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LabVIEW Core 1 Participant Guide

A. NI Certification

The LabVIEW Core 1 course is part of a series of courses designed to build your proficiency with
LabVIEW and help you prepare for the NI Certified LabVIEW Associate Developer exam. The
following illustration shows the courses that are part of the LabVIEW training series. Refer to
ni.com/training for more information about NI Certification.

LabVIEW Learning Path

Certified LabVIEW Certified LabVIEW Certified LabVIEW
Associate Developer Developer Architect

LabVIEW
LabVIEW _’[ LabVIEW H LabVIEW | Core 3

Core 1 Core 2 J

Advanced

LabVIEW ¥ Architectures
Connectivity in LabVIEW
LabVIEW ——
Performance Managing
|  Software

Getting Started

~

. . Engineering
ObJect-erented in LabVIEW
Design &
Programming
in LabVIEW

B. Course Description

The LabVIEW Core 1 course teaches you programming concepts, techniques, features, Vls, and
functions you can use to create test and measurement, data acquisition, instrument control,
datalogging, measurement analysis, and report generation applications. This course assumes
that you are familiar with Windows and that you have experience writing algorithms in the form
of flowcharts or block diagrams.

The Participant Guide is divided into lessons. Each lesson contains the following:
e An introduction with the lesson objective and a list of topics and exercises.

e Slide images with additional descriptions of topics, activities, demonstrations, and
multimedia segments.

e A set of exercises to reinforce topics. Some lessons include optional and challenge
exercises.

e Alesson review that tests and reinforces important concepts and skills taught in the lesson.

Note For Participant Guide updates and corrections, refer to ni.com/info and
enter the Info Code corel.

Several exercises use a plug-in multifunction data acquisition (DAQ) device connected to a DAQ
Signal Accessory or BNC-2120 containing a temperature sensor, function generator, and LEDs.

If you do not have this hardware, you still can complete the exercises. Alternate instructions
are provided for completing the exercises without hardware. You also can substitute other
hardware for those previously mentioned. For example, you can use another National
Instruments DAQ device connected to a signal source, such as a function generator.

© National Instruments | ix
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C.What You Need to Get Started

Before you use this course manual, make sure you have all of the following items:

L[] Computer running Windows 7/Vista/XP

[J Multifunction DAQ device configured as Dev1 using Measurement & Automation Explorer
(MAX)
[J DAAQ Signal Accessory or BNC-2120, wires, and cable
[l LabVIEW Professional Development System 2014 or later
[] DAQmx 14 or later
[J A GPIB cable
(] NI-488.2 14 or later
L] NI-VISA 14.0.1 or later
J NI Instrument Simulator and power supply
L] NI Instrument Simulator Wizard installed from the NI Instrument Simulator software CD
L] LabVIEW Core 7 course CD, from which you install the following folders:
Directory ‘ Table Head
Exercises Contains Vls used in the course
Solutions Contains completed course exercises

D. Installing the Course Software

Complete the following steps to install the course software.

1. Insert the course CD in your computer. The LabVIEW Core 1 Course Setup dialog box
appears.

2. Click Install the course materials.
3. Follow the onscreen instructions to complete installation and setup.

Exercise files are located in the <Exercises>\LabVIEW Core 1\ folder.

Note Folder names in angle brackets, such as <Exercises>, refer to folders on
the root directory of your computer.

E. Course Goals

This course prepares you to do the following:

e Understand front panels, block diagrams, icons, and connector panes
e Use the programming structures and data types that exist in LabVIEW
e Use various editing and debugging techniques

e Create and save Vls so you can use them as subVls

e Display and log data

e Create applications that use plug-in DAQ devices

e Create applications that use serial port and GPIB instruments

X ni.com
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This course does not describe the following:

e  Every built-in VI, function, or object; refer to the LabVIEW Help for more information about
LabVIEW features not described in this course

e Analog-to-digital (A/D) theory
e Operation of the GPIB bus
e Developing an instrument driver

e Developing a complete application for any student in the class; refer to the NI Example
Finder, available by selecting Help»Find Examples, for example VIs you can use and
incorporate into Vls you create

© National Instruments | xi
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A.What is LabVIEW?

Objective:

Recognize benefits of LabVIEW.

LabVIEW Core 1 Participant Guide

LabVIEW is a graphical programming environment you can used to develop sophisticated
measurement, test, and control systems.

Benefits of LabVIEW

A platform-based approach for measurement and control

Interfaces with wide variety of hardware

Scales across different targets and operating systems

Provides built-in analysis libraries

13 standard State Machine [Weather Station Ul.vi] Block Diagram *

Eile Edit Wew Project Operate Tools Window Help

@@ [bar2] o [ 13pt applicstion Font |~ [ 8~ | [T | [#5-[]
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=] Mext States b erorin

arror out v

Warning
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' & lbein timing unti next: acquisition.
)

Elapsed Time
Time has Elapsed ¥
- Reset El =

LabVIEW Language Characteristics

LabVIEW Core 1 Topics

Graphical

Uses icons and wires instead of with text.

LabVIEW Core 2 and Later Topics

Multi-threaded

Enables your code to have automatic
parallelism.

Dataflow-oriented

Data-driven, or data-dependent. The flow of
data between nodes in the G code
determines the execution order.

Object-oriented

Allows a variety of similar, yet different
items, to be represented as a class of objects
in software.

Compiled

Compiles G code directly to machine code.

Multi-target

Targets multicore processors and other
parallel hardware such as field-programmable
gate arrays (FPGAs).

© National Instruments
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Lesson 1 Navigating LabVIEW

LabVIEW Core 1 Topics LabVIEW Core 2 and Later Topics
Multi-platform Memory-managed
Is portable between LabVIEW on different Provides you with options for improving
operating systems. performance.
Synchronous

Event-driven

Allows the user's direct interaction with the
program without the need for polling.

£ Activity 1-1: Confidence Activity—Building a VI
Goal

Build an application to calculate the product of two numbers.

B. Project Explorer

Objective: Recognize the main components of the Project Explorer.
i? Project Explorer Projects in LabVIEW consist of Vls, files necessary for those Vls to run
properly, and supplemental files such as documentation or related

links. Use the Project Explorer window to manage projects in
LabVIEW. A LabVIEW project is denoted by a project file (. 1vpro3j)

LabVIEW Files

Listed below are some of the characteristics of a LabVIEW project.

e Manages project files

e Deploys programs to remote embedded targets such as NI CompactRIO

e Creates stand-alone executables and installers for distribution

e Makes it possible to distribute code to developers and create shared libraries

e Can integrate LabVIEW programs with source code control software such as Perforce

Common LabVIEW File Extensions

LabVIEW Project — .lvproj

43 Project Explorer - Weather Station.vproj =8 &

File Edit View Project Operate Tools Window Help Virtual Instrument (VI) — .vi
=1 X &bk | [~

” |“ |“ Custom Control — .ctl

Iterns | Files
= L";

= B My Computer
- [@ Shared Files
—J Controls
%l Weather Station States.ctl

Q. Weather Data.ctl

i [ml Weather Station ULvi

wl Temperature Warnings.vi
+ ':q_" Dependencies

% Build Specifications
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Demonstration: Using the Project Explorer and Starting a VI

" The Project Explorer window includes the following items by default:

Project root—Contains all other items in the Project Explorer window. The label on the
project root includes the filename for the project.

My Computer—Represents the local computer as a target in the project.

Dependencies —Includes VlIs and items that VIs under a target require.

Build Specifications—Includes build configurations for source distributions and other types
of builds available in LabVIEW toolkits and modules. If you have the LabVIEW Professional

Development System or Application Builder installed, you can use Build Specifications to
configure stand-alone applications, shared libraries, installers, and zip files.

When you add another target to the project, LabVIEW creates an additional item in the Project
Explorer window to represent the target. Each target also includes Dependencies and Build
Specifications sections. You can add files under each target.

9 ® ® ®

]
Hproject Explorer - Weather|Station. lvproj * g@@
File Edit Wiew Project Operate{| Tools Window Help |
B IEYE=0 N B

Items | Files

= & Project: Weather Station.vproj ¢—————————————
3 B My Computer |
i [m] ‘weather Station ULvi
|=ﬂ, Determing YWarnings.vi
i -:Q, Temperature Simulator, vi
i [l weather Station States.ctl |
+ " Dependencies

"% Build Specifications <¢———

® O ©® 6

1 Standard Toolbar 5 Project Root

2 Project Toolbar 6 Target

3 Build Toolbar 7 Dependencies

4  Source Control Toolbar 8 Build Specifications

@ Tip The Source Control toolbar is only available if you have source control

configured in LabVIEW.

Adding Folders to a Project

Add folders to a project to create an organizational structure for project items.

Auto-Populated Folders ‘ Virtual Folders

@ o

Adds a directory on disk to the project Organizes project items and does not

represent files on disk

LabVIEW continuously monitors and updates | Can convert a virtual folder to an
the folder according to changes made in the | auto-populated folder.
project and on disk

© National Instruments
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#

3 Project Explorer - Weather Station.lvproj

= B3| 52

File Edit

IKEN=1: 1

View Project Operate Tools

Window Help

IEC=

ltems | Files

=
= Q My Computer
@ [@ Shared Files

® O

Controls

t- [l Weather Station States.ctl
Lo [fd Weather Data.ctl

i [ml Weather Station ULvi

> [w] Temperature Warnings.vi
- _"E' Dependencies

+% Build Specifications

.,

1 Auto-populating folder

2 Virtual folder

C. Parts of a VI

Objective:
diagram.

Demonstration: Components of a VI

LabVIEW Vls contain three main components—the front panel window, the block diagram, and

the icon/connector pane.

Front Panel

Is the user interface.

Block Diagram

Contains the graphical
source code.

Recognize and understand the difference between the front panel and block

Icon/Connector Pane

Represents the VI and makes
it possible to use the VI as a
subVI.

Has controls (inputs) and
indicators (outputs).

Contains terminals for front
panel controls and
indicators.

Maps the inputs and outputs
to the VI.

1-6 | ni.com
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D. Front Panel

Objective: Recognize the components and functionality of the Front Panel window and
select appropriate controls and indicators

i? Front Panel User interface for the VI. Contains controls and indicators, which are
the interactive input and output terminals of the VI, respectively.

Front Panel Window Toolbar

Use the front panel window toolbar buttons to run and edit the VI.

(] ][t pptcation o [« [ [ [ | [+] [ s 7]
( k3 Using Temperature.vi Front Panel on Using Temperature.lvproj/My Computer ‘EIE‘J_&J ]
File Edit View Project Operate Tools Window Help H
[ [ ©)[n] [15pt Application Font |~ |[§ar~ |[wia~ ||+ |[56~ [+ search N ||@|ﬁ

-
Number of Measurements [ Measurements W |

Temperature Chart
32+

=100

w
=}
I
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3 ¢
06 14

B
@
|

a
&
|

Temperature

m

o 2
[
LI
|
doL
[N
-
B

!
id & 0 100

a 2
Time
( . Stop
Using Temperature.lvproj/My Computer] < . b .
Controls and Indicators
Controls ‘ Indicators
Interactive input Interactive output

Knobs, push buttons, dials, and other inputs | Graphs, LEDs, and other displays

Simulate instrument input devices and Simulate instrument output devices and
supply data to the block diagram display data the block diagram acquires or
generates
Number of Measurements [T [~ ]

Temperature Chart

< [100

Delay Multiplier

Temperature

oa 112
06t \’ 14 26
< TN
04~ [ 7 ) s 2|
\ J
-\ /-
027\ / 718 22 |
o S [ 100

Time

B sop

© National Instruments

1-7



Lesson 1

1-8

Navigating LabVIEW

@ Activity 1-2: Select Front Panel Objects

ni.com

String, Boolean, and Numeric Data Types

The following table shows controls and indicators of the string, Boolean, and numeric data

types.

String Control Table

Receive text from user
here.

String Indicator

Display text to the
user here, Add a
scrollbar if necessary.

SN =k

FRIRTTMS

Headingl Heading2

A

Mmoo W

The string data type is a
sequence of ASCII
characters.

Use string controls to
receive text from the user
such as a password or user
name. Use string
indicators to display text
to the user.

Push Button

LED

The Boolean data type
represents data that only
has two possible states,
such as TRUE and FALSE
or ON and OFF.

Use Boolean controls and
indicators to enter and
display Boolean values.

Output

L 0 d

The numeric data type can
represent numbers of
various types, such as
integer or real.

The two common numeric
objects are the numeric
control and the numeric
indicator.

Goal

For each scenario, determine the appropriate data type and whether the front panel object

should be a control or indicator

Scenario

Display the temperature of a
room

Data Type

Numeric

Control/Indicator

Indicator

An Emergency stop button
to stop a process

Username and password to
login to your bank account

An LED to display error
status
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Front Panel Object Styles

LabVIEW has different control palettes with objects for building user interfaces. These palettes
include the Modern, Silver, Classic, and Systems palettes.

Modern Controls System Controls
Select a Waveform Select a Waveform
Sine Wave T l Sine Wave El
Select a File Out of Range Select a File
3 = @
[ok] [cancel [stor] [ ok | |[cancel | [ stor |
Silver Controls Classic Controls

Select a Waveform Select a Waveform

Sine Wawe (=] Sine Wave vl

Select a File Out of Range Select a File Out of Range

A w) @ CE—
.»,:—’ oK ].ﬂ Cancel ].. Stop ]

© National Instruments | 1-9
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E. Block Diagram

Objective: Recognize features of the Block Diagram and be able to select functions.
i{ Block Diagram Block diagram objects include terminals, subVls, functions, constants,
structures, and wires, which transfer data among other block diagram
objects.

Block Diagram Toolbar

When you run a VI, buttons appear on the block diagram toolbar that you can use to debug

the VI.
O@lhu|'ﬁ' I |15ptApp|ication Font |« ||E;,—_|v o | |@ﬁ' ”’L‘ﬁ”
= 5 [ |

{3 Using Temperature.vi Block Diagram
File Edit View Project Operate Tools Window Help HE

@[n][@][25] [oal@" .+ [15pt Appication Font [~ |[cr [T~ ] [¢0~ [[eal][- seah X [[?]

Mumber of Measurements

Thermometer (Dema).vi 'Eemperature Chart
|
Delay Multiplier
. ‘_ib Wait Until Next ms Multiple
et
>

500.00
Stop Button
. I

m I
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Demonstration: Components of a Block Diagram

Component ‘ Description
Terminals Terminals are the entry and exit ports that exchange information
between the front panel and block diagram. You can view terminals as
icon conserve space.
Nodes Nodes are objects on the block diagram that have inputs and/or outputs

and perform operations when a VI runs. Nodes are analogous to
statements, operators, functions, and subroutines in text-based

programming languages. Nodes can be functions, subVIs, or structures.

Function Nodes

Functions are fundamental operating elements of LabVIEW and do not

(Functions) have front panels or block diagrams. Function icons have pale yellow
backgrounds.

SubVls SubVls are VlIs that run on the block diagram of another VI. They have
front panels and block diagrams. Any VI has the potential to be used as
a subVI. When you double-click a subVI, the front panel and block
diagram open.

Icon Icons are the graphical representations of Vls.

el

=

Use the icon from the upper-right corner of the front panel as the icon
that appears when you place the subVI on a block diagram.

Connector Pane

The connector pane is the map of inputs and outputs of a VI

The connector pane terminals correspond to the controls and indicators
on the front panel of the VI. You cannot access the connector pane from
the block diagram window.

Express Vs

Express Vls are a type of subVI that you configure with dialog boxes. Icons for Express Vs
appear on the block diagram as icons surrounded by a blue field.

Elapsed Time

» 4 Configure Elapsed Time [Elapsed Time] 22
; Elapsed time (seconds)
» 1 :

Time has Elapsed M

| Automatically reset after time target

M

L

oK | | Cancel | | Help

© National Instruments
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Nodes Appearance

You can display Vls and Express Vls as either icons or expandable nodes. Use icons if you want
to conserve space on the block diagram. By default, subVls appear as icons on the block
diagram, and Express Vls appear as expandable nodes.

To display a subVI or Express VI as an expandable node, right-click the subVI or Express VI and
remove the checkmark next to the View As Icon shortcut menu item.

samphing infa

signal type

signal ouk Li

1 lIcon 2 Expandable Node 3 Expanded Node

Wires

Wires transfer data between block diagram objects. A broken wire appears as a dashed black
line with a red X in the middle. You cannot run a VI that contains a broken wire.

- g - - -

Broken wires occur for a variety of reasons, such as when you try to wire two objects with
incompatible data types.

Common Wire Types

Wire Type Scalar 1D Array 2D Array Color

Numeric Orange (floating-point),
Blue (integer)

Boolean | [ [ Green

String mm——— G RRRRRRRRRR Pink

1-12 | ni.com
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Demonstration: Context Help and LabVIEW Help

Use the Context Help window and the LabV/EW Help to help you create and edit Vls.

Context Help Window

The Context Help window displays basic information about LabVIEW objects when you move
the cursor over each object.

Context Help b

Read From Spreadsheet File.vi

format (34, 3f) s | — file path (Mot A Path i,
file path (dialog if ermphy) s all rows
number of rows {all:-1) . m(fl== first row
rmark after read (chars.)

transpose l:rlU:F:]

Reads a specified number of lines or rows frorm a numeric text file
beginning at a specified character offset and corwverts the data to a 20,
double-precision array of nurmbers, strings, or integers, You must manually
select the polymorphic instance you want to use,

Detailed help il

812 - :

To toggle display of the Context Help window select Help»Show Context Help, press the
< Ctrl-H> keys, or click the Show Context Help Window button on the toolbar.

?

LabVIEW Help

You can access the LabV/IEW Help by clicking the More Help button in the Context Help
window, selecting Help»LabVIEW Help, or clicking the blue Detailed Help link in the Context
Help window. You also can right-click an object and select Help from the shortcut menu.

© National Instruments | 1-13
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ni.com

Examples

Use the NI Example Finder to browse or search examples installed on your computer or on the
NI Developer Zone at ni.com/zone. These examples demonstrate how to use LabVIEW to
perform a wide variety of test, measurement, control, and design tasks. Select Help»Find
Examples to launch the NI Example Finder.

B NI Example Finder EI'E‘@
Browse | Search Double-click an exarnple to open it, Information
. 1d Pr -
Browsse according to: . Building User Irterfaces

@ Task 2 Communicating with External Applications

. . Distributing and Documenting Applications

) Directary Structure 2 Favarites
—d Fundamentals
i Hardware Input and Output
2 Industry Applications
— Most Recent
. Metworking
2 Mews Exarmples for LabiIEN
i Optimizing Applications
i Printing and Publishing Data
i Programrmatically Controlling WIs
— Toolkits and Modules il
= Toolkits and Modules Mot Installed

Requirements
Wisit ni.com
for more examples
Harduvare
Find hardware
[T]Limit results to hardware Add to Favarites [ Setup... ] [ Help ] [ Clase ]
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F. Searching for Controls, Vls, and Functions

Objective: Find the controls, indicators, and functions you need.

Demonstration: Searching For Controls, VIs, and Functions

Controls Palette

The Controls palette contains the controls and indicators you use to create the front panel.
Select ViewnControls Palette to display it.

Navigate the subpalettes or use the Search button to search the Controls palette.

Figure 1-3. Controls Palette

Contrals B
Q Search I &y Custornize™ |
» Modern
> Sikver
¥ ¥ »
=10 \I\ abc
Murmeric Boolean String & Path
mb I:IP :n 13
[ﬂ@ jf ey
Array, Matrix, List, Table & .., Graph
s > N
Ring & Enurm YO
P Systern
b Classic
P Express
¥ Control Design & Simulation
b MNET & Activex
b Signal Pracessing
b Addons
b User Controls
Select a Control.
#
Change Visible Palettes..,
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Functions Palette

The Functions palette contains the Vls, functions and constants you use to create the block
diagram. Select View»Functions Palette to display it.

Navigate the subpalettes or use the Search button to search the Functions palette.

Figure 1-4. Functions Palette

&, search i £, Customize™ | - |

Programming

, ‘= E
GREJ=]
mal L

[
1

Measurement 10

o
c
i
-
-

es
g
v

(]
<]
¢

2

o
B
-
H]
e ot

&

Instrument I/

Wision and Motion
IMathematics

Signal Processing

Draka Communication
Connectivity

Contral Design & Simulation
Express

Addons

Favarites

b A S . . S e i e R A

User Libraries
Select a VI,

Quick Drop

The Quick Drop dialog box lets you quickly find controls, functions, VIs, and other items by
name. Press the <Ctrl-Space > keys to display the Quick Drop dialog box.

Global Search

Use the Search bar in the top right of the front panel and block diagram windows to search
palettes, LabVIEW Help, and ni . com.

© National Instruments | 1-21
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@) Additional Resources

Learn More About ’ LabVIEW Help Topic

Project Explorer Creating a Project

Managing a Project in LabVIEW

Front Panel Building the Front Panel

© National Instruments | 1-25
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Activity 1-3: Lesson Review
Answer the following questions and then discuss your answers with the class.
1. What are the three parts of a VI?

a. Front panel

b. Block diagram

c. Project

d. Icon/Connector pane

© National Instruments | 1-27






Activity 1-3: Lesson Review - Answers

1. What are the three parts of a VI?

2 o T o

Front panel

Block diagram
Project
Icon/Connector pane

LabVIEW Core 1 Participant Guide
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A.Dataflow

Objective: Recognize characteristics of dataflow on the block diagram.
Dataflow Dataflow is the movement of data through the nodes of a block diagram.

Key Points of Dataflow

LabVIEW follows a dataflow model for running Vls.

