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Display this slide when students start arriving so that they know they are in the
correct place.

When you begin the class, make sure to cover the following points:

* Introductions - Introduce yourself and give your credentials. Ask the
students to introduce themselves to the class, describe what kind of
applications they will be using LabVIEW for, and tell how long they have
worked with LabVIEW (have they done the Tutorial?) This information helps
you pace the course and know what concepts to stress.

 Discuss when class begins and ends each day. Also, explain lunch plans and
other breaks.

* Explain where the restrooms, phones, and smoking areas are located.

 Poll the students about their hardware interests. Then you will know how
much time to spend on the DAQ and Instrument Control lessons. You may
also want to encourage the students to sit near others who have the same
hardware or type of application.
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Evolution of Instrumentation

Flexibility

Time

PC Based Virtual Instrumentation has become the new
methodology for instrumentation

Instrumentation helps science and technology progress. Scientists and
engineers around the world use instruments to observe, control, and understand
the physical universe. Our quality of life depends on the future of
instrumentation — from basic research in life sciences and medicine to design,
test and manufacturing of electronics, to machine and process control in
countless industries.

The slide above shows the evolution of instrumentation over the last 100 or so
years. It is important that instruments have always leveraged off widely-used
technology. In the 19th century, the jeweled movement of the clock was first
used to build analog meters. In the 1930s, the variable capacitor, the variable
resistor, and the vacuum tube from radios were used to build the first
electronic instruments. Display technology from the television has contributed
to modern oscilloscopes and analyzers. And finally, modern personal
computers contribute high-performance computation and display capabilities.

In the past, data acquisition devices have been traditionally reserved for the
stand alone instrument. As you will soon see, advancements in the personal
computer area have shifted data acquisition to the personal computer, which
offers greater flexibility, ease of use, and cost-effective analysis.
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Virtual Instrumentation

Stand Alone Instrument PC Based Instrument
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Vendor Defined User Defined

Instruments have evolved in terms of both flexibility and the degree to which
they integrate into systems. The first-generation instruments were analog
instruments manually controlled from their front panels. Measurements from
these instruments had to be recorded by hand. The users had no flexibility in
user interface design, measurement capabilities, or computational features.

With the invention of the GPIB and digital instruments, users could control
systems both programmatically and manually. Each GPIB instrument was
designed for a specific measurement, and users “racked and stacked” a number
of instruments to create a complete measurement system.

Now millions of scientists and engineers around the world use PCs to automate
their research, design, and manufacturing tasks. Increased performance and
capabilities of PCs now rival those of sophisticated workstations at a fraction of
the cost. Easy-to-use but powerful software and application development
environments allow you to develop more capable applications faster.

With the advent of the PC, a new term has become popular in the
instrumentation community. The term “virtual instrument” describes the
combination of programmable instruments with general-purpose PCs.

Historically, architectural limitations have resulted in hard boundaries between
vendor-defined instruments and user-defined functionality in an instrumentation
system. The PC revolution has equipped users with powerful processing and
display capabilities of their own. If you enhance the fixed capabilities of a
traditional instrument with flexible user-defined capabilities of a computer, you
have a virtual instrument. The computer enhances instrument functionality in
any of the three element areas—data acquisition, analysis, and/or presentation.
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Key Elements of Virtual Instruments

Communication

INSTRUMENT
DAQ Boards
IEEE488 (GPIB)
VXI
RS-232

Trigger Control

Calculate

resent

ation

A virtual instrument consists of three key elements: acquisition, analysis, and
presentation. Acquisition is the means by which physical signals (such as
voltage, current, pressure, temperature) are converted into digital formats and
brought into the computer. Analysis, such as a frequency response, is
performed by specifically optimized software routines available in a wide
selection of development environments. The presentation of the acquired and
analyzed signal is accomplished using graphical display methods common on
computers today.

The four popular methods for acquiring data are plug-in data acquisition
boards, GPIB instruments, VXI instruments, and RS-232 instruments. Data
analysis transforms raw data into meaningful information. Data presentation is
the means for communicating with your system in an intuitive, meaningful
format. The components listed are but a few examples of the data presentation
tools available.
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The Virtual Instrument

Industry-standard
components

Flexible

Scalable

Connectivity
Compatibility
Increased productivity
Reduced cost

With virtual instrumentation, you can build your own instrumentation
systems with standard computers and cost-effective hardware. These
software-centered systems leverage off the computational, display, and
connectivity capabilities of popular computers to give you the power and
flexibility to build each of your instrumentation functions. You can mix and
match your choice of data acquisition and instrument control hardware,
including all of of your existing instruments, to create virtual instrumentation
systems that exactly meet your needs.

Virtual instrumentation saves you time and money because you can build
“user-defined” systems in a fraction of the time it takes with traditional
approaches. By combining LabVIEW with standard data acquisition and
instrument control devices, you can create virtual instruments and use them
in many applications. Unlike traditional instruments, which are limited by
the design of the manufacturer, a LabVIEW virtual instrument can operate a
variety of devices, such as a temperature monitor, voltmeter, strip chart
recorder, digitizer, and signal analyzer.
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LabVIEW

The Industry-Standard Virtual Instrumentation Software

Graphical Programming for
Virtual Instrumentation

- front panel graphical user
interfaces

« graphical block diagram source
code

« compiler for optimized execution

Standalone executables for easy LabVIEW®

distribution

LabVIEW is an easy-to-use, powerful graphical programming application that
also provides a compiler with the ability to create standalone executable
applications.

LabVIEW is ideal for creating virtual instruments. It features a well-defined
strategy for constructing both hardware and software modules that are easy to
understand and maintain. You can rapidly combine, interchange, and share
virtual instruments to build custom applications. Different hardware
acquisition options can feature drop-in replacement virtual instruments for
truly modular application development.
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Software Architecture

LabVIEW

(< - - —

NI-488.2 NI-VXI NI-DAQ Serial

ﬁ ..Q Commands

To account for the varying needs of measurement and instrumentation applications,
software must integrate all of the elements in a manner that delivers ease of use,
power, and flexibility. National Instruments software architecture combines low-
level device drivers for our hardware and high-level application development
software. With this combination, you have a scalable development system with the
flexibility to handle a very wide range of measurement and instrumentation
applications.

To build virtual instruments, you need software that easily integrates any or all of
the hardware instrumentation options in a single system. At the lowest level, with
standardized driver software packages you can control the four acquisition
hardware options. The driver packages include function libraries for programming
your hardware. Our NI-488.2 driver is the industry standard for programming
GPIB. NI-VXI is our driver software for programming VXI. NI-DAQ is our driver
software for programming our plug-in data acquisition boards. Most computers
include RS-232 driver software. NI-VISA is a new standard for combining the
different instrumentation systems. Our driver software packages are standardized
across all popular computers and a wide variety of operating systems.

You can use our stand-alone driver software to program using the language and
operating system of your choice. If you need assistance with programming, our
application software is the answer. With our application software, LabVIEW, you
can build your own instruments. LabVIEW works with all aspects of an
instrumentation system, including data acquisition and control, data analysis, and
data presentation. LabVIEW also features modular, reusable, high-level instrument
drivers for specific instruments and applications that dramatically reduce your
software development task. By using our application software packages, you are
free to choose the components necessary to meet your application cost and
performance requirements. You now have the opportunity to build your own
instruments to exactly meet your particular application needs.
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LabVIEW Product History

1998

" LabVIEW 5 1998 - LabVIEW 5
106 — Multithreading, VI Server, ActiveX, Undo, Wizards
L LabVIEW 4 1996 - LabVIEW 4

— Customizable interface
1994

| LavewmorHeux 1994 - LabVIEW 3
Add-On Toolkits — LabVIEW for HP-UX

September 1992 — Add-On Toolkits

= tZEXIEw for ‘g{mdows 1992 - New operating systems
— Microsoft Windows, OpenWindows, X Windows

April 1550 — Introduction on other platforms
U.S. Patent
= reoruary 19% 1990 - LabVIEW 2
1 Us paent — Mature product -- four years of customer feedback
January 1990 — Compiler to match industry needs
LabVIEW 2 1986 - LabVIEW 1
| — Introduced innovative approach to programming
October 1986 — Macintosh only possible platform
LabVIEW 1 1983 - LabVIEW concept

— Search for instrumentation software solution

April 1983 . .
o — Virtual instrument concept

LabVIEW Concept

In 1983, National Instruments began its search for an instrumentation software solution that would
minimize the time needed to program instrumentation systems. Through its effort, National
Instruments developed the LabVIEW virtual instrument concept — intuitive front panel user
interfaces combined with an innovative block diagram programming methodology.

In 1986, National Instruments introduced LabVIEW 1 on the Macintosh. Although the Macintosh
was not widely used for measurement and instrumentation applications, National Instruments
chose it because the operating system’s graphical nature best accommodated the LabVIEW
technology until the more popular operating systems could accommodate it.

By 1990, National Instruments had completely rewritten LabVIEW, combining new software
technology with years of customer feedback. More importantly, LabVIEW 2 featured a compiler
that made execution speeds of virtual instruments comparable with programs created in the C
programming language.

As new graphical operating systems came of age, National Instruments had the opportunity to
introduce the now mature LabVIEW technology on the other industry-standard controller
platforms — PCs and workstations. In 1992, National Instruments introduced LabVIEW for
Windows and LabVIEW for Sun based on the new portable architecture.

In 1996, LabVIEW 4 introduced a fully user-defined environment. The user could completely
redesign graphical Controls and Functions palettes.

In 1998, LabVIEW 5 is the most important release since the port to the Windows and Unix
platforms. With the power to make it simple, LabVIEW 5 includes multithreading, instrument and
DAQ wizards, ActiveX container support, automation servers, distributed computing tools,
translation tools, documentation tools, graphical differencing tools, programmatic menu bars, and
UNDO!
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Multiplatform Compatibility

* Platform neutral :!H \

* Leverage common ﬁ T
technology WINDOSS

» Migrate applications K
between platforms

* Also available on
Concurrent PowerMAX

Apple Computer
HEWLETT
[ﬁ/) PACKARD

Channel
Partner

Because LabVIEW is platform independent, you are free to choose the
computing platform to exactly meet your application needs. And the VIs you
develop on one platform can easily be migrated to other platforms.

The LabVIEW products for the different platforms are identical to each other.
Additionally, each product also has features to take advantage of the computer
platforms. For instance, LabVIEW for Windows uses ActiveX technology for
interprocess communication. LabVIEW for Macintosh uses Apple Events and
Program to Program Control (PPC).

LabVIEW does not lock you into one single computer platform or operating
system. As your application needs change, you can easily port ViIs from one
platform to another. LabVIEW is designed so that we can easily port it to other
platforms and operating systems in the future, thus assuring that your
investment in LabVIEW remains secure as new computer architectures
emerge.
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Integratin g Your System

Hardware and Driver Software

Hardw and Dr LabVIEW

cquisition and Contro

q PCor. Software
Workstation Analysis and

Presentation

] Sg
DAQ Products @ ‘
. ’ S
Serial Instruments =
Ty O ~
Process & & -~ GPIB Instruments Other
: “ n networked
% . _ ~ computers

Unit Under Test
VXI Instruments

By unbundling the key instrumentation functions, virtual instruments represent
a fundamental shift from traditional, hardware-centered instruments to
software-centered systems that exploit the computation, display, productivity,
and connectivity capabilities of powerful and cost-effective standard desktop

computers.

The computer can connect to serial, GPIB, and VXI instruments, as well as
data acquisition (DAQ) products, to take a real measurement or control a
process. And the computer adds another dimension to data analysis and
presentation: Your data can be analyzed, saved to a file, printed, exported to
another program, and published or viewed on the web with ease - which

traditional instruments just cannot do.

© National Instruments Corporation
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Who Is National Instruments?

A y /

National Instruments is the leading vendor for GPIB control products worldwide. Our
GPIB ASICs represent the leading edge of GPIB control technology. We manufacture
products for a wide variety of powerful industry-standard computers, including IBM
PCI, PC/XT/AT, PS/2, EISA, Macintosh, SPARCstation, IBM RISC System/6000, and
DECStation.

We have a wide selection of plug-in data acquisition boards, from high-performance
analog input boards to low-cost multifunction boards, for all PC platforms, even laptops.

National Instruments leads the VXI control market with a complete line of VXI
controllers and operating systems. We also invented the MXIlbus high-speed cable
standard to give general purpose computers control of VXI systems with the same power
as embedded VXI controllers.

The foundation for the instrumentation system is the software — LabWindows/CVI,
ComponentWorks, and LabVIEW. Each software package accommodates all aspects of
measurement and instrumentation, including data acquisition and control, data analysis,
and data presentation. LabVIEW, LabWindows/CVI, and ComponentWorks are
designed to simplify the construction of measurement and instrumentation systems.

National Instruments is driven by a vision for the future. We are changing the world by
changing the way the world uses instrumentation. By taking advantage of high-
performance industry-standard computers, we are leading a revolution in which

scientists and engineers will use these computers running powerful new software to

build their own virtual instruments. These modular instruments are more cost effective,
more flexible, and adapt more readily to changing needs than the instruments of the past.
We are leading the way to the future of instrumentation, a future in Whietsoftware

is the Instrument

© National Instruments Corporation 11 LabVIEW Basics | Course Instructor Manual



National Instruments Technical Support Options

« Electronic Support
Fax-on-Demand - 24-hour information retrieval system (512) 418-1111

WWW,BBS, & FTP - collection of updates, instrument drivers, additional
files, and documents to answer common questions

http://www.natinst.com
(800) 327-3077 or (512) 794-5422
ftp.natinst.com

login: anonymous

password: your e-mail address

o Fax e (800) 328-2203 or (512) 794-5678
o E-mail s support@natinst.com
» Telephone - (512) 795-8248

Technical Support Form - LabVIEW » Help Menu

enter all info regarding system and support issue

Be sure to emphasize that the customers should try to answer their
guestions first by accessing WWW, Fax-on-Demand, BBS, or FTP. If
those sources do not provide an answer, then contact the applications
engineers through fax, e-mail, or phone.

Demonstrate the Technical Support Form located in&id/IEW »
Help menu.
» Save info in TSF file; once entered and saved, the TSF
automatically accesses the TSF file for future reference.
* You can save the form as a text file, so information saved in an
ASCII file can be e-mailed or faxed to tech support.

E-mail support is also provided for National Instruments product lines
atsupport@natinst.com
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Course Map

Day 1 Day 2 Day 3

» Give a rough time frame of topics to be covered:
e Day1 -
* Introduction to LabVIEW
« Creating, Editing, and Debugging a VI
 Creating a SubVI
 Loops and Charts
« Day 2 -
* Arrays and Graphs
» Case and Sequence Structures
« Strings and File 1/0

* Day 3 -
*(Find out if anyone is leaving early on the last day. If so,
you may need to switch the order of the last two lessons.)
* VI Setup
* Instrument Control
» Data Acquisition

Page SG-9:
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Course Exercises Notation

Front Panel
iz} Auto Match. vi o= Block Diagram
Fie._Ear_Dperte_Froect 1 [y T~
E{>IQ§I /@5@5@\; 1] ” 13pt &4pp | Elle Edit Operate Project Windows Help |:|
@i 1l I @ ko IE’L}%; |T3pt Application Font =] |8 =] I‘:IZIE vl
[
Murnber ta Match
- Round To Meares
] = : :
m50 B>
“digital control® .
Da}qu Har&ge o i Mot Equal?
in= ]
Mot = 100 . I> ..............
Inc =1 by
Out of range -» Suspend
Frecizion =0 Mumber to Match D
Increment
b “istarts at 0
r | B zoincrement by 1% =
/ | | ol .4

Name of object Where it can be found
* Comments * / /

Do not enter these &z, Random Number (0-1) (Numeric subpalette)
Il Returns a random number between 0 and 1.

Description

Page SG-10:

* Point out the different conventions in the LabVIEW ViIs and in
the course manual.

« Comments are for information only; studentsmdneed to type
these comments during the exercise.

« Point out the hardware symbol in the course manual conventions.
If students plan to do exercises after the class, they may need
additional hardware.

» Discuss the function explanations that appear in the exercises.

Use theRandom Number (0-1)function on this slide as an
example.
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Lesson 1
Introduction to LabVIEW

You Will Learn:

A. What a virtual instrument (V1) is
B. The LabVIEW environment
C. LabVIEW Help Options

Page 1-1:

* Find out how long the students have been using LabVIEW. This
will give you an idea of how slowly to cover this chapter.
Remember that it is Basics Icourse, so expect some new users.

e Discuss what will be covered in Lesson 1.
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Virtual Instruments (VIs)

Tem erature
Front Panel |
¢ Controls = Inputs Mode 100 uu—
* Indicators = Outputs ﬁc 75.00-
, F
Block Diagram 50.00-
¢ Accompanying “program” for front 25.00-
panel 000- &
« Components “wired” together
M True B f[Fals= b
L I
> >
......... Corweert to C degrees F

Page 1-2:

» LabVIEW programs are called virtual instruments (VISs).
Stress that controls equal inputs, indicators equal outputs.
» Each VI contains three main parts:
» Front Panel — How the user interacts with the VI.

 Block Diagram — The code that controls the program.
* Icon/Connector — Means of connecting a VI to other Vis.
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Icon/Connector

Mode HTE'ITIP Temperature

frers * Anicon represents a VI in other
block dia grams

icon

terminals
* A connector passes data to and
receives data from a “subVI”
connector throu gh terminals

Page 1-3:

e |con:

» Means of turning a VI into an object that can be used in
other programs (compare it to a subroutine).

» Graphically represents the VI in the block diagram of
other VIs.

 Connector:

» Terminals define where to wire inputs and outputs.

» Analogous to parameters of a subroutine.

» Terminals correspond to controls and indicators on the front
panel.

» Hidden under the icon unless the user chooses to view it.
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Example: Temperature VI

- Loop Delay [sec]
# of Readings LO;D Del; 0 8L
. ; :

1_0Q4_u

oo 5.0

Temperature Signal

T emperature Signal

1000.00

Pages 1-3 to 1-4:

e LabVIEW is hierarchical in nature:

* You can have many layers of VIs.
« Very modular, easy to debug and change.
» This is why LabVIEW is so powerful.

» Explain the example in the slide:

« Show the relationship between front panel objects and their
corresponding terminals on the block diagram.

« # of Readings control for entering number of
measurements to be read.

» Loop Delay amount of time between measurements.

» Temperature Signalindicator that displays the
temperatures that have been read.
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LabVIEW Files

Windows 95
Start menu (task bar) » Pro grams » LabVIEW » LabVIEW
Macintosh (7 4pplibs (27 Examples
(2 Cintacls [C3 Instrlib
[ Help (23 Project
[ Menus (3 Userlib
(23 resource labrvig
Cavilib @_ BASICS.LLE

» Keep vi.lib in the LabVIEW directory
* Save all course work in the BASICS.LLB library

* Place Vls or VI Libraries in User.lib or Instr.lib to have them
appear in the LabVIEW Control and Functions Palettes

Pages 1-5to 1-6:

» Explain that the course is for mixed platforms, so some slides may
have three sets of information.

* For all platforms, the LabVIEW system consists of the LabVIEW
application and associated files. Describe these files and
directories: vi.lib, Examples, Help, user.lib,
instr.lib, and BASICS.LLB

* Windows 95 - LabVIEW Group
* LabVIEW: Starts the LabVIEW program.
* NI-DAQ Configuration Utility: DAQ configuration utility.
e Macintosh - LabVIEW Folder and System Folder.
« LabVIEW: LabVIEW and other associated files.
e Sun - LabVIEW Directory
* LabVIEW: Starts the LabVIEW program.
» Other associated files.
« HP-UX - Same directory structure and contents as Sun except for
GPIB.
» There are several other supporting programs.
* ibconf andibic do the same thing as on the Sun

© National Instruments Corporation 19 LabVIEW Basics | Course Instructor Manual



LabVIEW Startup Screen

5 LabVIEW

I LabVIEW50 —=

& Craphical Programming for Instrumentation

rrrrr

| Solution ‘Wizards I

Quick Tip
Usze the Execution Highlighting feature to gain greater understanding | Search Examples I
of dataflow programming.

| LabtIEW Tutarial I

rrrrr

e ]| | Esit |

[~ Da not show this window when launching

Pages 1-6 to 1-7:

» This slide shows the startup screen for LabVIEW 5.0
« Explain the various buttons on the screen as follows:

* New VI -Creates a new VI.
» Open VI -Opens an existing VI.

* Solution Wizards - Launches an interactive utility that allows
users to make custom data acquisition and instrument control
applications.

» Search Examples -Opens a utility that lists and opens the
LabVIEW example VIs the user selects.

e LabVIEW Tutorial - Launches the interactive online tutorial.
You need the LabVIEW distribution CD to access the tutorial.

* Exit - Quits the LabVIEW application
» The screen also includes quick tips.

» The switch at the bottom of the screen allows the user to select this
version or the abbreviated version of this screen.

