow along in the book.

The most effective way to use Learning with LabVIEW is to have a concur-
rent LabVIEW session in progress on your computer and to follow along with
the steps in the book. A directory of virtual instruments has been developed by
the author exclusively for use by students using Learning with LabVIEW and
is available on www.pearsonhighered.com/bishop. These virtual instruments
complement the material in the book. In most situations, the students are asked
to develop the virtual instrument themselves following instructions given in the
book, and then compare their solutions with the solutions provided by the author

XV



Xvi Preface

to obtain immediate feedback. In other cases, students are asked to run a speci-
fied virtual instrument as a way to demonstrate an important LabVIEW concept.

GAINING PRACTICAL EXPERIENCE AND SOLVING REAL-WORLD
PROBLEMS

With higher education emphasizing hands-on laboratory experience, many edu-
cational institutions have improved their laboratory facilities in order to increase
student exposure to practical problems. College graduates are gaining vital expe-
rience in acquiring and analyzing data, constructing computer-based simula-
tions of physical systems, and multipurpose computer programming. LabVIEW
offers a powerful, efficient, and easy-to-use development environment, allow-
ing educators to teach their students a wide range of topics with just one open,
industry-standard tool. It can also transform the way engineers, scientists, and
students around the world design, prototype, and deploy cutting-edge technol-
ogy. Customers and students at tens of thousands of companies and schools are
using LabVIEW and modular hardware from National Instruments to simplify
technology development and increase productivity. From testing next-generation
gaming systems to creating breakthrough medical devices, the resulting innova-
tive technologies are impacting millions of people worldwide.

FEATURES OF LEARNING WITH LABVIEW

The demand for LabVIEW in colleges and universities led to the development
of Learning with LabVIEW. Originally intended as a resource to accompany the
LabVIEW Student Edition, this book now is more generally applicable to the
industry standard version of LabVIEW and can be used to assist students at all
levels who are new to graphical programming. Students that want to learn more
about graphical programming with LabVIEW can enhance their learning pro-
cess in and out of the classroom using Learning with LabVIEW as a guide. This
is especially germane to industry professionals along their journey of lifelong
learning. The Learning with LabVIEW features includes the following:

= Step-by-step tutorials that show how to construct, debug, and run LabVIEW
Vls.

= Pedagogical features such as building block examples, helpful hints and
warnings, relaxed readings, end-of-chapter summaries and glossaries ideal
for self-paced instruction.

= Fully developed Learning directory that includes key VIs to assist in achiev-
ing desired learning outcomes.

= Building blocks across chapters that highlight each chapter material using
the popular NI myDAQ device.
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= QOver 500 detailed figures with additional notes and pointers to clearly illus-
trate the technical material

= Exercises and problems that reinforce the main topics of the chapter.
WHAT’S NEW IN THIS EDITION

This latest edition of Learning with LabVIEW also features:

= Text and learning materials revised to reflect latest version of LabVIEW
2019.

= Available in both e-copy and printed format, including introductory videos
in each chapter.

= All new LabVIEW screen captures to accurately reflect the latest version of
LabVIEW in the many chapter figures.

= Set of learning outcomes established for each chapter.

= Updated VIs in the Learning directory to assist with student understanding
and achievement of desired learning outcomes.

LABVIEW LEARNING BADGES AND CERTIFICATIONS

Badges and certifications provide credible ways to validate your LabVIEW exper-
tise and can help you differentiate yourself whether you are searching for a job or
just looking to move to the next level in your current organization. You can find
many resources to help document and promote your LabVIEW programming
accomplishments. With learning badges, you can document your understand-
ing of engineering fundamentals and best practices using LabVIEW (and other
National Instruments products). With professional industry-recognized certifica-
tions, you can demonstrate that you have the skills needed to create high-quality
applications.

National Instruments offers many types of digital badges and three different
levels of professional certifications. For more information on the options avail-
able (especially including preparation materials), visit the National Instruments
website

https://learn.ni.com/badges

What is a badge? A badge is a digital credential issued by National Instru-
ments in recognition of activities and knowledge levels reached. National Instru-
ments uses Acclaim, a Pearson VUE company, to deliver and manage the digital
badges. For more information, visit the site

https://www.youracclaim.com/organizations/national-instruments/badges
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You should consider tracking your knowledge growth with milestones as evi-
denced by badge assessments. Of course, then you can share your successes with
others on social media and job sites. Very importantly, employers can quickly
and accurately verify your LabVIEW knowledge in key technical areas. And
best of all, there is no cost to participate in the NI Badge Program and accep-
tance of any badges you are issued is at your discretion.