Mumber 1

7 Resulk
vt

Mumber 2
1 50,00

1 Node executed only when all the input data are available.
2 Node supplies data to the output terminals only when it is finished executing.

Activity 2-1: Exploring Dataflow

Goal: Understand how dataflow determines the execution order in a VI.

Description: Work through this exercise on your own first, and then as a class, we will discuss
how data flow determines execution order. You can find answers to these questions following
this section.

Note Nodes are objects on the block diagram that have inputs and/or outputs and
perform operations when a VI runs.

Using Figure 2-1, answer questions 1 through 5.

1. Which node executes first? Is there any dependency between the File Dialog function and
the Simulate Signal Express VI?

2. Which node executes last?

3. Because a wire connects the File Dialog function to the TDMS File Viewer VI, can the TDMS
File Viewer VI execute before the TDMS Close function?

4. How many nodes must execute before the TDMS Write function can execute?

© National Instruments | 2-3
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5. Should a well-designed block diagram flow in a particular direction?

Figure 2-1. Dataflow: Example A

prompt

Choose a filepath

ISimuIated Siénall
Simple Error Handlervi
= [
]

default name

DM _Stream.tdms|

File Dialog
TDMS Open TDMS Write  TDMS Close TDMS - File Viewer.vi
Sine wave b
10.1 Hz e H
Amplitude 1.0 Simulate Signal Sine Wave
1000 Samples per Second Sine Wave (=]

6. In Figure 2-2, which Express VI executes last?

Figure 2-2. Dataflow: Example B

Analyze Data Visualize Data

DAQ Assistant Statistics
data Signals Arithmetic Mean
error out Pmﬂnﬂﬂu Arithmetic Mea »peeseeesoeoasoecr),
= error in (no errol

error aut 4

Waveform Graph

v w T
-

Write To
Measurement
File
Signals
e
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7. In Figure 2-3 an error wire connects the Express VIs. Which Express VI executes last?

Figure 2-3. Dataflow: Example C

v F ¥

:

DAQ Assistant

data

Analyze Data

Statistics

Error o

K

ut 'm“"u

Signals

Arithrmetic Mearr

errar in (no errol

error gut

Visualize Data

Arithmetic Mean

s s L

Waveform Graph

Write To
Measurement
File

Signals

error in (no erro

=

8. In Figure 2-4, which Tone Measurements Express VI executes last?

Figure 2-4. Dataflow: Example D

Amplitude

:

+ H

Simulate Signal

4
Ld
L]

Tone Amplitude
Measurements L

1 Frequency
Amplitude DEL

Sine with Unifor»

Frequenc:’t Imm:ﬂ

Frequency

I@ L — e |

s
MNoise Amplitude
IIE ’

AmpRIee Tk SIQ\TEIE Sine Wave with Moise
=]
= Filtered Amplitude
- M Tone
Filter Meazurements
s L Signal 2
Filtered Signal ¥ Amplitude  » Filtered Frequency
e E Frequency Pmﬂ@
r Signals
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Creating Your First Application

tivity 2-1: Exploring Dataflow - Answers
Which node executes first? Is there any dependency between the File Dialog function and
the Simulate Signal Express VI?

Either the File Dialog function or the Simulate Signal Express VI can execute first. There is
no data dependency between the two nodes so either of them can execute first or they can
execute simultaneously.

Which node executes last?
The last node to execute is the Simple Error Handler VI.

@ Note Terminals are not considered nodes.

Because a wire connects the File Dialog function to the TDMS File Viewer VI, can the TDMS
File Viewer VI execute before the TDMS Close function?

No. The TDMS File Viewer VI cannot execute before the TDMS Close function because the
yellow error wire connecting the TDMS Close function and the TDMS File Viewer VI forces
data dependency. Remember, the data to all inputs of a node must be available before a
node can execute. Therefore, the TDMS File Viewer VI must receive data from both the
green Boolean wire and the yellow error wire before the VI can execute.

How many nodes must execute before the TDMS Write function can execute?

Three nodes must execute before the TDMS Write function can execute: File Dialog, TDMS
Open, and Simulate Signal. The TDMS Write function also depends on the Simulated Signal
string constant, but that input is instantaneous.

Should a well-designed block diagram flow in a particular direction?

Yes. A well-designed block diagram typically flows from left to right. This makes it easier
to see the flow of data on the block diagram. However, do not assume left-to-right or
top-to-bottom execution when no data dependency exists.

In Figure 2-2, which Express VI executes last?

Either the Statistics Express VI or the Write to Measurement File Express VI executes last
or they execute in parallel. The DAQ Assistant Express VI cannot execute last because both
the Statistics Express VI and the Write to Measurement File Express VI are dependent on
the data signal from the output of the DAQ Assistant Express VI.

Note InLabVIEW, the flow of data, rather than the sequential order of commands,

ni.com

determines the execution order of block diagram elements. Therefore, it is possible
to have simultaneous operations.

In Figure 2-3 an error wire connects the Express VIs. Which Express VI executes last?

The Write to Measurement File Express VI executes last. It has a data dependency on both
the DAQ Assistant Express VI and the Statistics Express VI.

In Figure 2-4, which Tone Measurements Express VI executes last?

Either one of the Tone Measurement Express VIs can execute last. Even though the Tone
Measurements 2 Express VI has an extra dependency on the Filter Express VI, the Filter
Express VI might execute before the Tone Measurements 1 Express VI allowing the Tone
Measurements 2 Express VI to execute before the Tone Measurements 1 Express VI.
Although it seems as if the Tone Measurements 1 Express VI would execute first, without
an explicit data dependency there is no way to know definitely it would execute first.
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B. LabVIEW Data Types

Objective: Recognize the different data types and how they relate to front panel objects.

Terminals and LabVIEW Data Types

Block diagram terminals visually communicate information about the data type represented.
Terminal colors, text, arrow direction, and border thickness all provide visual information about
the terminal.

Seconds
»

I'\:'1ir1ute5

Total Time in Seconds 60
Hours
[}
:
Warning

|Delay 1 hour or longer Message

bibe]

IDeIa)r less than 1 hour

Demonstration: Accessing Object Properties
Shortcut Menus

e Use shortcut menu items to change the appearance or behavior of objects.
e To access the shortcut menu, right-click the object.

. Base {cm)
Area of a Triangle
Height {cm) ] I> I>
(=] : Area (cm™2)
ble Iterns & Label Triangular Multiplier

Base (cr) | Find Terminal Caption Height (fm) 05
(= 0 Change to Indicator Unit Label Whailsllz Riams »
: Radix Find Control

Make Type Def.

J/ Increment/Decrement

Description and Tip... Make Type Def.

Create » Hide Contral .

Replace » Change to Indicator
Data Operations » Change .to Consta.nt
Advanced » Description and Tip...

Fit Contral to Pane Mumetic Palette ,
Scale Objectwith Pane e N
Representation » Data Operatians »
Data Entry... Advanced »
Display Format.., Views B Ieon

IPHEpRiETs Representation »

Properties

Property Dialog Boxes
e To access properties, right-click the object and select Properties.
e Select multiple objects to simultaneously configure shared properties.

© National Instruments | 2-7
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Boolean Data

Use Boolean controls and indicators to enter and display Boolean (TRUE/FALSE) values.
LabVIEW stores Boolean data as 8-bit values. If the 8-bit value is zero, the Boolean value is
FALSE. Any nonzero value represents TRUE.

Boolean - Switch True Constant

Boolean - Switch Boolean - Latch
Boolean - Latch False Constant (\__EE) | . Stop
E

ECE) Multimedia: Mechanical Actions of Boolean Controls

Boolean controls have six types of mechanical action that allow you to customize Boolean
objects to create front panel windows that more closely resemble the behavior of physical
instruments.

Complete the multimedia module, Mechanical Actions of Boolean Controls, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder.

EC;D Multimedia: Numeric Data Representations

LabVIEW represents numeric data types as floating-point numbers, fixed-point numbers,
integers, unsigned integers, and complex numbers. The difference among the numeric data
types is the number of bits they use to store data and the data values they represent.

Complete the multimedia module, Numeric Data Representations, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder.

DBL B2 32 Inkeger Result To Double Precision Float
= e B ] — >
5GL I8 Ug Double

2-8 | ni.com
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Strings

A string is a sequence of displayable or non-displayable ASCII characters. Strings provide a
platform-independent format for information and data. Some of the more common applications
of strings include the following:

e Creating simple text messages.
e  Controlling instruments with text commands

e  Storing numeric data to disk. To store numeric data in an ASCII file, first convert data to
strings.

e Instructing or prompting with dialog boxes.

(3 String Properties: String Indicator =)
String Control String Indicator i iile
Ensbled Sate sie
b - b - © Enabled
Fles Hegnt  Widkh
Disabled & grayed Ed 12
String Control String Indicator
I:|E = :l’E o i
- 0 Cod
Empty String Constant String Constant
Test Operator
DiplayStyle Viible
Tab Constant End of Line Constant
[0k [ Cancel | e

e Right-click a string control or indicator on the front panel to select from the display type.

Display Type Description Message
Normal Display Displays printable There are four display types. \
characters using the font is a backslash.

of the control.
Non-displayable characters
generally appear as boxes.

‘\" Codes Display Displays backslash codes There\sare\sfour\sdisplay\stypes
for all non-displayable An\\\sis\sa\
characters. sbackslash.

Password Dlsplay Dlsplaysan asterlsk (*)for R R I R I I I R IR I I I R I I S I

each character including ok ok ok e ok ok ok ok ok ke k
spaces.

Hex Display Displays the ASCIl value of | 5468 6572 6520 6172 6520 666F
each character in hex 7572 2064 6973 706C 6179 2074
instead of the character 7970 6573 2E0A 5C20 6973 2061
itself. 2062 6163 6B73 6C61 7368 2E
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Demonstration: Enums
~ Enums give users a list of items from which to select. Enums are useful because they make
strings equivalent to numbers, which are easy to manipulate on the block diagram. Each item
represents a pair of values: a string value and a 16-bit integer.

=)
Measurement
[=| Voltage A —
. J [ peee )

Measurement
Temperature
Resistance
Preszure
MMeasurement
=3 —
Other Data Types
Type ‘ Terminal ‘ Description
Dynamic Stores the information generated or acquired by an
Express VI
Path Stores the location of a file or directory using the

standard syntax for the platform you are using

Waveform Carries the data, start time, and dt of a waveform

oooo

How might a Path data type differ from a String data type?

Although it is easy to convert a Path to a String, it is best to use a Path data type when working
with a location of a file or directory because LabVIEW can handle the folder specifiers for the
specific operating system, such as using a backslash on Windows OS.

2-10 | ni.com
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C. Tools for Programming, Cleaning and
Organizing Your VI

Objective: Recognize tools for making clean, readable front panels and block diagrams, and

for documenting Vils.

Demonstration: Programming Tools

You can create, modify and debug Vs using the tools provided by LabVIEW. LabVIEW chooses
which tool to select based on the current location of the mouse. If you need more control, use
the Tools palette to select a specific tool.

@ Tip You can manually choose the tool you need by selecting it on the Tools palette.

Select ViewnTools Palette or press <Shift> and right-click to display the palette.

Tool Icon Description
Operating |" Use the Operating tool to change the values
of a control.
Positioning t{ Use the Positioning tool to select or resize
objects.
Labeling Use the Labeling tool to enter text in a

control, to edit text, and to create free labels.

Wiring

Use the Wiring tool to wire objects together
on the block diagram.

Automatic Tool
Selection

When this is selected, LabVIEW automatically
chooses a tool based on the location of your
cursor. You can turn off automatic tool
selection by deselecting the item, or by
selecting another item in the palette.

Object Shortcut
Menu

ar
m

Use the Object Shortcut Menu tool to access
an object shortcut menu with the left mouse
button.

Scrolling Use the Scrolling tool to scroll through
‘{ F windows without using scrollbars.
Breakpoint Use the Breakpoint tool to set breakpoints on
@ Vls, functions, nodes, wires, and structures

to pause execution at that location.

© National Instruments
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Tool

Probe

‘ Icon

+EF

Description

Use the Probe tool to create probes on wires
on the block diagram. Use the Probe tool to
check intermediate values in a VI that
produces questionable or unexpected results.

Color Copy

Vd

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

Coloring

iV

Use the Coloring tool and the color picker to
color an object. The Coloring tool displays the
current foreground and background color
settings. Select the Coloring tool and
right-click an object or workspace to display
the color picker.

Demonstration: Wiring Tips

ni.com

Press <Ctrl-B> to delete all broken wires.

To clean up one wire, right-click the wire and select Clean Up Wire.

[t

MNumeric
»

Clean Up Wire

Create Wire Branch
Delete Wire Branch

Visible Items
Insert

MNumeric Palette
Create

Probe
Custom Probe
Breakpoint

Description and Tip...

Mumneric

3

To reroute multiple wires and objects, select a section of your block diagram then click the
Clean Up Diagram button.

Total Time in Seconds

3600

<01] Minukes
r
Setonds

|
|

|

|

|

i

| Minutes |
I B N Total Time in Seconds = . plite-
: @ L IléD_: E & ‘
I

|

|

I

|

|

I

|

|

iSgconds |

3600

To clone an object, select the object with the Positioning tool and hold the <CTRL> key
down while dragging the object to a new location.
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° : ) :
e Exercise 2-1 Selecting a Tool

Goal

Become familiar with automatic tool selection and the Tools palette in LabVIEW.

Description

During this exercise, you complete tasks in a partially built front panel and block diagram. These
tasks give you experience using the automatic tool selection.

1. Open Using Temperature.lvproj in the <Exercises>\LabVIEW Core 1\Using
Temperature directory.

2. Open Using Temperature.vi from the Project Explorer window.

3. Select ViewnTools Palette from the menu to display the Tools window.

@ Tip Press <Shift> and right-click the front panel to open the Tools palette
temporarily.

Figure 2-5 shows an example of the front panel as it appears after your modifications. In steps 4
through 9 you increase the size of the waveform chart, rename the numeric control, change the

value of the numeric control, and move the knob.

Figure 2-5. Using Temperature VI Front Panel

Number of Measurements ( Measurements |/ ]
— ! Temperature Chart L J
S -
30-
o
Delay Multiplier 2 28-
08 1 12 g
06 ' — " 14 § %
S N =
04~ [ \ 16 -
| )
027 \\.‘_ / 718 224, |
DA 0 100

Time

. Stop
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4. Expand the waveform chart horizontally using the Positioning tool.

O

O

Move the cursor to the right edge of the Chart waveform chart until you see the resizing
nodes appear around the chart.

Move the cursor to the middle right resizing node until the cursor changes to a double
arrow, as shown in Figure 2-6.

Figure 2-6. Resize Waveform Chart

O

-

Measurements |/
Temperature Chart |
[

[ ‘m
32-

()
=
1

[l
[==)
|

:

Temperature

i~
1

5

100
Time

Drag the repositioning node until the waveform chart is the size you want.

5. Rename the waveform chart using the Labeling tool.

O

O

Double-click the word Chart. LabVIEW highlights the word and automatically selects
the Labeling tool in the Tools window.

Enter the text Temperature Chart.

Complete the entry by clicking outside the control label or clicking the Enter Text button
on the toolbar.

Notice that LabVIEW automatically returns to the Positioning tool in the Tools window.
The Positioning tool is the default tool. If LabVIEW does not switch back to the
Positioning tool, click the Automatic Tool Selection button in the Tools window to
enable automatic tool selection.

6. Rename the Numeric control to Number of Measurements using the Labeling tool.

U
0
U

Double click the word Numeric.
Enter the text Number of Measurements.

Complete the entry by clicking outside the control or clicking the Enter Text button on
the toolbar.

7. Change the value of the Number of Measurements control to 100 using the Labeling tool.

0
O
U

2-14 | ni.com

Move the cursor to the interior of the Number of Measurements control.
When the cursor changes to the Labeling tool icon, click the mouse button.

Enter the text 100.



10.
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[1 Complete the entry by clicking outside the control, clicking the Enter Text button on
the toolbar, or pressing the <Enter> key on the numeric keypad,

[J Change the value of the Delay Multiplier knob using the Operating tool.
[l Move the cursor to the knob.

[J When the cursor changes to the Operating tool icon, press the mouse button and drag
to the value you want.

[ Set the value to 1.
Change the color of the Delay Multiplier knob using the Coloring tool.

[] Click the background square in the Coloring button and select a color from the color

picker.

[J When the cursor changes to a paintbrush, click the Delay Multiplier knob.
] Click the Automatic Tool Selection button again to turn on automatic tool selection.

Try changing the value of objects, resizing objects, and renaming objects until you are
comfortable with using these tools.

Open the block diagram of the VI.

Figure 2-7 shows an example of the block diagram as it appears after your modifications.
Steps 11 through 12 instruct you on how to update the block diagram to move the Number
of Measurements terminal and wire the terminal to the count terminal of the For Loop.

Figure 2-7. Using Temperature VI Block Diagram

11.

Mumber of Measurements

Temperature Chart

]
Delay Multiplier
5 Wait Until Next ms Multiple

nay I>

Thermometer (Demo).vi

Stop Button

Move the Number of Measurements terminal using the Positioning tool.
[J Move the cursor to the Number of Measurements terminal.
[J Move the cursor over the terminal until the cursor changes to an arrow.

[1 Click and drag the terminal to the new location as shown in Figure 2-7.

© National Instruments

2-15



Lesson 2  Creating Your First Application

12. Wire the Number of Measurements terminal to the count terminal of the For Loop using the
Wiring tool.

[l Move the cursor to the Number of Measurements terminal.

[] Move the cursor to the right of the terminal, stopping when the cursor changes to a
wiring spool.

] Click to start the wire.

[J Move the cursor to the count (N) terminal of the For Loop.

[

[0 Click the count terminal to end the wire.

13. Try moving other objects, deleting wires and rewiring them, and wiring objects and wires
together until you are comfortable with using these tools.

14. Automatically clean up the entire block diagram.

[] Click the Clean Up Diagram button on the LabVIEW toolbar.

[l Press <Ctrl-Z> to undo the clean-up.

@ Tip You can also select specific objects to clean up, such as wires or individual
nodes. <Shift>-click to select multiple objects and then click the Clean Up Diagram
button. LabVIEW cleans up only the objects that you select and not the entire block
diagram. Configure how LabVIEW cleans up objects by selecting Tools»Options from
the menu, clicking the Block Diagram category, and changing the options in the
Block Diagram Cleanup section.

15. Change the Boolean text of the Stop button.
Note Boolean controls and indicators have Boolean text labels in addition to their
control labels. Boolean text labels change depending on the value of the control or

indicator. The label for the control or indicator does not change depending on the
value of the control or indicator.
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[1 Right-click the Stop Button terminal and select Properties from the shortcut menu. Set

the properties as shown in Figure 2-8.

Figure 2-8. Changing the Boolean Text for the Stop Control

Label
V| Wisible

®—’>Stop Button

Enabled State
@ Enabled
Disabled
Disabled & grayed

Caolors V| Show Boolean text

Gn Multiple strings
O test

Off
Off text
End

Caption
Wisible

Size

Height Width
] 98

Lock text in center

Text calar

]
0O

1 Control label—This text identifies the terminal of the Boolean control for programming
purposes. This text does not appear on the front panel unless you select Visible.
2 Boolean text— This text appears only on the front panel, and by default, appears in the

center of the Boolean control.

[J Click the OK button to close the dialog box.

[] Right-click the Stop Button terminal and select Find Control from the shortcut menu.

Notice the control label is Stop Button and the button text is End.

@ Tip You can also double-click the Stop Button terminal to find the button control

on the front panel.

16. Click the Run button to run the VI.

o

The time required to execute this VI is equivalent to Number of Measurements times Delay
Multiplier. When the VI is finished executing, the Temperature Chart displays the data.

17. Close the VI and click the Don’t Save - All button. You do not need to save the VI.

End of Exercise 2-1
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Demonstration: Making Code Readable

Block diagram comments can describe the function or operation of algorithms and explain the
purpose of data that passes through wires.

Upper Termperature
— 4 Upper Temperature
SIES v
Warning Warning
@
Meszage
Mlessage :l
- - Fabe ]

b

Pl "PID Qutput”

= Process Watiables - sesy

FIO
Dutpat || [=rrperabire o)
=[]

(Zalculake the control autpuk
For the Rx vessel temperature

Owned Labels ‘

Explain data contents of wires and objects.

Free Labels

Describe algorithms.

Move with object.

Have fixed location.

Have transparent backgrounds.

Have pale yellow backgrounds.

Created by selecting Visible Items»Label
from the shortcut menu.

Created by double-clicking in any open
space.

Label Guidelines

e Use free labels to document algorithms and add reference information.
e Label structures to specify the main functionality.

e Label long wires to identify their use/contents.

e Label constants to specify the nature of the constant.

e To avoid clutter, document the Context Help window of subVIs or functions instead of
labels.

Default Values

Setting a default value on a control or indicator can aid in future development and
troubleshooting by giving the programmer an idea of the expected data for that object.
Configure default values for controls and indicators by right-clicking on the object and selecting
Data OperationsnMake Current Value Default from the short-cut menu.
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D. Building a Basic VI

Objective:

Building a Basic VI

Express VIs are designed specifically for completing common, frequently used operations.

.

(d H
Simulate Signal

LabVIEW Core 1 Participant Guide

Recognize Express VlIs and be able to apply them appropriately.

Analyze Data Visualize Data

Statistics Average Value

Sine

Signals

Arithmetic M ear oo [1.23

Waveform Graph

m|

al

Write To
Measurement
File

Signals

On the Functions palette, the Express Vls are grouped together in the Express category. Express
VIs use the dynamic data type to pass data between Express VIs.