* Instructor: After LabVIEW has been launched, the checkbox at the
bottom of this window is replaced by a switch that gives the option
of the small or large dialog box.
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Panel Window

2! Temperature Monitor_ vi Icon
[Eie Edt Opeiate Project Windows Help  [@epf Pane
0 E{}I{é_?’l |/@%Q$§$%@\i | [13pt dpplication Font =] |3 =] [0a=] |29 =]
$ggleblar Loop Delay [sec j
# of Readings 20 30 g\:\z%d
H,— Label
lgg:tt?(l) | ——/'jM 1.0 4.0 Knob
Control
0 &0
Temperature Signal
90.0- Temp EI E:ger;d

85.0-

Free /’DEQF a0.0-

Label +—— Chart

[ 14 | ﬂJf

Pages 1-7 to 1-8:

» This slide represents the front panel of a typical VI.
* Point out the elements in the Panel window:
» Panel Toolbar: contains tools and command buttons used to

control the VI.
» Discuss the controls, indicators, and labels.
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Diagram Window

EE Temperature Monitor.vi Diagram
File Edit Operate Project ‘Windows Help TEMF
= ey
=& ] @ [l B2 [13rt Application Fant -] [3 =] [5S
. |- Wire Data
Digital Control i of Readings
Terminal A N
efperature Signal
frer]— 5553
Loop Delay [sec \‘\ Chart
Knob [DBL] Terminal
Terminal P g \\\
Multiply — E, SubVI
Function 1000.00 — ’
Numeric— || Gl 7 m
Constant H
Timing/_ i 4 iy For L
Function 4 » or Loop
'—I I 4 Structure

Pages 1-7 to 1-8:
» This slide shows the block diagram for the front panel on the last

slide.

 Point out front panel object terminals, constants, and nodes.
(Note theWait Until Next ms Multiple function,Multiply
function, subVI, and wires.)

* Reinforce front panel object-terminal relationship.
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Status Toolbar
| /@ i 1] I @pt.ﬁ.pplication Fant B = m IEE

Run button

= Continuous Run butto Additional Buttons on the
Diagram Toolbar

Stop button

[M  Pause/Continue button @ Execution Highlighting

button
IW Fonting [kl Step Into button
m Alignment ring =) Step Over button
= =] Distribution ring = Step Out button
I?!El Reorder ring
Warning indicator
gkl Enter button

Pages 1-9 to 1-10:

* Launch LabVIEW and discuss the buttons using the computer:
» Tools used to create, modify, debug, and execute VIs:
» Panel Toolbar: Located in the Panel window.
» Explain each button as described in the manual.
» Broken Run: Click on it to find errors.
» Continuous Run: Use for testing sections of code.
» Stop: Not a clean way to terminate the program.
Avoid using it. Use a switch on the panel.
» Diagram Toolbar: Additional tools to debug the VI.
« Explain each button as described in the manual.

« When running a VI, the font, alignment, and distribution rings
disappear because they are editing tools.
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Menus

« Pull Down Menus |Eile Edit Operate Project Windows Help |

* LabVIEW Pop-Up Menus

Windows

Sun

HP-UX - Click on object
with ri ght mouse
button

Macintosh - Hold down open-apple
and click with mouse
button

Pages 1-10 to 1-14:

* Pull-down menus contain options common to most Windows applications, as
well as others that are particular to LabVIEW.

» Explain the menus using the computer:
» Don't go into great detail. Discuss the “high points.”

* Convert CVI fp andUpdate VXIp&p driver (File) converts

LabWindows/CVI DLL and fp files and VXllug&play DLLs to

LabVIEW Vs or VI libraries.

* Show Profile Window (Project) - Can be used for benchmarking.

*Edit Control & Functions palette (Edit) - Can be used to design
your own palettes.

*Find (Project) - Find LabVIEW VIs, functions, and objects in
memory.

* After you discuss thelelp menu, point out that the Online Reference
includes all menu details.

* Point out the Technical Support Form and Search Examples in the
Help menu.

* Show how td?op upon an object.
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Loadin g/Saving VIs

@Edit Operate  Project  winc

Use to New Ctl+N
Load Vis > Open.. Cir+0
DA Solution Wwizard...
Cloze Chila
Use to Iy Save Crl+5
Save Vis > Sawvefs.

™ Saved Copyds..
A Save with Option...
Bewvert...

Frinter Setup...
Frint Documentation. ..
Brint Window. .. Chl+P

Edit I Librany...
Edit Template...
tazs Compile...
" Conwert vl EP File...
" Update Wxlplughplay Drivers. ..

E xit Chrl+0

Page 1-11:

» Use theFile menu to open (load) and save VIs or save VIs into
the VI library.

» Point out the difference in appearance of directories, VI libraries,
and files.

» LabVIEW will use native OS file dialogs by default. To use
LabVIEW dialogs, uncheck the option kdit »
Preferences» Miscellaneous

* Instructor: Explain to the students in the issues regarding saving
VIs in directories instead of libraries. Libraries have a higher
probability of turning corrupt. Advantage only for Windows
limitation for eight character file names.
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Tools Palette
¥  Operating Tool

MT L, 4L 7 Positioning/Resizing Tool
X
; E 3 A@ Labeling Tool
/ ¥ Wiring Tool

E— k5 Pop-Up Menu Tool
+ Editing and Debugging Tools Scrolling Tool
+ Floating Palette Breakpoint Tool
Probe Tool
Color Copying Tool

Coloring Tool

W 2 @

e

Pages 1-14 to 1-15:

» Graphical, floating palettes.

Tools can be used for editing, debugging, and operating VIs.

You can hide/show palettes by enabling or disabling them via the
Window menu.

Shortcut key (shift-pop up - Windows)

Shortcut key (Command-shift-pop up - Mac)
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Controls and Functions Palette

Controls Palette Functions Palette
(Panel Window) (Diagram Window)

Analyzis

3 3
el 123) (Il F

¥
a

} HEE] M
and i

Ring

=j O4&
o
b B

v lv
[l [=[=]
i [eof=]
[-=lr]

Graphical, floatin g palettes
Subpalettes can be converted to floatin g palettes

Pages 1-15 to 1-19:

» Graphical, floating palettes.
* You can access th@ontrols paletteonly from the Panel window.

* You can access thfeunctions paletteonly from the Diagram
window.

« If palettes are not displayed, you can access them vi/itngdow
menu and select tighow Functions/Controlspalette

* OR, pop up on open area of panel or diagram window to display
Controls andFunctions palettes, respectively.

» Tack down by clicking on the pushpin on the top left corner of the
palette.

» Click on subpalettes to access functions, controls, VIs. You can
tack down subpalettes using the pushpin.
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VI Libraries

« Similar to directories or folders

* One file — easier to transport VIs between computers
» Save Vls inside a VI library

» Not hierarchical — can’t create libraries within libraries
* Compress Vs

* Names up to 255 characters including .vi extension

|_ 1 2pplibs
VI Library — | [81 BASICS Ik
|_11 Cintools
dprintf k=t
|_1 Examples
labwiew.exe
VI — @ sta_test.vi
Directory — || ¥ilib

KN I

"l; —

Pages 1-19 to 1-21.

* You can save a VI in a directory or you can save several ViIs in a
single file called a VI library.
 Not hierarchical: You cannot have libraries within libraries.
« Point out different folder icons: Directory vs. VI library.

* Advantages:

* Single file is easier to transport between computers and
creates platform-independent filenames.

» Compresses VIs.

* Platform independent.

* VI names up to 31 characters long.

 Created for the Windows platform; not as necessary for
other platforms because file naming conventions are not as
restrictive as in Windows.

» Disadvantages:
* If one file gets corrupted, you could lose a lot of work (so
make frequent backups).
 Recommend saving major applicationglirectoriesinstead
of libraries.
» Always make backups!
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Movin g VIs Across Platforms

» LabVIEW automatically translates and recompiles Vs
* VIl libraries simplify VI transfer from one platform to another
— Transfer many VIs in one VI library

— Use long filenames for the VIs even if a platform restricts
filename length

« File transfer utility mounts a disk from another platform
— Windows : MacDisk and TransferPro
— Macintosh : DOS Mounter and Apple File Exchange
— Sun: PC File System (PCFS)
— HP-UX: doscp command.

Note: Certain operatin g system-specific VIs are not portable —
for example, DDE, OLE and AppleEvents

Pages 1-22 to 1-23:

» Explain that the user will need a file transfer utility only to move
VIs from one platform to another; all LabVIEW translations are
done automatically.

 If VIs are not placed in VI libraries, then their flenames are
limited to 8 characters in Windows 3.1, 255 characters in
Windows 95 and NT, 31 characters on Macintosh, and 31
characters on Sun.

» Explain that operating system-specific VIs do not transfer from
one platform to another; CINs also do not transfer because each
platform uses a different C compiler.
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Exercise 1-1 on page 1-24

Students open and run Frequency Response.vi
Time to complete: 15-20 min.

Pages 1-24 to 1-26:

» Step the class through launching LabVIEW, opening the
Examples Wizard, and opening the Frequency Response.vi.

» Demonstrate how to operate controls.

» Point out the difference between the controls and indicators on
this panel.

» Ask students to read through the exercise and play with the VI on
their own.

« Common questions:

* Instructor: This is a new exercise. Please enter any questions
and answers into the CAR database.
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Help Options

Help Window (Help menu)
» Simple/Complex Diagram Help
* Lock Help
* Online Help

Online Reference (Help menu)
* All menus online

» Pop up on functions in diagram to access
online info directly

Pages 1-27 to 1-28:

» Use the Frequency Response example from the first exercise to
demonstrate the Help window and online help
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Exercise 1-2 on page 1-29

Students open and read selections from the
Online Reference
Time to complete: 10 min.

Pages 1-29 to 1-30:

» Demonstrate how to open the online reference on your computer.
Do not go through all the details of the text.

« Common questions:

* How do | open the underlined subject titles to see the text?
The underlined phrases are hypertext; click on them with the
mouse.
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Summary

» Panel and Diagram Toolbars contain tools for operating, editing,
and debugging in the windows

* Menu options allow you to access different features in LabVIEW

» Use pop-up menus to customize any object in LabVIEW. Right-
click on Windows 95/NT/3.x, Sun, HP/UX, or shift-Command-
click for Macintosh

* Floating Palettes
. Tools Palette
. Controls Palette (only when Panel Window is active)
. Functions Palette (only when Diagram Window is active)

» There are help utilities including the Help Window and Online
Reference...

Page 1-31:
» Do not immediately display this slide.

» Suggested questions for class participation:

 What are the two main windows in the LabVIEW
environment?

 What do the Panel and Diagram Toolbars contain?

 What are the differences between controls and functions?
Where are each located?

« What are the three palettes in the LabVIEW environment?
» What are pop-up menus? How are they used?
 How do you get help?

* Review slide: The purpose of Lesson One was to introduce the
LabVIEW environment and VI concepts.

 When in doubt, pop up!!
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Lesson 2
Creatin g, Editin g, & Debugging a VI

You Will Learn:

A. How to Create VIs
B. How to Edit VIs
C. How to Debug Vis

Page 2-1:

 Briefly explain the topics to be discussed in this lesson.

» Point out that there are useful tips and tricks at the back of the
chapter.
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Creatin g a VI Front Panel

¢ Numeric controls and indicators

» Boolean controls and indicators

» Configuring controls and indicators
—Use pop-up menus
— Parts have different menus

DOlutput Digital
0o Indicator Yertical Switchl  Bound LED
Label J
[nput g
Increment -
—%@on | Digital Boolean Boolean
Buttons — %00 Control Control Indicator

Page 2-2:
» Creating the front panel (user interface):

* Built with controls and indicators:

» Controls: Supply data to the VI.

* Indicators: Display data generated by the VI.

* Point out the difference of control vs. indicator
terminal borders in the diagram window (controls
have a thicker border)

* Also, they can find out if it is a control or indicator by
checking the pop up menu of the object and referring
to the first item Change to Indicator or Change to
Control)

» Explain graphics on slide:

* Numeric controls: Point out increment buttons.

* Numeric indicators: No increment buttons.

» Boolean objects: Ask class which Boolean is a
control and which is an indicator.
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Accessin g Pop-Up Menus

Pop up on the label for - .
its pop-up menu. Pop up on the digital display
for its pop-up menu.
J Size to Text F
Lateel

i]l 0.00 Change to Indicator
Spnchronous Display
Find Terminal
Show »

Data Operations:  »

H Create
WIndOWS Fep Mavigation...
Sun Replace »
HP'UX = CIICk on ObJeCt Wlth Reprezentation »

right mouse button palafiange.
ormat & Precisian...

Macintosh - Hold down open-apple and
click with mouse button

Pages 2-2 to 2-3:
* Pop-up menus: Most often used LabVIEW menus.

» Explain the different ways to pop up on each platform.

» Most LabVIEW objects have these menus for modification
of attributes pertaining to that object.

» Functions/Controls palettes are available as pop-up menus.

* Instructor: Explain the difference between a label and a
caption for a control/indicator. A caption is used for
localization and documentation features, and a label is the
LabVIEW reference between a control/indicator and its
terminal.
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Creatin g a VI Block Dia gram

Panel Window

ﬂ A+B
4
» B.00 10.00
| A -8
& . .
5400 2l Diagram Window
2]
[wsL ]
Control i
Terminals< ?g;&?ﬁ%s
B /
DBL /
b Wires Nodes
Terminal pattern for the

Add Function and the
Subtract function (three
node terminals).

Pages 2-3 to 2-4.

» The block diagram is the “code” for the VI.

» Note: Wires can cross each other. You will see a small gap in the
wire. You can have bubbles at wire junctions by modifying
Preferences(Edit menu) »Block Diagram and selectinghow
dots at wire junctions.

» Composed of nodes, terminals, and wires:

* Nodes Program execution elements (analogous to
statements, functions, and subroutines).

 Functions: Built-in nodes for elementary functions.

» SubVIs: Vs you design and later call from the
diagram of another VI.

« Structures: Control the program flow.

* CINs (Code Interface Nodes) Interface to user-
supplied C code.
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Wirin g a VI Block Dia gram

Scalar 1D Array 2D Array

Numeric Orange (floating point)
Blue ( integer)
Boolean Green
String wamnsannn Pink
Hot Spot —_ Tools to Help Wirin g
- Tip Strips
- Pop up on terminals
and select Show Terminals
- Help Window

Pages 2-4 to 2-5:

» Explain the difference in colors.
» Explain that arrays and strings will be covered later in the course.

» Demonstrate wiring by placing two controls, one indicator, and an
Add function.

» Use the Help window (point out how terminals in the Help
window flash when the tool passes over the actual function
terminal).

* Pop up on thédd function and sele@how Terminals
 Point out Tip Strips.
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Dataflow Pro grammin g

* Block diagram does NOT execute left to right
* Node executes when data is available to ALL input

terminals
* Nodes supply data to all output terminals when
done
Mumber 1
umber 1
MHuriber 2
MHumber 3|
..... — Fesult 2
B s
MHumber 4 |

Pages 2-6 to 2-7:

» Data flowis the principle that governs how LabVIEW programs
execute.

» Explain the diagram on this slide with emphasis on data flow.

* The node executes when data is availabbdl af its input
terminals.

» The node supplies data on output terminals when it finishes
execution.

» Not executed left to right nor top to bottom.

* If you have time, build the above diagrams on your computer and
demonstrate the data flow using execution highlighting.
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Exercise 2-1 on pa ge 2-8

Students build Convert C to F.vi

* This VI will be used in a later exercise
Time to complete: 20 min.

Pages 2-8 to 2-10:

» When students finish, review the following points:
* Discuss how the diagram corresponds to the front panel.

» Point out that control terminals have thicker borders than
indicator terminals.

* Demonstrate how to find corresponding terminals by
popping up on front panel objects and selecBhgw »
Terminal.

» Show that when typing labels:
—<Return> acts as a linefeed.

—To have <Return> “enter” data, chodsdit »
Preferences » Miscellaneousienu.

« Demonstrate the difference between clicking once, twice,
and three times on a wire.

» Explain how to us®emove Bad Wires Emphasize its key
shortcut: <Ctrl-B | Meta-B | Option-B>.
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Editin g Techniques

Creating Objects from Diagram Window

Selecting Objects

Deleting Objects
Undo and Redo

Free vs. Owned Labels
Wiring Techniques
Changing Fonts and Text Colors
Copying Objects
Using Color

Pages 2-11 to 2-15:

Demonstrate the following on your computer.
» Selecting objects - Use the Positioning tool.

* Moving objects - Select and drag with mouse, or select and
move with arrows (holding <Shift> restricts movement to
horizontal or vertical).

» Deleting objects - Select and press <Delete> oQugeor
Clear in Edit menu.

» Labeling objects - Explain the differences between owned
and free labels.

» Changing text - Highlight and use the Font Ring.

» Resizing objects - Use the Positioning tool, which changes
to a frame at the object corner.

 Aligning and distributing objects - Select objects and use
the ring controls in toolbar.

» Copying objects €opy andPaste

» Using color - Use Coloring (Paintbrush) tool and pop up on
the object (T for transparent).

 Undo and Redo
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Exercise 2-2 on page 2-16

Students modify Editing Exercise.vi
Time to complete: 20 min.

Pages 2-16 to 2-19:

* When the students finish, review the following points:
» Ask if they had any problems editing the front panel.

 Point out the difference between moving an object and it
owned label and moving only the owned label.

» Show how to switch between foreground and background
color in theColor palette by pressing keys.

» Explain how to make a label transparent. (Selewith the
Coloring tool).

* Demonstrate popping up and how students can create
constants, controls, and indicators from the block diagram.

« Common questions:

* How do | resize a circle without changing it to an ellipse?

Hold down <Shift> as you resize. You can keep the center point
of the circle stationary by holding down <ctrl> as you resize it.

* When | align buttons, why do they go on top of each other?
You aligned them vertically instead of horizontally. Select Undo
from the Edit menu and then use Vertical Centers to align the
buttons.

* What is the difference between “Align” and “Distribute”?

Align puts the edges of selected objects on a specified line.
Distribute affects the spacing of objects.
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Debugging Techniques

 Findin g Errors

Click on broken Run button
Window showing error appears

» Execution Hi ghlighting

@ Click on Execution Highlighting button; it changes to
Data flow is animated using bubbles. Values are
displayed on wires.
» Probe
Pop up on wire to display probe — shows data as it

[1] Prabe flows through wire segment
1.1674E+1

Or, select Probe tool from Tools palette and click on wire

* Breakpoint

Select Breakpoint tool from Tools palette and click on
wire or item where you want execution to pause

Pages 2-20 to 2-21.

* When your VI is not executable, a broken arrow is displayed in
the Run button in the palette.

» Demonstrate debugging techniques on the computer:

* Finding Errors: To list errors, click on the broken arrow.
To locate the bad object, click on the error message.

« Execution Highlighting: Animates the diagram and traces
the flow of the data, allowing you to view intermediate
values.

Click on thelight bulb on the toolbar.

* Probe: Used to view values in arrays and clusters.
Click on wires with théProbe tool or pop up on the wire to
set probes.

» Breakpoint: Set pauses at different locations on the
diagram.

Click on wires or objects with thereakpoint tool to set
breakpoints.

» UseDebug DemonstrateVl from BASICS.LLB to demonstrate
the options and tools.
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Debugging Techniques

 Step Into, Over, and Out buttons for Sin  gle
Steppin g

lka Click on Step Into button to enable sin  gle steppin g
Once Sin gle Steppin g has be gun, the button will
step into nodes

Click on Step Over button to enable sin  gle steppin g
or to step over nodes

[o#] Click on Step Out button to step out of nodes

Page 2-20:

 Single steppingexecutes the diagram node by node.

* You can access single stepping from the diagram toolbar by using
the step functions found on the diagram toolbar.

» Use Step Into/Step Over to begin single stepping.

» Step Into: Steps into a node. If there is a subVl, it will then bring
up the subVI diagram and enable single stepping through it.

» Step Over: Executes nodes but visually does not single step
through nodes.

» Step Out: Steps out of nodes, if the diagram has completed
execution; click on Step Out to terminate single stepping mode.

» Demonstrate witlbebug DemonstrateVI.
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Exercise 2-3 on page 2-22

Students modify and run Debug Exercise (Main).vi
(Uses Debug Exercise (Sub).vi)

Time to complete: 20 min.

Pages 2-22 to 2-25:

* When the students finish, review the following points:
» Ask if they had any problems using the debugging tools.
« Common questions:

* Why doesn’t Step Over work on the subVI? If you had
previously Stepped Into the subVI, then a breakpoint is set on
that subVIs panel. Disable the breakpoint by unselecting the
Pause button in the toolbar. Now when you run the main VI and
Step Over, it will work.

* Why do the numeric values in the panel not come out
even? The numeric indicators are only showing 2 digits of
precision, but the actual values have many more significant
digits. To get more precision, pop up on the digital indicator and
select Format and Precision and increase the Precision value.
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Summary

* Two windows to create a VI -- Front Panel and Block
Diagram
» Control terminals have thicker borders than indicator
terminals.
 All LabVIEW objects have pop-up menus
» Wiring
Mechanism to control dataflow and produce
LabVIEW programs
* Broken Run arrow = nonexecutable VI

* Various debugging tools and options available such
as setting probes and breakpoints, execution
highlighting, and single stepping

Page 2-26:

* Do not immediately display this slide.

» Suggested questions for class participation:

» What are the three main parts of a VI?

» What is a Boolean control? (Give an example.)

* What are the two main windows in the LabVIEW
environment?

» What is the purpose of wiring?

* How can you tell if a VI is nonexecutable?

* What are pop-up menus? How are they used?

» What are some of the debugging tools available in the
LabVIEW environment?