What is a professional certification? Similar to badges, the certifications are
evidence of deeper understanding of key LabVIEW concepts and of reaching
certain skill levels. However, with certifications you are providing evidence that
you possess the skills needed to create high-quality applications, as well as fun-
damental knowledge. As with badges, you can share your skills on social media
and job sites to advance your career and illuminate your skills. National Instru-
ments offers three certification designations to indicate different levels of exper-
tise with LabVIEW. The Certified LabVIEW Associate Developer (CLAD),
Certified LabVIEW Developer (CLD), and Certified LabVIEW Architect (CLA)
designations represent basic, advanced, and expert knowledge, respectively.

Certified
LabVIEW
Architect
(CLA)

Certified LabVIEW
Developer
(CLD)

Certified LabVIEW
Associate Developer
(CLAD)

At each level of certification, you must demonstrate the following:

= Certified LabVIEW Associate Developer: A basic understanding of the
LabVIEW environment, VI development best practices and an understand-
ing of and ability to interpret existing code.

= Certified LabVIEW Developer: The ability to design and develop func-
tional programs while minimizing development time and ensuring main-
tainability.
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= Certified LabVIEW Architect: The skill to develop a framework for an
application to be executed by a team of developers given a set of high-level
requirements.

In order to take a higher-level certification examination, you must have success-
fully passed the lower level examination(s).

Since the CLAD is the entry-level LabVIEW certification, it will be of most
interest to readers of Learning with LabVIEW. There are many concepts to mas-
ter to become recognized as a Certified LabVIEW Associate Developer, and note
that while this textbook does not explicitly prepare you for the digital badges
and professional certifications, it does prepare you to learn through discovery.
The CLAD examination is a one-hour multiple-choice test consisting of forty
questions administered and proctored by Pearson Vue. Visit the website

http://www.pearsonvue.com/ni/

to locate a test center near you, to access practice tests, and to schedule an exam-
ination. If you pass the examination, your certification will be valid for two
years.

ORGANIZATION OF LEARNING WITH LABVIEW

This textbook serves as a LabVIEW resource for students. The pace of instruc-
tion is intended for both undergraduate and graduate students. The book is
comprised of 11 chapters and should be read sequentially when first learning
LabVIEW. For more experienced students, the book can be used as a reference
book by using the index to find the desired topics. The 11 chapters are as
follows:

CHAPTER 1: LabVIEW Basics—This chapter introduces the LabVIEW
environment and helps orient students when they open a virtual instrument.
Concepts such as windows, toolbars, menus, and palettes are discussed.

CHAPTER 2: Virtual Instruments—The components of a virtual instru-
ment are introduced in this chapter: front panel, block diagram, and icon/
connector pair. This chapter also introduces the concept of controls (inputs)
and indicators (outputs) and how to wire objects together in the block dia-
gram. Express Vls are introduced in the chapter.

CHAPTER 3: Editing and Debugging Virtual Instruments—Resizing, col-
oring, and labeling objects are just some of the editing techniques introduced
in this chapter. Students can find errors using execution highlighting, probes,
single-stepping, and breakpoints, just to name a few of the available debug-
ging tools.
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CHAPTER 4: SubVIs—This chapter emphasizes the importance of re-
using code and illustrates how to create a VI icon/connector. It also shows
parallels between LabVIEW and text-based programming languages.

CHAPTER 5: Structures—This chapter presents loops, case structures,
and flat sequence structures that govern the execution flow in a VI. The
Formula Node is introduced as a way to implement complex mathematical
equations.

CHAPTER 6: Arrays and Clusters—This chapter shows how data can be
grouped, either with elements of the same type (arrays) or elements of a dif-
ferent type (clusters). This chapter also illustrates how to create and manip-
ulate arrays and clusters.

CHAPTER 7: Charts and Graphs—This chapter shows how to display and
customize the appearance of single and multiple charts and graphs.

CHAPTER 8: Data Acquisition—The basic characteristics of analog and
digital signals are discussed in this chapter, as well as the factors students
need to consider when acquiring and generating these signals. This chapter
introduces students to the Measurement and Automation Explorer (MAX)
and the DAQ Assistant.

CHAPTER 9: Strings and File I/O—This chapter shows how to create and
manipulate strings on the front panel and block diagram. This chapter also
explains how to write data to and read data from files.

CHAPTER 10: NI LabVIEW MathScript RT Module—This chapter
introduces the interactive MathScript environment, which combines a
mathematics-oriented text-based language with the intuitive graphical data-
flow programming of LabVIEW. Both the interactive MathScript
environment for command line computation and the MathScript Node for
integrating textual scripts within the LabVIEW block diagram are discussed.