Acquire

Vi

DAQ Assistant

Icon

Description

Acquires data through a data acquisition
device.You must use this Express VI
frequently throughout this course.

Instrument 1/O
Assistant

Acquires instrument control data, usually
from a GPIB or serial interface.

Simulate Signal

Generates simulated data such as a sine
wave.

Read from
Measurement
File

Mo 18] 6| &

Reads a file that was created using the Write
To Measurement File Express VI. It
specifically reads LVM or TDM file formats.
This Express VI does not read ASCII files.

© National Instruments
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Vi

Description

Analyze Amplitude and Performs voltage measurements on a signal.
Level These include DC, rms, maximum peak,
Measurements minimum peak, peak to peak, cycle average,

and cycle rms measurements.
Statistics Tt Calculates statistical data from a waveform.
R This includes mean, sum, standard deviation,
and extreme values.
Tone n Searches for a single tone with the highest
Measurements frequency or highest amplitude. It also finds
— the frequency and amplitude of a single tone.
Spectral P Performs spectral measurement on a
Measurements ]EFFT waveform, such as magnitude and power
— spectral density.
Filter - Processes a signal through filters and
I:B. windows. Filters used include the following:
— Highpass, Lowpass, Bandpass, Bandstop,
and Smoothing. Windows used include
Butterworth, Chebyshev, Inverse Chebyshev,
Elliptical, and Bessel.
Visualize Write to Writes a file in LVM or TDMS file format.
Measurement #
File
Build Text [ IOEG Creates text, usually for displaying on the
I*!LE*E front panel window or exporting to a file or
instrument.
Front panel — Examples include Waveform Chart,
indicators Waveform Graph, and XY Graph.
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@ Activity 2-2: Program Architecture for Simple AAV VI

1. Acquire: Circle the Express VI that is best suited to acquire a sine wave from a data
acquisition device.

DAQ Assistant The DAQ Assistant acquires data through a
data acquisition device.

Instrument I/O Assistant The Instrument I/O Assistant acquires
instrument control data, usually from a GPIB

or serial interface.
Simulate Signal The Simulate Signal Express VI generates
simulated data, such as a sine wave.

2. Analyze: Circle the Express VI that is best suited to determining the average value of the
acquired data.

Tone Measurements The Tone Measurements Express VI
finds the frequency and amplitude of
a single tone.

S

T 1 Statistics The Statistics Express VI calculates
: statistical data from a waveform.

Amplitude and Level Measurements The Amplitude and Level
Measurements Express VI performs
voltage measurements on a signal.

=

Filter The Filter Express VI processes a
signal through filters and windows.

=

3. Visualize: Circle the Express VIs and/or indicators that are best suited to displaying the data
on a graph and logging the data to file.

DAQ Assistant The DAQ Assistant acquires data through a
data acquisition device.

Write to Measurement File The Write to Measurement File Express VI
writes a file in LVM or TDM file format.

A&

4 DEQ Build Text The Build Text Express VI creates text, usually
for displaying on the front panel window or
exporting to a file or instrument.

I.3LEC

Waveform Graph The waveform graph displays one or more plots
of evenly sampled measurements.

£
B

oo b

Refer to the next page for answers to this quiz.
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Activity 2-2: Program Architecture for Simple AAV VI -
Answers

1.

Acquire: Use the DAQ Assistant to acquire the sine wave from the data acquisition device.

Analyze: Use the Statistics Express VI to determine the average value of the sine wave.
Because this signal is cyclical, you could also use the Cycle Average option in the Amplitude
and Level Measurements Express VI to determine the average value of the sine wave.

Visualize: Use the Write to Measurement File Express VI to log the data and use the
Waveform Graph to display the data on the front panel window.



&@ Exercise 2-2 Simple AAV VI

Goal

Create a simple VI that acquires, analyzes, and displays data.

Scenario

You need to acquire a sine wave for 0.1 seconds, determine and display the average value, log
the data, and display the sine wave on a graph.

Design

The input for this problem is an analog channel of sine wave data. The outputs include a graph
of the sine data, a file that logs the data, and an indicator that displays the average data value.

Flowchart
The flowchart in Figure 2-9 illustrates the data flow for this design.

Figure 2-9. Simple AAV VI Flowchart

LabVIEW Core 1 Participant Guide

T ACQUIRE

\4

Acquire Data

Implementation
1. Prepare your hardware to generate a sine wave. If you are not using hardware, skip to

Average Value

> Display Average

Value

; ANALYZE 5 VISUALIZE

E : Display Data
Log Data

E y E

E Determine i

@®

Find the BNC-2120 and visually confirm that it is connected to the DAQ device in your

Using a BNC cable, connect the Analog In Channel 1 to the Sine Function Generator,

step 2.
]
computer.
]
as shown in Figure 2-10.
]

Set the Frequency Selection switch and the Frequency Adjust knob to their lowest

levels.
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Figure 2-10. Connections for the BNC-2120

ANALOG INPUTS ‘7 NATIONAL
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=
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O—PO 4 B ®
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2. Open LabVIEW.

3. Create a blank project. Save the project as Simple AAV.lvproj in the
<Exercises>\LabVIEW Core 1\Simple AAV directory.

4. Add a new VI to the project from the Project Explorer window and save the VI as Simple
AAV.vVi in the <Exercises>\LabVIEW Core 1\Simple AAV directory.
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In steps 5 through 6 you will build a front panel similar to the one in Figure 2-11.

Figure 2-11. Simple AAV VI Front Panel Window

LabVIEW Core 1 Participant Guide

5.

6.

Waveform Graph

[ Platd [~

10-

Awerage Walue
- 3

\ 0 d

Arnplitude

0 20 40 a0

Tirme

I I
a0 100

Add a waveform graph to the front panel window to display the acquired data.

[1 Press <Ctrl-Space> to open the Quick Drop dialog box.

[l Type Waveform in the text box and double-click Waveform Graph (Silver) in the search

results list.

[J Place the graph in the front panel window.

Add a numeric indicator to the front panel window to display the average value.

[] Press <Ctrl-Space> to open the Quick Drop dialog box.

[l Type Numeric Indicator in the text box and double-click Numeric Indicator (Silver)

in the search results list.
[J Place the indicator in the front panel window.

[J Change the numeric indicator label to Average Value.
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In the steps 7 through 14 you build a block diagram similar to the one in Figure 2-12.

Figure 2-12. Simple AAV VI Block Diagram

7.

Analyze Data Visualize Data
i I '
* k Id
Slmula_te Signal St§t|st|cs Average Value
Sine Signals

Arithmetic IMear? e (123

T TV

Write To
Measurement
File
Signals

Open the block diagram of the VI by selecting Window»Show Block Diagram.

Note The terminals corresponding to the front panel window objects appear on the
block diagram.

Acquire a sine wave for 0.1 seconds by following the instructions in Table 2-1. If you have
hardware installed, follow the instructions in the Hardware Installed column to acquire the
data using the DAQ Assistant. If you do not have hardware installed, follow the instructions
in the No Hardware Installed column to simulate the acquisition using the Simulate Signal
Express VI.

Table 2-1. Instructions for Acquiring or Simulating Data

Hardware Installed

No Hardware Installed

Press < Ctrl-Space > to open the Quick 1. Press <Ctrl-Space> to open the Quick

Drop dialog box. Drop dialog box.

Type DAQ Assist in the text box and 2. Type Simulate Signal in the text

double-click DAQ Assistant in the box and double-click Simulate Signal in

search results list. the search results list.

Place the DAQ Assistant on the block 3. Place the Simulate Signal Express VI on

diagram. the block diagram.

Wait for the DAQ Assistant dialog box 4. Wait for the Simulate Signal dialog box

to open. to open.

Select Acquire Signals»Analog Input» 5. Select Sine for the signal type.

Voltage for the measurement type.

Select ai1 (analog input channel 1) for 6. Set the signal frequency to 100.

the physical channel.

Click the Finish button. 7. In the Timing section, set the Samples
per second (Hz) to 1000.




LabVIEW Core 1 Participant Guide

Table 2-1. Instructions for Acquiring or Simulating Data (Continued)

Hardware Installed ‘ No Hardware Installed
8. In the Timing Settings section, select 8. In the Timing section, deselect
N Samples as the Acquisition Mode. Automatic for the Number of samples.
9. In the Timing Settings section enter 9. In the Timing section, set the Number
100 in Samples To Read. of samples to 100.
10. Enter 1000 in Rate (Hz). 10. In the Timing section, select the
Simulate acquisition timing option.
11. Click the OK button. 11. Click the OK button.
@ Tip Reading 100 samples at a rate of 1,000 Hz retrieves 0.1 seconds worth of
data.

9. Use the Statistic Express VI to determine the average value of the data acquired.
[1 Press <Ctrl-Space> to open the Quick Drop dialog box.

[ Type statistics in the text box and double-click Statistics [NI_ExpressFull.lvlib] in
the search results list.

[] Place the Statistics Express VI on the block diagram to the right of the DAQ Assistant
(or Simulate Signal Express VI).

[J Wait for the Statistics Express VI dialog box to open.
[] Place a checkmark in the Arithmetic mean checkbox.
[] Click the OK button.
10. Log the generated sine data to a LabVIEW Measurement File.
[] Press <Ctrl-Space> to open the Quick Drop dialog box.

[l Typewrite to measurement in the text box and double-click Write to Measurement
File in the search results list.

[J Place the Write to Measurement File Express VI on the block diagram below the
Statistics Express VI.

[J Wait for the Write to Measurement File Express VI dialog box to open.

O

Leave all configuration settings in the Write to Measurement File dialog box as default.

L] Click the OK button.

Note Future exercises do not detail the directions for finding specific functions or
controls in the palettes. Use Quick Drop, the palette search feature, or the global
search to locate functions and controls.

11. Wire the data from the DAQ Assistant (or Simulate Signal Express VI) to the Statistics
Express VI.

[ Place the mouse cursor over the data output of the DAQ Assistant (or the Sine output
of the Simulate Signal Express VI) at the location where the cursor changes to the
Wiring tool.

[ Click the mouse button to start the wire.
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[1 Place the mouse cursor over the Signals input of the Statistics Express VI and click the
mouse button to end the wire.

12. Wire the data to the graph indicator.

[l Place the mouse cursor over the data output wire of the DAQ Assistant (or the Sine
output of the Simulate Signal Express VI) at the location where the cursor changes to
the Wiring tool.

[l Click the mouse button to start the wire.

[l Place the mouse cursor over the Waveform Graph indicator and click the mouse button
to end the wire.

13. Wire the Arithmetic Mean output of the Statistics Express VI to the Average Value numeric
indicator.

[J Place the mouse cursor over the Arithmetic Mean output of the Statistics Express VI
at the location where the cursor changes to the Wiring tool.

[ Click the mouse button to start the wire.

[] Place the mouse cursor over the Average Value numeric indicator and click the mouse
button to end the wire.

14. Wire the data output to the Signals input of the Write Measurement File Express VI.

[J Place the mouse cursor over the data output wire of the DAQ Assistant (or the Sine
output of the Simulate Signal Express VI) at the location where the cursor changes to
the Wiring tool.

[ Click the mouse button to start the wire.

[] Place the mouse cursor over the Signals input of the Write Measurement File Express
VI and click the mouse button to end the wire.

Note Future exercises do not detail the directions for wiring between objects.
15. Save the VI.

Test

1. Switch to the front panel window of the VI.

2. Set the graph properties to be able to view the sine wave.

[J Right-click the waveform graph and select X ScalenAutoscale X to remove the
checkmark and disable autoscaling.

[J Use the labeling tool to change the last number on the Time scale of the waveform
graph to .1.

3. Save the VI.

4. Click the Run button on the front panel toolbar to run the VI. The graph indicator should
display a sine wave and the Average Value indicator should display a number around zero.
If the VI does not run as expected, review the implementation steps.

5. Close the VI.

End of Exercise 2-2

2-28 | ni.com



LabVIEW Core 1 Participant Guide

@) Additional Resources

Learn More About ’ LabVIEW Help Topic
Terminal symbols for controls and Numeric Data Types Table
indicators
Using Express Vls Express Vs

Working with Express Vlis

Acquiring or Simulating a Signal

Visualizing data Types of Graphs and Charts
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Activity 2-3: Lesson Review
Refer to the figure below to answer the following quiz questions.

Murmber 1

A Result 1
B>b

Mumber 2
3 el
£

Number 3 Slne 3 Resulk 2
! [9 N >
=" 5 TH|
Mumber ¢
»

Which function executes first: Add or Subtract?
a. Add

b. Subtract

c. Unknown

Which function executes first: Sine or Divide?
a. Sine

b. Divide

c. Unknown

Which function executes first: Random Number, Divide or Add?
a. Random Number

b. Divide
c. Add
d. Unknown

Which function executes last: Random Number, Subtract or Add?
a. Random Number

b. Subtract
c. Add
d. Unknown

If an input to a function is marked with a red dot (known as coercion dot), what does the
dot indicate?

a. Data was transferred into a structure.

b. That input has not been wired

c. The wire is broken

d. The value passed into a node was converted to a different representation.

Which mechanical action causes a Boolean control in the FALSE state to change to TRUE
when you click it and stay TRUE until LabVIEW has read the value?

a. Switch Until Released
b. Switch When Released
c. Latch When Pressed

d. Latch When Released

© National Instruments
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Activity 2-3: Lesson Review - Answers
Refer to the figure below to answer the following quiz questions.

Murmber 1

A Result 1
B>b

Mumber 2
3 el
£

Number 3 Slne 3 Resulk 2
! [9 N 5
=" 5 TH|
Mumber ¢
»

1. Which function executes first: Add or Subtract?
a. Add
b. Subtract

c. Unknown

2. Which function executes first: Sine or Divide?
a. Sine
b. Divide
c. Unknown

3. Which function executes first: Random Number, Divide or Add?
a. Random Number

b. Divide
c. Add
d. Unknown

4. Which function executes last: Random Number, Subtract or Add?
a. Random Number

b. Subtract
c. Add
d. Unknown

5. If an input to a function is marked with a red dot (known as coercion dot), what does the
dot indicate?

a. Data was transferred into a structure.

b. That input has not been wired

c. The wire is broken

d. The value passed into a node was converted to a different representation.

6. Which mechanical action causes a Boolean control in the FALSE state to change to TRUE
when you click it and stay TRUE until LabVIEW has read the value?

a. Switch Until Released
b. Switch When Released
c. Latch When Pressed

d. Latch When Released
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A. Correcting Broken Vls

Objective:

LabVIEW Core 1 Participant Guide

Recognize an unexecutable VI and restate common problems.

If the Run button appears broken when you finish wiring the block diagram, the VI is broken and

cannot run.

5

Common Causes of Broken Vls

Example Cause
. Broken wire due to
Boolean String .
- - -b3) - - <y | mismatch of data
types.
Input X Required terminal is
¢ Sum unwired.
[P
Input A Control wired to
K- -k - another control.
Input B E
k---
Volt Broken subVI due to
.':' age unwired required
terminal.
ErrarIn Error Qut

Error Out

P(No Error ~P]
Readings
0 |63
163
3 @ j \:nltaga
el 045
! 56
163 i ® =
163 *1a
165 0
169 ]
Errorin

5]

© National Instruments | 3-3



Lesson 3

3-4

ni.com
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Identify Problems and Fix Broken Vls

Use the Error list dialog box to locate the source of errors and warnings, and get more detailed
information about the problem.

3 Ervor list Lo o

Items with errors

X Area of Trianglewvi -

Area and Validity of a Trianglevi

-

2 errors and warnings Show Warnings ]

# Block Diagram Errors -
SubVI 'Area of Trianglewi': SubVl is not executable

You have connected an cutput of SubVlto a Control. Change the control to ar

Details

A wire must be connected to one and only one data source, such as a control's -
terminal or a function output. This wire is connected to two such sources, You must
remove a source, perhaps by changing a control to an indicator.

[ Close ][ Show Error ][ Help

B. Debugging Techniques

Objective: Identify the LabVIEW tools for debugging and select the tool appropriate to the
situation.

Debugging Tips

The following table includes a few common problems to look for when debugging your Vis.

Is the numeric representation correct for your
application?

|IE k
A Do nodes execute in the correct order?
=

Average

B > <> psL]
==
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0 Wy Does the VI pass undefined data?
b
0
Voltage Are there any hidden or unwired subVIs?
]
ErrorIn Error Qut
[ St Heraoees] =

@ Job Aid

If a Vlis not broken, but you get unexpected data, you can use the following checklist to identify
and correct problems with the VI or the block diagram data flow:

[ Wire the error in and error out parameters at the bottom of most built-in VIs and functions.

[] Select ViewnError List and place a checkmark in the Show Warnings checkbox to see all
warnings for the VI.

[] Triple-click a wire to highlight its entire path and to ensure that the wires connect to the
proper terminals.

[ Use the Context Help window to check the default values for each function and subVI on
the block diagram.

O

Use the Find dialog box to search for subVIs, text, and other objects to correct throughout
the VI.

Select View»VI Hierarchy to find unwired subVls.
Use execution highlighting to watch the data move through the block diagram.

Single-step through the VI to view each action of the VI on the block diagram.

O 0O o 0o

Use the Probe tool to observe intermediate data values and to check the error output of Vis
and functions, especially those performing 1/0.

O

Click the Retain Wire Values button on the block diagram toolbar to retain wire values for
use with probes.

O

Use breakpoints to pause execution, so you can single-step or insert probes.

[l Suspend the execution of a subVI to edit values of controls and indicators, to control the
number of times it runs, or to go back to the beginning of the execution of the subVI.

[J Determine if the data that one function or subVI passes is undefined.

1 If the VI runs more slowly than expected, confirm that you turned off execution highlighting
in subVls.

[ Check the representation of controls and indicators to see if you are receiving overflow
because you converted a floating-point number to an integer or an integer to a smaller
integer.

[l Determine if any For Loops inadvertently execute zero iterations and produce empty arrays.

[J Verify you initialized shift registers properly unless you intend them to save data from one
execution of the loop to another.
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Check the node execution order.

0
O
U
0

Check the cluster element order at the source and destination points.

Check that the VI does not contain hidden subVis.

Check the inventory of subVls the VI uses against the results of ViewnBrowse

Relationships»This VI's SubVIs and View»Browse Relationships»Unopened SubVIs to
determine if any extra subVls exist. Also open the VI Hierarchy window to see the subVls
for a VI. To help avoid incorrect results caused by hidden Vls, specify that inputs to Vs are

required.

Activity 3-1: Review Debugging Tools

Goal

Select the LabVIEW debugging tool you would use for each of the following situations.

Execution Highlighting

Single Stepping

Situation

Your Vlis returning unexpected data and you
want to see intermediate values on the wires
to find out where the problem initiates.

Debugging Tool

Probe

You want to see how data moves from one
node to the next on the block diagram.

You want to view each action of the VI on
the block diagram.

This tool slows down how fast the VI runs so
you can see the data flow through the block
diagram.

Your block diagram is complicated and you
need to see the intermediate data values and
check the error output of Vis and functions,
especially those performing 1/0.

Suspend the execution of a subVI to edit
values of controls and indicators, to control
the number of times it runs, or to go back to

the beginning of the execution of the subVI.
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Breakpoints

Use the Breakpoint tool to place a breakpoint on a VI, node, or wire and pause execution at that
location.

e £ fem)
S= (A+B+C)/2
§ B Area of Triangle (cm™2)
Side B (cm)
§ B
Side C (cm) \4

When you reach a breakpoint during execution, the VI pauses and the Pause button appears red.
You can take the following actions:

e Single-step through execution using the single-stepping buttons

e Probe wires to check intermediate values

(]

e Change the values of front panel controls.

e Click the Pause button to continue running to the next breakpoint or until the VI finishes
running.

Retain Wire Values

Retain Wire Values enables you to probe wire values after execution completes. This option uses
more memory because LabVIEW is storing data for each wire as it runs.

File Edit Wiew Project Opegate Tools Window Help

o> |8 @IEI Gr!ﬂ: ol ot |15ptApp|icati0n Font |« ||E1:|'

o | [65~ 5wl

@ Tip Always remember to turn this feature off when you are done debugging to free
memory.
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Undefined or Unexpected Data

Floating-point operations return the following two symbolic values that indicate faulty
computations or meaningless results.

NaN (not a number)

sqri(x)
10{e=—b

a floating-point value that
invalid operations produce,
such as taking the square
root of a negative number

sqrt(x)
MaM
Inf (infinity) ) a floating-point value that
2 |> )f:" valid operations produce,
0 such as dividing a number
by zero
xly

Inf
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C. Error Handling

Objective: Describe the difference between automatic and manual error handling.

Error Handling Review

Error Handling Anticipation, detection, and resolution of warnings and errors
Automatic At run time, LabVIEW suspends execution, highlights node where error
Error Handling occurred, and displays Error dialog box

Manual You control when dialog boxes appear, propagate errors through error
Error Handling in/error out clusters, terminate error chain with Simple Error Handler

Demonstration: Automatic vs. Manual Error Handling

e Manual error handling—Use Simple Error Handler to display errors
e Automatic error handling—Highlights the node that caused the error

Enabling automatic error handling does not override manual error handling. If the error cluster is

wired and the VI uses the Simple Error Handler, then LabVIEW defaults to manual error handling.