* Review slide: The purpose of Lesson Two was to introduce the
LabVIEW editing and debugging techniques.

* When in doubt, pop Up

» See the tips and tricks and the end of the chapter to practice while
doing exercises.
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Tips

e Tip 1 — Command key shortcuts
Windows _ Sun HP-UX _ Macintosh
<Ctrl-lR> <e¢-R> <M-R> <7 -R> RunaViI
<Ctrl-F> <e¢-F> <M-F> <z -F> Find object
<Ctrl-H> <¢-H> <M-H> <z -H> Activate Help window
<Ctrl-B> <¢-B> <M-B> <z -B> Remove all bad wires
<Ctrl-W> <e¢-W> <M-W> <z -W> Close the active window
<Ctrl-E> <e¢-E> <M-E> < -E> Toggle btwn Diagram/Panel Window

« Tip 2 — Accessing Tools Palette with <shift>-popup.

e Tip 3 — Use <Tab> to select tools; use space bar to toggle
between the two commonly used tools

« Tip 4 — Increment/Decrement faster

« Tip 5 — Preferences menu selection - set options in LabVIEW
* Tip 6 — VI Setup (Icon Pane) sets execution/window options

* Tip 7 — Project menu - many features to aid in VI management
* Tip 23 — Undo and Redo

Pages 2-27 to 2-31.

» Demonstrate these techniques so that students can practice them
throughout the course.

 Highlight the following tips:
» Hot keys (ctrl -b, ctrl-e, etc.)
» Accessing functions and controls palettes by popping up

» Accessing tools palette temporarily by shift - popping up
(Windows) or shift - command - pop up (Mac)

 Tab to toggle through toolbars

» Spacebar to toggle between positioning and operating tool
(panel toolbar)

» Spacebar to toggle between positioning and wiring tools
(diagram toolbar)

» Wiring: spacebar to change direction

» Wiring: click with right mouse click to terminate wiring
once started

» Undo and Redo in the Edit menu
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Additional Exercises on page 2-32

2-4 -- Students build Compare.vi
Time to complete: 15 min.

2-5 -- Students build Divide.vi
Time to complete: 20 min.

Page 2-32:

» Only those students working ahead should do this exercise. Do
not spend time for the entire class to complete any additional
exercises. If students get ahead later in the class, suggest that they
either skip to the end of the current lesson and do its additional
exercises, or return to previous lessons and finish those exercises.

 If a few students have questions about an additional exercise, use
your judgment about how you should answer them. If the whole
class could benefit without getting confused, take the time to
explain the issue. If not, explain it to those interested during a
short break.

« Common questions:

* How do | keep the numbers from being divided if the input
is 0? In this exercise, you divide by 0 anyway and turn on an
LED to alert you to the problem. We will discuss conditional
programming in a later lesson.
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Lesson 3
Creatin g a SubVI

You Will Learn:

What a SubVI is.
How to create the icon and connector.
How to use a VI as a subVI.

oo w >

How to use the Create SubVI menu
option.

Page 3-1:

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

* The key to creating a LabVIEW application is understanding and
using the hierarchical nature of the VI.

» After you create a VI, you can use it as a subVI in block diagram
of a higher-level VI.

e This lesson covers:
 What a subVI is.
 How to create a VI icon and connector.

 How to use a VI as a subVI.
» TheCreate SubVI option.
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SubViIs

* Means of using a VI in the block diagram of a
higher-level VI

* Requires icon and connector

Digital Contral 1

5
=470 Digital Indicator
Digital Control 2 LA
=N
“ertical Switch Digital Contral 1
& Digital Contal 2 Digital Indicato]
DBL subyl [

Pages 3-2 to 3-3:

» A subVl is analogous to a subroutine.

* When creating a VI, you should:
« Start with the top-level VI and define input and output.
» Construct subVIs as necessary to implement the desired
functionality in the block diagram.

» The modular approach makes applications easier to debug and
maintain.

» Explain diagram. (The functionality of the subVI does not matter

for this example. The important point is the passing of two
numeric inputs and one numeric output.)
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SubVI Example — Calculatin g Slope

#1 il

l ]

=400 | %i[1.45 | Slope [m
1.32

2] 2]

Page 3-3:

* Instructor : Build this example sub\lope.vion your computer
and demonstrate creating an icon/connector and calling the VI
from another VI.
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Creatin g the Icon

» Pop up in the icon pane (Panel or Diagram)
» Always create black and white icon

EE Icon Editor
File Edit Help

B & Copy fram:
R Feblp B @ Do
i e

(2,521

]
™ Show Temninal:

1E Calars

Cancel |

Pages 3-4 to 3-6:

» Every VI has its icon displayed in the upper right corner of the
Panel and Diagram windows. (The default is a LabVIEW icon.)

» Use Icon Editor to design the icon.

* From the Panel or Diagram window, pop up on the icon and
selectEdit Icon...

» Design separate icons for monochrome, 16-bit color, and
256-bit color modes.

» Use theCopy From command to make a copy from one
color mode to another.

» Double-click onSelecttool and press delete to clear icon

» Double-click onRectangletool to add border around icon

» Using your computer, demonstrate each tool in the Icon Editor
and draw a simple icon.

© National Instruments Corporation 52 LabVIEW Basics | Course Instructor Manual



Creatin g the Connector

Pop up in the icon pane (Panel only)

I slope. vi =l
File Edit Operate Project Windows Help (fzn
()& @] [130t Application Fant =] IE,;,_‘@ By S,
. Editlcon...
Show Connector
ﬂ 1) Add Teminal
cl [ Femawve Terminal
4.00 1.45
L k! Zlope (m Fatterhs »
1.32 Fiotate 90 Degrees
ﬂ ﬂ Flip Harizantal
?1 ] | 311 740 | Flim wertical

Digcannect Sl Temminals

. Dizcontest This Temmiral
« | This Connection (s »

 —
14 | a7 |

Pages 3-6 to 3-9:

* The connector is a programmatic interface to a VI:

» Data passes from controls and to indicators via terminals on
the connector.

* The connector is defined by assigning Front Panel objects to
input and output terminals.

» Demonstrate th&how Connectoroption:

» A Connector Pane replaces the icon.

« Pattern selection is based on objects on the front panel.

» To select a different pattern, pop up on the connector and
choosePatterns.

» Note the various ways to rotate and flip patterns.
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Creatin g the Connector - cont.

Click
B slope.vi = Ml E3
File Edit Operate Project ‘windows Help E]
@I@I |13t Application Fant /_vﬂgm_v[ [Ga=] [ED=] |
E
il el
oo El
o0 | 4| —
1.32
%2 12
=T e |
Kl [

Page 3-9:

» Demonstrate how you can illustrate which terminal is attached to
which control/indicator. Click on a terminal or control

© National Instruments Corporation 54 LabVIEW Basics | Course Instructor Manual



The Connector Pane

* The terminal colors match the data types to which
they are connected

» Click on the terminal to see its associated front
panel object

! slope.vi = [ [O] =]
File Edit Operate Project Windows Help
=[] [ 1] [13et Application Fort
il pal
Swog | Smas | o
bl Sloee rnE
iz |
2| 2|
5850 3720
Page 3-9:
» Connector continued.
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Exercise 3-1 on page 3-10

Students build icon and connector for
Convert C to F.vi

*This VI will be used in a later exercise.
Time to complete: 15-20 min.

Pages 3-10 to 3-11.

« Common questions:

* Why are there black-and-white, 16-color, and 256-color
icons? If you will distribute a VI to different target machines,
you can make an icon in all three modes. Then, depending on
the target machine’s video driver, the appropriate icon can be
used. For functions to appear in the Edit VI Library screen, you
must make a black-and-white icon. You use the color version in
your diagrams by selecting that icon before pressing OK in the
Icon Editor.

* What is Copy From used for in the Icon Editor?  After
making a black-and-white icon, you can click on the 16-color
version and then use Copy From Black and White . Or, if you
have a 16-color icon, you can click on another version and use
Copy From 16 Color . This option reduces icon development
time.
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Using a VI as a SubViI

—{FFunctions
Changes made to subVI saved in @
memory until saved to disk =1
. o 3
Calling subVis v @/
: BEE
* Functions » Select a VI... R
]
OR i S5
. . IM"I:."’M M
* Drag icon onto target diagram
_ilﬂliliutlhpplication Forit _v”
{elp =
| o o —
: Ly

Page 3-12:

* You can use any VI that has an icon and connector as a subVI in
the block diagram of another VI.

 Drag the icon pane to the diagram of the target VI.

 Select theSelect a VI...option from the~unctions palette.

» The file dialog box is displayed. Select any VI file.

« Add commonly used ViIs to tHeunctions palette by placing
them inUser.lib  in theLabVIEW directory.

» SubVIs are analogous to a subroutine:

* A node is not a subVI itself, just a subroutine call.
* Identical nodes in the diagram call the same subVI.
» To open, double-click the left mouse button on the icon.

* Changes to a subVI:

« Saved in memory until the subVI is saved to disk.
o Affect all calls to it, not just the node used to open it.
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Help and Classifyin g Terminals

* Online help for
subVIs (Documentation)

Slope [m

IZ_? e [DBL: slope.vi
Thiz vi calculates the sope from bwo _
coordinates. s
EEIER| [ 4 erditT;zi...
Show lcon
Add Terminal .
« Classify inputs and outputs: pemove Temnal
How displayed in Help Window Elf;ﬁszm?t;g'ees
Required - Bold label FlpVertcsl
Recommended - N0rm8.| teXt Dizconnect Al Terminals
Optional - Visible or wire MU

4

stubs shown

Required
Optiohal

Pages 3-12 to 3-14.

» Classify controls or outputs as required, recommended, or
optional to remind users to wire inputs or outputs.

» Classify by being in the connector pane and seledting
connector is >>

» Help windows show classifications as shown above (for
example, bold for a required terminal).

» Demonstrate using a DAQ VI

» Required classification - If input is not wired, VI will be
broken. Will be displayed in bold text in Help Menu

 Recommendedclassification - Displayed as plain text in
Help menu

» Optional classification - hides description or hides the
description in the Simple View of the Help window.
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Documentin g the VI

* Document ViIs - File » Show VI Info...
* Document objects - Data Operations » Description

I8! VI Information

Mame:  slope.vi Locking and Password Status:

Path: C:ACrystal\LVB Course SWwslope.vi 7 Unlocked (na password)

¥~ Locked [no passward)
¥~ Password-protected

Current Revision: 2 m m
iption: H -
?:.Scnptmn' !‘ﬂ Change to |ndicator w
iz Wl calculates the slope between two ¥ points, "
Synchronous Digplay 1.32
%2 Find Terminal
e Show »
RIS 1) ot 3 Operations Reinitialize to Defaulk
Create 4 Make Current Yalue Default
’—Mamow Usage: Key Mavigation... [t [V ata
Plasienas 2371 \ Frowk Bamal 2% Replace » Copy Data
J —_—— [asteData
i Representation  »
Show VI Info... Box Datanange_/m

Description option

Pages 3-16 to 3-18:

 In addition to free labels you might add to the front panel and
block diagram, you can give an overall description of the VI by
choosingShow VI Info... from Window menu and then filling in

the Description box.
» The Help window displays documentation.

* You can document objects on the front panel by popping up on
the object and choosing teescription... option.
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Exercise 3-2 on page 3-15

Students build Thermometer.vi

*This VI will be used in a later exercise.
Time to complete: 30-40 min.

Pages 3-15 to 3-22:

« Common questions:

* Why can'’t | enter text in the Description box? You must be
in edit mode.

» What is the difference between documenting a VI with
Show VI Info and with Description? Show VI info
documents the entire VI. Description documents only a single
object.

* Where is the Read Voltage VI? In the User Libraries »
Basics Course subpalette of the Functions palette.

* Why can’t | wire to the channel?  Make sure that it is a string
constant.

* Why is the channel address a string? Non-numeric

characters often appear in channel addresses; for example, a
list of channels is 1,2,3.
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The Create SubVI Option

Enclose area to be converted into a subVI
Select Create SubVI from the Edit Menu

Page 3-23:

« Can modularize Vls after the fact by using @reate SubVI
option.

» Creates front panel, wires diagram, and creates Connector with a
default icon for you. All you need to do is save once modularized.

e Two steps:
1. Select portion of diagram to be encompassed in subVI.
2. SelecCreate SubVIfrom the Edit menu.

e Some hooks to be aware of - check User Manual
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Summary

* VIs can be used as subVIs after you make:
—lcon
— Connector

* |con created using Icon Editor
» Connector defined by choosing number of terminals
» Load subVIs using the Select a VI... option in the

Functions menu or dragging the icon onto a new
diagram

 Online help for subVIs using the Show Help Window
option

* Descriptions document functionality

* Use SubVI From Selection feature to easily modularize
block diagram

Page 3-24:

* Do not immediately display this slide.
» Suggested questions for class participation:

* A VI used as a subVI must have what two parts?

* How do you create an icon?

* How do you define a connector?

* How do you load a subVI into a LabVIEW diagram?

» How can you modularize the program in your diagram?

* Review the slide:

» The purpose of Lesson 3 was to introduce the hierarchical
nature of LabVIEW and the concept of subVIs.

» The ability to call ViIs as subViIs facilitates modular block
diagrams. Applications are more flexible and easier to
understand, debug, and modify.

» Online help provides information about each node.

» Modularize whenever possible.
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Additional Exercise on pa ge 3-25

3-3 -- Students build Slope.VI

Time to complete: 25-30 min.

Page 3-25:

* Only those students working ahead should do this exercise. Do
not spend time for the entire class to complete any additional
exercises. If students get ahead later in the class, suggest that they
either skip to the end of the current lesson and do its additional
exercises, or return to previous lessons and finish those exercises.
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Lesson 4
Loops and Charts

You Will Learn:
A. While Loops
B. Waveform charts
C. Shift registers
D. For Loops

Page 4-1.:

e This lesson introduces LabVIEW structures. Structures control
the flow of data in a VI.

* This lesson covers:
» While Loops
o Strip Charts
 Shift Registers
* For Loops

e Other structures are covered in Lesson 6.
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While Loop

1. Select While Loop 2. Enclose code to be repeated

3. Drop or dra g additional nodes and then wire

10.00 (Execute diagram

inside Loop)

iteration number]

b tnd
E While Condition is TRUE

Pages 4-2 to 4-3:

» While Loops execute a sequence of events while a condition is
True (analogous to a “Do...While” statement).

* Place loops in your diagram by selecting them from the
Structures palette of thd-unctions palette (demonstrate):

* When selected, the mouse cursor becomes a special pointer
that you use to enclose the section of code you want to
repeat.

» When you release the mouse button, the While Loop
boundary is created around the selected code.

 Drag or drop additional nodes in the While Loop if needed.
« While Loop functionality:

» A While Loop executes the code contained inside it until a
Boolean False is passed to the conditional terminal. Thus, it
always executes at least once.

* The iteration terminal contains the number of executions
(zero-indexed).
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Waveform Charts
* Selected from the Controls » Graph subpalette

W aveform Chart
Running Awg.
Current Temp.

MR
TR Y

Strip Chart Scope Chart Sweep Chart

Strip chart mode  Scope chart mode  Sweep chart mode

Page 4-4:
» LabVIEW has three types of charts:

« Strip chart Scrolling display.

» Scope chart Retracing display. The plot is erased after
reaching the right border of the plotting area.

» Sweep chart Like the scope chart, but the plot is not erased.
Instead, a vertical line marks new data and moves across the
display as data is added.

» Select modes by popping up on the chart.

» Place on the front panel by selecting @maph subpalette of the
Controls palette.

» Because less overhead is involved in retracing the plot, scope and
sweep charts are much faster. To increase the speed of the strip
chart, disable the X axis.

» Describe the graphic: A chart may have one trace or multiple
traces.
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Wirin g to Charts

* Single-Plot Chart

» Multiple-Plot Chart

[Te:lmp

[Teé‘np

[Teé‘np

Page 4-5:

* For a single plot, wire from the numeric control to the chart
terminal.

» For multiple traces, bundle each number together and then wire to
the strip chart.

* Open the chart example with the Example Wizard. It is important
that students know that these examples are shipped with the
package. If they have questions about how to wire to a strip chart,
they have a good resource that shows all possible ways to display
data on a chart.
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Modifyin g Controls and Indicators

» Mechanical action of Boolean switches

i3

}j Switch action: Control is toggled until changed by hand

u
e

E Latch action: Control reverts to default state when read by

= dataflow

Enable

E Change to Indicator

Synchronous Display
Fird Terminal

Show 2
[ata Dperations 3
Create

Fep Navigation...
Replace »

[Data Range *
Mechanical Action

Switch When Pressed
3 ([fm3 ||
w I |llv—r|[s L
e | = —;Lo—
e [m | ||
w | o T[T L
w2 4| |po—tt||rpt &

Pages 4-9 to 4-10 (Part of Exercise 4-1):

« Each time you run Exercise 4-1, you will need to turn the vertical
switch on before pressing the Run button.

 Mechanical action of Booleans can be modified:
» Switches: Change the value when pressed.

» Latches: Retain the new value until read, and then revert to
the default.

» Use the Example Wizard to open the Mechanical Action of

Booleans VI to demonstrate each of the different mechanical
actions.
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Modifyin g Numeric Controls & Indicators

« Setting the digits of precision < Setting the data range

{3 Format & Precision [EA | 2 Data Range [x]
Famat: : Representation
: Example: DBL b inimLim |D 00E+0
Murmnetic vl 314
M aimum |1 O0E+2
Double Precision
_______ Mé IEWalue is Dut of Range: Il |1 O0E+0
\\\\\\\\ I Suzpend - Default IEI 00E+D
I 0 Digits of Precision
Use D efault v alues
i+ Floating Point Motation
7 Scientific Motation Cancel
i~ Engineering Motation
i~ Relative Time [seconds)

Pages 4-12 to 4-13 (Part of Exercise 4-3).

* Format and Precisionallows you to change numeric formats and
number of digits of precision.

» Data Rangeallows you to specify maximum, minimum, and

increment values, as well as the action to take if the value is out of
range.
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Exercise 4-1 on page 4-6

Students build Temperature Monitor.vi

*This VI will be used in a later exercise.
Time to complete: 25-30 min.

Pages 4-6 to 4-10:

« Common questions:

* Why does my While Loop execute only once after changing
the switch to a latch?  Assign the default state of the switch to
True. Use the Operate menu.

» How do | change the value of the Boolean constant? Use the
Operating tool.

» How would | change from deg F to deg C while the VI is
running? Use a Boolean control on the front panel. Make sure
its mechanical action is switch and not latch.

* Why can't | find the terminal for the chart/switch? Pop up on
the front panel object and choose Find Terminal.

* When students finish, review the following points:

» Switch mechanical actionis like a light switch. If you
change the switch’s position, the switch stays in that position
until you change it again.

* Latch action is like a doorbell. The switch stays in the
“pressed” (non-default) state only until it is read by the data
flow. Then it reverts to its default state.
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Exercise 4-2 on pa ge 4-11
(Optional)

Students build Random Signal.vi
Time to complete: 20 min.

Page 4-11:

» This exercise is optional and only for the students who finish
early.

« Continue to review the following topics as part of the previous
exercise:

» Explain theWait Until Next ms Multiple function:

» Make sure you wire th@/ait Until... function in parallel in
the diagram; that is, do not connect the function to anything
but the wire supplying the ms value. When connected this
way, theWait Until... function executes simultaneously
with all the other code in the loop.

* If the other code in the loop takes 12 ms to execute, and 550
Is wired to theNait Until... function, the function has
550 - 12 or 538 ms of “sleeping” to do before it completes
execution. The loop will execute every 550 ms.

* However, if the other code in the loop takes 554 ms to
execute, th&Vait Until... function will sleep until the next
multiple of 550 appears on the software clock—a total of
550 * 2 or 1100 ms. The loop will execute every 1100 ms.
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Exercise 4-3 on page 4-12

Students build Auto Match.vi

*This VI will be used in a later exercise.
Time to complete: 20 min.

Pages 4-12 to 4-15:

¢« Common questions:

* Why isn’t the number of iterations updated each time
through the loop? Because the While Loop passes out its
values only after it terminates. To update at each iteration,
place the terminal inside the loop.

* Why do | need to increment the iterations by one? Because
the iteration terminal is zero-indexed.

* Why is the Not Equal? function wired to the conditional
terminal? The Not Equal? function is True until a match is
found.
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Shift Re gisters

* Available at left or right border of loop structures
» Pop up on border and select Add Shift Register
* Right terminal stores data on completion of iteration

« Left terminal provides stored data at beginning of next
iteration

Initial

Value 2

o] — —>fw]—> Value 3
Value 2 Value 3

. Value 1
Initial
Value

Before First Second Last
Loop Iteration Iteration lteration
Begins

Page 4-16:

» Shift reqgisters transfer data from one iteration to the next:

» Pop up on the left or right side of a For Loop or a While
Loop and selecAdd Shift Register.

» The right terminal stores data at the end of an iteration. Data
appears at the left terminal at the start of the next iteration.

* A shift register adapts to any data type wired into it.

» Stresswhyyou need a shift register—to retain values from one
iteration to the next.

» Explain the sliden detail. Go slowly and repeat yourself.
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Shift Re gisters

Previous values are

Pop up on available at the left
left terminal terminals.
o add new Latest value
elements (] > 1 loop ago. is passed to
| = 2 loops ago. right terminal
Pop up on
| = 3 loops ago. the border
for a new

shift register.