CHAPTER 11: Analysis—LabVIEW can be used in a variety of ways to
support analysis of signals and systems. Several important analysis topics
are discussed in this chapter, including how to use LabVIEW for signal gen-
eration, signal processing, linear algebra, curve fitting, formula display on
the front panel, differential equations, finding roots (zero finder), and inte-
gration and differentiation.

APPENDIX A: Instrument Control—The components of an instrument
control system using a GPIB or serial interface are presented in this appendix.
Students are introduced to the notion of instrument drivers and of using the
Measurement and Automation Explorer (MAX) to detect and install instru-
ment drivers. The Instrument I/O Assistant is introduced.
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The important pedagogical elements in each chapter include the following:

A brief table of contents and a short preview of what to expect in the chapter.
A list of learning outcomes to help focus the chapter discussions.

3. Margin icons that focus attention on a helpful hint or on a cautionary note.
I

~N /
7
Helpful him/ 7

4. An end-of-chapter summary and list of key terms.

o= i

KEY TERMS

Cautionary note

5. Sections entitled Building Blocks near the end of each chapter present
the continuous development and modification of a virtual instrument for
calculating and generating a pulse-width modulated signal. The student is
expected to construct the VIs based on the instructions given in the sec-
tions. The same VI is used as the starting point and then improved in each
subsequent chapter as a means for the student to practice with the newly
introduced chapter concepts.

i BIUIIDIN/G BLOCK

ol

6. Atthe end of each chapter, we include a myDAQ Building Blocks section to
provide the opportunity to apply the concepts introduced in the chapter using
the myDAQ hardware. Each myDAQ Building Blocks exercise will help you
build a project that will involve controlling LEDs and reading temperature
from a thermistor to create a temperature monitoring system. As with the
Building Blocks, the same VI is used as the starting point and then improved
in each subsequent chapter as a means for the student to apply the chapter
concepts in a my DAQ hardware environment.
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7. Many worked examples are included in each chapter including several new
examples introduced in this edition. In most cases, students construct the
VIs discussed in the examples by following a series of instructions given in
the text. In the early chapters, the instructions for building the VIs are quite
specific, but in the later chapters, students are expected to construct the VIs
without precise step-by-step instructions. Of course, in all chapters, working
versions of the VIs are provided for all examples in the Learning directory.
Here is a sample of the worked examples:

= Temperature system demonstration.

= Solving a set of linear differential equations.

= Building your first virtual instrument.

= Computing area, diameter, and radius of a circle.

= Computing and graphing the time value of money.

= Studying chaos using the logistic difference equation.
= Acquiring data.

= Writing ASCII data to a file.

8. A section entitled Relaxed Reading that describes how LabVIEW is being
utilized to solve interesting real-world problems. The material is intended
to give students a break from the technical aspects of learning LabVIEW
and to stimulate thinking about how LabVIEW can be used in various other
situations.

9. End-of-chapter exercises, problems, and design problems reinforce the main
topics of the chapter and provide practice with LabVIEW.

ORIGINAL SOURCE MATERIALS

Learning with LabVIEW was developed with the aid of important references
provided by National Instruments. The main references are the various Lab-
VIEW help manuals found at the website www.ni.com/manuals. They provide
information on LabVIEW programming concepts, step-by-step instructions for
using LabVIEW, and reference information about LabVIEW VIs, functions,
palettes, menus, and tools. You can access similar material in LabVIEW by
selecting Help>LabVIEW Help (see Chapter 1 of this book for more details
on accessing the LabVIEW help). By design, there is a strong correlation
between some of the material contained in the various LabVIEW help manu-
als and the material presented in this book. Our goal here has been to refine the
information content and make it more accessible to students learning LabVIEW
on their own.
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OPERATING SYSTEMS AND ADDITIONAL SOFTWARE

It is assumed that the reader has a working knowledge of either the Windows
or the Mac OS X operating system. If your computer experience is limited, you
may first want to spend some time familiarizing yourself with your computer in
order to understand the operation of your Mac or PC. You should know how to
access pull-down menus, open and save files, download software from the Inter-
net, and use a mouse. You will find previous computer programming experience
helpful—but not necessary.

A set of virtual instruments has been developed by the author for this book.
You will need to obtain the Learning directory from the companion website to
this book at Prentice Hall:

http://www.pearsonhighered.com/bishop

All of the VI examples in this book were tested by the author an Dell tablet
running Windows 10. Obviously, it is not possible to verify each VI on all the
available Windows and Macintosh platforms that are compatible with LabVIEW
so if you encounter platform-specific difficulties, please let us know.

KEEP IN TOUCH!

The author and the staff at Pearson would like to establish an open line of com-
munication with the users of the Learning with LabVIEW. We encourage stu-
dents to e-mail the author with comments and suggestions for this and future
editions.

Keep in touch!

ROBERT H. BISHOP
robertbishop @ usf.edu
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