Disable Automatic Error Handling

To ensure that LabVIEW doesn’t implement automatic error handling by default, disable it for
all new Vls. Change the configuration settings in the Tools»Options dialog box.

i3 Options '?'@

Category |~ Block Diagram

MNew and Changed

Front Panel -
Wiing

Contrels/Functions Palettes

Environment Enable automatic wire routing

Search

7 .
Paths [/] Enable aute wiring

Printing Minimum distance (pixels)

Source Control 4 =

Menu Shortcuts

Revision History Maximum distance (pixels)

Security 32 =

\S‘;:r::e\;'anable Engine [¥] Show red Xs on broken wires c
Web Server Show dots at wire junctions

Error Handling

[ Enable automatic error handling in new Vis

[ Enable automatic error handling dialogs

‘Constant Folding

[7] Show constant folding of wires

[7] Show constant folding of structures

Block Panel Grid

QK ][ Cancel ][ Help

© National Instruments
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Error Clusters

VlIs and functions return errors in one of two ways—with numeric error codes or with an error
cluster. Typically, functions use numeric error codes, and Vls use an error cluster, usually with
error inputs and outputs. Use the error cluster controls and indicators to create error inputs and
outputs in subVls.

ErrorIn Error Qut
ctatus  code ctatus  code
- d0 L) 40
source SOUrce
- -

1 status—a Boolean value that reports TRUE if an error occurs

2 code—a 32-bit signed integer that identifies the error numerically. A non-zero error code
is coupled with a status of FALSE signals a warning rather than an error

3 source—a string that identifies where the error occurred

Errors and Warnings
When an error occurs, open the Explain Error dialog box to see more information about the error.

3-18 |

Errors

Warnings

I3 Explain Error

=)

13 Explain Warning

(oo |

Error Cluster

Status  Code
[ 07380734
Hex Code
0x BFFFOO11

Source

Explanation
Error -1073807343 occurred at an unidentified location &

Possible reason(s):

VISA: (Hex OxBFFFO0LL) Insufficient location information
orthe device or resource is not present in the system|

Error Cluster

Status Code
| [r073676200
Hex Code
0« 3FFF0006
Source

Explanation
Warning 1073676294 occurred at an unidentified location =

Possible reason(s):
VISA: (Hex 0x3FFF0006) The number of bytes transferred

is equal to the requested input count. More data might
be availzble.

Status = TRUE

Code = Non-zero

Status = FALSE

Code = Non-zero

More severe

Less severe

Passed to the next node without executing
that part of the code

Node executes normally, but it is important
to monitor warnings during development to
ensure proper behavior of your application

ni.com
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Merge Errors

The Merge Errors Function:

e Returns the first error found. If no error is found, it returns the first warning.
e Does not concatenate errors.

Use Merge Errors to
e Propagate errors along wires.

e Merge errors from different wire paths.

Wifkite Buffer Read Buffer
IIE k
Device 1
70 - [Py

Device 2

E A
[T 200
[HorREONTAL SCALEY|  wEE

Parsed Data
b

%)

[>

Merge Errors

errorind 4
Error in 1 < 1| oo gy or Ut

n4l
efrar in n-1 S ke

Merges error [0 clusters from different
functions,

Detailed help v:

[Es[2]< 2]

At the end of your application after all error sources are merged into one error cluster, you must
report errors to the user using the Simple Error Handler VI or another error reporting mechanism.

Errors and Warnings Recommendations

By default, the Simple Error Handler VI displays a dialog with a description of any errors that
occurred and does not report warnings. However, the Simple Error Handler VI can be configured
for other error handling behavior.

le Error Handler.vi

fOK Message + Warnings ~|

no dialog

OK message

continue or stop message
+ O message + warnings

continue/stop + warnings
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@) Additional Resources

Learn More About ’ LabVIEW Help Topic

Correcting Broken Vls Error List Window

Correcting Broken Vs

Using Wires to Link Block Diagram Objects

Debugging Debugging Techniques

Execution Highlighting

Single-Stepping through a VI

Using the Probe Tool

Probe Watch Window

Managing Breakpoints

Breakpoint Manager Window

Preventing Undefined Data

Error Handling Disabling Debugging Tools

Using Error Clusters

Error Codes and Messages

Merge Error Function

Displaying Warnings

Simple Error Handler V/

Handling Errors
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ﬁ Activity 3-2: Lesson Review

Answer the following questions and then discuss your answers with the class.

1. Which of the following will result in a broken run arrow?
a. A subVlis broken
b. The diagram includes a divide by zero
c. A required subVI input is unwired
d. A Boolean terminal is wired to a numeric indicator

2. Which of the following are components and data types of the error cluster?
a. Status: Boolean
b. Error: String
c. Code: 32-bit integer
d. Source: String

3. All errors have negative error codes and all warnings have positive error codes.
a. True
b. False

4. Merge Errors function concatenates error information from multiple sources.
a. True
b. False

© National Instruments | 3-21
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ﬁ Activity 3-2: Lesson Review - Answers

1.  Which of the following will result in a broken run arrow?
a. A subVlis broken
b. The diagram includes a divide by zero
c. A required subVl input is unwired
d. A Boolean terminal is wired to a numeric indicator

2. Which of the following are components and data types of the error cluster?
a. Status: Boolean

Error: String

Code: 32-bit integer

Source: String

e oo

3. All errors have negative error codes and all warnings have positive error codes.
a. True
b. False

4. Merge Errors function concatenates error information from multiple sources.
a. True
b. False

© National Instruments | 3-23
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A.Loops Review

Objective: Recognize loop structures and explain how to use them.

While Loops—Review

Similar to Do Loop or a Repeat-Until Loop

Repeats code segment until a condition is met

Always execute at least once

Iteration terminal—output that contains the number of complete iterations

[i]

Conditional terminal sets the condition for stopping the loop

Iteration terminal always starts at zero

No Repeat (code);

Condition Until Condition met;
met?
End;
Condition Met?
|
1 LabVIEW While Loop 2 Flowchart 3 Pseudo Code

For Loops—Review

Repeats code a certain number of times

The value in the count terminal (an input terminal) indicates how many times to repeat the
subdiagram in the For Loop.

Iteration terminal—output that contains the number of complete iterations

[i]

Can execute zero times

© National Instruments | 4-3
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e Iteration terminal always starts at zero

N=100;
i=0;
Until i=N:
‘. Repeat (code; 1i=i+1);
©)
o] J End;
1 LabVIEW For Loop 2 Flowchart 3 Pseudo Code
While Loop/For Loop Comparison
N
Result
Result 5
i
Stop Button
| ) a @ e
While Loop ‘ For Loop
Stops executing only if the value at the Executes a set number of times
conditional terminal meets the condition
Must execute at least once Can execute zero times

Tunnels automatically output the last value Tunnels automatically output an array of
data

@ Activity 4-1: While Loops vs. For Loops
Goal

Determine when to use a While Loop and when to use a For Loop.

Description

For the following scenarios, decide whether to use a While Loop or a For Loop.

4-4 | ni.com
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Scenario 1
Acquire pressure data in a loop that executes once per second for one minute.

1. If you use a While Loop, what is the condition that you need to stop the loop?

2. If you use a For Loop, how many iterations does the loop need to run?

3. Is it easier to implement a For Loop or a While Loop?

Scenario 2
Acquire pressure data until the pressure is greater than or equal to 1400 psi.

1. If you use a While Loop, what is the condition that you need to stop the loop?

2. If you use a For Loop, how many iterations does the loop need to run?

3. s it easier to implement a For Loop or a While Loop?

Scenario 3
Acquire pressure and temperature data until both values are stable for two minutes.

1. If you use a While Loop, what is the condition that you need to stop the loop?

2. If you use a For Loop, how many iterations does the loop need to run?

3. s it easier to implement a For Loop or a While Loop?

Scenario 4

Output a voltage ramp starting at zero, increasing incrementally by 0.5 V every second, until
the output voltage is equal to 5 V.

1. If you use a While Loop, what is the condition that you need to stop the loop?

2. If you use a For Loop, how many iterations does the loop need to run?

3. s it easier to implement a For Loop or a While Loop?

© National Instruments | 4-5
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@ Activity 4-1: While Loops vs. For Loops - Answers

Scenario 1
Acquire pressure data in a loop that executes once per second for one minute.

ni.com

1.

If you use a While Loop, what is the condition that you need to stop the loop?
While Loop: Time = 1 minute

2. If you use a For Loop, how many iterations does the loop need to run?
For Loop: 60 iterations

3. s it easier to implement a For Loop or a While Loop?
Both are possible

Scenario 2

Acquire pressure data until the pressure is greater than or equal to 1400 psi.

1.

If you use a While Loop, what is the condition that you need to stop the loop?
While Loop: Pressure = 1400 psi

If you use a For Loop, how many iterations does the loop need to run?
For Loop: unknown

Is it easier to implement a For Loop or a While Loop?

A While Loop. Although you can add a conditional terminal to a For Loop, you still need to
wire a value to the count terminal. Without more information, you do not know the
appropriate value to wire to the count terminal.

Scenario 3
Acquire pressure and temperature data until both values are stable for two minutes.

1.

If you use a While Loop, what is the condition that you need to stop the loop?

While Loop: [(Last Temperature = Previous Temperature) for 2 minutes or more] and [(Last
Pressure = Previous Pressure) for 2 minutes or morel

If you use a For Loop, how many iterations does the loop need to run?
For Loop: unknown

Is it easier to implement a For Loop or a While Loop?

A While Loop. Although you can add a conditional terminal to a For Loop, you still need to
wire a value to the count terminal. Without more information, you do not know the
appropriate value to wire to the count terminal.

Scenario 4

Output a voltage ramp starting at zero, increasing incrementally by 0.5 V every second, until
the output voltage is equal to 5 V.

1.

If you use a While Loop, what is the condition that you need to stop the loop?
While Loop: Voltage = 5 V
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2. If you use a For Loop, how many iterations does the loop need to run?

For Loop: 11 iterations (Including the two end points, count the iteration for each value -
0, 0.5, 1.0, 1.5, ... 4.5, 5.0.)

3. Is it easier to implement a For Loop or a While Loop?
Both are possible.

B. While Loops

Objective: Recognize tunnels and explain their purpose on a loop structure and demonstrate
how to use error checking and error handling inside a loop.

Tunnels

Tunnels transfer data into and out of structures. Data pass out of a loop after the loop
terminates.

1 The loop executes only after data arrive at the tunnel.

Error Checking and Error Handling

You can wire an error cluster to the conditional terminal to stop the iteration of the loop. If you
wire the error cluster to the conditional terminal, only the TRUE or FALSE value of the status
parameter of the error cluster passes to the terminal. If an error occurs, the loop stops.

FEF T T F T

100

Simulate Signal

Sine ¥
error out b
Z
stop
m _____________________

1 Use the error cluster and a stop button to determine when to stop the loop.
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C. For

Objective:

Loops

LabVIEW Core 1 Participant Guide

Demonstrate how to add a conditional terminal to a For Loop and describe how
numeric conversion occurs on the For Loop count terminal.

Conditional Terminal

You can add a conditional terminal to configure a For Loop to stop when a Boolean condition or
an error occurs. A For Loop with a conditional terminal executes until the condition occurs or
until all iterations are complete, whichever happens first.

The following For Loop generates a random number every second until 100 seconds has passed
or until the user clicks the stop button.

100 {-[N] 100
Random Mumber (0-13
Randorn Nuraber (0-1) =7 2
g &
Random Number
Fandom Mumber Visible Iemns » Indicator
Indicator Help 5
v
Descrigtion and Tip..
Breakpoint » 1000 Q stop
Structures Palette L e [
o Buto Grow m 7
@ |  Exclude from Diagram Cleanup
Conditional Terminal
Configure lteration Parallelism.
Replace with While Loop
Remove For Loop
Add Shift Register
Properties

1 Right-click the loop border and select Conditional Terminal from the shortcut menu.
2 Red glyph appears in the count terminal and a conditional terminal in the lower right corner.

Count Terminal Numeric Conversion

If you wire a double-precision, floating-point numeric value to the count terminal, LabVIEW
converts the numeric value to a 32-bit signed integer.

[ouble-Precision
Floating Point
¥ M

[32-Eit Signed Integer

(1328 N

L 7

1 Coercion Dot

‘EEV

For better performance, avoid coercion by using matching data types or programmatically
converting to matching data types.

¥ To Lang
132 Integer Inkeqger
2N , [&> 2N
k
[ 7
n P
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Lesson 4  Using Loops

D. Timing a VI

Objective: Identify scenarios that require loop timing and apply the appropriate function

Why Do You Need Timing in a VI?

When a loop finishes executing an iteration, it immediately begins executing the next iteration,
unless it reaches a stop condition. If you are acquiring data, and you want to acquire the data
once every 10 seconds, you need a way to time the loop iterations so they occur once every
10 seconds. You also want to time a loop to provide the processor with time to complete other
tasks, such as processing the user interface.

100 HN
‘This loop will chart a random number once every 100 ms. ‘
= Chart1
& »
[,
Wait Until Next ms Multiple
[ P

‘This loop will chart a random number until 10 seconds has elapsed. ‘

Elapsed Time
Time has Elapse®
10 u
........... v Auto Reset

@

Wait Functions Inside a Loop

Use a wait function inside a loop to accomplish the following actions:

Wait Function Behavior
Wait Until Next ms Multiple | Monitors a millisecond counter and waits until the millisecond
q counter reaches a multiple of the amount you specify. This
Lt ] function is synced to the system clock.
Wait (ms) Waits until the millisecond counter counts to an amount equal
to the input you specify
Time Delay Express VI Similar to the Wait (ms) function with the addition of built-in
error clusters.
Time Delay
»
berror in (no error)
error out

4-18 | ni.com
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Wait Function Timing

The following illustration compares the differences between two common timing functions:
Wait Until Next ms Multiple and Wait (ms). This timing diagram assumes that the wait functions
begin running immediately for each loop iteration and that the loop is ready to iterate as soon
as the wait function finishes.

Wait Until
Mext ms Multiple

Elapsed Time Express VI

Determines how much time elapses after some point in your VI and keeps track of time while
the VI continues to execute.

&

»

Elapsed Time
Time has Elapsed »
> Reset

Demonstration: Wait Chart VI

Compare and contrast using a Wait function and the Elapsed Time Express VI for software

timing.
' Wait (ms)
» 3 , 2
&
»
Elapsed Time
Time has Elapsed
d Reset

E. Data Feedback in Loops

Objective: Apply shift registers when appropriate and predict the correct value at different
iterations of the loop.

Introduction to Shift Registers

Shift registers store data values from previous iterations of a loop in LabVIEW.

= =

© National Instruments | 4-19
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0

ni.com

Shift registers are similar to static variables in text-based programming languages.

EHN

Increment Mumeric

1 Stores data at beginning of iteration 2 Stores data on completion of iteration

Multimedia: Using Shift Registers

When you create a shift register, the shift register reflects the data type you wire to the
terminals. If you do not initialize the register, the loop uses the value written to the register when
the loop last executed or it uses the default value for the data type if the loop has never
executed. You can add more than one shift register to a loop for applications such as averaging
data points.

Complete the multimedia module, Using Shift Registers, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder.

Demonstration: Creating Shift Registers

Replace tunnels with shift registers when you need to transfer values from one loop iteration to
the next. If you convert a tunnel with auto-indexing enabled to a shift register on a While Loop,
the wire to any node outside the loop breaks because shift registers cannot auto-index
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F. Plotting Data

Objective:

Waveform Chart

Use data feedback in a loop to plot waveform charts.

The waveform chart is a special type of numeric indicator that displays one or more plots of

data typically acquired at a constant rate. Waveform charts can display single or multiple plots.

t Temperature History

Running Average Ea @

Current Ternperature [, "

35+

[ ]

Degrees Celsius
i

@ P Time (seconds)

142

G [Time Geconds) | B %% %2

Degrees Celsius | & g

 HEaw <—7)

1 Label
2 Y-scale

3 X-scale
4 Scale Legend

5 Graph Palette
6 Plot Legend

Waveform Chart Properties

Waveform charts include options that you can use to customize appearance, convey more

information, or highlight data.

{3 Chart Properties: Temperature History

S

Appearance | Display Format | Plots | Scales | Documentation | Data Binding

Label
Visible

Temperature History

Enabled 5tate

@ Enabled
() Disabled
() Disabled & grayed

Show graph palette
Show plot legend
Auto size to plot names
2 % Plots shown
[T] Show x scroll bar
Show scale legend

Show cursor legend

Caption

[ visible

Size

Height Width
218 384

Update mode
Strip Chart (=]

[7] Stack plots
[C] Show digital display(s)
Show optional plane

Mone -
Cartesian lines
Optienal plane labels

Opticnal plane lines

[ QK ][ Cancel ][ Help ]
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You can configure how the chart updates to display new data. The chart uses the following
modes to display data:

e  Strip Chart—Shows running data continuously scrolling from left to right across the chart
with old data on the left and new data on the right.

e Scope Chart—Shows one item of data, such as a pulse or wave, scrolling partway across
the chart from left to right.

e Sweep Chart—Works similarly to a scope chart except it shows the old data on the right
and the new data on the left separated by a vertical line.

Strip Chart Scope Chart Sweep Chart
30.0-

80.0-

70.0-1
i
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Lesson 4  Using Loops

@) Additional Resources

Learn More About LabVIEW Help Topic

Using shift registers Shift Registers. Passing Values between Loop
Iterations

Passing Multiple Values to the Next Loop Iteration
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@ Activity 4-2: Lesson Review

1. Which structure must run at least one time?
a. While Loop
b. For Loop

© National Instruments | 4-31
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@ Activity 4-2: Lesson Review - Answers

1. Which structure must run at least one time?
a. While Loop
b. For Loop

© National Instruments | 4-33






5 Creating and
Leveraging Data
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A. Arrays

Objective: Identify when to use arrays and learn how to create and initialize arrays.
Arrays
Array Collection of data elements that are of the same type.

Elements The data that make up the array. Elements can be numeric, Boolean, path, string,
waveform, and cluster data types.

Dimension Length, height, or depth of the array. Arrays can have one or more dimensions and
as many as (231)-1 dimensions.

Array - Mumeric
<

r 5

o 1f[wo ]+

103
104
105 ¥

= =
==
:|:|M )

Note Array indexes in LabVIEW are zero-based. The index of the first element in
the array, regardless of its dimension, is zero.

1D and 2D Examples

Arrays can have multiple dimensions.
e 1D array:

0O 1 2 3 4 5 6 7 8 9
LT T T T 1 [ T [ ]

For example, LabVIEW represents a text array that lists the twelve months of the year as a
1D array of strings with twelve elements. Index is zero-based, which means the range is O
to n- 1, where nis the number of elements in the array. For example, n = 12 for the twelve
months of the year, so the index ranges from O to 11. March is the third month, so it has
an index of 2.

e 2D array:

Column Index
0 1 2 3 4 5 6 7

Row Index

N o o~ 0N = O

For example, LabVIEW represents a table of data with rows and columns as a 2D array.

© National Instruments | 5-3
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2D Arrays

A 2D array stores elements in a grid. It requires a column index and a row index to locate an
element, both of which are zero-based.

Initializing Arrays
An uninitialized array contains a fixed number of dimensions but no elements. An initialized
defines the number of elements in each dimension and the contents of each element.

1 Uninitialized array 2 Initialized array

Demonstration: Viewing Arrays

ni.com

Create an array control or indicator on the front panel by adding an array shell to the front panel,
as shown in the following front panel, and dragging a data object or element, which can be a
numeric, Boolean, string, path, refnum, or cluster control or indicator, into the array shell.

To create an array constant on the block diagram, select an array constant on the Functions
palette, place the array shell on the block diagram, and place a string constant, numeric
constant, a Boolean constant, or cluster constant in the array shell.

Restrictions

You cannot create arrays of arrays. However, you can use a multidimensional array or create an
array of clusters where each cluster contains one or more arrays. Also, you cannot create an

array of subpanel controls, tab controls, .NET controls, ActiveX controls, charts, or multi-plot
XY graphs.
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B. Common Array Functions

Objective:

Create and manipulate arrays using built-in array functions.

Multimedia: Common Array Functions

Functions you can use to manipulate arrays are located on the Array palette.

Complete the multimedia module, Common Array Functions, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder.

Initialize Array

Creates an n-dimensional array in which every element is initialized to the value of element.

Initialize Array

element |42 -+ [
= {8
dimension size

Initialize Array

Insert Into Array

1D Array (DBL)
b

2D Array (Integer)

1D Array (DEL)

.a°|4_2|4_2|4.2

2D Array (Integer)

.@°|1|1|1

gof o 1

0 0 0

Inserts an element or subarray at the point you specify in index.

MNew Subarray

b T T E | |

1D Array Insert Into Array
I—I—I—I—|_|? 1215 | i'—| %Jt 1D Array
) Output 1D Array

(IR | 2 EXN 30 2 G EM O
2D Array
% A EX E Insert Into Array Qutput 2D Array — ‘OUtpUtzD Array

[ NAaE ‘J:J|0 |J 7 E 5 o

[ Vs 2 o

Index (row) |

N

© National Instruments
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Delete From Array

Deletes an element or subarray from n-dim array of length elements starting at index. Returns
the edited array in array w/ subset deleted and the deleted element or subarray in deleted

portion.
1D Array Output 10 Array
Delete From Array i _ Qutput1D Array Deleted Portion
Deleted Portion ‘.:‘ 0 J 7 5 0 =0 3 2 0
index
2D Array
g“ Z Delete From Array Output 20 Array . \O“tp”tEDA"ay wDEIEtEd Portion
g Elo 7 B 5 |o o s 1 2 ]o
length [=] i = pLe_te o 1o
2] Deleted Portion o J o)t J
index (row) i)
[il

Array Max & Min

Returns the maximum and minimum values in array, along with the indexes for each value.