Page 4-17:

* You can configure the shift register to remember values from
several previous iterations.

» Pop up on the left terminal and chods#d Elementto create
additional terminals.

« Explain the slide: The shift register allows you to access values
from the past three iterations if you have three terminals.

» This method is different from using separate shift registers:

» One shift register with added terminals is storing multiple
previous values afnevariable.

» Multiple shift registers maintain a single previous value of
multiple variables.

» Demonstrate the difference between adding a shift register
vs. adding an element to a shift register.
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Initializin g Shift Re gisters

Initialized Uninitialized

RUN 1

Initial Value= 0

Initial Value=5

RUN 2

Page 4-18:

» Explain the difference between the left column and right columns
of loops.

e Left column -

* Initialize the shift register with a 5 swerytime the VI is
run, the shift register starts out with a value of 5.

* Right column-
* No initialization, so the first time the VI is run, the shift
register has a value of 0. The next time it is run, however, it

contains the value at the last iteration of the previous run (in
this example, an 8).
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Exercise 4-4 on pa ge 4-19

Students examine and run
Shift Register Example.vi

Time to complete: 15-20 min.

Pages 4-19 to 4-20:

» Single step through this VI in highlighting mode on your
computer, explaining the use of shift registers.

» Go slowly. Be sure to answer all questions.

© National Instruments Corporation 76 LabVIEW Basics | Course Instructor Manual



Customizin g Charts and Graphs

Digital displays (from Show menu)

Scroll bars (from Show menu)

Customize the axes (from Formatting... in pop-up menu)
Zooming controls (on palette)

Lock switch

Single fit button
Zoom button

X-axis Controls | lll «&] ## ﬁ Return to standard mode

Y-axis Controls |lll %] “"“il” g}g
Pan button

Scale marker formatting

Demonstrate use of the Chart/Graph palette on the computer

Pages 4-24 to 4-25 (Part of Exercise 4-5):

* You can extensively customize charts and graphs.

» Use theShowoption in the pop-up menu to aBagital Displays
for the traces an8croll Bars for the X axis.

* You can change the font style and color for the axis labels by
highlighting one of the numbers on the axis you want to change
with the Labeling tool and then choosing the style and color you
want from theText menu.

* Instructor: Demonstrate the zooming tools on your computer.
Go slowly so the students can absorb the information and practice.
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Exercise 4-5 on page 4-21

Students modify Temperature Monitor.vi (Ex. 4-1)

and save it as Temperature Running Average.vi
*This VI will be used in a later exercise.
Time to complete: 25-30 min.

Pages 4-21 to 4-25:

« Common questions:

* How do I fit all of my text in the legend box? Resize the
legend from the lower left corner.

* How do | change the number of values displayed on the
chart? Double-click with the Operating tool on the upper limit of
the X axis and enter the number of points you want to display.

* How many points are stored in the buffer? There are 1,024
points by default. You can increase the points up to as many as
you need to store in Chart History Length in the chart’s pop-up
menu.

* How do | change the plot style so that there is no line
connecting the data points?  Change Interpolation to None.

* Why can'’t | use a single Temp subVI?  One subVlI initializes
the shift registers while the other one inside the loop gathers
data repeatedly. Be sure the students use one register with
added elements—not two sets of registers.
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For Loop

« In Structures subpalette of Functions palette

* Enclose code to be repeated and/or resize and add
nodes inside boundary

» Executes diagram inside of loop a predetermined
number of times

* Shift registers can be created at the border

/N

Count terminal
(Numerical input)

Page 4-26:

» A For Loop executes the diagram inside its border for a
predetermined number of iterations (analogous to a “For...Next”

statement).

* Enclose nodes inside the For Loop the same way as in a While
Loop.

* Nis the count terminal—It specifies how many times the loop will
execute.

* iis the iteration terminal—It specifies the number of loops
executed at any iteration.

* You can add shift registers if you need to retain values from one
iteration to the next.

» Explain the difference between While Loops and For Loops:
* While Loops run until a condition is met.
» For Loops run a predetermined number of times.
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Numeric Conversion

» Numeric defaults to double precision (8 bytes) or long
integer (4 bytes)

« LabVIEW automatically converts to different representation

 Gray dot on terminal indicates conversion

Diouble Precision|
N

Pages 4-27 to 4-28:

» The default representation of a numeric control or indicator is a
double-precision floating-point number.

» LabVIEW can represent a number as:

 Byte (8-bit) signed or unsigned integer.

» Word (16-bit) signed or unsigned integer.

» Long (32-bit) signed or unsigned integer.

* Single-precision (32-bit) floating-point number.

* Double-precision (64-bit) floating-point number.

» Extended-precision (96-bit*) floating-point number.
* Depends upon the operating system

* When two terminals of different data types are wired together,

LabVIEW will convert one numeric to the same representation as
the other. This is signified by a gray “coercion dot.”
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Exercise 4-6 on pa ge 4-29

Students build Random Avera ge.vi
Time to complete: 20 min.

Page 4-29:

« If the class is running behind schedule, have the students complete
this exercise by modifying Exercise 4-5. Show students how to
pop up on the While Loop, replace it with a For Loop, and replace
the Temperature Vs with tiekandom Numberfunction.

« Common questions:
« Same questions as for Exercise 4-5.

» Ask students how they would determine when to use a For Loop
and when to use a While Loop. (A For Loop executes a pre-
determined number of times.)
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Summary

» Two structures to repeat execution
— While Loop
— For Loop

» Loop timing controlled using Wait Until Next ms Multiple function

e Three modes of waveform charts
— Strip chart
— Scope chart
— Sweep chart

 Charts can be customized — pop up on chart for menus

 Shift registers transfer data values from one iteration to the next
— Adapt to any data type
— Additional left terminals may be added to access previous
iteration

Page 4-30:
» Do not immediately display this slide.

» Suggested questions for class participation:

» What structures are used to repeat execution of certain
functions?

* How can you control the speed at which the loop executes?

 Describe the difference between the three types of charts.

« Why would you want to use a shift register?

* How do you retain multiple values from previous iterations?

* Review the slide: The purpose of Lesson Four was to introduce
LabVIEW structures. Structures control the flow of data in a VI.
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Additional Exercises on page 4-31

4-7 -- (Challenge) Students build Combo
While/For Loop.vi

Time to complete: 20-25 min.

4-8 -- Students build Temperature Limit.vi

Time to complete: 20 min.

4-9 -- Students modify Temperature Limit.vi (Ex. 4-8)

and save the new VI as Temp Limit (max/min).vi
Time to complete: 20 min.

Page 4-31.:
e 4-7 Hints:
» Use a While Loop.
» Use theOr function to check if the button has been pressed
or if the loop has reached a specified count.
« 4-8 Common questions:

* How do | create a scope chart?  Select Data Operations »
Update Mode.

* How do | create a multiple-plot chart? Review the diagram
on page 4-5.

» Do not spend time for the entire class to finish these exercises.
However, because they contain important concepts that many
students may use in their applications, discuss the techniques and
show the solutions on your computer if there is time.
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Lesson 5
Arrays and Graphs

You Will Learn:

About arrays

Generating arrays on loop boundaries
Some basic array functions

What polymorphism is

Using graphs to display data

moow®»

Page 5-1:

This lesson introduces graphs and arrays.

Arrays allow you to group like data types together.

This lesson also introduces graphs. Graphs are useful in plotting
a full waveform or plotting a group of X data vs. a group of Y
data. In contrast, the previous lesson discussed charts. Charts
are used for continuous plotting of points, one or more at a time.

This lesson covers:
 Basic array operations and functions
» Polymorphism

* How to use graphs
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Arrays

* Collection of data elements that are of the same type

« One or more dimensions, up to 23! elements per
dimension

» Elements accessed by their index
* First element is index 0

index 0 1 2 3 4 5 6 7 8 9
10-element array [ 1.2] 3.2] 8.2] 8.0[ 4.8] 5.1 6.0 1.0] 2.5] 1.7

0 1 2 3 4 5 6

2D array

0
1
2
3
4

Five-row by seven column
array of 35 elements

Page 5-2:

» Arrays are lists of elements of the same data type. The are analogous
to arrays in traditional languages.

 Arrays can have one or more dimensions.

 Arrays can have up to 2*31 elements per dimension. Actual
array sizes that students can create is limited by memory.

» Elements are accessed by “index”. The index ranges from O to
N-1 (N = number of elements in the array).

 Arrays are zero-indexed (first element is zero) in each
dimension.

* A 2D array is analogous to a spreadsheet or table.
» Example: Temperature readings and time stamp. One column
Is time values, and the other column is readings.
 Point out element (2,3) and element (3,2) on the slide.

» Be careful to specify the element you really want. Example: The
first element in an array is array (0), not array(1).
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© National Instruments Corporation 86

Array Controls and Indicators

1. Select the Array shell from the Controls palette
i#+ Controls

Array Shell

£| 45

Add Dimension i
for 2D arrays

arra she

il

o H

2. Place data object inside shell

| |ta| control ara

2D digital control array

Pages 5-2 to 5-3:

» Creating arrays in LabVIEW:

» ChooseArray from theArray and Cluster palette
* You can place any data type in an array shell except an array.
You cannot have an array of arrays; use a 2D array instead.

« Two componentsindexanddata object.

« Emphasize that this istavo-stepprocess. Students often place

only empty array shells on the front panel.

Remind them they

must place a data type inside the array shell.

» Demonstrate the following on your computer:
» Create a numeric array.

 Point out index and data object components.

» Show how to create a 2D array.

» Show how to display multiple array elements.
» Show that index elements always reference the upper-leftmost

object in the array display.

» Show how elements in an array are initially “grayed-out,”
indicating that a portion of the array has not been defined.
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Creating Array Constants

1. Select Array Constant shell from Array
subpalette of the Functions Palette

fray Congtant S kel

2. Pop up on the array shell
and select data object

Pages 5-3 to 5-4:

» Creating array constants uses the same two-step process as a front
panel array.

« Select arArray Constant from theArray subpalette of thEunctions
palette.

» Place a constant data type inside the empty array shell.

* Note again that the data types are “grayed-out” and must be
manually defined if the user wants to store values in the array
constant.
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Creating and Using Arrays

 Loops accumulate arra ys at their boundaries — Auto-Indexin g
* For Loops auto-index by default; While Loops do not

Z|

Auto-Indexing Enabled  [EH Wire becomes thicker

(Default -- For Loops) _ /
'

Al P\ 1Dan’%

012345

Auto-Indexing Disabled EI— N Wire remains same size

.

[JIonly one value (last iteration)
m v is passed out of the loop

Page 5-5:

» For Loops and While Loops can index and accumulate arrays at
their boundaries. This is knownago-indexing

» The indexing point on the boundary is callewianel
» The For Loop default is auto-indexing enabled.
» The While Loop default is auto-indexing disabled.

« Examples:

» Enable auto-indexing to collect values within the loop and
build the array. All values are placed in array upon exiting
loop.

 Disable auto-indexing if you are interested only in the final
value.

» Auto-indexing can be used on input arrays:

« For calculations to be performed on each element of array,
use auto-indexing.
» To pass the entire array into a loop, disable auto-indexing.
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Creating 2D Arrays

Igk 10@

EI_N 01 2 3 45
— / 20 array indicator
o [oB1]

2D array

=
=]
ore

L P

« Inner loop creates column elements

* Outer loop stacks them into rows

Page 5-6:

* You can use two nested For Loops to create a 2D array. Auto-
indexing must be enabled for both.

* Inner loop creates column elements.
» Outer loop creates row elements.

» Explain the three line thicknesses.
» Demonstrate on your computer:
» How to change indexing and line thickness.
* Enable Indexingin pop-up menu means indexing is currently

disabled The menu choice is the opposite of the current index
mode. Students get confused about this feature.
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Array Functions

array E,' zize(s)

Array Size
T Number of
Array 5 4 1 elements
element ke initialized

dimension Liad array
size L
Initialize Array

-
[t

Page 5-7:

« LabVIEW has many functions to manipulate arrays inAfray
subpalette of thEBunctions palette.

 Array Size: The number of elements in the input array:

« 1D array: Output is a numeric.

» Multidimensional array: Array output with elements
signifying size of each dimension. (Example: A2 x4
array will output array of two elements, with first
element = 2 and second element = 4).

* Initialize Array : Creates an array of n dimensions containing
the value tied to the element input.

* Initialize array can be “stretched out” to add more
“dimension size” input terminals. You must have one
“dimension size” input terminal for each dimension in
the array.
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Array Functions

array (=]

elemen

Build Array

Array o
Element 7 [-_]; [sT2[s5]7[1[4a]2]NewArray
Array

array with appended eleme

=4

1D Array[3T 21 5]

||:-=-+
.. |[] 2D Arra
1D Array * Yy

1D Array[ 3T 21 5]

i 1D Arra
yg— RS e G En e LYY

Pages 5-7 to 5-8:

» Build Array : Concatenates elements together into one array or

concatenates multiple arrays together into arrays of higher
dimension.

* Build array can be “stretched-out” to add additional input
terminals

* Input terminals are set @sray input orElementinput.

Popping up on the input terminals allows selection of
Change to Array/Element input.

» To concatenate arrays or elements together into one longer
array, arrays must be tiedAoray input terminals and single
elements must be tied Edbementinput terminals.

» To create a higher dimensional array, arrays must be tied to
Elementnput terminals.

 Students often are confused by the difference. Demonstrate

on your machine the difference between “Array” and
“Element” input.
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Array Functions
lengtt—**
Array Subset
Arrayl 1 [2]7[3[2[5[8] =
Index{_2 J——=-+ Array Subset
Lengt _a ]—
Array
Elemen
[3[2]s[7[afa]2]
ana =} element i o
@ =t 4 Inde -t
Index Array 2D Array
3] 2] s
114l H Element
Ll .
Row Index{_0 | - =
Column Index 2 |

Pages 5-8 to 5-9:

» Array Subset returns a portion of an n-dimensional array starting
atindexin each dimension and containilegngthelements in each
dimension.

» The function can be “stretched-out” to add additional index
and length terminals. You must have one pair of these
terminals for each dimension in the array.

* Index Array : accesses a specific element of the input array.

 Index Array can be “stretched-out” to add more index

terminals. You must have one index terminal for each
dimension in the input array.

» The slide example shows accessing a single element of a
one-dimensional array.

 Index Array doesnotremove the element from the array.

* Remind students that arrays start their indices at zero. Index
2 in the example actually accessesthivel element in the
array.
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Array Functions

B >
. Orline Help ®
Descriptior... Disabled input

Show 3
Replace 3 (em Pty bOX)

Disable Indexing

Add Dimension
Remove Dimension
Create Constant
Create Cantral
Create Indicatar

Extract Column
[2D array] 0
Toot] &
- . Jg
=t
0
rov arra
[oBL] L

Extract Row

Pages 5-9 to 5-10:

* Index Array (cont.):

* Slide Example: Extract a column and a row from a two-
dimensional array. You must seléadd Dimensionand
thenDisable Indexingfor the desired dimension.

» Explain this example carefully, because many students

want to know how to do this task. Show an example on
your machine.
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Polymorphism
« Function inputs can be of differentt  ypes
« All LabVIEW arithmetic functions are pol  ymorphic

Combination Result
Scalar + Scalar g |> 7 Scalar

Array + Scalar |> Array
2

A = v

Array + Array Array

ATl T]
Array + Array & Array
[312517] |

100)

10 indicator ama
%>
zcaling factor]

* Run Polymorphism Example.vi (BASICS.LLB)

Page 5-11:

LabVIEW arithmetic functions angolymorphic

* Inputs to these functions can be of different types.

* The node automatically performs the appropriate function on
unlike data.

» Greatly simplifies array arithmetic.

» Examples of polymorphism in slide:

» Scalar+Scalar: Scalar addition.

» Scalar+Array: The scalar is added to each element of array.

» Array+Array: Each element of one array is added to the
corresponding element of other array.

* Remind students that polymorphism doesperform matrix
arithmetic when inputs are 2D arrays (for example, two 2D array
inputs to a multiply function does element by element
multiplication, not matrix multiplication).

» Show an example on polymorphism if the class does not understand
the concept.
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Exercise 5-1 on page 5-12

Students build Array Exercise.vi
Time to complete : 20 min.

Pages 5-12 to 5-13:

* Instructor : Please write down any common questions the students
may have and enter them into the CAR database.

© National Instruments Corporation 95 LabVIEW Basics | Course Instructor Manual



Graphs

* Selected from the Graph palette of Controls menu

» Waveform Graph — Plot an array of numerics against
their indices

» XY Graph — Plot one array against another

Plat 0 F

Legend

™ Line and

35— Point style

o | o 1 | | i
0 10 20 30 40 50 B0 70 80 30 100

IIII% % ﬁﬁ Palette

Page 5-14:

« Agraphis a 2D display of one or more data arrays. Data arrays
are calleglots.

» Two types of graphs:

» Waveform Graph Plots array of numerics vs. its index.
Ideal for arrays with evenly distributed data points. Used
for time-varying waveforms.

* XY Graph Plots one array vs. another. General purpose.
Good for multivalued functions, such as circular shapes or
waveforms with a varying timebase.

 Both look identical on front panel.

» To place a graph on the front panel, choose the appropriate graph
from theGraph subpalette of th€ontrols palette.
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Single-Plot Waveform Graphs

EANN .
Bundle function (Cluster subpalette)

avelfom Giaph
[oBLI— Waveform graph

terminal (1D array

100 Kol
aveform Graph
e o Waveform graph

terminal (cluster

=i
-] m
Iil \ 1D Array

Pages 5-14 to 5-15:

» Because th8undle function is used with graphs, be sure to
briefly introduce the idea of clusters. Clusters allow you to group
different data types together into one structure. In this lesson, they
are useful to control the x-axis scaling attributes.

» Bundle function: Used to combine two or more elements of like
or different data types. Remind the class that they used this function
to bundle arrays in multiplot strip chart.

» There are several different ways to plot a waveform graph:

« Example 1. Bundle the array with the initial X value (Xo)
and interval between X values (Delta X). The terminal looks
like a cluster of objects because the data was bundled.
(Called eclustel).

« Example 2. For simple plots, the array can be passed
directly to the waveform graph terminal. Assumes the
initial X value is 0 and the X increment is 1. The terminal
is an array of double-precision numbers.

» Note that auto-indexing is used in the above examples.
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Multiple-Plot Waveform Graphs
Build Array function (Array subpalette)

aveform Graph
E [oBL]

N Waveform graph
1D Arrays 2D array terminal (2D array)

beel
@ Iﬁl Eundle]
100N T
aveform Graph
2  Hfe= [=s3]
. ERI; \cluster Waveform graph
terminal (cluster array)
n I~ clusters array
Page 5-16:

 If a one-dimensional array is wired to a waveform graph, the
graph assumes it is one plot. When a 2D array is wired to a
waveform graph, the graph assumeash rowin that array is a
separateplot.

» Use theBuild Array function to create a 2D array input for
multiplot graphs:

« Example 1. A combination of two single-plot examples
with Xo and Delta X defined (Ex 1 from previous slide).
TheBuild Array function creates a cluster array input to
the waveform graph. The terminal is an array of clusters,
because each graph is a cluster.

» Example 2. A combination of two single-plot examples
without Xo and Delta X defined (Example 2 from the
previous slide). ThBuild Array function creates a 2D
array input to the waveform graph. The terminal is a 2D
array of double-precision numbers.
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XY Graphs

* Run Waveform Graph Example.vi and XY Graph Example.vi

Page 5-17:

» The XY graph looks identical to the waveform graph on the panel.

» Does not assume that the X-axis has a constant interval.
 Array of X values and array of Y values must be provided.
» More flexible than the waveform graph.

* Explain the slide: Generate two arrays, one for X values and
other for Y values. Bundle arrays wire into the XY graph.

» Explain that an X array 1,2,3,4,5and a Y array 0,1,0,1,0 will
result in a graph with points ((1,0)(2,1)(3,0)(4,1)(5,0)).
» Show the class some graph examples using the Example Wizard:

» Examples of ways to graph char@harts.vi), waveform
graphs\\Vaveform Graph.vi), and XY graphsXY Graph.vi).

 Very useful reference.
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Exercise 5-2 on page 5-18

Students build Graph Waveform Array.vi
Time to complete : 30 min.

Pages 5-18 to 5-24.

« Common questions:
* Why do | get a bad wire to the Waveform Array indicator?
Make sure you place a numeric inside the array shell. Also
make sure it is an indicator and not a control.

* Why do | get a bad wire from the For Loop to the Bundle
function? Make sure that auto-indexing is enabled. Pop up
on the output tunnel.

* Where is the Process Monitor VI? In the Basics Course
menul.

* How do | type a delta symbol?  Type an uppercase <D>
and change the font to Symbol.

* How do | undo the zoomin g I've done? Click on the X
scaling button, followed by the Y scaling button.
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Exercise 5-3 on page 5-25

Students build Temperature Analysis.vi

*This VI will be used in a later exercise.
Time to complete: 25-30 min.

Pages 5-25 to 5-28:

« Common questions:

* Why is 40 the number of iterations of the For Loop? Every
0.25 s multiplied by 10 s = 40 measurements.