Max value Max index(es)
Max value - - po =
: 7 G |
1D Array Array Max & Min | J ( ]
Min indedzs) Min value Min index(es)
Min value 2 | |2 |
L L
Max value .
20 Arrey Max value ) § Max index(es)
B Array Max 8 M [ | [=] ,
B fl H B "% ax & Min Max index(es) 7 & 0 | o |0
Ho s | J
slue Min value Min index(es)
1 Hfo 0
Min index(es) L J = J o e

Search 1D Array

Searches for an element in a 1D array starting at start index. Because the search is linear, you

need not sort the array before calling this function. LabVIEW stops searching as soon as the
element is found.

1D Array Search 1D Array

(O aaan

Elernent

Index of element

Index of element

e -

T

i J

Search 1D Array

Index of element

Index of element

- -

Element

Start index (0)
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ﬁ Activity 5-1: Using Array Functions

Goal: Complete the highlighted portion in each VI

LabVIEW Core 1 Participant Guide

Description
Each of the VIs shown has missing information. Determine what belongs in the highlighted
section.
Block Diagram Result
element
15 s
D ¥ o [i5 s Jis Jis Jis Jis Jis ]
. . . ’7,—|‘ 15 15 15 15 15 15 15
dimension size = U J |15 15 15 15 15 15 15
15 15 15 15 15 15 15
dimension size
1D Array.

017 J1a 58] |5

element.
12

start index (0
)

Search 10 Array

L

index of element

.

Index of Element

Index (1
5|

Deleted portion
0

Eo)|

20 Array 5 Output Array
: 9
rEFERER o | I I — —
21 J12f16 1718 L 0 l l l l l
Insert Into Array Output Array I I I I I
index (row) =
a | | I I |
1D Array
Eol7 T e s [z [zs [ 2] |
Output Array
2D A = N
0"33; 3{5/15/0 ‘,|G ‘ |7 ”3 ”5 H15 HU |
0 fafaf2fi7]fo — S
211215 17]18 = |0
Laﬂiﬁ_l Jete From Array OQutput Array -  Deleted portion
Il ' 52| CON | | S E I 7 O
| EEX T S T
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C. Polymorphism

Objective: Understand the ability of various Vls to accept input data of different data types.

Polymorphism

i{ Polymorphism  The ability of VIs and functions to automatically adapt to accept input data of
different data types.

Functions are polymorphic to varying degrees—none, some, or all of their
inputs can be polymorphic.

Arithmetic Functions Are Polymorphic
LabVIEW arithmetic functions are polymorphic.

Scalar

Scalar

1D Array

Array

Array 1
ey Array
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D. Auto-Indexing

Objective:

Use auto-indexed inputs and outputs to create graphs and arrays.

i{ Auto-indexing

Auto-Indexing

If you wire an array to or from a For Loop or While Loop, you can link each iteration of the loop
to an element in that array by enabling auto-indexing. The tunnel image changes from a solid

square to the image to indicate auto-indexing.

The ability to automatically process every element in an array.

=

|

Random

Number (0-1)

A

]

®

01 2 3 45

LabVIEW Core 1 Participant Guide

MNurneric Indicator

1 Right-click the tunnel and select Enable Indexing or Disable Indexing to toggle the state of
the tunnel.

2 Auto-indexed output arrays are always equal in size to the number of iterations.

3 Only one value (the last iteration) is passed out of the loop when auto-indexing is disabled.

Waveform Graphs
A waveform graph collects the data in an array and then plots the data to the graph.

Waveform Graph

1-

B> P >

Waveform Graph

o-H
Build Array

.}

© National Instruments
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Creating and Leveraging Data Structures

Charts vs. Graphs—Single-Plot

Charts are generally used inside the While Loop and graphs are generally outside the While Loop.

Waveform Graph

! o
0 30 40 50 70 80 90 100

. -
0.5-]
0-
-0.5-] /
- I I I SR I |
10 20 60

Waveform Chart
r 1

|
] 100

Waveform Graph
[
o)
I> Sine Waveform Chart
.. »
Stop Button
i)

Auto-Indexing with a Conditional Tunnel

You can determine what values LabVIEW writes to the loop output tunnel based on a condition

you specify.

For example, consider the following block diagram. The array Input Array contains the following
elements: 7, 2, 0, 3, 1, 9, 5, and 7. Because of the conditional tunnel, the Values less than 5
array contains only the elements 2, 0, 3, and 1 after this loop completes all iterations.

Input Array
=2

N
JI Values less than 5
1 - [ FI32]

Ing

1 Right-click the loop output tunnel and selecting Tunnel Mode»Conditional from the
shortcut menu.

Creating Two-Dimensional Arrays

Use two For Loops, nested one inside the other, to create a 2D array.

Raows

Columns

E—IN

Randaom
Murnber (0-13
2.

@

J

1 The inner loop

creates the column elements and the outer loop creates the row elements.

5-10 | ni.com



Auto-Indexing Input

Use an auto-indexing input array to perform calculations on each element in an array. If you wire
an array to an auto-indexing tunnel on a For Loop, you do not need to wire the count (N)

terminal.

15 element array
¥ il

Iterations

15 element array
3

S element array
3

LabVIEW Core 1 Participant Guide

Iketations

1 The For Loop executes the number of times equal to the number of elements in the array.
2 If the iteration count terminal is wired and arrays of different sizes are wired to
auto-indexed tunnels, the actual number of iterations becomes the smallest of the choices.

Auto-Indexing Input—Different Array Sizes

If the iteration count terminal is wired and arrays of different sizes are wired to auto-indexed

tunnels, the actual number of iterations becomes the smallest of the choices.

T

Iterations

(o]

N
15 element array
¥ ] Iterations
5 element array
r |
[~
o
N

1 The For Loop iterates 5 times and because the iterations are zero-based, the output is 4.

© National Instruments
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E. Clusters

Objective: Identify when to use clusters and be able to create them.
Clusters
i? Clusters Clusters group data elements of mixed types
Weather Data In

Current Temperature

L= o J Current Temperature

]

[\ﬂaxTemperat‘urE Unbundle By Name
B 0 Max Temperature
L= ) Weather Data In ¥
Min Temperature E— Mi
I 1 Warning? in Temperature
— Warning?
— |0 Warning Text ‘ :
3 - ’ i Warning?
Warning? f—
.. Warning Text
pabc

Warning Text

|Nc- Warning

A cluster is similar to a record or a struct in text-based programming languages.An example of
a cluster is the LabVIEW error cluster, which combines a Boolean value, a numeric value, and a
string.

Clusters vs. Arrays

Cluster Array

. . status E_ N Random
Simulate Signal Mumber (0-1) Brray
l&i? status [ code E‘, 3
code j
source ""Lsource m
Fibc]
e Mixed data types e Vary in size
e Fixed size e Contain only one data type

Demonstration: Create a Cluster Control

Create a cluster control or indicator on the front panel by adding a cluster shell to the front panel
and dragging a data object or element into the shell. The element can be a numeric, Boolean,
string, path, refnum, array, or cluster control or indicator.

5-20 | ni.com
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Resize the cluster shell by dragging the cursor while you place the cluster shell.

Weather Data

Current Temperature

Cluster
Max Temperature

Murieric

e

Cluster Order

Cluster elements have a logical order unrelated to their position in the shell. The cluster order
determines the order in which the elements appear as terminals on the Bundle and Unbundle
functions on the block diagram.

You can view and modify the cluster order by right-clicking the cluster border and selecting
Reorder Controls In Cluster from the shortcut menu.

13 Cluster Samplewi EI
File Edit View Project Operate Tools

=8

¥ | X Clicktosetto E:l !

Current Temperature|

B

[Warning?|
@ g

[Warning Text

{lNoWarning

© National Instruments
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Autosizing Clusters

Autosizing helps you arrange elements in clusters.NI recommends the following:
e Arrange cluster elements vertically.

e Arrange elements compactly.

e Arrange elements in their preferred order.

Visible Items »
Find Terminal

Change to Indicator
Make Type Def.
Description and Tip...

Create

Replace

Data Operations
Advanced

Fit Control to Pane
Scale Object with Pane

v vy v w

Reorder Controls In Cluster...

AutoSizing » Mone

Size to Fit

Arrange Horizontally

J/ Arrange Vertically

Properties

Disassembling Clusters

Use the Unbundle and Unbundle By Name functions to return individual cluster elements.

Unbundle By Name Unbundle
i

Plot: Samples = Plot: Samples =

1 Unbundle By Name —Returns the cluster elements whose names you specify. The number
of output terminals does not depend on the number of elements in the input cluster.
2 Unbundle—Splits a cluster into its individual elements

Modifying a Cluster

Use Bundle By Name whenever possible to access elements in a cluster. Use Bundle when some
or all cluster elements are unnamed.

Za
-]-,@:AI
o | Butterworth Filter.vi Output cluster
|P|Dt: Samples 'H e | P4 [ I
Unbundle By Name | B Bundle By Name
Tau
Fete
= 3>
|F'Icut: Samples 'ﬂ ) . Output cluster
o= Butterworth Filterwvi L=
[} &.

Unbundle @_‘
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Demonstration: Creating a Cluster on the Block Diagram

Use the Bundle function to programmatically create a cluster on a block diagram. If the elements
that are bundled have labels, you can access them using the Unbundle By Name function.
Otherwise use the Unbundle function.

Multi-plot Graphs/Charts and XY Graph

The Bundle function is often used to create multi-chart plot charts and XY plots. The Build Array
function is used to create multi-plot waveform graphs.

Waveform Graph
1
054 100 HN
0 ) Waveform Graph
i > o [z T i
A9 Build Array
,l—l

U I T R R |
0 10 20 30 40 50 &0 70 &0 90 100

Waveform Chart

1
0.5 Waveform Chart
E Bundle
05-
1 ‘
16 - _— Stop Button
X¥ Graph
. =
100 HN
I I> o @ XY Graph
=)
o a BEEEIm:I
undle
0.5
14 ! T | |
1 05 0 0.5 1

Plotting Data

Use the Context Help window to determine how to wire multi-plot data to Waveform Graphs,
Charts and XY Graphs.

[>

Waveform Graphs:
Wire data directly to waveform graph:

Y Array | Resulting Graph
10 Single Plot
WDT Single Plot

20 Multiplot

WOT Cofaveform Data Typed includes timing infa.
Others default to O for xg and 1 for ax.
Combine tiring inforrmation using a bundle node

IEEE waveform Graph
. L i veform Grapl
o1 1

Y array

See the example: Waveform Graph.vi

[Fs[2] < B
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Error Clusters

LabVIEW contains a custom cluster called the error cluster. LabVIEW uses error clusters to pass

error information.

ErrorIn Error Qut
status  code status  code
. Ca
!,' 40 .J 40
source source
errar in (no error) error out
|IE' ﬂ @ poat]
Unbundle By Name
status
| code
source
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F. Type Definitions

Objective: Identify and determine when to use a type definition, strict type definition, or
control.

Control Options

Use custom controls and indicators to extend the available set of front panel objects and to
make them available on other front panels.

Three types of custom controls—Control, Type Definition, Strict Type Definition.

{3 Weather Data.ctl Type Def on We... EI@

File Edit View Project Operate Tocols V

i
| #|[Type Def. I~ -J\|‘?"Eﬁ}

Control -

Type Def.

Strict Type Def.

Current Temperature
- -

Weather Dat

Min Temperature

-

a0
j
m

Temperature Warning?

Temperature Warning Text

Mo Warning ‘

Weather Station.lvproj/My Computer| < [} ¢

Demonstration: Difference between Control, Type Def and
Strict Type Def

e Custom controls are templates and used as starting points for other similar controls.
Changes made to one control does not reflect in other controls.

e Type definitions and strict type definitions link to all the instances of a custom control or
indicator to a saved custom control or indicator file. You can make changes to all instances
of the custom control or indicator by editing only the saved custom control or indicator file

e  Strict type defs apply cosmetic changes too, whereas type defs do not.

© National Instruments | 5-33
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Demonstration: Creating and ldentifying Type Definitions

Weather Data In Weather Data In
- (6 1
Current Temperature ] = Visible tems 3
Visible Items » Find »
Find Terminal e T Change to Indicator
Max Temperature Change to Indicator -

.

Make Type Def.  Aute-Update from Type Def.
Min Temperature
f— - Open Type Def.
L V= Description and Tip...

Disconnect from Type Def.

Create ’ B | Tempersture iaring? Szl
Temperature Warning? Replace 3 Description and Ti
2 Data Operations.
.\.} P 4 Temperature Warning Text Create »
= 7 Advanced 3
Temperature Warning Text Fit Control to Pane No Warning Replace 4
v Seale O o Data Operations »
o Warning cale Object with Pane P b
Reerder Contrels In Cluster... [
AuteSizing 3 AutoSizing 3
Properties Properties.
Weather Data In Context Help [=]
L=l e
==X Weather Data In
No description available.

MIH Weather Data In (typedef ‘Typedef Sample.ctl [non-strict])
m Weather Data In (cluster of 5 elements)
‘ Current Temperature (double [64-bit real (-15 digit precision)]}
Max Temperature (double [64-bit real (~15 digit precision]])
Min Temperature (double [4-bit real (~15 digit precision)])
Waming? (beelean (TRUE or FALSE))
B2 Warning Test (<tring)

Detailed help

‘ ,
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@) Additional Resources

ni.com

Learn More About

Arrays

LabVIEW Help Topic

Adding Elements to Arrays

Changing Array Default Values
Creating Array Controls and Indicators
Default Sizes and Values of Arrays

Determining the Size of Arrays

Clusters

Creating Cluster Controls and Indicators
Modifying Cluster Element Order

Moving Arrays and Clusters

Setting Cluster Default Values

Tabbing through Elements of an Array or Cluster

Type Definitions

Creating Type Definitions and Strict Type Definitions
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ﬁ Activity b-2: Lesson Review

1.

You can create an array of arrays.

a.
b.

True
False

You have two input arrays wired to a For Loop. Auto-indexing is enabled on both tunnels.
One array has 10 elements, the second array has five elements. A value of 7 is wired to the
Count terminal, as shown in the following figure. What is the value of the Iterations
indicator after running this VI?

EHN

10 element array

» @]
Tter ations

5 element array
k |

Which of the following custom control settings defines the data type of all instances of a
control but allows for different colors and font styles?

a.

b
c.
d

Control

Type Definition
Strict Type Definition
Cluster control

You have input data representing a circle: X Position (I16), Y Position (116), and Radius
(116). In the future, you might need to modify your data to include the color of the circle
(U32).

What data structure should you use to represent the circle in your application?

a.

o o o o

Three separate controls for the two positions and the radius.
A cluster containing all of the data.

A custom control containing a cluster.

A type definition containing a cluster.

An array with three elements.

© National Instruments
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ﬁ Activity 5-2: Lesson Review - Answers

1. You can create an array of arrays.
a. True
b. False

You cannot drag an array data type into an array shell. However, you can create
two-dimensional arrays.

2. You have two input arrays wired to a For Loop. Auto-indexing is enabled on both tunnels.
One array has 10 elements, the second array has five elements. A value of 7 is wired to the
Count terminal, as shown in the following figure. What is the value of the Iterations
indicator after running this VI?

EHN

10 elerment array
* |

Iterations

5 element array
r I

Value of Iterations = 4

LabVIEW does not exceed the array size. This helps to protect against programming error.
LabVIEW mathematical functions work the same way—if you wire a 10 element array to
the x input of the Add function, and a b element array to the y input of the Add function,
the output is a 5 element array.

Although the for loop runs 5 times, the iterations are zero based, therefore the value of the
Iterations indicators is 4.

3. Which of the following custom control settings defines the data type of all instances of a
control but allows for different colors and font styles?

a. Control

b. Type Definition

c. Strict Type Definition
d. Cluster control

4. You have input data representing a circle: X Position (I16), Y Position (116), and Radius
(116). In the future, you might need to modify your data to include the color of the circle
(U32).

What data structure should you use to represent the circle in your application?
a. Three separate controls for the two positions and the radius.

A cluster containing all of the data.

A custom control containing a cluster.

A type definition containing a cluster.

o o o o

An array with three elements.

© National Instruments | 5-45
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A.Case Structures

Objective: Recognize and use the basic features and functionality of Case Structures.

@ Activity 6-1: Case Structures Review

Figure 6-1. Case Structures Review

Square Root Yalue
»
Murnber
»

1 Case Selector Label
2 Selector Terminal

1. What is the purpose of the Case Structure?
a. Execute one of its subdiagrams based on an input value
b. Repeat a section of code until a condition occurs
c. Execute a subdiagram a set number of times

2. How many of its cases does a Case Structure execute at a time?
a. All of them
b. One

3. What is the purpose of the Case Selector Label?
a. Lets you wire an input value to determine which case executes
b. Show the name of the current state and enable you to navigate through different cases

4. What is the purpose of the Selector Terminal?
a. Lets you wire an input value to determine which case executes
b. Show the name of the current state and enable you to navigate through different cases

© National Instruments | 6-3
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Activity 6-1: Case Structures Review - Answers

Figure 6-2. Case Structures Review: Answers

Square Root Yalue
»
Mumber
»

25|

1 Case Selector Label 2 Selector Terminal

1. What is the purpose of the Case Structure?
a. Execute one of its subdiagrams based on an input value
b. Repeat a section of code until a condition occurs
c. Execute a subdiagram a set number of times
2. How many of its cases does a Case Structure execute at a time?
a. All of them
b. One
3. What is the purpose of the Case Selector Label?
a. Lets you wire an input value to determine which case executes
b. Show the name of the current state and enable you to navigate through different cases
4. What is the purpose of the Selector Terminal?
a. Lets you wire an input value to determine which case executes
b. Show the name of the current state and enable you to navigate through different cases

Demonstration: Case Structures

Right-click the Case structure to display the shortcut menu. The shortcut menu gives you
options for configuring a Case structure.

1 - e[ ™ Visible ltemns »
Help

Examples

Description and Tip...

Breakpoint »

Murmeric Control
Structures Palette »

4 Auto Grow
Exclude frem Diagram Cleanup
Replace with Stacked Sequence
Remove Case Structure

Add Case After
Add Case Before
Duplicate Case
Delete This Caze

Show Case 0, Default

Make This Case 0, Default

Make This The Default Caze

Radix »

Properties




Selector Terminal Data Types

LabVIEW Core 1 Participant Guide

You can wire a variety of data types to the Selector Terminal. The Case structure configuration
changes based on the type of data that you connect.

Data Type Example

Boolean

A newly-created Case structure defaults to a
Boolean input.

The Case Structure includes a True case and
a False Case.

[ True 't

Sguare Root

L
Mumber gl
; B

Sguare Root Value
v

Integer
Case Structure has any number of cases.
Specify a Default case.

The numeric representation of the integer
input will determine the range of possible
values for the Case Selector Label.

You can specify ranges of values for the
Case Selector Label.

Use Radix option in shortcut menu to specify
whether the Case Selector Label displays
values in decimal, hexadecimal, octal, or
binary.

Input X
G

Input

]

Selector Value

String
Case Structure has any number of cases.
Specify a Default case.

By default, string values are case sensitive.
Shortcut menu includes option for Case
Insensitive Match for the string text.

1 "2dd", Default ~}]

Input X
¥

Input ¥
r

String Selector

||E>

© National Instruments
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Data Type Example

Enum J["2dd", Default ]
. Tnput X
Possible to ensure that the Case Structure L Result
includes a case for every item in the enum. Input ¥ { I> fg :
Right-click the border of the Case Structure L W subtract” vy
and select Add Case for Every Value to Enum ]
create a case for every item. == g B L
1
Error Cluster WErar <}
Case Structure includes an Error Case and a
No Error Case.
Wire an error cluster to the terminal to
execute code if there is no error and skip = A
code if there is an error. e i
[ Mo Error 't
: & |
; :
Read From
Measurement
File %nrm Graph
error in {no error) Signals C==2|
=3 d, error \i (nao errol errar aut
error out =

Input and Output Tunnels
As with other types of structures, you can create multiple input and output tunnels.
e Input tunnels are available to all cases if needed.
e  Output tunnels require that you define a value for each case.
e  Be cautious using the Use Default If Unwired option.
— Adds a level of complexity to the code.
— Can complicate debugging your code.

—  The default value may not be the value that you expect.

ﬁl Output
>

Greater than 107
10 Unwired Qutput
@
Use Default Output
®

1 A tunnel that has been wired for all cases.
2 A tunnel that has not been wired.

3 A tunnel that is marked as Use Default If Unwired. Right-click on the tunnel and select Use
Default if Unwired.

6-6 | ni.com



Data Type Wired to Tunnel

LabVIEW Core 1 Participant Guide

Default Value

Numeric 0
Boolean FALSE
String Empty ( won )

Demonstration: Selector Terminal Types and Tunnels

e Create Case structures using different data type selectors.

e Create different types of output tunnels.

Result

"add", Default ~

Input X

] I> 5
Input ¥

4 "subtract” hd
Enum
EE— [== L

1

Greater than 107

= Tunnel Qutput
5

Unwired Output

© National Instruments | 6-7
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B. Event-Driven Programming

Objective: Recognize basic features and functionality of event structures.

Demonstration: Event-Driven Scenario

Temperature (deg C) Temperature (deg F)
=ijo 32

' | Stop ] Time

current time

: [00:00:00.000 PM ]
Time Check
fmesnee {MM/DDAYYYY |
~ : .
Waveform Graph \ gy J

Acquire Data

Amplitude
=1

E? Event-driven

programming

Event

Method of programming where the program waits on an event to occur before
executing the code written to handle that event.

An asynchronous notification that something has occurred. Events can
originate from the user interface, external /O, or other parts of the program. In
this course, you will only learn about user interface events, which include
mouse clicks, key presses, and value changes of a control.