* Why is 250 wired to the Wait Until... function?
250 ms = 0.25 s.

* Why isn't Array Max & Min workin  g? Make sure you have
wired the maximum and minimum values to the function, not
their index values.

+ How do | delete the X axis on the chart? Set the X-scale
style to none.
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Exercise 5-4 on page 5-29 (Optional)

Students build Graph Circle.vi
Time to complete : 20 min.

Pages 5-29 to 5-30:

« Common questions:

* Why doesn’'t the graph have a circle onit?  The circle is not
generated until the VI runs.

* How do | enter 2 *pi? It is a constant in the Structures
paletteAdditional Numeric Constants.

* Why can't | type “Circle” into the le  gend without part of the

word bein g hidden? Move the legend to the right and resize it
from the lower left corner.
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Chart and Graph Use Summary

* Use the Help Window when wirin g charts and graphs
[oBL]

/ l A

To create a waveform chart : To create a waveform graph:

To create a single plat % wsy graph:

data: ‘waveform Y array - g:av;form Bundle
- Chart 1D - single plot % array
sealar - zingle plat, 1 pt 20 - muttiplot (xg=0, &2 =1) single plot
10 - zingle plot, rultiple pts y array el T
20 - multiplot, multiple pt=

To specify point spacing:
Another way to create a muliplot chart:

To create a multiplot : ws y graph:
Bundle
g Build Array
Bundle A %,‘. Wavefarm zingle plot 1 /

pt1 * Tl Graph e R )

%,‘. Waveform y array =z rnuttiplat
. ol | | Chart 1D - single plot zingle plot N
F 2D - multiplot

¥ Gee the charts.vi example % See the Waveform Graph. i E See the XY Graph_vi example

for other data types ¥ example for other data types for other data types ¥

Pages 5-31 to 5-33:

Go over the examples in detail. Be sure to discuss the purpose of
theBundle function.

Demonstrate to the students how the Help window gives you

valuable wiring information about charts and graphs and
which one you have.
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Summary

« An array is a collection of elements of same data type
 Arrays can be of any data type — numeric, Boolean, string

» Creating array controls/indicators is a two-step process
— First, get array shell
— Second, place desired control/indicator inside the shell

» Loops can accumulate arrays at boundaries — auto-indexing
 Array functions are in Array subpalette of Functions palette

» LabVIEW arithmetic functions are polymorphic — input different
data types

* Plot data on graphs
— Many features to manipulate plotted graph
— Multiple plots can be plotted on one graph

Page 5-35:

* Do not immediately display this slide.
» Suggested questions for class participation:

* What is an array? Where might it be used?

* How would | create a 2D array of numeric controls?

* How can a loop create an array? Which loops can be used
to do so?

» What does “polymorphic” mean?

» Describe the two types of graphs available in LabVIEW.

* What is the difference between tBaild Array andBundle
functions?

* Review the slide: The purpose of Lesson Five was to introduce
arrays and graphs.
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Additional Exercises on page 5-35

5-5 -- Students build Reverse Random Array.vi
Time to complete: 20 min.

5-6 -- Students build Subset Random Array.vi
Time to complete: 20 min.

5-7 -- Students build Extract 2D Array.vi
Time to complete: 20 min.

5-8 -- (Challenge) Students build Die Roller.vi
Time to complete: 35-40 min.

5-9 -- (Challenge) Students build Array Pair Multiplier.vi
Time to complete: 20 min.

Page 5-36:
e 5-5 Hints:

» Use a For Loop to build the array of numbers.
» Then use th&®everse 1D Arrayfunction.
e 5-7 Hints:

» Use two For Loops to build the 2D array.
» Then use threlndex Array functions and wire each array
to a separate waveform graph.
e 5-8 Hints:

» Multiply a random number by 6 arftbund to Infinity to get
a properly distributed number between 1 and 6.

» Create an array with six elements, where each element contains
the current number of results of a given 1-6 value. You can
start with array(0) = the number of ones, array(1) = the number
of twos, and so on.

e 5-9 Hints:

» Modify Exercise 4-3Reverse Random Array.v) or Exercise
4-4 Subset Random Array.v).
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Lesson 6
Case and Sequence Structures

You Will Learn:

A. About Case structures
B. About Sequence structures

C. About Formula Nodes

Page 6-1:

* In Lesson Four, we discussed ways to repeat certain functions using
the For Loop and the While Loop. This lesson introduces three
more structures to control the flow of data in your diagram

e This lesson covers:
» Case Structures

» Sequence Structures
* Formula Nodes
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Case Structures

* In the Structures subpalette of Functions palette
» Enclose nodes or drag them inside the structure

« Stacked like a deck of cards, only one case visible
True FHL___br

4| Falze

B oolean Control

MHumeric Control

47 Default

String Control|

Page 6-2:

» The Case structure allows you to choose a course of action
depending on an input value.

* In the Structures subpalette of th€ontrols palette.

» Analogous to a case statement in Pascal or if-then-else
statement in other languages.

* Like a deck of cards. You can see only one case at a time.
Customers often think that when separate cases are shown,
it means to create two or more case structures. Stress that
you need onlypnecase structure.

« Explain examples:

« Example 1. Numeric input. The input value determines
which box to execute. If out of range of the cases,
LabVIEW will choose the default case.

« Example 2: Boolean input: Simple if-then case. If the
Boolean input is TRUE, the true case will execute; otherwise
the FALSE case will execute.

« Example 3: String input. Briefly discuss the string input for
cases.
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Case Structure
Boolean Case

Boolean Contral

Numeric Case

" Numeric Cortrol " s Eontm,l_
ubkract 0
g Add - o o

subtract

Must define
outputs for
each case

= | Must define
outputs for
each case

Note: all possible outputs of the Case structure must be wired

Pages 6-3 to 6-5:

» Discuss the examples on the slide. Be sure to mention the
difference between the numeric and Boolean Case structures.

Also, remind the students that all cases must provide a value for
all output tunnels.

« Demonstrate using theext Ring from theList & Ring
subpalette of th€ontrols palette.

 Demonstrate some of the new features of Case structures:
* Directly typing into the Cases
 Setting ranges in the Case
» Reordering the Cases
» The Default Case
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Exercise 6-1 on page 6-6

Students build Square Root.vi
Time to complete: 20 min.

Pages 6-6 to 6-8:
« Common questions:

* Why do | need a Case structure?  An error occurs if you
take the square root of a negative number. You could use a
Select function here.
Note: Some students will place two separate Case structures on the
diagram, as seen on page 5-4. Remind them to use only one. Point
out how the structures are stacked like cards. The manual displays
two separate structures so that students can see what is in each one.

* VI Logic:
if (num >= 0) then
numsqgrt = SQRT (num)
else
numsqrt = -99999
display error message
endif

© National Instruments Corporation 109 LabVIEW Basics | Course Instructor Manual



Exercise 6-2 on page 6-9

Students modify Temperature Running Average

(Ex. 4-5) and save as Temperature Control.vi

*This VI will be used in a later exercise.
Time to complete: 25 min.

Pages 6-9 to 6-10:

« Common questions:
* Why do | need to place the Beep VI in a Case structure, but
not the warnin g light? The warning light is a Boolean indicator
and registers whatever the Boolean condition is. The Beep VI
requires no inputs; it beeps when called.

e Can | show all the cases of my dia gram at once? Yes.

Choose Preview under the Print Documentation window of
the File menu.
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Seqguence Structures

* In the Structures subpalette of Functions palette

» Executes diagrams sequentially, Frame 0 (0..x),
where X is the total number of frames

» Stacked like a deck of cards, only one frame visible

1000000000 2102 Oo0o0oo0o0oo0o

IOOO0O00 0006 [0 pdoooooooog
OO0 00000 g pEooooooog

OoooooQ0

aooooooon

o o o o o o o o o o o o o s i w [ ]

Page 6-11:

* In a text-based language, program statements execute in the order
in which they appear. In data flow, a node executes when data is
available at all its input terminals.

« Sometimes it is hard to tell the exact order of execution. Often,
certain events must take place before other events.

» Sequencestructure: Used to control the order in which nodes in
a diagram will execute.

* In the Structures subpalette.

 Looks like a frame of film.

» Used to execute diagrams sequentially.

* Like a deck of cards. You can see only one case at a time.
Remind students again that when they see multiple sequence
frames, it means to create a single sequence structure, not
several.
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Sequence Locals

e Pass data from one frame to future frames
* Created at the border of the Sequence structure

1000 DDE OO0O0CTOoOooQg

17002 oooci000 2002 ooocr

Data not Sequence local Data
available created in available
Frame 1

Pages 6-11 to 6-12:

* You cannot directly wire data from one sequence frame to any
another frame with the usual wiring techniques.

» Sequence locals are variables that pass data between frames of a
Sequence structure.

» Created on the border of the Sequence frame.

» Data wired to a sequence local is available only in
subsequent frames. It is not available in previous frames.

* In subsequent frames, you can use a sequence local to
output only. If you must read a value from a sequence

local, change it, and use it in a later frame, yaustcreate
another sequence local.

» Applications for Sequence structures:

» Benchmarking with DAQ counters (Start Timer, Run
Benchmark, Stop Timer).
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Exercise 6-3 on page 6-13

Students build Time to Match.vi by modifying

Auto Match.vi (Ex. 4-3)
Time to complete: 30 min.

Pages 6-13 to 6-15:

» Exercise 6-3 uses thliack Count function for the timing oAuto
Match.vi (this is less accurate).

« Common questions:

* Why do | need to use a Sequence structure? Because you
must start timing, find the match, and stop timing, in that exact
order. Because it is difficult to use wires to enforce the execution
order, a Sequence structure is simpler and easier.

» Can | show all Sequences at once? Yes. Choose Preview in
the Print option of the File menu.

© National Instruments Corporation 113 LabVIEW Basics | Course Instructor Manual



Formula Node

* In the Structures subpalette
* Implement complicated equations
* Variables created at border
» Variable names are case sensitive
» Each statement must terminate with a semicolon (;)
» Help Window shows available functions

b

P e B

Note semicolon

[DEL |

Pages 6-16 to 6-17:

» Sometimes it is preferable to program mathematical expressions
with text-based function calls, rather than icons (which can take
up a lot of room on the diagram).

* Formula Node: allows you to implement complicated equations
using text-based instructions:

 Located in th&tructures subpalette.

» Resizable box for entering algebraic formulas directly into
block diagrams.

» To add variables, pop-up and chodsl Input or Add
Output. Name variables as they are used in formula.
(Names are case sensitive.)

 Statements must be terminated with a semicolon.

* When using several formulas in a single formula node,
every assigned variable (those appearing on the left hand
side of each formula) must have an output terminal on the
formula node. These output terminals do not need to be
wired, however.

« Compare examples on the slide.
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Conditional Branching in Formula Nodes
if (x >=0) then

y = sqrt(x)
else

y =-99999.0
end if

Conditional Operator False Condition

y=[xx=017 sgri(x) :-99999.0;

gguare rook

Condition True Condition

Page 6-17:

» Explain the branching structure used for Formula Nodes. This
structure is identical to the “?:” branching structure in C.
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Exercise 6-4 on page 6-18

Students build Formula Node Exercise.vi
Time to complete: 20 min.

Pages 6-18 to 6-20:

« Common questions:
* How do | create variable names on the sides of a Formula

Node box? Pop up on the border and select Add Input or
Add Output . Variable names here are case sensitive.
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Summary

* Two structures to control flow of data
— Case structure
— Sequence structure

» Case structure
— Boolean or numeric cases — selector determines type
— Subdiagrams placed inside case structure

— Output from a Case structure must be defined for all
cases

» Sequence structure executes subdiagrams sequentially

» Sequence locals pass data between frames
— Created at the border of Sequence structure
— Data available in subsequent frames

» Formula Nodes allow direct entry of equations in the
block diagram

Page 6-21:

* Do not immediately display this slide.
» Suggested questions for class participation:

* What two structures control the flow of data?
« How do you use a case structure?

* What is a Sequence structure used for?

* What is a Sequence local and how is it used?
* When would it be best to use a formula node?

* Review the slide: The purpose of Lesson Six was to introduce
Case structures, Sequence structures, and Formula Nodes.
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Additional Exercise on page 6-22

6-5 -- Students build Equations.vi
Time to complete: 20 min.

6-6 -- Students build Calculator.vi
Time to complete: 30 min.

6-7 -- Students build Square Root 2.vi
Time to complete: 20 min.

6-8 -- (Challenge) Students build Using Array
Over Threshold.vi

Time to complete: 30 min.

Page 6-22:

» This exercise does not cover any new material. Do not spend too
much time discussing this exercise unless several students ask
questions.

* 6-6 Hints:
* Use a Case statement.
» Wire the slide terminal to the selector box of the Case
statement.

If you have time, go over this VI on your computer.
Point out that many different applications use a slide,
knob, menu ring, and so on, to determine what action
should be taken,

* 6-8 Hints:

» Use theArray Threshold function to determine which
values are greater than a specified limit.
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Lesson 7
Strings and File 1/0

You Will Learn:

A. How to create string controls and
indicators.

B. Some string functions.

C. How to perform file input and output
operations.

Page 7-1:

» This lesson introduces string and ASCII file I/O operations.

 File I/0O involves saving collected data to a file or reading data from
a file.

» This lesson covers:
« String controls and indicators

« String functions and their uses
» ASCII file input and output operations
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Strings

* A strin g is a sequence of displa yable/nondispla yable
characters (ASCII)

* Many uses — displa ying messa ges, instrument control, file I/O
« Strin g control/indicator is in the Controls » Strin g subpalette

String Control String |ndicator
ou enter [fyou hawve large _~
ext in here amounts of text
ou can
minimize the

space taken up

Page 7-2:

» A string is a sequence of displayable/nondisplayable (ASCII)
characters. Strings often are used to send commands to
instruments, to supply information about a test (such as operator
name and date), or to display results to the user.

» Strings in LabVIEW:

« String controls and indicators are in thging subpalette
of theControls palette.

» Enter or change text by using the Operating or Text tool
and clicking in the string control.

* Strings are resizable.

« String controls and indicators can have scrollbars: Pop up
and selecBhow Scrollbar. The scroll bar will not be active
if there is not enough text in the control or indicator.
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* Normal display
String Control

Lak'/EW —
graphical
programming

» Password display

Shing Conbrol

=

String Display Modes

* \ code display
String Control
Lab'IEWs—n
graphicalispro
ramiing

» Hex display
String Cantrol

AChHT B25h
4345 5720
2020 DAY
7261 7063

Pages 7-2 to 7-3:

 String controls and indicators can be configured for several
different display modes. You can change display modes by
popping-up on the control or indicator while in edit mode.

» Password Display Asterisks replace the string text on the
front panel. This is useful for concealing passwords for

logging into VI.

'\ Codes Display. Replaces all “unprintable” characters in
the string with a ‘\' followed by a letter. A full list of
backslash codes is given on page 7-3. For unprintable
characters not on this list, LabVIEW displays a \ followed
by the hex value of the unprintable character (for example,
“\23” = ASCII table character 23).

» Hex Display. Replaces every character in the string with
its ASCII table equivalent. This is not noted on the slide or
in the Basics Course manual, although it is useful for serial
and GPIB communication.
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String Functions

shing length

String Length

length
String[valts DC+1.22863E 41 }~{Emmwi|—— Length= 20

zhring0 W . .
sting] concatenate of stringl,stringd, ...

Concatenate Strings

spaces here
et/

Strings y—
fauick Erown T/-ow
“*m !The quick brown fox jumped over the lazy dog.

Jfox jumped over = -
— Concatenated String

Page 7-4:

« LabVIEW has many functions to manipulate strings.
 String Length: Returns the number of characters in a
string, including unprintable characters.

» Concatenate Strings Concatenates input strings into a
single output string. Resize the function to accommodate
multiple inputs.

» Similar in functionality to LabVIEW array functions.

» Explain the diagrams on the slide.
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String Functions

length e -

affset (0] ——r, B~ SUDSTIND
strir[m] 5:n

String Subset
LengthBh _
Offsetlel~,_= Substring
Stringfvolts DC+1. 22863 +1 ;|.J
i before substring
regular EHD[B;%L?S match zubstring
offset (0] after substring

offset past match

[fset (D]

: after substing
offset past match)

befare substring

Page 7-5:

 String functions (cont.):

« String Subset Returns the substring beginningoéfisetand

containingengthnumber of char

acters. The first character

is at offset zero. Unprintable characters should be counted

when determining thiengthinput

» Match Pattern: Returns the matched substring. The
function searches foegular expressiom thestring input.
If it finds a match, the string is split into three parts: the
match, the string before the match, and the string after the
match. When no match is fouradfset past matcheturns

a-1.

» Discuss the examples on the slide.
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String Functions

format string
initial string resulting string
errar in error ot
argurment 1 - voltage is 1.2600
Format Into String
i
format sting
input shing Temaining string
initial search lacation offsetﬂ 3t scan
artar in ] —
default 1 e b ouput 1 BAOLTS DC+1.28E +2
Scan From String
@l EEEE'T”E error [0
[=E] s par—1LEE]

.[1zZs00

Pages 7-5to 7-6:

 String functions (cont.):

» Format into String: Converts the inpuargumentinto a
string based on tHermat stringinput. The resulting string
Is the concatenation of thatial string input and the
argument converted to a string. More arguments can be
added by “stretching out” more input terminals.

« Scan from String: Converts thénput stringcontaining
valid numeric characters to individual numbers. Format
string can specify multiple outputs with differing data
types (numeric, Boolean, etc.). The function can be
stretched out to add masetputterminals.

» Explain the examples on the slide.
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String Functions

Format Into String & Scan From String

Edit Format Strin ¢

{5 Edit Format String E

Current Format Sequence:

Selected Operation:

Fomat fractional number - | Fomat fractional number [e.g.:12.345] ;l
Optigh
| Right justify _vI
— | Pad uzing spaces _v|
dd New Dperation | [~ Use minirmum field width: %5:5
v Use specified precision: |4
Femave This Operation |

Comesponding Format String:

Create String |

Cancel |

teazurement s
i

Measurement iz 45.86

Page 7-7.

* Format into String andScan from String have arEdit
Format String option in their pop-up menus. You can also
access the format string editor by simply double-clicking on the
string formatting functions.

» Allows users to easily specify the cryptic formatting strings
using a simple menu interface.

* Discuss the example on the slide.

« Demonstrate the use Bflit Format String on your machine.
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Exercise 7-1 on page 7-8

Students build Build String.vi

*This VI will be used in a later exercise.
Time to complete: 25 min.

Pages 7-8 to 7-10:

« Common questions:

* Why doesn’t my output strin g look exactly like the one in
the manual? This exercise assumes that the user types in the
appropriate spaces in the header and trailer strings so that the
combined string has the correct spacing. Show students how
to avoid this problem using the following method:

—Increase the size of the Concatenate Strin gs function
so it has two additional inputs. Wire a string constant
containing a single space to the terminals between the
header and number and the number and trailer.

OR

—Put a space before and after the format string so that it
reads <space>%.4f<space>.
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File Input and Output

Three levels of hierarch y

o F b . - .
« High-level utilit vy file Vis
D’ U J * Intermediate file 1/0 Vs

ol |22 | F ) }

. = » Advanced file I/O functions

]

xE}: g,

_ —HFile 170 High Level File Vis
‘?‘_‘?‘: = Write To Spreadsheet File.vi

L] - a- a- F “- D

"‘*"_’ TXT = TXT +

e

InstrLikh

ol

- ms g Intermediate File
E.. — VIs and Functions
H R
\ Advanced File

L | Functions

Pages 7-11 to 7-13:

» There are three levels of file I/O hierarchy: High-Level Utility
File Vs, Intermediate File I/O Vls, and the Advanced File I/O
Functions.

» The high-level Vis handle all lower level functions transparently
and provide a simplified means of error handling. If
an error occurs, a dialog box appears showing the error.

» The Intermediate File I/O VIs provide substantially more flex-
ibility while still handling the lowest level of functionality for
you. You can handle 80-90% of file I/O operations at this level.
Encourage students to use the Intermediate File 1/0O functions for
their applications

» The Advanced File I/O functions manage all file I/O operations
explicitly but are the most complex.

* We will study the Intermediate File 1/0 VIs and some of the
High-Level Utility File VIs in this course.
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Intermediate File I/O Vis

« Open/Create/Replace file — opens, creates, or replaces a file
* Read File — reads data from the file
* Write File — writes data to the file
* Close File — closes the file
 Error handlin g in file /O
— Time & Dialo g subpalette
— Displays a dialo g box if an error occurs

eror code [ho error: 0] Error erar?
error source [~ Ky L code out
tepe of dialog [OF. meg:1] f “"Lm zource out
errar in [fio error) error out
meszage

‘ Simple Error Handler ‘

Page 7-13:

* UseOnline Reference(Help menu) to show the connection
details of each VI.

* Open/Create/Replace Fileopens or replaces an existing file or
creates a new one.

» Leavefile path unwired and you will get a dialog box.
* Read File readsount bytes from the file associated witsfnum.
» Write file writes “data” to the file references kgfnum.
» Reading begins from the location givengms mode
The values fopos modeare:
0: Reading starts at the beginning of the file plos offset

1: Reading starts at the end of the file pdos offset
2: Reading starts at the current file points glas offset
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Saving Data to a File

e path canstant_ (windows] [Open/Create/Replace File.vi Tite File Cl

. lnze File Simple Ermor Handler. i
|“n|::'\testdata\text'| dat| Tt FILE B chr JELCSE”
Frath Constant (Sun/HPLEL] é]rﬂu Baror ém I il
[& - horme S TESTL AT A/TESTT DAT] [data]
Fath Constant (Macintesh))

L T Hard Drizk TESTDAT & TESTI .DATI

» Open/Create/Replace opens the existing file
TEST1.DAT and generates refnum and error cluster

* Write File writes the data
* Close File closes the file
» Simple Error Handler checks for errors

Pages 7-14 to 7-15:

Explain the block diagram. Stress the following:

« “Hardwiring” the filenames is strictly optional. It's only
really useful when you're trying to save time. Most of the
time you will want to leavéle path unwired to get a dialog box.

« refnum is a file identifier generated yper/Create/Replace
It is used by the subsequent file Vis to identify the file being
operated on. Therror cluster is a bundle of data containing
error information. These clusters are a powerful method of
handling errors and will be studied in more detail in the
LabVIEW Advanced Course.

» Passing theefnum anderror cluster also forces the Vls to
execute in order.
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Reading Data from a File

e path constart (Windows]| OpendCreate/Replace File.vi Read Filg Cloze Filg Simple Error Handler v
|quc:\testdata\test1.dm= = UL @ oy o EL0SET
ﬁ e £ enar || errar

file: zize
[data]

» Open/Create/Replace opens the file

* Read File reads the specified number of bytes from
the file

* Close File closes the file
 Simple Error Handler checks for errors

Page 7-15:

Explain the block diagram. Emphasize the following:

» The usemusttell theRead FileVI how many bytes of data
to read by wiring that number of bytes to teent terminal.

» Becausdile sizeis wired tocount from theOpen/Create/Replace
VI, the entire file is read by theead FileVI.
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Exercise 7-2 on page 7-16

Students build File Writer.vi
Time to complete: 20 min.

Pages 7-16 to 7-17:

« Common questions

» What is happenin g when | run this VI?  Since you didn’t wire
a specific path name to the Open/Create/Replace File VI, it
pops up a dialog box to ask you what file to save the data to.

NOTE: Do not try to save your data file into BASICS.LLB or it will
overwrite all the work you have done so far.

* Instructor: Make sure the students understand why BASICS.LLB
IS not a place to save data files.
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Exercise 7-3 on page 7-18

Students build File Reader.vi
Time to complete: 20 min.

Pages 7-18 to 7-20:

« Common questions

* Why doesn't this VI read the data file?  There are two possible
reasons why you aren’t getting the returned data string.
» The File Writer VI didn’t actually write the data to file.
* You forgot to wire the byte count from the Open/Create/
Replace File to the Read File.

* How do | get those thin gs in the False case? Make sure the

True case is wired first. Then go to the False case and pop up
on each white tunnel and select Create Constant .
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Creating a Spreadsheet File

» Spreadsheets are popular tools for data handling
and analysis

* There are many formats for spreadsheet data. One
of the most popular is tab-delimited:

— Columns are separated by a tab character
— Rows are separated by an end-of-line character

* Easily created using LabVIEW file 1/0 Vs

Page 7-21.:

Read from the slide.

» Depending on the spreadsheet application, the user may need to use
a different delimiter.

* An example is on the next slide.
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Creating a Spreadsheet File
EHN

promp
Erter File Mamme

4+ create or replace

Tite File Close File

o |85

[Open/Create/Replace File.vi

e

[~
0 »0. 42589 A spreadsheet yields:
1 +0.30739 A B C
2 #0.94539 \ : Do D825
3 *g'gg?ﬂ 3 A
/7 2 4 3 0564
Tab  End of Line g 4 0.3517

Pages 7-21 to 7-23:

Explain the block diagram. Emphasize the following:

» Although there are multiple writes to the file, with the Intermediate
File 1/0 Vs, we can make sure the file is opened and closed only
once. This saves time.

« Format into String converts each numeric to a string and inserts a
tab character and end-of-line character. The output is a tab-delimited
string compatible with most spreadsheet programs.

* Mention the table structure. A table is a front panel object used to

display a 2D array of strings. The table looks much like a
spreadsheet.
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Exercise 7-4 on page 7-24

Students build Temperature Logger.vi by
modifying Temperature Running Average.vi

*This VI will be used in a later exercise.
Time to complete: 25 min.

Pages 7-24 to 7-27:

Instructor: Please write down common questions and the time
required to complete this exercise. Record any information in the

CAR database.
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High-level File 1/0 Vs

» Write to Spreadsheet File

* Read from Spreadsheet File
» Write Characters to File

» Read Characters from File

* Read Lines from File

Pages 7-28 to 7-29:

» Write to Spreadsheet File Converts a 1D or 2D array of numerics
to a single-precision, tab-delimited string and writes the string to an
ASCII file. Useful for quickly creating ASCII spreadsheet files as in
the last slide.

* Read from Spreadsheet FileReads a tab-delimited ASCII file and
converts the data back to a 1D or 2D array of numerics. Useful for
reading data created wiitirite to Spreadsheet Filg or data saved
as an ASCII file from a spreadsheet program.

» Write Characters to File: Writes a character string to a file.
» Read Character from File: Reads a character string from a file.

* Read Lines from File Read a specified number of lines from an
ASCII file.

 All of the high-level Vls take care of opening/creating/replacing the
file, reading/writing the file, and closing the file in one VI.
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Exercise 7-5 on page 7-30

Students run Spreadsheet Example.vi
Time to complete: 25 min.

Pages 7-30 to 7-33:

« Common questions:

* Why is the Transpose 2D Array function used? This way,
each different graph is written to a separate column rather than a
row. This makes it easier to read on a spreadsheet (paging down
rather than across).

» Point out that th&Vrite to Spreadsheet FileVI opens the file,
converts all the numbers into ASCII strings, inserts the appropriate
tabs and linefeeds, writes the data to the file, and closes the file.

« If this VI is used in a loop, the file will be opened, written to, and
closed during every iteration. This process is much slower than
opening the file only once, before the loop, and closing it only
once, after the loop.
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Exercise 7-6 on page 7-34

Students build Temperature Application.vi
Time to complete: 30-40 min.

Pages 7-34 to 7-35:

» This exercise uses all of the concepts covered in the class up to this
point. It will probably overwhelm slower students.

» Review the following points to help students get started:
* Encourage faster students to work on this exercise instead of
working ahead.

« Stress that this exercise is good practice for building an
application from scratch.

» Suggest that the students plan each step in LabVIEW. You could
make it a group participation lesson and have the class help you

write the objectives of this exercise on the board, or even help you
write the VI on your computer.

* When possible, copy and paste from existing VIs as described in the
hints.
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Summary

« String is a collection of ASCII characters — many uses
— Display messages
— Instrument control

— File /0
* Many functions to manipulate strings — strings palette of
Functions menu
e Three levels of file I/O hierarchy
— High-level file /0 Vis
— Intermediate file 1/0 VIs and functions
— Advanced file I/O functions

Writing data in spreadsheet format
— Tab character separates columns
— End-of-line character separates rows

— Write/Read from spreadsheet high-level utility file
I/O Vs

Page 7-36:

» Do not immediately display this slide.

» Suggested questions for class participation:
* What are some uses of strings?
* How are files opened using the Intermediate File 1/0 VIs?
» When is it preferable to write data to a file in ASCII format?
* In binary integer format?
» What two ways can you write to a spreadsheet file?

* Review the slide: The purpose of Lesson Six was to introduce
string and file 1/O operations.
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Additional Exercises on page 7-37

7-7 -- (Challenge) Students build Spreadsheet

Exercise.vi
Time to complete: 25 min.

7-8 -- (Challenge) Students build Spreadsheet

Converter.vi
Time to complete: 30 min.

7-9 -- Students modify Temperature logger.vi (Ex. 7-4)
and save the new VI as Temperature
Logger 2.vi

Time to complete: 25 min.

Page 7-37:

* Do not spend class time to finish these exercises. However,
because it is an important concept that many students may use in
their applications, discuss the technique and show the solution on
your computer, if there is time.

e 7-7 Hints:

* Use theWrite Characters to File VI to first write the
headers. Then use tliérite to Spreadsheet FileVI to
write the numbers.

» To prevent the file dialog box from popping up twice, wire
thefile path output of theWNrite Characters to File VI to
thefile path input of theWrite To Spreadsheet FileVI.

e 7-9 Hints:

* Modify the Temperature Logger VI so that thgpos mode
is 1 andpos offsetis 0.
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Lesson 8
VI Customization

You Will Learn:

A. The use of VI Setup

B. The use of SubVI Node Setup

C. How to edit VIs with disabled options
D. About customizing palettes

Page 8-1.:

* Lesson 8 will cover some tools used to customize your panels.

* VI Setup is used to customize a given VI.

* SubVI Node Setupis used to customize a specific instance of a
subVI.

« Sometimes these Setup options can prevent you from editing your VIs.
You will learn how to prevent this situation.

* You can fully customize the Controls and Functions palettes in
LabVIEW.
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VI Setup

Access VI Setup... by popping up on icon pane

» Affects every instance of that VI in all
applications -

* VI Setup menu

Edit lcan...
Show Connector

— Execution options

Add Tiermninal

— Window options Remove Teminal
Patterms 4
— Documentation Fiotate 50 egrees
Flip Harizantal
Flip i ertizal

Dizconnect &l Teminals

Dizconnest This Teminal
Thiz Connection [z 3

Page 8-2:

* You can accesgl Setup... from the panel or diagram window in the
icon pane.

» Three options are available:

» Execution Options- Used to set up when the front panel is
opened, whether the VI is reentrant, and the priority of the VI.

* Window Options - Allow you to disable various pieces of the
panel window to customize the window.

* Documentation- Allows you to modify help and documentation
features of the VI. You can associate help files with the VI from
this window.
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VI Execution Options

* Only affects VI while in Run mode

i Execution Options :_j

[~ Show Front Panel “When Loaded I Frint Panel When Y| Completes Erecution
[~ Show Front Panel "When Called v Print Header [name, date, page #]

7 Ciges Sfeppi iy et ¥ Scale to Fit When Printing
[~ Runwhen Opened ¥ Surround Parel with Border \When Printing

[~ Suspend*when Called I~ Page Marginz

o

I~ Reentrant Execution $ e

Priority Freferred Execution Spstem
| miarmal priority = same as caller |
oK I Cancel i

Pages 8-2 to 8-3:

» Discuss the more commonly used features in the Execution
Options window:

* UseShow Front Panel...CalledandClose Afterwards...
to create pop-up panels.

* UseRun When Openedto make the VI automatically run
when the user opens its panel.

» UseSuspend When Calledor debugging (same as setting
breakpoint on tools palette of VI).

» Reentrant Executionprovides separate data space for the
subVI.

* Various printer setup options are available for
programmatic printing of a VI.

* Priority andPreferred Execution Systendetermine low-
level multitasking and time sharing aspects of a VI. This is
discussed further in the LabVIEW Basics Il Course.
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VI Window Options

* Only affects VI while in Run mode

I Wwindow O ptiong j

[~ Dizlog Bow ¥ Show Scrall Bars
W 'window has Title Bar |+ Show Menu Bar
|+ Allovs Usger to Close Wwindow |+ Show Toolbar
W Aillow User to Resize Window ¥ Show Fun Button
W Allow Fun-Time Pop-up Menu ¥ Show Continuous Run Button
[ Hilite <Returr Boolean ¥ Show Abart Button
[ Size to Screen ¥ Allaw Debugging [Compile in debuaging code)
[ Auto-Certer ¥ Enable Log/Frint at Completion
¥ At handling of menus at launch
it T it
| [V Same az V| Name

Qg I Cancel |

Pages 8-4 to 8-5:

» Discuss the more commonly used features in the Window
Options window:

» Showing/hiding scroll bars.
» Showing/hiding the title bar.
» Showing/hiding menu bars.

» Showing/hiding toolbar or various toolbar options like
debugging, aborting, or continuous running.

» Making the VI act as a dialog box. (Discuss the
implications of being a dialog box and why they may or
may not want this option for their VIs.)
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SubVI Node Setup

» Access SubVI Node Setup by popping up on subVI
icon on calling VI's diagram

» Affects only that single instance of the subVI

r Open Front Panel when loaded

¥ Shaw Frant Fanel when called

[¥ Cloze afterwards if ariginally closed|

r Suzpend when called

0k Cancel ]

Page 8-8:

» SubVI Node Setupis used to set execution options for a single
instance of a subVI.

» Does not affect other calls to that same subVI in the diagrain. (
Setup options affect every instance of that VI.)
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Key Navigation

» Assigns key assignments to front panel controls

] T
s e > Key Navigation [x]
Temperature ; .
<DF3> Change to Indicator F.ey Azsignment Current Agsignments:
Senchronous Display | J/ Mone F1 -5 "Display -
Find Termninal <Returns Temperature'
G » <Escapes FT2 -3 ::DISD|a}l % Log
. emp
Data Operation: b <Hame>
Create 3 <End> =
Key Mavigation... drme U
Fienl <Page Downz bt
ERSEE 4 <Clear> pobing
F1
Data Range » Fz Cancel |
Mechanical Action  » PliEaenmn )
Relsase Text St : have <Home>, <End>, -
<F . or <Cleary keys. Some
ke FB ction keys or might only have
F1 F7 z
L[]
F3
F10
F11
F12

Page 8-13:

» Key Navigation can be accessed from the pop-up menu of any front
panel control. The operation of the control can be associated with
specific keys or key combinations.

* Not in course but mention if there is time:

* When running a VI, you can hit the tab key to enable key focus to
the front panel controls

» To key focus inside arrays and clusters - use <ctrl> + down arrow
(to step into array or cluster) and <ctrl> + up arrow (to step out of
array or cluster). Then use tab to key focus each element.
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Exercise 8-1 on page 8-9

Students build Pop-Up Graph.vi and
Use Pop-Up Graph.vi

Time to complete: 20-30 min.

Pages 8-9 to 8-13:

* Common questions:

* What is the difference between specifying subVI options
in “VI Setup” and “SubVI Node Setup”? VI Setup affects
the VI every time it is called. SubVI Node Setup affects the
VI only when it is called in the location that it was modified.

» Make sure the students understand the purpose of 8sinigl
Node Setupin this exercise—to make a pop-up graph after all of
the values are obtained. This method is useful when there is not
enough room on the panel to display all of the necessary
indicators. Use pop-up panels to display objects when they need
to be viewed.

* When students finish, discuss the diagram on your computer.
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Exercise 8-2 on page 8-14

Students build Temperature System.vi
Time to complete: 25-30 min.

Pages 8-14 to 8-17:

* Instructor: You may want to discudsey Navigation before
students begin this exercise.

« Common questions:

* Why isn’t anything happening when | press the Display &
Log Temp button? You must use SubVI Node Setup to
configure the Display & Log Temp subVI to pop open its
front panel when called.

» Point out that by disabling the Tools palette, this VI could be
used by someone not highly trained. It becomes an easy-to-use
menuing system.

» Go over the solution of this exercise when the students are
finished and make sure they understand the concepts.
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Combination of VI Setup Options

» Opens, runs, and closes LabVIEW

. . . qu|t‘p [T] I;H:
without user intervention '
. . Quit LabVIEW
» Save with Options... to make backups
Save Dptions far:
[ %"u Changed ¥ls Uniitlod
-Selected Options
* anﬁjlﬂﬁ?:nt [T o new location - single prompt =1

V¥ Save entire hisrarchy

] gl?l?'igation I Includs vilb files
[Eegg, Uistribution ¥ Include extermal subroutines
¥ Include run-time menus

lal Custam S
T, e e % No password change

o ¥ Remove passwords

i Template ¥ Apply new pazzword

"' Remove diagrams

Save Cancel

Pages 8-18 to 8-19:

« Explain to the students that when you change the VI Setup
options in a certain combination, they can make it almost
impossible to edit their VI again. For example, Run When
Opened, all menu bars and toolbars disabled, and Exit
LabVIEW function.

« Show the Save with Options window and encourage the

students to save a copy of their VIs (and the hierarchy) to a new
location before they start modifying the VI Setup options.
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Exercise 8-3 on page 8-20

Students modify Edit_Me.vi
Time to complete: 25-30 min.

Pages 8-20 to 8-21.:

* Instructor: Run this VI and explain what it is doing before the
students begin the exercise.
« Common questions:

» This is a new exercise, so please enter any questions and
answers into the CAR database

» Go over the solution of this exercise when the students are
finished and make sure they understand the concepts.
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Customizing LabVIEW Palettes

» Access different palette sets from the Edit menu

» Display either icon or text Controls and Functions
palettes

Clear Pazsword Cache ]

Select Palette Set basic
Edit Contral & Function Palettes... dag_wiew
W default
tmn_view

Page 8-22:

» This section of Lesson 8 is optional. Therefore, only discuss it
if the class is ahead of schedule. Otherwise, skip it and tell
them to read this section when they have spare time.

« Demonstrate to the students how they can pick other palette sets
like T&M View or DAQ View.

» Also show how they can get the all Text menus for the Controls

and Functions palettes from tBésplay Styleoption inEdit »
Select Palette Set
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» Modify the existing
palettes

* Create your own
palettes

Mowve Submenu
Delete Submenu

Copy lcon

Edit Submenu lcon...
Rename Submenu...

W Synchronize with Directory

Empty Slot
Empty Row
"Wl Option

Editing Controls & Functions Palettes

=

&
B . —HBasclass ¥ls

DDD
Mol
QD@

Pages 8-22 to 8-24.

» This section of Lesson 8 is optional. Therefore, only discuss it
if the class is ahead of schedule. Otherwise, skip it and tell

them to read this section when they have spare time.

« Demonstrate to the students how they can modify the existing

palettes usingdit » Edit Control & Function Palettes and

moving the icons around in the User Libraries » Basic Course

palette.

« Demonstrate how the students can make their own palette from

Edit » Edit Control & Function Palettes and putting
BASICS.LLB into the Functions palette. (This is the next

exercise.)
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Exercise 8-4 on page 8-26
(Optional)

Students modify the Functions Palette
Time to complete: 20-25 min.

Pages 8-26 to 8-28:

» This exercise is optional, so only do it if the students are ahead
of schedule or are very interested in this particular feature.

« Common questions:

» This is a new exercise, so please enter any questions and
answers into the CAR database
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Summary

« Use VI Setup to set Execution, Window, and
Documentation Options for every instance of a VI.

* Use SubVI Node Setup to set execution options for
a single instance of a subVI.

» Use the Key Navigation option to assign front panel
controls to a keyboard key combination.

* Use the Save with Options... from the file menu to
make backups of your VIs.

* You can often edit VIs by aborting them from the
diagram of another VI.

* You can fully customize the Controls and Functions
palettes from the Edit menu.

Page 8-29:

* Do not show this slide immediately.
» Discussion questions:

* What is the difference betwe&t Setup andSubVI Node Setu®
* How do you make a subVI open its front panel when it is run?

* Why should you use the Save with Options before modifying your
VI Setup options?

» How can you edit a VI that opens, runs, and closes or is locked?

* In what ways can you customize the Controls and Functions
palettes?

* Review the summary slide.
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Lesson 9
Data Acquisition

You Will Learn:

About plug-in data acquisition (DAQ) boards.
About the organization of the DAQ ViIs.

How to acquire and display an analog signal.
How to output an analog signal.

How to acquire data from multiple analog
channels.

F. How to drive the digital 1/O lines.
About buffered data acquisition.

moow2»

®

Page 9-1:
* This lesson introduces data acquisition.
» This lesson covers:

* A brief discussion of boards and DAQ concepts.

» The organization of LabVIEW DAQ Vis.

* How to acquire an analog reading.

* How to output an analog signal.

* How to acquire analog readings from multiple channels.
» How to perform digital 1/0O.

* How to acquire data continuously.
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DAQ boards

* DAQ boards for
—Analog 1/0
— Digital I/O

components

— Counter/timer 1/O

 Data acquisition system

Overview

* DAQ library supports all

« LabVIEW uses the NI-DAQ | ==
driver-level software = |

Page 9-2:

» Discuss components:

» Transducers - Convert physical measurements to electrical

signals.

» SCXI - Signal conditioning (amplifying, linearization,

etc.).

* DAQ Boards - Talk briefly about the boards listed in the
manual (mention DAQ Designer to determine what boards

might be needed).

* The LabVIEW DAQ library supports all NI DAQ boards:

» The same VIs are used regardless of board.
» Choose a DAQ board that best fits the application.

e LabVIEW uses NI-DAQ software:

* DAQ functions can be upgraded without needing to replace

LabVIEW Vis.

 Fixes, new functions, and updates are greatly simplified.
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Analog Input Considerations

» Single-Ended vs. Differential « Range
* Resolution * Gain
16-Bit Versus 3-Bit Resolution
(5kHz Sine Wave)
10.00
111
?;z A 110 V— 16-bit
6.25 [ 101 V .
Amplitude 5.00 100 l/ s ot
(volts) 011 1
3.75
2.50 010, N\
1.25 001 \l [
0 090 | \‘II' /]'
0 50 100 150 200
Time (us)

Pages 9-3 to 9-4:

* When measuring signals with a DAQ board, you must consider
several factors.