Polling Versus Events

Time Check
=

Acquire Data
o=

Polling ‘ Event
[lo0 EH[1] "Time Check™: Value Change ~pH
Temperature (deg C)
v
WFaie <pf I Type
Time Check

Temperature (deg C) control value has changed

current time

3 I% > B '[Empsrature (deg F)
32

WTrue =}

current time

4 True 't

q
Simulate Signal Waveform Graph
Sine with Unifor Heedp5e1|

Stop

| ni.com
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Multimedia: Event-Driven Programming

Complete the multimedia module, Event-Driven Programming, available in the <Exercises>\
LabVIEW Core 1\Multimedia\ folder to learn about programming with events.

LabVIEW Core 1 Participant Guide

Event-driven programming concept demo.vi

= [e=

-driven programming concept demo.vi Block m
13 event-a o s

File Edit View Project Operate Tools
o @ n

Temperature (deg C)
o

Time Check ]

[ Acquire Data

Window

Help

o

Temperature (deg F)

2
curent time
00:00:00.000 PM
MM/DDAYYY
Waveform Graph (L¥okage |~
10
5
3
Z
E_ o
5
10 ' n ¥ ' '
o0z oM ok 03k 01

Time

File

Edit View Project Operate Tock
o | |5 (25| wo|B*

Window Help

1] Time Checkc: Value Change

Time Check

Configuring the Event Structure

You can select which events the Event structure implements by right-clicking the border and
selecting Edit Events Handled by This Case from the shortcut menu

= [[1] "Mumeric™s Mouse Down? ~p———
Button

Type Mods
Time PlatMods
CtIRef Discard?
Coords
Button
Mods

Plathods

Wisible Ikems

Help

Examples

Description and Tip...
Breakpaink

Skructures Palette

J Aubo Grow
Exchude from Diagram Cleanup
Remave Event Structure

Edit Events Handled by This Case...
Add Event Case...

Duplicate Event Case. ..

Delete This Event Case

Show Dyynamic Event Terminals
Show Case [0] Timeout
Rearrange Cases...

Find Control

Properties

© National Instruments

6-15



Lesson 6  Using Decision-Making Structures

Edit Events Dialog Box

13 Edit Events
Event case
[1] "Mumeric"; Mouse Down? v:
Event Specifiers
EEEEE Bzt i Event Sources Events
Nurmeric Maouse Down?
<Application ~ + Drag ~
«This ¥I» & Key
= Mouse
= Fanes = Mouse Down
Pane = Wouse Down?
= Mouse Enter
= Controls = Mouse Leave
Numeric = Mouse Move
= Mouse Up
£ Sshortout Menu
= Walue Change
v v
fus < 2| 3 £
* ks
+ Add Event “ % Remaove ] Click OK ko accept wour changes, Cancel to discard them, or click the Event| Source or Event list to
madify the selected event specifier.
Lock front panel {deffer processing of user actions) until this event case cpmpletes
oK ] [ ancel ] [ Help

@ ® ®

1 Configured events 2 Event sources 3 Events

Notify and Filter Events
LabVIEW categorizes user interface events into two different types of events:

e Notify—(Green arrow) Notify events inform you that a user action occurred. LabVIEW has
already performed the default action associated with that event.

e Filter—(Red arrow) Filter events allow you to validate or change the event data before
LabVIEW performs the default action associated with that event. You also can discard the
event entirely to prevent the change from affecting the VI.

Events

+ Drag

+ Key

= Mause
Mause Dotn
Mause Down:
Mause Enter
Maouse Leave
Mause Mave
Mouse Up
¥ Sharteut Menu

= Value Change

408 8 888

— Note A single case in the Event structure cannot handle both notify and filter
events. A case can handle multiple notify events but can handle multiple filter events
only if the event data items are identical for all events.
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Demonstration: Configure and Use Events

Configure and use an Event structure to create a VI that responds to user interface events using
event-driven programming.

=] [[1] "Numeric": Mouse Down? ] 3 Edit Events
Evert case
[1] "Mumeric": Mouse Down? v
T Mods Event Speciiers
ype viods Event Source  Event - o
- Aode umeric Mouss Down”
Time PlatMods <application> A [ orsg ~
= - = <This vI> wo Key
CtlRef Discard? B Mouse
m S Panes =+ House Down
C oo rcl it Pane = Mouse Down?
Button = Houss Enter
=1 Controls = Mouse Leave
Mods Humeric - Mouse Mave
— =+ House L
PlatMods @ Shortcut Menu
= value Change
v v
ud <] ¥ | = >
< >
Click 0K to accept your changes, Cancel to discard them, or click the Event Source or Event list ko
modiFy the selected event specifer.
Lock frant panel (defer processing of user actions) urt this event case completes
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Caveats and Recommendations

The following list describes some of the caveats and recommendations to consider when
incorporating events into LabVIEW applications.

e Place only one Event structure in a loop.
e Use a Value Change event to detect value changes.
e Keep event handling code short and quick.

e Place Boolean control terminals inside an event case for latched operations to work
properly.

e Avoid using an Event structure outside of a loop.

e Avoid configuring two Event structures for the same event.

Time Check
=

current time

Iteration

[i}—fe==]]

Think about the Vs that you will need to develop at your job.

Will you use event-based programming to implement any of your Vis? Why or why not?

@) Additional Resources

Learn More About LabVIEW Help Topic or ni.com

Event-driven programming Locking Front Panels

Choosing How the Event Structure Monitors For
Events

Viewing Enqueued Events at Run Time
Event-Driven Programming
Events in LabVIEW

Deciding whether to use events Caveats and Recommendations when Using Events in
LabVIEW
Part of the Event structure Event Structure

Configuring Events Handled by the Event Structure

Determining which notifier to use Determining Which Type of User Interface Events to
Use
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Activity 6-2: Lesson Review

1. Which of the following can NOT be used as the case selector input to a Case structure?
a. Error cluster
b. Array
c. Enum
d. String

2. How many events can an Event structure handle each time it executes?
a. As many as have occurred since the last time the event structure executed
b. One per configured event case
c. One

3. Which statements about event-driven programming versus polling are true?
a. Events execute on demand.

Event-driven programming is less CPU-intensive.

Event structures handle all events in the order the occur.

2o o

Polling may fail to detect a change.

© National Instruments | 6-27
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Activity 6-2: Lesson Review - Answers

1. Which of the following can NOT be used as the case selector input to a Case structure?
a. Error cluster
b. Array
c. Enum
d. String

2. How many events can an Event structure handle each time it executes?
a. As many as have occurred since the last time the event structure executed
b. One per configured event case
c. One

3. Which statements about event-driven programming versus polling are true?

Events execute on demand.

b. Event-driven programming is less CPU-intensive.
c. Event structures handle all events in the order the occur.
d. Polling may fail to detect a change.

© National Instruments | 6-29
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A.Understanding Modularity

Objective: Recognize the benefit of using modular code and identify sections of code that
could be reused.

Modularity and SubVls

Modularity The degree to which a program is composed of discrete modules such that a
change tonne module has minimal impact on other modules. Modules in LabVIEW
are called subVls.

SubVI A VI used within another VI.The degree to which a program is composed of
discrete modules such that a change tonne module has minimal impact on other
modules. Modules in LabVIEW are called subVIs.

SubVIs—Reusing Code

SubVIls are similar to a subroutine in text-based programming languages. Use subVIs when you
have code that performs identical operations on different parts of your block diagram or in

another VI.
stop

Output

i H
’ r
[ ’/\
DAQ Assistant e
data : b _{» ¢
H

/-
LI 4
3
DAQ Assistant?
data

Output =

@ |

[+
DAQ Assistant
data vl

[ W
i [
Hf

[
DAQ Assistant? |
data N
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SubVis

The following pseudo-code and block diagrams demonstrate the analogy between subVlIs and
subroutines.

Function Code Calling Program Code
function average (inl, in2, out) main
{ {
out = (inl + in2)/2.0; average (pointl, point2, pointavg)
} }
SubVI Block Diagram Calling VI Block Diagram
inl ;
poinkl .
- out R pioinkavg
I> |> r X »
in2 paoinkz
[} 2 t
B. Icon
Objective: Recognize characteristics of a good icon and use the LabVIEW Icon Editor to
create a custom icon.
i? Icon A Vlicon is a graphical representation of a VI. It can contain text, images, or a

combination of both. If you use a VI as a subVI, the icon identifies the subVI on the
block diagram of the VI.

Purpose of Icon

This icon displayed in the upper right corner of the front panel is the same as the icon that
appears when you place the VI on the block diagram.

Compound
Mode
Arithmetic
HAverage
g :
i — H

stop
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Characteristics of a Good Icon

A good icon conveys the functionality of the VI by using relevant graphics and text. You can
also uses banners to identify related Vls.

Mode Compound
..... i '!,"F* L‘_" Arlt+hmet|c fwerage .
id }DEL ]
stop
@
|
Compound
Arithmetic Average
|
* FDBL]
stop
il

Creating lcons—Icon Editor

Use the Icon Editor dialog box to edit a VI icon. You can customize your icon with text, graphics
from the glyphs library, and banners. Additionally, you can create and save custom templates.

43 Icon Editor (Temperature Warnings.vi) @
File Edit Tools Layers Help

Templates [ IconText | Glyphs | Layers |

Catego = Filter glyphs by keyword
Acquiring and Generating Dat]
Actions
Attributes
Communication
Data Types
Editing Operations
File Operations

1...... 4 4 o él

@

. !
-
g
x\

i

File Structures

File Types

Hardware

Image Manipulation

LVOOP Classes and Objects

Mathematics

Product Names Identifiers £ B “pn T

Product Namesldentifiers | | ik L
@

e 00NN
TR B BN

¢

& v
[

&

@
&
>

pa

Programming

Signal Processing T N -
Signals TEE‘ I

State Charts - = E
< i v

i

ma®
coo
Rl
weo

oKk |[ Cancel |[ Help ]

Demonstration: Creating an lcon

Using the LabVIEW Icon Editor, the instructor will demonstrate how to use the templates, icon
text, glyphs, and layers to create an icon.
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Modularity

E

ni.com

C. Connector Pane

Objective: Select and configure a connector pane for a subVI.

Connector Pane A set of terminals that correspond to the controls and indicators of that VI,
similar to the parameter list of a function call in text-based programming
languages. The connector pane defines the inputs and outputs you can wire

to the VI so you can use it as a subVI.

Patterns

A connector pane receives data at its input terminals and passes the data to the block diagram
code through the front panel controls and receives the results at its output terminals from the
front panel indicators. The connector pane is displayed next to the icon on the front panel
window. You can select from many different patterns depending on how many inputs and

outputs are required.

== x N

Emm—wl
*| Search 4 |I—?_| VI Properties

E==1H I
HIJE 1=JHIHHES
= JEH=HERH ]|
HEHEHHHEEHE
eI JHHEH
ot e

Find All Instances

Add Terminal

Remaove Terminal

Retate 90 Degrees

Flip Horizental

Flip Vertical
Disconnect All Terminals




Assigning Terminals

LabVIEW Core 1 Participant Guide

Click the connector pane terminal and then click the front panel control or indicator to assign

the terminal.

= Temperature Warnings.vi Front Panel *

(=[O el

File Edit View Project Operate Tools

Window

Help

|ﬂ> |{§}| OIEI | 15pt Application Font |« || o H'-T]E{ Hu WHEH

-

Current Temperature
:?: 0 Warning?
Max Temperature e
o
‘Q Warning Text CD\ /CSD
Min Temperature No Warning @\
Bl +—©
ErrorIn Error Qut @>/ \C@
status code status code
@) 40 @) 40
source source
L] | r
1 Current Temperature 4  Error In 6 Warning Text
2 Max Temperature 5 Warning? 7  Error Out

3 Min Temperature

Standards

The standard connector pane, shown in the following figure is 4 x 2 x 2 x 4.

Inputs

Reference In

Errar in (fio error)

Reference Out
—]

errar out

2

|55

Use the following guidelines when assigning connector pane terminals:

e References on the top

e  Error clusters on the bottom

e Inputs on the left
e  Outputs on the right

e Unused terminals can be assigned later if you modify the VI
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D. Documentation

Objective: Explain how to document code in LabVIEW using descriptions and tip strips, and
describe four methods for documenting code on the block diagram.

Creating Descriptions and Tip Strips

Create descriptions and tip strips for front panel objects in the properties dialog box for the
object. Create descriptions for VIs on the Documentation page of the in the VI Properties dialog
box.

13 Numeric Properties: Max Temperature @

| Appearance | Data Type | DataEntry | Display Format | Documentation e

@ P Description

Enter the maximum allowable temperature for your application. -

@ P Tip strip

Enter maximum temperature.

[ oK ][Cancel ][ Help ]

1 Descriptions appear in the Context Help window.
2 Tip strips display when the cursor is over an object while the VI runs

Hw Properties @

Category Documentation |Z|

@—-’\H description

In this exercise, you develop an icon and a connector pane for this subVI then test calling the subVIfroma  »
calling VL.

Help tag Help path

Browse...

0K ][ Cancel H Help ]

1 Descriptions appear in the Context Help window.
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Documenting Block Diagram Code

Calculate the running temperature average

Temperature History Y

m > Current Temperature >
millisecond multiple Wait Until Mext ms Multiple
o ———— )] 2

Stop Button
m

Previous Temperature Values

1 Free label
2 Owned label

E. Using SubVls

Objective: Demonstrate how to place subVls on the block diagram, explain terminal settings
and error handling, and create subVIs from a section of existing code.

Placing SubVIs on the Block Diagram

Place a SubVI on the block diagram in one of the following ways:
e Click Select a VI on the Functions palette.

e Drag the VI from the Project Explorer Window.

e Drag the Icon from an open VI.

e Use Quick Drop to search for the VI by name.

{3 Weather Wamingsvpro) ~ - Project Bxplorer [ = |[ @1 |5 Functions =
File Edit View Project Operate Tools Window Help Q Search | &, Customize~ |
# B ¥ Programmin
EEEE R =R gronmins .
e | Fles | = 2s
= (&) Project: Weather Warnings.lvproj b N Structures Armay Cluster, Clas...
5 B My Computer 43 Untitled 1 Block Diagram on Weather .. [ = |[ 5 |[m3) m— i -
[@ Shared Files File Edit View Project Operate Tools
g : E g ba| [« Numeric Boolean Strin:
- % SubVI Tester.vi = = = o
= R G ¥ L
|- w) Unitled 1 o =
] Untitle: B N
=" Dependencies - 2 )
L%, Buld Specifoations Comparison  Timing  Dialog & Use.

/
T
&l
o

o
w
=
=]
§
2
&
El
3

\Teme.mrawﬂmngsm 3 =y
-
/ Synchronizat... Graphics &5... Report Gener..
| ¥ Measurement /O

Temperature Warnings.vi [My Computer< Weather | > Instrument VO
| > Mathematics

(o)
@v
&

L

13 Quick Drop

[temperature warnings.vi |

| ¥ Signal Processing

| » Data Communication
s | > Connectivity

Weather Warnings.lvproj/My Computer « [ \I v | ¥ Express

¥ Addons

| NSelecta Vi

Configure.. | [ Help |

13 Temperature Warnings.vi Front Panel on Weather Warnings.lvproj/... E’@
File Edit View Project Operate Tools Window Help -
@ [11] [15p Appication Fort 1~ |5~ [l mlﬂii

Current Temperature

o Warning?
®
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Terminal Settings

You can designate which inputs and outputs are required, recommended, and optional to
prevent users from forgetting to wire subVI terminals. LabVIEW sets inputs and outputs of Vls

you create to Recommended by default. Set
input to run properly.

In the Context Help window, terminal labels

a terminal to required only if the VI must have the

appear differently depending on their setting.

Context Help

=]

prompt (Choo-se or enter fil..
file (use dialog)
data

EFTor in

Write to Binary File

-

_E
& refrum out
JJ_ ﬂ CEHCE”Ed
E e error out

Writes binary data to a new file, appends data to an existing
file, or replaces the contents of a file, This function does not
wark for files inside an LLB.

7-10 |

5[] «

Detailed help

Appearance Meaning Description
Bold Required The block diagram containing the subVI will be broken
if you do not wire the required inputs.
Plain Recommended The block diagram containing the subVI can execute
i . if you do not wire the recommended or optional
Dimmed Optional terminals. If you do not wire the terminals, the VI
does not generate any warnings.

Handling Errors

Use a Case structure to handle errors passed into the subVI.

o Error
g BT
Cunenk Temp Warning Text
5 |
in Temp
warring?
M Temp = izl
yyyyyyy (vaenon) emor out

ni.com

Warring Text
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Avoid using LabVIEW error handler Vs inside subVIs.

[[Error 't

warning Text

Warning?

error in (no errar) eror out

DAG Assistant Warning? Handler i

T

stop

o g @

F ¥ i -
b ﬁ Max Temp,_f st
3 J [D5L ° Simple: Error

data Y
error out

Convert a Section of a VI to a SubVI

Simplify your block diagram by converting sections of the block diagram into subVls.
1. Select the section of the block diagram to convert.

2. Select EditnCreate SubVI.

3. Double-click the icon to open the subVI and edit the icon and connector pane.

Ye T TTTTTTTTTTTTTTTTTT R '

Subtract

1

! !

! i

! !

! |

i Divide i Slope (m) @ ﬂ Slope {m)
; e — FEL ]
! |

| 1

| |

1 1

: !

1 1

! |

2 Fvl
DBL K [oELY
Subtract |:
i1 A1
DBL §
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@) Additional Resources

ni.com

Learn More About

LabVIEW Help Topic or ni.com

SubVls Creating SubVls

Customizing Vis

Placing SubVls on Block Diagrams
Icons Using Icons

Creating Ilcons

Documentation

Creating Object Descriptions and Tip Strips
Creating Documentation

Creating and Editing VI Descriptions
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Activity 7-1: Lesson Review

1. On a subVI, which terminal setting causes a broken VI if the terminal is not wired?
a. Required
b. Recommended
c. Optional

2. You must create a custom icon to use a VI as a subVI.
a. True
b. False

© National Instruments | 7-19
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Activity 7-1: Lesson Review - Answers

1. On a subVI, which terminal setting causes a broken VI if the terminal is not wired?
a. Required
b. Recommended
c. Optional

2. You must create a custom icon to use a VI as a subVI.
a. True
b. False

You do not need to create a custom icon to use a VI as a subVI, but it is highly
recommended to increase the readability of your code.
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A.Measurement Fundamentals with NI DAQ

Hardware
Objective: Recognize the components of a DAQ system and practice connecting to
hardware.

DAQ—Measuring Physical Phenomenon with a Computer

By using NI DAQ systems and LabVIEW, you can customize all aspects of data collection.

E? Data acquisition = The process of measuring an electrical or physical phenomenon with a
computer. A DAQ system consist of a sensor, NI DAQ device, and a
computer running LabVIEW.

Sensor DAQ Device Computer
@ = @
Signal Analog-to-Digital Driver Application
Conditioning Converter Software Software

E(E) Multimedia: Measurement Fundamentals with NI DAQ
Complete the multimedia module, Measurement Fundamentals with NI DAQ, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder to learn how to acquire different types
of measurements using LabVIEW and an NI DAQ device.

DAQmx —> LabVIEW

© National Instruments | 8-3
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The following table lists common sensors and the phenomenon they measure.

Sensor ‘ Phenomenon
Thermocouple, RTD, thermistor Temperature
Photo sensor Light
Microphone Sound

Strain gage, piezoelectric transducer

Force and Pressure

Potentiometer, LVDT, optical encoder

Position and Displacement

Accelerometer

Acceleration

pH probe

pH

You can group real-world signals as analog, digital or counters.

Signal Type

Analog

Description

Signals that vary continuously

Examples

Temperature, current

Digital

Electrical signals that transfer binary data,
such as on/off or true/false.

LEDs, switches

Counter

Digital timing signal that includes
characteristics of a digital signal that can be
counted or measured, such as rising edges,
frequency of edges occurring, and
pulse-width.

Event counting, period
measurement, position
measurement
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Exercise 8-1 Using NI MAX to Examine a DAQ
Device

Use MAX to examine, configure, and test a device.

Implementation

Complete the following steps to examine the configuration for the DAQ device in the computer
using MAX. Use the test routines in MAX to confirm operation of the device. If you do not have
a DAQ device, you can simulate a device using the instructions in step 3.

Note Portions of this exercise can only be completed with the use of a real device
and a BNC-2120, shown in Figure 8-1. Some of these steps have alternative
instructions for simulated devices.

1. Launch MAX by selecting Start»nPrograms»NI MAX or by double-clicking the NI MAX icon
on your desktop. MAX searches the computer for installed National Instruments hardware
and displays the information.

2. If you have a DAQ device installed, skip step 3 and go to the £xamining the DAQ Device
Settings section.

3. Create an NI-DAQmx simulated device to allow you to complete the exercises without

hardware.

[J Right-click Devices and Interfaces and select Create New from the shortcut menu.

L] In the Create New dialog box, select Simulated NI-DAQmx Device or Modular
Instrument.

1 Click the Finish button.

[J In the Create Simulated NI-DAQmx Device dialog box, select M Series DAQ»
NI PCI 6225.

] Click the OK button.

© National Instruments | 8-5
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BNC-2120 Terminal Block

A terminal block consists of screw or spring terminals for connecting signals or other sensors.
A cable transports the signal from the terminal block to the DAQ device.