* Single-ended (SE) versus differential (DIFE

» SE inputs are referenced to a common ground.
» Three conditions must be met for SE inputs:
1. Input signals are greater than 1 V.
2. Leads from signal source to analog input hardware
are
short (less than 15 feet).
3. All inputs share common ground reference.
* If your signals do not meet these criteria, DIFF inputs
should be used.
* DIFF inputs each have their own ground source and reduce
or eliminate noise errors.

* Resolution- Number of bits that the DAQ board’s (A/D)
converter can use to represent the analog signal. Point out on
slide the difference between 3-bit vs. 16-bit resolution.

» Range- Voltage range that the board’'s ADC can accept as
inputs.

» Gain - Hardware amplification applied to the incoming signal
before it is digitized to maximize the number of resolution
divisions available to digitize the signal.
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Analog Input Considerations

. 10 20
» Code Width =24 mV =48 mV
1 * 2 12 1 * 212
Sampling Rate
Adequately Sampled

AVAVAVAVAVAVAVAY)

Aliased due to undersampling

Averaging

Pages 9-4 to 9-5:

* When measuring signals with a DAQ board, you must consider
several factors.

» Code Width equation - Combine the previous quantities of
resolution , range, and gain to calculate the minimum voltage at
which the DAQ board can digitize the signal (code width).

« Sampling Rate- The number of times per second that the A/D
conversion takes place. Fast sampling rates produce a better
representation of your signal.

* It is recommended to use the Nyquest Sampling Theorem:
Sample at a frequency at least twice as fast as the highest
frequency component of your incoming signal.

« If the sampling rate is not fast enough, the signal will become
aliased.

» Averaging - Take more points and average them to reduce noise.
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DAQ Software Architecture — Windows 95

|| Win95 Device Manager | LabVIEW for Windows
v
- - — DAQ Library Vis
| NI-DAQ Configuration Ut|||ty| ¢

DAQDRV
[j\ nidag32.dll for Wing5
Win95 Registry I

TITITTTTITTTTT

DAQ Board

Pages 9-5 to 9-9:

* When measuring signals with a DAQ board, you must consider
several factors.

* NI-DAQ can be installed through the LabVIEW installation.

* Installs DLL and NI-DAQ Configuration Utilittand modifies the
system registry.

» System resources can be configured through the Device Manager
(Start » Settings» Control Panel » Systen).

» Board configuration can be done and tested througNHAQ
Configuration Utility (LabVIEW program group).

* You must configure the board before you can use LabVIEW
DAQ Vis.
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DAQ Software Architecture — Macintosh

LebVIEW ffor Miediintash
DAQ Librery Mis

I

NI-DAQ

Page 9-11:

* When measuring signals with a DAQ board, you must consider
several factors.

* NI-DAQ can be installed through the LabVIEW installation.

* NI-DAQ Configuration Utility in the NI-DAQ folder detects the
board and can be used for configuring the board.

* You must configure the board before using it with LabVIEW.

© National Instruments Corporation 160 LabVIEW Basics | Course Instructor Manual



Device Number;

Besources:

Interupt R equest
Direct Memory Access
Direct Memory Access

Wi

DAQ Hardware Configuration

* NI-DAQ Configuration Utility

Configuring Device 1: AT-MI0-16E-2

Spstem ;AI i Al i Accessor_l,l; OFC ;

= Aszzigh a device
el number to the
device and check
o azsigh system

08130 - 0x19F TEE0LICES.

3
5
7

Test Resources j Fun Test Panels .. 1

ok 1 Cancel 1

Page 9-12:

Windows 95 - The LabVIEW Setup program copies the required

files to your hard disk:
*NIDAQ32.DLL into Windows directory
*NI-DAQ Configuration Utility into LabVIEW

directory/folder

NI-DAQ Configuration Utility Is used to configure

DAQ boards. The utility in conjunction with Windows 95
Device Manager (System Properties) allows configuration of

DAQ board

* Macintosh - The LabVIEW installer installs NI DAQ

* You must configure your board before you can use the

LabVIEW DAQ ViIs.

* Instructor -- Run the NI-DAQ Configuration Utility and point
out the features. Be sure to show them the Help.
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The DAQ Signal Accessory

Page 9-12:

« Before the class starts Exercise 9-1, you should explain the following points about using
the DAQ Signal Accessory:

e The 5V line from the DAQ device supplies power to the DAQ Signal
Accessory.

« Analog input channels 1 and 2 are available at the quick connect terminal
located in the lower central portion of the top panel. The IC temperature sensor
is hard-wired to Al channel 0 and is located in the lower right hand corner of
the top panel.

« Analog output channels 0 and 1 are available at the quick connect terminal
located at the lower central portion of the top panel.

» The function generator is located in the lower central portion of the top panel. It
produces a sine wave and a square wave. Use the Frequency Range selector
switch to select a frequency range and then use the Frequency Adjust knob next
to it to further adjust the frequency.

» There is a row of four LEDs in the middle of the DAQ Signal Accessory that
correspond to Lines 0 to 3 on Port 0 of the MIO board. The four LEDs use
inverted logic.

» Briefly describe the other parts of the DAQ Signal Accessory.

* Instructor -- make sure each student has at least one wire with stripped ends.
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Exercise 9-1 on page 9-12

Students examine the DAQ Configuration Utility

Time to complete: 15 min.

Pages 9-12 to 9-17:

* Common questions:

* Why don’t the LEDs work properly in the Test panel? The
LEDs on the DAQ Signal Accessory use negative logic.

* Note: If students make any changes, they should not save them.
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DAQ Functions Organization

«—HIFunctions d Analog Input

* Analog Output

E
I
3|

-
-

] - Digital I/0
PG b 3

T
e EEI, - Counter
T =
| G
e » Calibration and
I lli== &, Ya., ey, E. * Configuration
e e
el 5T B HEr . A
— i = » Signal Conditioning

nze] |12

o I

Pages 9-18 to 9-19:
* LabVIEW DAQ VIls are divided into three categories:
» Easy I/O: High-level Vls for basic analog operations.
Ideal for simple data acquisition applications or getting
started with DAQ in LabVIEW.

* Intermediate: For more hardware functionality, flexibility,
and efficiency.

» Advanced: Low-level calls to the NI-DAQ driver.
 Point out that there is only one set of Vis dtirNational
Instruments boards. You do not need to learn a separate set of

VIs for each board. Note: The same VIs are used for all
platforms.)
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Analog Input VI Organization

EE Analog Input

[T Hl [ HI
1] HI Al
. CONFIG| | #TART READ g CLEAR
Intermediate VIs— 5| [
. EU"QL'
Utility VIs

Advanced VIs

* Single-point ViIs device

channel (0] -F ONEI
Sl A2

_ high firnit [0.0]
Al Sample Channel lawa i [D.D]—I—

Al S5ample Channel vi
— Al Sample Channels device

channels [0] =
bigh lirmit [0.0] |—
ey lirwik {10,101

Al Sample Channels_vi

zample

|
FT

T

M

o
Red

zamples

Page 9-20:

» The simplest of the Easy I/O Vis. They perform a single A/D
conversion on one or more channel:

» Al Sample Channel Measures a signal from a specified
channel and returns a voltage.

» Al Sample Channels Measures a signal from each of the

specified channels and returns an array of voltages (one for
each channel sampled.)

» Explain the inputs and outputs:

« Parameters iboldface are required.
» The channel input is a string and the device input is a
numeric.

» Parameters in regular text are optional.
 Values in parentheses are default values.

 If an error occurs with any Easy I/O VI, a dialog box displays the
error code and gives you the option to abort or continue.
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Exercise 9-2 on page 9-21

Students build Voltmeter.vi

*This VI will be used in a later exercise.
Time to complete: 20 min.

Pages 9-21 to 9-22:

* Common questions:

* Why do | get a bad wire when I try to connect the Channel
control? You can connect the Channel control only if it is a
string, not a number.

* When | run the VI, why do | get a bad device error? Make
sure that you have set the Device control to 1 and the channel
set to a value string such as “0” or “1”.

* Why does my meter display approximately 0.26? You are
taking readings from Channel 0, the Temperature channel. If
you place your finger on Channel O of the DAQ Signal
Accessory, you will see the reading increase.
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Exercise 9-3 on page 9-23

Students modify Measurement Averaging.vi
Time to complete: 20 min.

Page 9-24.

* Common questions:

* How do | modify the VI to take 30 readings? Place a For
Loop that executes 30 times in the True case, and place the
Al Sample Channel VI inside of the loop. Use either the
Mean function or the Sum Array Elements and divide by 30,
to take the average of those 30 readings, and plot the average
to the chart.
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DAQ Wizards

* DAQ Channel Wizard
* DAQ Solution Wizard

Welcome to the Common Solutions Gallery.

Select ane of the application categaries ta view a list of camman zolutions.
Open any selected application by double clicking on the common solution,
or by selecting it and clicking the Nesxt button.

Gallery Categories Common Solutions
Tranzducer Measurements

Drata Logging | Function Generatar
Control Applications | Arbitrary W aveform Generator
__‘j’_’j Spectrum Analyzer __‘j’_’j

— Application Salution Description

A simple 2 channel oscilloscope with features such as tiggering.

< Back i Mest » 1 Cancel

Page 9-24.

» LabVIEW DAQ Wizards are utilities that help you define the
signals and quickly create DAQ applications:

* DAQ Channel Wizard: Consists of several pop-up
windows where you select which signals are connected to
which channels on your DAQ board. For example, if you
specify a channel named “temp” for a thermocouple, fill
out what voltage/temperature ranges it supports and what
CJC to use, and every time you take a reading from
channel “temp” it will automatically be compensated and
scaled to the correct temperature scale.

» DAQ Solution Wizard: Has several categories of
applications already prebuilt or you can specify a custom
DAQ application and a completed VI will open with all
the correct DAQ Vs, inputs/outputs, displays, etc.
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Exercise 9-4 on page 9-25

Students use the DAQ Solution Wizard
Time to complete: 20 min.

Page 9-25:
* Common questions:

* This is a new exercise. Please enter any questions and
answers into the CAR database.
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Analog Input Waveform VI

* Al Acquire Waveform
* Vis display a dialog box if an error occurs

device waveform

Al
I e L0 0 I PR

channel (0] " —lonE

number of samples
zample rate [1000 samples/sec) :
bigh lirmit (1104

Al Acquire Waveform_vi

Page 9-29:

» Al Acquire Waveform: Measures multiple A/D conversions
from a specified channel and returns an array of voltages.

» Explain the inputs and outputs:

« Parameters iboldfaceare required.

* The channel input is a string and the device inputis a
numeric.

« Parameters in regular text are optional.

» Values in parentheses are default values.

 If an error occurs with any Easy I/O VI, a dialog box displays the
error code and gives you the option to abort or continue.
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Exercise 9-5 on page 9-30

Students Build Acquire Waveform.vi
Time to complete: 25 min.

Pages 9-30 to 9-32:

» Common questions:

* Why can’t | wire to the waveform graph? Make sure that it
is not a chart or an XY graph.

* Why is the “actual sample period” wired to the “Bundle”
function? So that the X axis on the graph is accurate; it is
the delta x value. If you did not use the actual sample
period, the waveform would look correct, but the information
on the X axis might not accurately reflect the sampling rate.

* Why is the computer hung or Why don’t | get data? Make
sure that the customers enter in realistic values for the # of
points to acquire and the sampling rate. They may be asking
for 10,000 data points at 100 points/sec.

* Instructor -- make sure the students have signals wired to
whatever channel they are sampling on the DAQ Signal
Accessory. Also, make sure they don't try to put the data file
into BASICS.LLB.
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Exercise 9-6 on page 9-33

Students build Read Waveform From Disk.vi
Time to complete: 15 min.

Pages 9-33 to 9-34:

* Common questions:

* Why do | need to enter the Samples/sec value? You did
not save the Samples/sec value when you saved the
waveform to a file in Exercise 9-5. So now, to generate a
graph with the correct X axis information, you must specify the
rate at which the data was taken.

* Why do | need to take the reciprocal of the Samples/sec
value? To calculate the actual amount of time between each
reading.
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Analog Output VIs

» Single-point VI

1 (1]
device .
channel [0]=F""""g , ~
voltage - =

AD Update Channel_vi

 Waveform Generation VI

device [0
channel (0= A':
update rate [1000 updates/sec] - 1=
wavetorm

AD Generate Waveform.vi

Page 9-35:

» The simplest of the Easy I/0O VIs. They perform a single D/A
conversion or multiple conversions on one channel:

» AO Update Channel Writes a specified voltage value to the
analog output channel.

» AO Generate Waveform Writes a specified array of voltage
values to the analog output channel.

* Explain the inputs and outputs:
» Parameters iboldface are required.
» Parameters in regular text are optional.

* Values in parentheses are default values.

« If an error occurs with any Easy 1/O VI, a dialog box displays the
error code and gives you the option to abort or continue.
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Exercise 9-7 on page 9-36

Students examine and run Voltage Output

Example.vi with Voltmeter.vi
Time to complete: 15 min.

Pages 9-36 to 9-38:

* Common questions:

* Why doesn’t my meter read the appropriate values? You
must connect Analog Output CH 0 to Analog Input CH 1 on
the DAQ Signal Accessory. Also, you must change the scale
on the meter from 0-1 to 0-10 and set the channels to write at
channel 0 and read at channel 1.

* Why does my meter go back to zero after stepping
through the voltages? Because a 0.0 is written to the
Voltage Output indicator after the loop completes.

* What is a Local Variable and why is it used here? A local
variable is an additional terminal for a front panel object.
Local variables are covered in detail in the LabVIEW Basics Il
Course. The local is used here to set the Voltage Output
indicator back to zero after the loop is finished.
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Scanning Multiple Analog Input Channels
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Index Array functions

Scan No. 1
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Page 9-39:

* The last Easy I/O VIs we will discuss acquire multiple samples from
multiple channels.

» TheActual Scan Perioggarameter represents time between two
adjacent scans:

CH1 CH2 CH4 CH6

Scan No. 1 L L L
Scan No. 2 L L

Scan No. 3 L L L L
* Index Array VIs strip off columns of an array to retrieve data for
individual channels. Col O contains data from the first channel
scanned, Col 1 contains the second channel, Col 2 contains the third
channel, etc. Thus, for channels 0, 2, and 4, you access columns 0, 1,
2, not columns 0, 2, 4.
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Scanned Waveforms and Graphs

waveform data
Loy

Y ; !
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Page 9-40:

* You only need to use the Index Array functions if you want to
separate the different channels into single channel arrays. If you
want to analyze or display all the channels at once, you can just leave
the data as a 2D array and wire it straight to a graph.

 Remember to Transpose array when displaying data on graph
because graphs plot each row separately and each channel is in a
column when returned from the DAQ VI.

* You can Transpose the array in two ways:
* Pop up on the graph and sel&canspose Array from the menu.

» Use theTranspose 2D Arrayfunction @Array subpalette)
between the DAQ VI and the graph on the diagram.
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Exercise 9-8 on page 9-42

Students examine and run Scan Example.vi
Time to complete: 15 min.

Page 9-42:

* Common questions:

* How is the data from each channel being extracted from
the array? Using the technique shown on page 8-39, the row
indexing is disabled so that an entire column is extracted at a
time. Each column is then plotted on a separate graph.
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Exercise 9-9 on pa ge 9-43
(Optional)

Students build Scan Two Waveforms.vi
Time to complete: 20-25 min.

Page 9-43:
* Hints:

» This VI should look like the diagram shown on the bottom
of page 9-40.
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Digital Input and Output Vls

part width [8] ———— port width [8] ———
device e line state device e pattern
digital channel =~ 2 digital channel == B]
line — =5 =
iteration [:initialize) iteration [Qinitialize)
Read from Digital Line.vi Read from Digital Port_wi
part width (8] ———— part width [8] ———
device Cine device bIe
digital channgl =" @— . ngnmnnnn]
i ——1 _,_ digital chanmel B

pattern — |

o line state e iteration [ iritialize)
iteration [initialize)

White to Digital Line.vi Write to Digital Port .vi

Pages 9-44 to 9-45:
» Digital I/0O Vls are used to read or write digital TTL signals.
» Write to Digital Line : writes a binary value (Boolean) to a
single specified digital line.

» Write to Digital Port : writes a binary pattern to an entire
digital port.

» Read from Digital Line: reads a binary value (Boolean)
from a single digital line.

» Read from Digital Port: reads a binary pattern from a
specified digital port.

» Discuss the functions shown on this slide and their
inputs/outputs in detail.

» Describe the pattern value (EX: pattern = 8 = 1000 binary; Line
3 is high while Lines 0, 1, and 2 are low.)
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Exercise 9-10 on page 9-46

Students examine and run Digital I/O Example.vi
Time to complete: 20 min.

Page 9-45:
* Common questions:

* Why aren’t the Binary Pattern and the LED pattern the
same? The least significant bit of the Binary Pattern is on the
right. However, the LED Pattern is an array of Booleans. Its
“least significant bit” is array(0). Thus, for both patterns to
look identical, you need to invert the array using the Reverse
1D Array function.

* Why do | need to subtract the pattern input from 15? To
account for the negative logic of the DAQ Signal Accessory
LEDs.
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Buffered Data Acquisition (Optional)

Al Al Al Al
CONFIE START RERD CLERR
e e e g
Al Config.vi Al Start.vi Al Read.vi Al Clear_vi

* Intermediate VIs
- Highly recommended for most applications
- Continuous acquisition with triggering available
- Interval scanning (except on NB boards)
- Different gains for different channels
- Streaming data to disk
- Error handling

Page 9-46:

 The Intermediate DAQ VIs are covered in detail in the LabVIEW
Data Acquisition Course. However, if the students are doing a lot of
DAQ or are ahead of schedule, you may want to cover the
information covered in this and the next 3 slides.

» The Intermediate DAQ VIs allow you to use more features of the
DAQ board such as continuous acquisition, triggering, interval
scanning, different gains per channel, and custom error handling.
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Analog Input Operations

» Sequence
Al Confi g -- Configure channels, gains, and computer buffer
Al Start -- Set trigger conditions, program clocks, and start DAQ
Al Read -- Read data from buffer (repeat if continuous)

Al Clear -- Stop DAQ, free board and computer resources
» General VI parameters
taskiD - to control execution order

Bold terminals

Default values

Pages 9-47 to 9-48:

» Discuss the standard sequence of the analog input operations.
Explain how each sequence step translates to an intermediate Analog
Input VI.

» Each of these VIs has several inputs and outputs. Show the help
window information for each VI and discuss the important
connections they will need to make suchasklID, required inputs,
anderror in/error out .
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Analog Input Intermediate VIs

Simple Error
Al Clear.vi Handler vi

transposed voltage graph

device [1]

==

channels (0] i

Al Config.vi Al Start.vi Al Read.vi

Buffered Analog Input

acquire

continuously ransposed

graph

il
Al Read.vi
réko =]

[status]:
i)

Simple Ermror
Al Clear.vi Handler.vi

device [1]
@ 7= ConFIG

channels (0) | | |28 | |7

Al Config.vi | Al Start.vi

scan rate

o

Continuous Data Acquisition

Pages 9-49 to 9-52:

Explain the nonbuffered application algorithm. Now explain the buffered
application algorithm. Discuss the following points:

Acquiring the data and reading the data from the DAQ board’s buffer
are two separate operations.

Default values are used to optimize the application. Because the start
and read steps use the default value of -hémnber of scans to

acquire andnumber of scans to reagrespectively, théuffer size

sets the number of scans for both steps.

After acquiringbuffer size scans, the acquisition is complete. The
clear step frees the buffer memory and other resources used.

ThetaskID “chains” the different VIs together to control the order of
execution.

Error information is passed from one VI to the next througlether
in anderror out clusters. Th&imple Error Handler VI at the end
of the sequence reports information onfihst error that occurred, if
any.

Now explain how the continuous buffered acquisition works by simply
setting the board to acquire continuously and then reading the buffer in a
While Loop.
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Exercise 9-11 on pa ge 9-53
(Optional)

Students build Continuous Acquire with MIO.vi
Time to complete: 20-25 min.

Pages 9-53 to 9-55:

» This exercise is optional, so only have the students work on it if
they are ahead of schedule. If they are interested in this topic
and there isn’'t enough time for them to do this exercise, then
open the solution and describe how it works.

» Describe the following parameters:

» Scan backlog-- is the number of scans left in the buffer
that have not been read yet. If the scan backlog becomes
the same size as the buffer length, then you will get an
overwrite error.

* Read/search position- is where in the DAQ buffer you
take the readings. You can specify from the beginning of
the buffer, where the current read pointer is, or from the
end of the buffer.
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Summary

« NI-DAQ Configuration Utility to configure DAQ boards

« DAQ ViIs organized into five subpalettes — Analog Input,
Analog Output, Digital /0, Counter, Configuration and
Calibration, and Signal Conditioning

* Analog Input and Output subpalette divided into three levels —
Easy I/O, Intermediate, Advanced, and Utility VIs
» Easy I/O contains VIs for
» Single-channel analog input and output
 Single-channel waveform input and output
» Multichannel waveform input and output
« Digital input and output

» Continuous DAQ can be performed using the intermediate VIs
of Al Config, Al Start, Al Read, and Al Clear.