Figure 8-1. BNC-2120

ANALOG INPUTS ‘7NAT|ONA|_
O e e % )® INSTRUMENTS
T h.t=.. =44 BNC—2120
* 4 TIMING I/0

N\
I

Quadrature
Encoder
196 Pulses /Rev @

S

OO0 ® ©

= |: 21
HoO
— | S ==
O [
A |[Emm—
FAS [
S [mmm—
% S  [rmems—]
( : — O [z
S [
® i
O [FEem]
A  |[mem—
O [
O = \
IO [p=—
v
Ve amALe®

©

FUNCTION GENERATOR
Frequency Selection

b 1] T @

®)
o1 m 1100 kHz —1000 KHz Q PO.7 B S
@ / O—PO.G o
OO PO.5 %8
12 —P0.4
O O P0.3 B@
@ I O—FO.Z B@
O PO.1 BCD
@ O—P0.0 B@
eIy ©) |%={Ee
1 RES/BNC Switch (Al 3) 13 Sine/Triangle Waveform Switch
2 Resistor Measurement Screw Terminals 14 Frequency Adjust Knob
3 Thermocouple Input Connector 15 Amplitude Adjust Knob
4 Temperature Reference 16 Digital 1/0 Screw Terminals
5 BNC/Temp. Ref. Switch (Al 0) 17 Digital 1/0 LEDs
6 BNC/Thermocouple Switch (Al 1) 18 User-Defined Screw Terminals
7 Analog Input BNC Connectors 19 User-Defined BNC Connectors
8 FS/GS Switches 20 Timing I/O Screw Terminals
9 Analog Output BNC Connector 21 Quadrature Encoder Screw Terminals
10 Frequency Range Selection Switch 22 Quadrature Encoder Knob
11 Sine/Triangle BNC Connector 23 Timing 1/0O BNC Connector
12 TTL Square Wave BNC Connector 24 Power Indicator LED
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Examining the DAQ Device Settings

1. Expand the Devices and Interfaces section.

2. Select the device that is connected to your machine. Green icons represent real devices and
yellow icons represent simulated devices. You might have a different device installed, and
some of the options shown might be different.

MAX displays National Instruments hardware and software in the computer. The device
alias appears in quotes following the device type. The Data Acquisition Vs use this device
alias to determine which device performs DAQ operations. MAX also displays the attributes
of the device such as the system resources that the device uses. Figure 8-2 shows the
simulated PCI-6225 device.

Make sure the device you use is named Dev 1. To rename a device, right-click the device
and select Rename from the shortcut menu.

Figure 8-2. MAX with Device and Interfaces Expanded

m@ﬂh\

%a NI PCI-6225 "Devl" - Measurement & Automation Explorer

File Edit View Tools Help

a E3 My System H .'e.' Refresh | @Configure... )( Delete | 3 Reset = ¢+ Show Help
. (@l Data Meighborhood

4 BF Devices and Interfaces Name Value
ASRL3:INSTR "COM3" [=] Serial Number 00
mmm ASRL10:INSTR "LPT1" =] Socket Number 00
’ NI USB-6212 (Mass Termination) "Dev2” || =] Bus Mumber 00
p# NIPCI-6225 "Devl” =] Driver Name MI-DAG M
4 Network Devices [=] Driver Version 9.7.5b6

. 44 Scales

» &1 Software

> [l VI Drivers

> B3 Remote Systems

=] Attributes | B Device Routes

@ Tip The Show Help/Hide Help button in the top right corner of MAX is available for
certain items. Click the Show Help/Hide Help button to hide online help or show the
DAQ device information.

3. Select the Device Routes tab at the bottom of MAX to see detailed information about the
internal signals that can be routed to other destinations on the device, as shown in
Figure 8-3. This is a powerful resource that gives you a visual representation of the signals
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that are available to provide timing and synchronization with components that are on the
device and other external devices.

Figure 8-3. Device Routes

Ea NI PCI-6225 "Devl" - Measurement & Automation Explarer =NRCE X
File Edit View Tools Help
4 B3 My System H 3 Refresh | Configure.. % Delete | ) Reset ? | ¢¥ Show Help
> [l Data Neighborhood =
=] This panel shows the routes that can X
4 Bl Devices and Interfaces be made within this device BN Direct Route
ASRL3zIMSTR "COM3" Indirect Route Through Subsystem

@ ASRL10:INSTR "LPT1"
’ NI USB-6212 (Mass Termination) "Dev2” [
i NIPCI-6225 "Devl”
4 MNetwork Devices

| »

> 44 Scales
» 1 Software
> [ VI Drivers
> B8 Remote Systems = I I e T I =T R - -
=0 O e T T T T T I T I T
AR IR R
ﬁ = = > = = > = = > =
i [ [ o [ [ o [ [ o [
Sources cllelslalalalalga|a|8]9
[DevifPFI0
[DevifPFIL
[Dev1PFI2
[Dev1/PFI3 =
4| 1 | b

Subsystem Used (Hover over cell to see which one is used)
Counter 1

Attributes | @l Device Routes

4. Select the Settings tab, as shown in Figure 8-4, to see information about the last time the
device was calibrated both internally and externally. Not all devices contain calibration

information.
Figure 8-4. Calibration
Eﬁ NI USB-6212 (Mass Terminaticn) "Dev2” - Measurement & Automation Explorer [
File Edit View Tools Help
4 E3 My System H 3 Refresh | Configure.. | *a Reset [fhSelf-Test 7 ¢ ShowHelp
» [l Data Neighborhood
4 g Devices and Interfaces External Calibration
ASRL3:INSTR "COM3"
@m ASRL10:INSTR "LPTL" Last Calibrated 5/10/2012 12:59:51 AM

’ NI USB-6212 (Mass Termination) "Dev2"

@ NI PCI-6225 "Devl” Recommended Next 5/10/2013 12:50:51 AM
4 Metwork Devices Calibration
> 44 Scales Temperature 34.8°C
’ 51 software Comments —
> [ VI Drivers
- B3 Remote Systems
Self-Calibration
Last Calibrated 6/11/2013 2:42:06 PM
Temperature 34.9°C

‘E Settings | =/ Attributes| ’ Device Routes

5. If you are using a physical device, right-click the NI-DAQmx device in the configuration tree
and select Self-Calibrate to update the built-in calibration constants and calibrate the DAQ
device using a precision voltage reference source. When the device has been calibrated,

8-8 | ni.com
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information in the Self-Calibration section updates. Skip this step if you are using a
simulated device.

Testing the DAQ Device Components

1.

Click the Self-Test button in MAX to test the device. The device should pass the test
because it is already configured.

Click the Test Panels button to test the individual functions of the DAQ device, such as
analog input and output. The Test Panels dialog box appears.

] Use the Analog Input tab to test the various analog input channels on the DAQ device.
Click the Analog Input tab. Click the Start button to acquire data from analog input
channel O and click the Stop button when you finish.

— If you are using the BNC-2120, make sure the switch over the Al O connector is
in the Temp. Ref. position to connect the temperature sensor to aiO. Place your
finger on the sensor to see the voltage rise.

— If you are using a simulated device, a sine wave is shown on all input channels.

[] Use the Analog Output tab to set up a single voltage or sine wave on one of the DAQ
device analog output channels. Click the Analog Output tab.

— Select Sinewave Generation in the Mode drop-down menu and click the Start
button. MAX generates a continuous sine wave on analog output channel O.

— If you have hardware installed, you can read the sine wave that channel O outputs.
On the BNC-2120, wire Analog Out ChO to Analog In Ch1. Click the Analog Input
tab in the Test Panels dialog box and select Dev1/ai1 from the Channel Name
drop-down menu. Click the Start button to acquire data from analog input channel
1. MAX displays the sine wave from analog output channel O.

[] Use the Digital I/O tab to test the digital lines on the DAQ device. Click the Digital 1/0
tab.

— In the Select Direction section, set lines O through 3 as output as shown in
Figure 8-5.

Figure 8-5. Digital I/0 Line Direction

portdflined:7

Input (1) @ @ @ @

Output () @@ @@
7 a

—  Click Start to begin the digital output test, then toggle the switches in the Select
State section shown in Figure 8-6. If you have a BNC-2120, toggling the switches
turns the LEDs on or off. Notice that the LEDs use negative logic.

Figure 8-6. Digital I/0O Switches

partDflined: 7

o ooeeBEEE
7 u]

—  Click Stop to stop the digital output test.

[] Use the Counter 1/0 tab to determine if the DAQ device counter/timers are functioning
properly. Click the Counter 1/0 tab.

© National Instruments | 8-9
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— If you have hardware installed, you can verify counter/timer operations by selecting
Edge Counting from the Mode drop-down menu and clicking the Start button. The
Counter Value indicator increments rapidly. Click Stop to stop the counter test.

[J Click the Close button to close the Test Panel dialog box and return to MAX.

End of Exercise 8-1
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Three Ways to Connect with a DAQ Device
s | - | I
N |

] |

DAG Assiskank

data 4 L
- Sample Clock ¥ Start
Mone ||
NI MAX DAQ Assistant DAQmx API

Connecting to a DAQ Device Using MAX

MAX lets you quickly test the connection to your DAQ device and configure the hardware, if
necessary. With it you can also create simulated DAQ devices to create and test your
application even if you don't have hardware available.

Access MAX by double-clicking the NI MAX desktop icon or selecting Tools»nMeasurement &
Automation Explorer in LabVIEW.

ﬁ Devices and Interfaces - Measurement & Automation Explorer =NACEl X

File Edit View Tools Help

a EJ My System +~I_-] Create New... <
>[5l Data Neighborhood
. | Devices and Interfaces

 ad Scales Devices and Interfaces
’ 53 SD&W_E"E Devices and Interfaces lists installed and detected CAN, DAC, FieldPoint Serial Controllers,
> [l VI Drivers GPIB, IVI, Motion, Serial, VISA, Vision, and VXI hardware,

- B8 Remote Systems
If you do not see your devices...

= You have notrefreshed the configuration tree
= Your device may not be Windows Plug and Play compatible

What do you want to do?
= Configure an existing device
= Add a non-Plug and Play device

m

For more information about using your Ml product in MAX, refer to your product-specific help,
located on the Help»Help Topics menu item. You can also access NI product help from within
MAX help, which you can launch from the Help menu or by pressing <=F1=.

EI Submit feedback on this topic.

8 Visit ni.com/support for technical support. -

% Help

© National Instruments | 8-11
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Connecting Using LabVIEW DAQmx Vs

The LabVIEW DAQmx Vls let you control your hardware with finer options then the DAQ
Assistant Express VI. The DAQmx VIs also let you make the measurement or generation you
want to perform globally accessible from any application.

A basic DAQmx application involves the following process.
e Create task

e Configure task

e  Start task

e Acquire or generate data

o Clear task

e Check for errors
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B. Automating Non-NI Instruments

Objective: Recognize the components of an instrument control system and practice
connecting to hardware.

LabVIEW controls instruments through different buses.

LabVIEW can control stand-alone instruments, such as third-party oscilloscopes or analyzers, so
you can automate instrument-based processes and consolidate multiple instrument tasks into
one development environment.

i? Hardware connectivity The physical cable connecting the instrument. Also, the
communication protocol, or bus.

A basic instrument control system consists of an instrument,
hardware connectivity, and a computer running LabVIEW.

Instrument Hardware Connectivity Computer
Q_K.
USB  Ethernet GPIB  Serial Oriver Application
T Software Software

8-18 | ni.com
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Multimedia: Automating Non-NI Instruments

Common bus types include GPIB, serial, USB, and Ethernet. Different buses have different
capabilities when it comes to latency and bandwidth. Instruments often have multiple ports for
hardware connectivity.

Complete the multimedia module, Automating Non-N/ Instruments, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder to learn about the relationship between
LabVIEW and instrument control and how to use VISA to communicate with third-party
instruments

(RRRRRE]

Configuring Instrument Control in NI MAX

Before creating your instrument control application, you should test communication with the
instrument using NI MAX.

ﬁ Devices and Interfaces - Measurement & Automation Explorer EI@
File Edit View Tools Help
4 B3 My System ) Create New.., &
» [l Data Neighborhood

a ﬁ, Dewvices and Interfaces .
ASRLLANSTR "COM1" Devices and Interfaces

@B ASRLLIINSTR "LATL" Devices and Interfaces lists installed and detected CAN, DAQ, FieldPoint Serial Controllers, GPIB, M,
@ NIUSB-6212 (Mass Termination) "Deva” Motion, Serial, VISA, Vision, and VX hardware

[ WIUSE-6008 "Dev3”

GPIB-UUSB-HE "GPIBL"

g WIPCI-MIO-16E-4 "Devl”
PCI-GPIB "GPIBD"

4 Metwork Devices

(3] NI Switch Executive Virtual Devices

If you do not see your devices...

= You have notrefreshed the configuration tree
= Your device may notbe Windows Plug and Play compatible

What do you want to do?

> 44 Scales
» 5] Software & Configure an existing device
> [ V1 Drivers & Add a non-Plug and Play device

> B Remote Systers For more information abaut using your NI product in MAX, refer to your product-specific help, located on

the Help»Help Topics menu item. You can also access NI product help from within MAX help, which you
can launch from the Help menu or by pressing <Fi=.

[=) submitteecback onthis topic.

8 Visit ni.com/support for technical support

% Help

© National Instruments
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‘@ Exercise 8-3 Instrument Configuration with NI

Goal

Learn to use MAX to examine and communicate with an instrument using GPIB interface

settings.

MAX

Set Up

This exercise uses the NI Instrument Simulator to simulate an instrument. Before MAX can
recognize the NI Instrument Simulator as a device with a GPIB interface, you must configure the
NI Instrument Simulator using the Instrument Simulator Wizard.

Complete the following steps to configure the NI Instrument Simulator to have a GPIB interface.

1.

Configure the NI Instrument Simulator.

[J Power off the NI Instrument Simulator.
[J Set the configuration switch on the rear panel to CFG, as shown in Figure 8-10.
Figure 8-10. NI Instrument Simulator
I P=a
NorM [CLJ) cFG -G+
9-28VDC, OW
T 77
—

[J Power on the NI Instrument Simulator using the power switch on the front of the unit.
[J Verify that the PWR LED is lit and the RDY LED is flashing.
[J Launch the NI Instrument Simulator Wizard from Start»All Programs»National

i)

e e e e Y B B N B B

Instruments»Instrument Simulatorninstrument Simulator Wizard.

Note This wizard is installed with the NI Instrument Simulator Software, available
for download at ni.com.

Click Next.

Click Next.

On the Select Interface page, select GPIB Interface and click Next.
Select Change GPIB Settings and click Next.

Select Single Instrument Mode and click Next.

Set GPIB Primary Address to 1.

Set GPIB Secondary Address to 0 (disabled).

Click Next.

Click Update.

Click OK when you get the message that the update was successful.
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Power off the NI Instrument Simulator using the power switch on the front of the unit.

Set the configuration switch on the rear panel to NORM.

O o o

Power on the NI Instrument Simulator using the power switch on the front of the unit.
[1 Verify that both the PWR and RDY LEDs are lit.

Implementation

1. Launch MAX by either double-clicking the icon on the desktop or by selecting Tools»
Measurement & Automation Explorer in LabVIEW.

2. View the settings for the GPIB interface.

[J Expand the Devices and Interfaces section to display the installed interfaces. If a GPIB
interface is listed, the NI-488.2 software is correctly loaded on the computer.

[] Select the GPIB interface.
[] Examine but do not change the settings for the GPIB interface.
3. Communicate with the GPIB instrument.
[J Make sure the GPIB interface is still selected in the Devices and Interfaces section.
[] Click the Scan for Instruments button on the toolbar.

[l Expand the GPIB interface selected in the Devices and Interfaces section. An
instrument named Instrument Simulator appears.

[J Click Instrument Simulator to display information about it in the right pane
of MAX. Click the Attributes tab. Notice the NI Instrument Simulator has a GPIB
primary address.

[J Click the Communicate with Instrument button on the toolbar. An interactive window
appears. You can use it to query, write to, and read from that instrument.

[ Enter *IDN? in the Send String text box and click the Query button. The instrument
returns its make and model number in the String Received indicator as shown in
Figure 8-11. You can use this communicator window to debug instrument problems or
to verify that specific commands work as described in the instrument documentation.

Figure 8-11. Communication with the GPIB instrument

W NI-488.2 Communicator g

GPIED  Instrument O Primary Address 1
Globals Stakus
ibsta: 02100

Send String: *IDN?

(ouery || wmite  J[  Read iberr: None gy
i ibentl: 48

Configured

String Received: CMPL

Mational Instruments.Instrument Sirmulator,0.C.01

[Qonﬁgure ECQS ] [ihow Sample ] [ Exit ]

[ Enter MEASURE:VOLTAGE:DC? in the Send String text box and click the Query button.
The NI Instrument Simulator returns a simulated voltage measurement.

© National Instruments | 8-21
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[1 Click the Query button again to return a different value.
1 Click the Exit button when done.

4. Set a VISA alias of devsim for the NI Instrument Simulator so you can use the alias instead
of having to remember the primary address.

[l While Instrument Simulator is selected in MAX, click the VISA Properties tab.

J Enter devsim in the VISA Alias on My System field. You use this alias later in the
course.

] Click Save.
5. Select FilenExit to exit MAX.

6. Click Yes if prompted to save the instrument.

End of Exercise 8-3

8-22 | ni.com
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Simplify Instrument Control

Controlling your benchtop instrument using LabVIEW helps you save time by automating
processes using the instrument such as testing and data logging. Instrument control in LabVIEW
also lets you consolidate multiple instrument tasks into one development environment.

Wil e o [6.6 Diges [0k

Barwtion 31: B knlingal boi Mamurrarnd
Sanal Confipuracn (58 S TR~
— - e

¢ ——— Eagarus -]
1 T r " r:d_wtlwﬂﬁm| et
Ingtrumient Drver
(i ™
{ Inetrument Commands
{"1dn?, meas?)
] — -
o i
S =l g =1
ﬂ rf! L & 3
Bus Communication Protocal
[ (configurs, read, wrlke, tgger)
b ')

LabVIEW instrument drivers, available on the Instrument Driver Network at ni.com/idnet,

provide the following additional benefits:

e Provide a high-level APl, meaning that VlIs perform multiple instructions, thereby simplifying
the code.

e Do not require knowledge of different bus protocols, such as GPIB or serial, that you might
use to connect with the instrument.

e Do not require learning low-level programming commands for each instrument.

Instrument Driver VIs for an Agilent Digital Multimeter

Every application that uses an instrument driver has a similar sequence of events: Initialize,
Configure, Read Data, and Close.The block diagram initializes the Agilent 34401 digital
multimeter (DMM), uses a configuration VI to choose the resolution and range, select the
function, and enable or disable auto range, uses a data VI to read a single measurement, closes
the instrument, and checks the error status.

Manual Resolution (5.5 Digits)l@ 3

|ok message + warnings |

0 GI4401 0 L
. 5
By @
HEAS EEEEE CLOSE

Single Poink ~

Serial Configuration

Function (0; DC Yoltage) ’7 POEL ]| Measurement

VISA resaurce name

Enable Auta Range (T: Enable) --
Manual Range (I.DD)I@ *

|C0nFigure Measurement| |Read Measurement|
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The Vls in an instrument driver are organized into six categories. These categories are
summarized in the following table.

Category ‘ Description
Initialize The Initialize VI establishes communication with the instrument and
is the first instrument driver VI called.
Configure Configure Vls are software routines that configure the instrument to

perform specific operations. After calling these Vls, the instrument
is ready to take measurements or stimulate a system.

Action/Status

Action/Status VIs command the instrument to carry out an action
(for example, arming a trigger) or obtain the current status of the
instrument or pending operations.

Data The data Vls transfer data to or from the instrument.

Utility Utility VIs perform a variety of auxiliary operations, such as reset and
self-test.

Close The close VI terminates the software connection to the instrument.

This is the last instrument driver VI called.
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° : ) : :
& Exercise 8-4 Exploring Instrument Drivers

Goal

Install an instrument driver and explore the example programs that accompany it.

Implementation

Install the instrument driver for the NI Instrument Simulator. After installation, explore the Vis
that the instrument driver provides and the example programs that are added to the NI Example
Finder.

Figure 8-12. NI Instrument Simulator

™\ LT
A
NORM CF6 _ 5,
9-28VDC, W
C 77
—

Install Instrument Driver and Open Project—Download from Internet

If you have internet access and have, or want to create, a user profile on ni.com, complete the
following steps. Otherwise, install the driver from the course CD following the instructions in
the Install Instrument Driver and Open Project— Extract from Disk section.

1. Select Help»Find Instrument Drivers.
2. Click the Login button.
3. If you have an ni.com profile, log in with your ID.

4. If you do not have an ni.com profile, follow the onscreen instructions to create one at this
time. Be sure to make a note of the user ID and password you create.

5. After you log in, click the Scan for Instruments button. If you have an instrument
connected, clicking this button detects the instrument and finds the correct driver. In this
case, it detects the Instrument Simulator.

6. Double-click Instrument Simulator in the list and click the Search button.
7. Select Version 2.0 of the instrument driver from the Driver list.

8. Click the Install button.

9. Click the Start using this driver button.

10. Click the Open Project button.

11. Expand the Examples folder in the Project Explorer window.

12. Close the NI Instrument Driver Finder window and go to the Explore Instrument Driver
section to continue this exercise.
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Install Instrument Driver and Open Project—Extract from Disk

If you do not have Internet access or do not want to create a user profile, complete the following
steps to install the instrument driver.

1. If you have it open, close LabVIEW and then navigate to the <Exercises>\LabVIEW Core
1\Instrument Driver directory. This folder contains a zip file with the LabVIEW Plug and
Play instrument drivers for the Instrument Simulator.

2. Right-click the zip file and follow the wizard to extract all files to the <Program
Files>\National Instruments\LabVIEW 2014\instr.1lib directory.

3. OpenNational Instruments Instrument Simulator.lvproj in the <Program
Files>\National Instruments\LabVIEW 2014\
instr.lib\National Instruments Instrument Simulator directory.