Page 9-56:
» Do not immediately display this slide.
» Suggested questions for class participation:

» How are DAQ Boards configured?
* How can you test the configuration of your board?
« What are the three types of DAQ VIs?
« Which VIs are used for...
* One-point I/O on one channel?
» One-point I/0O on multiple channels?
» Multiple-point 1/0O on one channel?
 Multiple-point I/O on multiple channels?
* What is the difference betwe#&hirite to Digital Line and
Write to Digital Port ?
 What are the DAQ Wizards and why would you use them?

* Review the slide: The purpose of Lesson Nine was to introduce
the LabVIEW DAAQ library and supporting functions.
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Additional Exercises on page 9-57

9-12 -- Students build Temp Monitor with LED.vi

Time to complete: 25 min.

9-13 -- Students use the DAQ Solution Wizard to make
Simple Data Reader.vi
Time to complete: 25 min.

Page 9-57:
* 9-12 Common question:

* What pattern do | need to write to Port O to turn on LED
0? Because the LED is the least significant line, you need to
write a 1 to it. However, because the Demo Box uses
negative logic, you need to write a 255-1=254 to Port 0 to turn
on LED 0 and a 255-0=255 to LED O to turn it off.
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Lesson 10
Instrument Control

You Will Learn:

About serial port communication

About GPIB instrument control

About VISA functions for instrument control
About LabVIEW instrument drivers

About waveform transfers

moow2>

Page 10-1:

» This chapter introduces Serial and GPIB instrument control
using LabVIEW.

» This lesson covers:
« Serial communication background.
» Serial VIs in LabVIEW.
» |EEE 488 background.
» |EEE 488 control from LabVIEW.
 Instrument drivers in LabVIEW.
» ASCII and binary waveform transfer.
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Serial Communication

RS-232 Instrument

Serial Port

Terminology
» Baud rate -- bits per second
« Data bits -- inverted logic and LSB first
* Parity -- optional error-checking bit
 Stop bits -- 1, 1.5, or 2 inverted bits at data end

* Flow control -- hardware and software
handshaking options

Pages 10-2 to 10-3:

* Instructor: See how many students are going to use or are interested
in Serial /0. Then cover the material in this and the next 4 slides
accordingly.

» Go over the following Serial 1/0 terminology:

» Baud rate—How many bits per second are transferred on the serial
cable.

» Data bits—How many bits represent a data value.
 Parity—Optional error checking bit that is added to the data.

 Stop bits—Certain number of bits added to the end of each data
transfer.

 Flow control—Optional hardware or software handshaking
parameters for communicating with a device.
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Serial Hardware Connection
RS.232 Pin DTE DCE
* . 1 DCD Input Output
—Most PCs . . 2 RxD | o
—DCE or DTE configurations [ 3 TxD O |
— 9-pin or 25-pin 4 DTR O |
5 Com -
6 DSR | ¢}
7RTS O |
8 CTS | 0
9 RI | 0
* RS-422
— Macintosh
—8-pin
* RS-485

Pages 10-4 to 10-6:

» There are several recommended standards (RS) for serial
communication. Each varies in hardware and software specifications.
The students must be familiar with their instrument and what connector
is used before you can begin controlling that device with their
computer.

* There are three main Serial I/O types:

* RS-232—Connector found on most PCs. This is a single-ended
communication method where only one device can be connected
per port. Two connector types, 9- or 25-pin. Two configurations,
DCE or DTE.

* RS-422—Connector found on most Macs. This is a differential
communication method. Connector has 8 pins.

» RS-485—Differential and multi-drop serial communication method
used mainly in industrial automation. Not covered in this course.
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Serial Vls

flovs control ete,
buffer size ——— E
port number SERTAL

baud rate I

data bits I

stop bits —I_

parity

Serial Port Initvi

erar code

port number

. _ errar code
string to write

string read
enor code

port number
requested byte count

Senal Port Read.vi

byte count
error code

port number

Bytes At Senal Port_vi

Pages 10-6 to 10-7:

* Instructor: Have students examine the VI terminals with the Help
window, not with theDnline Reference

» The Serial VI library is very simple. These Vls call the standard serial
driver that is part of the operating system.

» Serial protocol is bit serial (one bit at a time); GPIB is byte serial (one
byte at a time).

e Serial Vls:

« Serial Port Initialization —Used to configure the port number,
baud rate, data bits, handshaking, and so on.

« Serial Port Write—Writes an ASCII string to the specified serial
port.

 Serial Port Read—Reads the bytes available at the specified port.

 Bytes at Serial Port—Returns the total number of bytes available

at the port to be read.
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Serial I/O Example

ooooo0o0n 00,2 o000 000

'DDDDDDDI“]D_QElDDDDDDDD

port hurnber S erial

1 SERTAL

]

data bits

S enial Port Wite. v

it e

00000000000 00000000 O

0000000000000 000000 O

port riurnber

DDDDDDDE 2[0__2]tDDDDDDDL']
Serial Port Read. vi

1

1

00000000000 00000000 O

Pages 10-7 to 10-8:

» Explain the diagram:

* You must put the functions in a Sequence structure so that
initialization occurs before the write, and so on.

* Notice that an ASCII string must be passed tofthige function

(possibly a command to the instrument).

» TheBytes at Serial PortVI determines the total number of bytes

that should be read i

n witRead function.

» The Serial Port Readfunction reads the available bytes and

returns it to a string.

 Instructor : Demonstrate serial communication by using the null
modem cable. Connect two computers together and make note of the
port of each (most likely port 0). Open tBerial ExampleVI on
both computers. Enable tReadBoolean on one computer and
Write on another computer.
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Exercise 10-1 on page 10-11

Students examine and run Serial Write & Read.vi
Time to complete: 15-20 min.

Pages 10-11 to 10-13:

» The Instrument Simulator can communicate in either GPIB or Serial
mode depending upon the DIP switch settings. Show the students
how to configure the Instrument Simulator for serial communication.

» Make sure the Instrument Simulator is OFF when changing the
switch settings.

* Instructor: This is a new exercise, so please record common
guestions and possible answers to the CAR database.
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GPIB Overview

» GPIB library supports all GPIB boards

» LabVIEW uses the NI-488.2 driver-level software
* Traditional GPIB VIs for compatibility

* 488.2 Vis

GPIB Instruments

Computer

GPIB Interface

¢ GPIB Ccable

Pages 10-14 to 10-15:

 The LabVIEW GPIB library contains VIs that control National
Instruments GPIB interface boards.

e The LabVIEW GPIB Vis use NI-488.2 driver-level software:

 Old boards (non 488.2) must be upgraded.
» The library contains 488.2 and traditional VIs. We will
focus primarily on the traditional VIs.

» Briefly describe a typical system containing several GPIB
devices connected to a computer. Describe that one device is
the System Controller and the others are Talkers/Listeners.
Each device on the GPIB has a unique address.
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GPIB Software Architecture — Windows

NI GPIB
Interfaces
Device Manager

Windows 95
System Registry

GPIB_32.DLL LabVIEW GPIB
<> - .
Library Vis

You can change device

parameters using the Vis in
the LabVIEW GPIB Library

Pages 10-16 to 10-20:

 LabVIEW uses the standard NI-488.2 for Windows 95 32-bit
GPIB DLL.

» GPIB parameters can be specified using:

» Use the System Device Manager as the utility for
configuring GPIB. Edits Windows System Registry
(which specifies GPIB_32.DLL parameters).

 1/O terminals on the LabVIEW GPIB Vis.

* Note: Instrument driver VIs modify GPIB parameters
programmatically (there is no need to make any changes
using Device Properties).

* Demonstrate the GPIB configuration utilities found in Windows
95 System Properties.

» Refer in-depth questions to technical support or suggest that the
students take the GPIB course.
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GPIB Software Architecture — Macintosh

NI-Config

I

_H HM.“ <¢——>>| LabVIEW GPIB Library VIs
— 11—

M1-438 INIT

In the Control Panels folder (in
the System folder.) You can
modify device settings by
double-clicking on the icon.

Page 10-19:

 LabVIEW for Macintosh uses the standard NI-488.2 driver-level
software.

» GPIB parameters can be specified using:

* NI-488 Init: Shows the boards installed in the machine.
* NI-488 Config: Utility for configuring GPIB.
 |/O terminals on the LabVIEW GPIB VIs.

* Note: Instrument driver VIs modify GPIB parameters
programmatically.

» Refer in-depth questions to technical support or suggest that the
students take the GPIB course.
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Traditional GPIB Functions
timeout mz [483.2 global) — 1

addresz stiing = [E status
data ¥ e
_ [ eE3]  fr===== error out

made [0]
10T if -===r

GPIB Write

timeout ms [488.2 global] e
address sting [ [ data

byte count = | AESte gpgh e
made (0] fnﬂn error out
&or in

GPIB Read

Simple Elr_nr
GFIB Write] | |GPIB Read| Handler_vi

u:latamE“J":"> ‘F?
DC-MEAGT?. =l 1 =
S S [ 2B

[TF]

Pages 10-20 to 10-21.:

 LabVIEW has several Vs for GPIB communication. Most
GPIB programs involve only writing and reading data found in
Functions> Instrument I/0> GPIB.

e GPIB Write :

» GPIB address string—Not numeric because secondary
address might be needed.

 data string—ASCII string to be sent.

 error out—Cluster of 3 fields. Status field is a Boolean
and is TRUE when an error occurs. The code field will be
a GPIB error code value if the error occurs during a GPIB
function. The source field is a string which describes
where the error has occurred.

« GPIB Read

GPIB address string—Same as foGPIB Write .
Byte count—Total number of bytes to be read.
Outputdata string—Data read from the instrument.
status—Same as foGPIB Write .
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Traditional GPIB Functions

Status Bit Arra y Description

statuz

address shing “
. {STHT > L GPIB emor . .
efar in ....L= hyte: count Bit  Description

errar aut

Device clear state
Device trigger state
Listener active
Talker active
Attention asserted
Controller-in-Charge
Remote state
Lockout state
Operation completed
12  SRQ detected while CIC
13 EOI or EOS detected
14  Timeout

15 Error

GPIB Status

O~NOUITA~AWNEFEO

Pages 10-21 to 10-22:

» GPIB StatusVI shows the GPIB Controller status tlaidress
string indicates after the last operation.

» GPIB Status VI returns the number of bytes transferred in the last
GPIB operation in the byte count parameter.

« TheGPIB error parameter contains an error code if the VI detects
an error. GPIB error is valid only if element 15 of the status Boolean
array is TRUE.

« TheStatusoutput is an array of 16 Booleans that indicate the state of
the GPIB after the last GPIB function call.
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Exercise 10-2 on pa ge 10-23

Students build GPIB Write & Read.vi

Time to complete: 20-25 min.

Pages 10-23 to 10-25:

» Before students begin this exercise, review the following points.

They should reconfigure the Instrument Simulator to
communicate in GPIB mode by changing the switch
settings on the side of the Simulator.

They should turn the Instrument Simulator OFF before
they change the switches.

The GPIB box accepts ASCIl commands and returns
binary waveforms

They should first write to the GPIB box and then read
from it.

They should type *IDN? in the String to Write control.

* Instructor: This is a new exercise, so please record common
guestions and possible answers to the CAR database.
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VISA Overview

« Virtual Instrument Software Architecture

* Interface to Serial, GPIB, and VXI instruments
» Uses VISA.DLL

* Resource Name contains interface info

Interface Resource Name Grammar

Serial ASRL[board][::INSTR]
GPIB GPIB[board]::primary address[::INSTR]
VXI VXl[board]:: VXI logical address[::INSTR]

GPIB-VXI | GPIB-VXI[board][::GPIB-VXI primary address]
::VXI logical address[::INSTR]

Pages 10-26 to 10-27:

* VISA: Virtual Instrument Software Architecture. A protocol
built upon 488.2 VIs to meet the industry needs for having a
way to easily interface with multiple 1/0s and have all
manufacturers of instruments and instrument drivers follow a
protocol.

* VISA created by the VXlplug&play Alliance which is
composed of the top 35 instrument manufacturers such as HP.
National Instruments is a leading member of the alliance.

» Theresource namecontains information on the type of I/O
interface and the device address.
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parity [0:none)
termination char [Qud ="
biaud rate [9600)
resOUICe Name

warite buffer [1DM ")
bytes to read [1024)
timeout [10zec)

error in [ho eror)

data bits [3)

stop bits [F: 1 stop hit)
flovy contral [0:Maone]

VISA Functions

bytes to read [1024)
rES0UICE Name J___mw!.f.'ﬂm
write buffer ["IDM7?") iy
timeout [10sec) f R
eror in [no errar)

Eazy ¥ISA Write & Read.vi

[EEE]
I i T

LEERIAI
E.""'

T

Easy ¥ISA Serial Write & Read.wi

read buffer

wrike return count
read return count
ermar out

read retum count
read buffer
error out

Pages 10-29 to 10-30:

* The VISA subpalette contains the same hierarchy that you saw with
the File /0 and DAQ VIs. The following are the high-level

VISA Vls:

» Easy VISA Write & Read: sends a command string out to the
device specified by resource name and then reads the response
back from the instrument.

» Easy VISA Serial Write & Read: configures a serial connection
and parameters, sends a data string to the serial device, and reads

the response from the instrument.

» Open the diagrams of the above high-level VIs and discuss the
intermediate VISA functions and their parameters. Show that the
diagrams for the two high-level VIs are similar except for the serial
configuration with thd’roperty Node function.
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Exercise 10-3 on pa ge 10-31

Students build VISA Write & Read.vi

Time to complete: 20-25 min.

Pages 10-31 to 10-32:

» Before students begin this exercise, review the following points.

* The Instrument Simulator will remain in GPIB
communication mode. They should specify the resource
name as GPIB::2::!INSTR.

* The Simulator accepts ASCII commands and returns
binary waveforms

» They should first write to the GPIB box and then read
from it.

* They should type *IDN? in the String to Write control.

 Instructor : This is a new exercise, so please record common
guestions and possible answers to the CAR database.
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Instrument Drivers

» Over 600 instruments supported in the instrument library

Getting Started
DEYSIM
ETSTHE
Application
Initialize Example Close
%sm
1

Configuration Data Action/Status  Ltility

| Tarlnti

Data M Actonp Ueilingh

== Ve

Instrument Driver VI Tree

Pages 10-33 to 10-34:

* Aninstrument driver is a software module that allows remote control of an
instrument (GPIB and serial).

* ltis easy to modify a GPIB instrument driver for a serial instrument with
similar command set and the VISA Vls.

* LabVIEW is ideally suited for creating instrument drivers:

» The front panel simulates the operation of an instrument front panel.
» The block diagram sends necessary commands to control an instrument.

* You no longer need to remember the instrument’s command set. You need
only to specify inputs on the front panel.

* More than 600 instrument drivers are available.

* Allinstrument drivers in the library have the same VI Tree structure.
Therefore, once you learn to use one instrument driver, all others have the
same basic hierarchy.
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The Instrument Wizard

» Automatically identifies connected devices
* Installs opens selected instrument drivers

File Search

B AN

Scan Again... |
Identify Device |
Set VIS4 Alias |

? | \ahat is VISA?

Instrument
drivers in LabVIEw.

Identify Instiuments |:|:. Manage Instiument Crivers

Found Resources

*You can use this wizard to easily identify the instruments
connected to your computer and manage the instument

GPIBO

7 seial

+ COMI
o COM4
+ LPTH

™ Display V154 Resource Names

Page 10-34:

« The Instrument Wizard is a utility that will:

» Automatically detect connected Serial, GPIB, VXI, or
computer-based instruments.

* Install and open selected instrument drivers.

* Instructor: Open the Instrument Wizard and go through the

different parts.
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Exercise 10-4 on page 10-35

Students use the Instrument Wizard and examine

the Device Simulator Instrument Driver
Time to complete: 15-20 min.

Pages 10-35 to 10-38:

* Instructors: Please write down any common questions the
students may have and enter them in the CAR database under
Customer Education.
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Instrument Driver Functions
* String subpalette - building, parsing, modifying strings

multi-line ztring mlti-ling ztring
gtring [M""] ~enenen] E
line index i autput string

Pick Line & Append

false string
true string
ghring ["] e
selector 2 output string
tring i
Select & Append
[TE S e DISPLAY OM
Select & Append

* Note: Have students examine string function terminals with the
Online Reference.

» Discuss all string functions thoroughly:

* Pick Line and Appendchooses a line fromnulti-line
string and appends that line $tring. Line index selects
the line.

» Select and Appendchooses a string according to a
Booleanselectorand appends that stringgtring.

Reminder: UseScan From StringandFormat Into String
for formatting purposes.

© National Instruments Corporation 205 LabVIEW Basics | Course Instructor Manual



Exercise 10-5 on page 10-40

Students build Build Command String.vi
Time to complete: 20 min.

Pages 10-40 to 10-41:

* Common questions:

* How do | add text labels to the vertical slide? Pop up on
the slide and choose Text Labels, then pop up on the Text
Display to add items.

* When students finish, stress that these functions are important for
writing instrument drivers.
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Waveform Transfers
* ASCIlI Waveforms

TR E stract Murnbers. vi
q

102,183,891, 1.0 55

 Binary Waveforms
— 1-byte integers

String To Byte Arra
Fi=])

25 115 §#1 Jao)

Single Precision Ara

H0J|fiozofi8.50

0]
— 2-byte integers
Swap Bytes
=

Pages 10-42 to 10-44:

* Most instruments return a waveform as either an ASCII string or a binary
string. A binary transfer is faster and requires less memory than an ASCII

string transfer.

* ASCII Waveforms:

* With 1,024 points, each between 0 and 255, you need a maximum
of 4 bytes per point, or 4,096 bytes, plus any header and trailer

information.

» Use theExtract Numbers VI to convert to an array.

» Binary waveforms encoded as 1-byte integers:

» Use theString to Byte Array function to convert to an array.

* Binary waveforms encoded as 2-byte integers:

» The same waveform requires 2,048 bytes, plus header/ trailer

information.

» Use theTypecastfunction to convert to an 116 array and ti&map
Bytes The LabVIEW Advanced course covers typecasting in more

detail.
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Exercise 10-6 on page 10-45
(Optional)

Students examine and run Waveform Example.vi
Time to complete: 20 min.

Pages 10-45 to 10-47:

* Common questions:

* When extracting a binary waveform string, why are the
String Subset, String to Byte Array, and Subtract
functions used? The String Subset function extracts the
header information so that only the data remains. String to
Byte Array converts the string to an array of unsigned
integers. The VI subtracts 127 from each element of the array
to correctly convert the data points as the oscilloscope manual
specifies.
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Exercise 10-7 on pa ge 10-48
(Optional)

Students build Binary Waveform.vi
Time to complete: 20-25 min.

Page 10-48:

 If time permits, discuss the diagram on your computer.
Otherwise, you can skip this exercise because it does not cover
any new material.
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Summary

« Serial library contains functions for serial communication
» GPIB library contains functions for GPIB boards
* Common GPIB functions

— GPIB Status

— GPIB Write

— GPIB Read

» VISA a standard protocol for using multiple types of I/0O and
instrument driver development

* Instrument Library — more than 600 instruments supported

* The Instrument Wizard detects connected devices and installs
appropriate instrument drivers

« String functions ideal for creating instrument drivers

« You need to know the format of the returned data string in order
to convert it to the correct numbers.

Page 10-49:
» Do not immediately display this slide.
» Suggested questions for class participation:

 What GPIB boards does LabVIEW support?

« What is the difference between GPIB and serial?

* What type of GPIB instruments will LabVIEW support?
(488.2 and 488 instruments)

* What is VISA and why use it?

* What is the purpose of an instrument driver?

* What is the Instrument Wizard and how do you use it?

* Review the slide: The purpose of Lesson Ten was to introduce

the LabVIEW serial library and the LabVIEW GPIB library and
supporting functions.
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Additional Exercises on pa ge 10-50

10-8 -- Students build Simulator Voltmeter.vi
Time to complete: 20-25 min.

10-9 -- Students modify a previous VI and save it as
VISA Write & Read 2.vi

Time to complete: 20-25 min.

10-10 -- Students use the Instrument Wizard to
communicate in serial mode with a device
Time to complete: 20-25 min.

Page 10-50:

* Instructors: Please write down any common questions the
students may have and enter them in the CAR database under
Customer Education.
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LabVIEW Add-On Toolkits

Enhance your development flexibility and
productivity with LabVIEW Add-On Toolkits!

* Application Builder

» Test Executive

* SQL

» Statistical Process Control (SPC)

* Professional G Developers

» Unit Test and Validation Procedures
* Automation Symbols

* Picture Control

* Internet Developers

» Describe each toolkit. Elaborate if there is interest!
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LabVIEW Add-On Toolkits

« Joint Time-Frequency Analysis

» Wavelet and Filter Bank Design
« Digital Filter Design
 Third-Octave Analysis

* G Math

* Image Acquisition (IMAQ) Vision
* PID Control Toolkit

* Fuzzy Logic Control Toolkit

» Control and Simulation Toolkit

* Motion Control Toolkit

» Describe each toolkit. Elaborate if there is interest!
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Additional Information

Application Notes
Technical Notes
Instrument Driver Library

Course Evaluation

Conclusion:

» Have the students fill out their Customer Education Student
Profile forms to get Application Notes and demos.

» Tell the students how to access Application and Technical
Notes and how to get to the instrument driver library on the NI
Web page.

« Explain that instrument driver and technical notes order forms
will be processed and the students’ requests will be sent to them
in a few weeks.
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