4. Expand the Examples folder in the Project Explorer window.
5. Go to the Explore Instrument Driver section to continue this exercise.

Explore Instrument Driver

1. Open National Instruments Instrument Simulator Acquire Single Measurement(DMM).vi
from the Examples folder in the Project Explorer window of the National Instruments
Instrument Simulator project.

This VI reads a single measurement from the Instrument Simulator.
2. Verify that the PWR and RDY LEDs are lit on the Instrument Simulator.

3. Select devsim from the VISA Resource Name control on the front panel. You specified the
VISA alias for this GPIB instrument as devsim in step 4 of Exercise 8-3, /nstrument
Configuration with NI MAX.

4. Run the VI.
5. Open the block diagram of the VI.

6. Open the Functions palette and navigate to the Instrument I/O»Instrument Drivers»National
Instruments Instrument Simulator palette.

7. Explore the palette and subpalettes using the Context Help window to familiarize yourself
with the functionality of functions on the palette.

8. Stop and close the VI. Do not save changes.

9. Open National Instruments Instrument Simulator Acquire Waveform(Scope).vi from the
project. This VI reads a single waveform from the Instrument Simulator.

10. Select the same VISA resource name you selected in step 3.
11. Run the VI.

12. Select a different function from the Waveform Function control.
13. Run the VI again.

14. Explore the block diagram of the VI.

[] To familiarize yourself with the VI's functionality, explore the block diagram using the
Context Help window.

[J Double-click the Read Waveform VI to open it.
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[J Open to the block diagram of the Read Waveform VI. Notice that it uses VISA functions
to communicate with the instrument.

15. Close the VIs and project when you are finished. Do not save changes.

End of Exercise 8-4
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@) Additional Resources

ni.com

Learn More About

Creating a DAQ system

LabVIEW Help Topic or ni.com

ni.com/DAQ
General-Purpose DAQ
Creating a Typical DAQ Application

Signal types and other
measurement fundamentals

Taking Measurements

Displaying a Signal

Setting up and automating
instrument control system

ni.com/instrument-control
ni.com/idnet
Using Instrument Drivers

Creating a Typical VISA Application

NI MAX

Configuring DAQ Devices, Instruments, and Other
Devices

LabVIEW Tools for DAQ Configuration (Windows)
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Activity 8-1: Lesson Review

1. What is NI MAX? (multiple answers)
a. A tool to configure and test DAQ devices
b. A tool to test instrument communication
c. A configurable Express VI
d. A window to view LabVIEW project files

2. Which of the following are benefits of instrument control? (multiple answers)
a. Automate processes

Improve productivity and repeatability

One platform for multiple tasks

2o o

Limited to only one type of instrument

3. VISA is a high-level API that calls low-level drivers.
a. True
b. False
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Activity 8-1: Lesson Review - Answers
1. What is NI MAX? (multiple answers)

a. A tool to configure and test DAQ devices

b. A tool to test instrument communication

c. A configurable Express VI

d. A window to view LabVIEW project files

2. Which of the following are benefits of instrument control? (multiple answers)
a. Automate processes
b. Improve productivity and repeatability
c. One platform for multiple tasks
d. Limited to only one type of instrument

3. VISA is a high-level API that calls low-level drivers.
a. True
b. False
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A.Accessing Files from LabVIEW

Objective: Identify the steps for writing and reading files from a LabVIEW application.

Typical File 1/0 Operations

File 1/0 operations pass data to and from files.

@ > @ > > @

[
1 Open File 3 Close File
2 Read/Write File 4  Check for Errors

File 1/0 Palette for File Operation Functions

The File 1/0 palette includes functions to create or open a file, read data from or write data to
the file, and close the file. You can also use the functions to create directories; move, copy, or
delete files; list directory contents; change file characteristics; or manipulate paths.

{% pEs2

Write Spread... Read Spread... Write Meas F... Read Meas File

ik X v
[.nn] & [n.nn|

Open/Create..  CloseFile  FormatInto.. Scan From File

£

TDM Streami... Storage/Data... Zip XKML

i 9

Waveform Fi... Adv File Funcs

B. High-Level and Low-Level File 1/0 Functions

Objective: Identify when to use high-level and low-level File 1/0 functions.

High-Level File 1/0 Functions Low-Level File I/0 Functions

Perform three steps of the file 1/O process. Perform one step of the file 1/0 process.
(open/write/close)

Simplify block diagram. Provide finer control of file access.

Create unnecessary resource overhead when used | Save memory resources when used in
in loops. loops.

Are good to use when writing to a file in a single | Are good to use when streaming data to
operation. disk.
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High-Level File 1/0

High-level File I/0 functions combine three steps (open, read/write, close) for common file 1/0
operations. High-level file 1/0 functions simplify the block diagram but might not provide the
control or configuration you need for your application.

Open/ Read

— — Closa Chack for
Create/ andfor "
Raplacs Fila Write to Fils | ] Fila Errors
L - - J
GJRevo .
NgEE -
Az

.. Read Meas Filz:
O0%0 :

":{v'rite Spread...

Open/Create,..

Write Text File

Build Path Strip Path
o *
TORE
eef] |O

DM Streami... Storage/Data...
Y

i | ge

Waveform Fi.,; Adv File Funcs

The following table compares the high-level file I/0 functions.

Function ‘ Type of Data ‘ File Formats

Write To Spreadsheet File 1D or 2D arrays Text
Read From Spreadsheet File

Write To Measurement File Signals (dynamic data Jdvm (text)
Read From Measurement File types) .tdms (binary)
Write Waveforms to File Waveform data Text

Read Waveforms from File
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® : ) . . .
& Exercise 9-1 Exploring High-Level File 1/0O

Goal

Observe how a high-level file I/0 VI writes to a spreadsheet-readable file.

Scenario
The Spreadsheet Example VI does the following:

Generates sine, noise, and cosine data for 128 points
Stores this data in a 2D array that is 128 rows x 3 columns.

Displays the 2D array in a Table indicator with three columns (Sine, Noise, and Cosine) for
the first 14 rows of the array.

Plots each column in a Waveform Graph indicator.

Uses the Write To Spreadsheet File VI to save the numeric 2D array in a text file so a
spreadsheet application can access the file.

Implementation

Complete the following steps to examine how the Spreadsheet Example VI performs the tasks
described in the Scenario section.

1. Open Spreadsheet Example.lvproj in the
<Exercises>\LabVIEW Core 1l\Spreadsheet Example directory.
2. Open Spreadsheet Example.vi from the Project Explorer window.
Figure 9-1. Spreadsheet Example VI Front Panel
:I'able [ Sine N ]
Sine MNoise  Cosine | & MNoise [
0 0.00 004 100 Waveform Graph | Cosine
1 0.05 043 100 : 4
2 0.10 0.98 .00 1-
3 015 061 099
4 020 -3 098 0.5-
5 024 075 047 b
f 0.29 068 096 = 04
7 034053 094 E
§ 036 040 092 -0.5-
9 0.43 058 080
10 0.47 001 068 1 . . . . . . ]
1 051 -0.29 086 0 20 40 60 80 100 120 140
12 0.56 <035 063
13 060 <082 080 |
3. Run the VI.
4. Save the file, when prompted, as wave. txt in the
<Exercises>\LabVIEW Core 1l\Spreadsheet Example directory and click the OK
button. You examine this file later.
5. Display and examine the block diagram for this VI.

© National Instruments
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Figure 9-2. Spreadsheet Example VI Block Diagram

Sine Patternai i
Build Array Waveform Graph

T
=1 :
Unifarm White Moisewvi Transpaose 20 Array Write To Spreadsheet Filewi

o

HH
Sine Pattern.vi

phase =]

a0,0

Mumber To Fractional
Table

e Sine Pattern VI—Returns a numeric array of 128 elements containing a sine pattern.
The constant 90.0, in the second instance of the Sine Pattern VI, specifies the phase
of the sine pattern which generates the cosine pattern.

e Uniform White Noise VI—Returns a numeric array of 128 elements containing a noise
pattern.

e  Build Array function—Builds the following 2D array from the sine array, noise array, and
cosine array.

Sine Array

Noise Array

Cosine Array

e Transpose 2D Array function—Rearranges the elements of the 2D array so element
[i,J] becomes element [j, 1], as follows.

S N C

e Write To Spreadsheet File VI—Formats the 2D array into a spreadsheet string and
writes the string to a file. The string has the following format, where an arrow (—)
indicates a tab, and a paragraph symbol ({) indicates an end of line character.

S N C
® ® q
® ® q
® ® q
® ® q

e Number To Fractional String function—Converts an array of numeric values to an array
of strings that the table displays.

6. Close the VI. Do not save changes.
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Note This example stores only three arrays in the file. To include more arrays,
increase the number of inputs to the Build Array function.

7. Open the wave. txt file using a word processor, spreadsheet application, or text editor and
view its contents.

[l Open a word processor, spreadsheet application, or text editor, such as Notepad or
WordPad.

[l Open wave.txt. The sine waveform data appear in the first column, the random

(noise) waveform data appear in the second column, and the cosine waveform data
appear in the third column.

8. Exit the word processor or spreadsheet application and return to LabVIEW.

End of Exercise 9-1
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Accessing Files in LabVIEW

Low-Level File 1/0

Low-level File I/0O functions provide individual functions for each step in file I/O operations. For
example, one function opens an ASCII file, one function reads an ASCII file, and one function

closes an ASCII file.

file path control Open/Create/Replace File Write to Text File Read from Text File
J

Close File

) A

[E—

!

@ > ® ®

®

o

1 Open, Initialize or create file resource—LabVIEW creates a reference number (refnum) as
a unique identifier for the resource.

2 Read/Write to file

3 Close file resource—The refnum becomes obsolete

4  Check for errors—Display any errors from the file resource.

File Refnums

File refnums identify unique file I/0O sessions.

Close File

refnum
\ 4 \ 4 \ 4
path control Open/Create/Replace File Write to Text File Read from Text File
%

D) C &l

DL

IE

@i

Streaming Data to Disk

Disk streaming is a technique for keeping files open while you perform multiple write operations.
Use low-level functions when file 1/0 is occurring within a loop to save memory resources.

Wirike kg Texk File

file path (use dialag)  OpenfCrestefReplace File

Close File

(= -’.'D =
=2 L 2,
**opEn or create )
access (Direadfwrite) :
= @ o
o
i




String Functions
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To write data to a text file, you must first convert the data into a string data type. Use the items
from the String palette to convert numerics and other data types to text.

Mumber/String Corversion

Octal String ... Fract/Exp 5tri..  Scan Walue

Number To Decimal String

#
EEE]
L)

Wrike ko Text File

Write to Text File

e

Bl g
0

OE=0

String Length  Concatenate..  String Subset  Trirm Whites..,
e

MNormalize E...

Match Requl.. Path/Array/S.. Scan From St.. FormatInto ..

EES = M [ E
e
LaLEC to-m é\i

Format Into String

Build Text  MurnberfStri.. Spreadsheet..
] M
=

Array To Spr.. To Upper Case To Lower Case Flatten/Unfla..,

i =
String Const.. Empty String... Space Const., Tab Constant
|

Additional St.. Carriage Ret... Line Feed Co.. End of Line ...

@ Tip Refer to the LabV/IEW Help for details about formatting a string using the
Format Into String function.
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C. Comparing File Formats

Objective: Recognize different options for logging data to disk.

Common Log File Formats
LabVIEW can use or create the following file formats: Binary, ASCIl, LVM, and TDMS.

e ASCII—An ASCII file is a specific type of binary file that is a standard used by most
programs. It consists of a series of ASCIl codes. ASCII files are also called text files.

LVM—The LabVIEW measurement data file (. 1vm) is a tab-delimited text file you can open
with a spreadsheet application or a text-editing application. The . 1vm file includes
information about the data, such as the date and time the data was generated. This file
format is a specific type of ASCII file created for LabVIEW.

Binary —Binary files are the underlying file format of all other file formats.

e TDMS —This file format is a specific type of binary file created for National Instruments
products. It actually consists of two separate files—a binary file that contains data and
stores properties about the data, and a binary index file that provides consolidated
information on all the attributes and pointers in the binary file.

Comparing File Formats

Use text files when you want to access the file from another application, if disk space and file
1/0 speed are not crucial, if you do not need to perform random access read or writes, and if
numeric precision is not important.

‘ ASCII ‘ Binary ‘ TDMS ‘ LVM
Easily Exchangeable X X X
Small disk footprint X X
Random read/write access X X X
Inherent attributes X X
High-speed streaming X
@ Additional Resources

Learn More About ’ LabVIEW Help Topic
File 1/0 File 1/0
Streaming data to disk Saving Memory using Disk Streaming

Streaming External Data to a TDMS File (Windows)

File Formats for file 1/0 Determining Which File Format to Use

Converting Numbers into Strings

© National Instruments
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ﬁ Act|V|ty 9-1: Lesson Review

After opening a file, which output does the Open/Create/Replace File I/O function return?
a. File path

b. File name

c. Refnum out

d. Task out

2. Which file format is best in an application that requires high-speed streaming?

a. ASCI
b. Binary
c. TDMS
d. LVM
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ﬁ Act|V|ty 9-1: Lesson Review - Answers
After opening a file, which output does the Open/Create/Replace File I/O function return?
a. File path
b. File name
c. Refnum out
d. Task out

2. Which file format is best in an application that requires high-speed streaming?

a. ASCI
b. Binary
c. TDMS
d. LVM

© National Instruments | 9-19
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A.Using Sequential Programming

Objective: Use dataflow to ensure sequential execution of nodes.

Why Use Sequential Programming?

Sequential programming ensures the execution order of tasks. In the following block diagram
there is no mechanism to force the execution order of these events. Any one of these events

could happen first.

Before Applying Power After Applying Power

3 L3
+ W Turn on power i g
3

Turn off power

to circuit now. wm___; d to circuit now. "Iﬂfﬁ
DAQ Assistant [ DAQ Assistant2 : —
data bl data b
errorout ¥ v error in
|Read circuitv-:-ltage.l |Tel| user to turn on pc-wer.l |Read circuit voltage again.| |Te|| user to turn off power.|

Flow-Through Parameters

To enforce sequential programming in LabVIEW, you can complete sequential tasks by placing
each task in a separate subVI, and wiring the subVIs in the order you want them to execute
using the error cluster wires.

However, in this example, only two of the tasks have a error cluster. Using the error clusters,
you can force the execution order of the two DAQ Assistants, but not the One Button Dialog
functions, as shown in the following figure.

Before Applying Power After Applying Power

Turn off power

L3
Turn on power C r

to circuit now. || : to circuit now. -TH=
DAQ Assistant E DAQ Assistant2 —
data e data bt
error out error in
|Read circuitv-:-ltage.l |Tel| user to turn on pc-wer.l |Read circuit voltage again.l |Te|| user to turn off power.|
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Sequence Structures

A Sequence structure contains one or more subdiagrams, or frames, that execute in sequential
order; a frame cannot begin execution until everything in the previous frame has completed
execution.

100 0000000000000 00 0000000000000 0000000000000000000000000000

Before Applying Power After Applying Power

i B (=]
" ¥ (3 ¥
" Turn on power to 3 Turn off power
- - * - -
circuit now, . to circuit now,
DAQ Assistant | DAQ Assistant? I——
data IDone data 4 IDone
error out ¥
Read circuit voltage. [Tell user te turn on power. ] [Read circuit voltage again.| [Tell user to turn off power]

0000000000000 000000000000000000000000000000000000000000000

Avoid Overuse of Sequence Structures

To take advantage of the inherent parallelism in LabVIEW, avoid overusing Sequence structures.
Below are some caveats while using Sequence structures:

e Sequence structures guarantee the order of execution, but prohibit parallel operations.
e You cannot stop the execution part way through the sequence.

e Use Sequence structures sparingly because they do not enforce error checking and will
continue to go through a sequence even after errors are detected.

Before Applying Power

After Applying Power

i ; fooooooooooog
@ : »
" Turn on power 1 Turn off power
. to circuit now. e s to circuit now, 0=
ssistan ssistan H ==
data L data oped
error out error in
error out ld
OO0O0O0O000000000
|Read circuit \roltage.| |Te|| user to turn on p-:-wer.l |Read circuit voltage again.| |Te|l user to turn off power.|

Error Case Structure

Error Case structures rely on data flow rather than sequence structures to control the order of
execution.

5 Before Applying Power : After Applying Power
5 - 8 e
@ E Mo Errar 't @ |'_l Mo Errar 't]
¥ v I
DAG Assiskant f Turn on power DAG Assistant? i Turn_off_pnwer -
data b0 circuit now, | m:-_: data et b0 circuit now, m:-_:
b errorin L [ v Errar in IDone -
error ouk ; error ouk E
[Read circuit voltage.]  [Tell user ko burn on power. | [Read circuit voltage again.]  [Tell user ko burn ofF power. |
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B. Using State Programming

Objective: Describe the functionality represented by a state transition diagram.

Why Use State Programming?

e Change the order of a sequence

e Repeat an item in sequence more often than others
e Execute only if certain conditions are met

e  Stop the program immediately

State Transition Diagram

A state transition diagram is a type of flowchart that indicates the states of a program and
transitions between states

State Part of a program that satisfies a condition, performs an action or waits for an
event.

Transition Condition, action, or event that causes the program to move to the next state.

Time Elapsed = TRUE
and
Stop = FALSE

Warning = TRUE
Data log
Time Elapsed = FALSE
and
Stop = FALSE

Warning = FALSE

Stop = TRUE

@
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C. State Machines

Objective: Determine when to use a state machine.

What is a State Machine?

A state machine is a common and useful design pattern in LabVIEW that usually has a start-up
and shut-down state, but also contains other states. State machines can implement any
algorithm that can be explicitly described by a state diagram or flowchart.

Action 1

Action 2
or
Action X

.

Start

@ 6 W

10-6 | ni.com
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When to Use a State Machine

Use a state machine for the following applications:
e  Sequential process
e  Ul-Driven process

Sequential Process

e A state represents each segment of the process.

e Depending on the result of each state’s test, a different state might be called.

e Can happen continually, resulting in an in-depth analysis of the process you are testing

" Acquisition” =
« "Acquisition”
"Analysis"
¥}= > Weather Data> =3 "Data Log" & =
Temperature History "Time Check"
Ftﬂl
m Mext State
=1 > Mext State> =
Ek »File Refnum> —E =
- .
3 R
o
= H
- | || N Reset Elapsed Time counter to E
3 i begin timing until next
3 H acquisition.
Elapsed Time
Time has Elapse | ..
e Reset g SED
¥

Elapsed time set to
0.5 seconds.

o]

Ul-Driven Process
e Different user actions process different code and act as a state in the state machine.

e Each segment can lead to another segment for further processing or wait for another user
action.

e The state machine constantly monitors the user for the next action to take.

e Applications require an initialization state, followed by a default state, where many different
actions can be performed. The actions performed can depend on previous and current
inputs and states. A shutdown state commonly performs clean up actions.

r’@ Settings f : Sine W ]

- Acquire 0.8+
[ = 06-]
&= Load

0.4-
[ ] o 0.2-
- Clear E
r —E_ 0-
o Analyze
) < go-

- Copy Graph 04-

S -0.6-
3 Save
- -0.8-
i Export
-1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 01
[ Time
B8 Exit ]

= Ikl
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Multimedia: Building State Machines

Complete the multimedia module, Building State Machines, available in the
<Exercises>\LabVIEW Core 1\Multimedia\ folder to learn about the following topics.

e State Machine Infrastructure
e State Machine Transitions

— Single Default

— Select Function

— Case Structure

— Transition Array

Course Project Transition Diagram

Consider the following example. An application acquires a temperature every half second,
analyzes each temperature to determine if the temperature is too high or too low, and alerts the
user if there is a danger of heatstroke or freeze. The application logs the data if a warning
occurs. If the user has not clicked the stop button, the entire process repeats. The following
figure shows the state transition diagram for this temperature warning application.

Time Elapsed = TRUE
and
Stop = FALSE

Warning = TRUE

Data log

Time Elapsed = FALSE
and
Stop = FALSE

Warning = FALSE

Stop = TRUE

b
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3angdL = doig

3S7v4 = Buiurep

3S7v4 = doig
pue

3S1v4 = pasde|g awiL

6o| ereq

3Nd.L = Buiurep

3S7v4 = doig
pue

3Ny = pasde|3 swi]

1Jeyomol4 |A sbuiuiepp ainjesadwa] "L-0| a4nbi4
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Event-Based State Machine

Event-based state machines combine a user interface event handler with the transition ability of
the state machine. Event-based state machines include a “Wait on Event” case to process

user-interface events.

["Wait for Event” ~}]

m [EF——[[1] Do Something <Replace Me>": Value Change __ *p————
-

Initial State

[ Intialize ~}—{—

Do Something <Replace Me>

L
<} 3 7
[Running User State 1}-{tring <Replace Me> o]

Mext State

LabVIEW Core 1 Participant Guide

(* User State 1 ~|

Dl

2[5

1=t

Hewval

0

Stop Laop?
=

| B

RUN_TIME_EMGINE==True ~|

Demonstration: Simple State Machine Project Template

LabVIEW provides the Simple State Machine project template to simplify the process of creating
an application that uses the event-based state machine design pattern.

e The Simple State Machine template is a customizable application which is in the form of
a .lvproj file with supporting Vis and type definition controls.

e The application is based on the event-based state machine design pattern.

Wait for
Event

© National Instruments
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@) Additional Resources

ni.com

Learn More About

Sequential Design

LabVIEW Help Topic or ni.com

Sequence Structures: Executing Sections of Code
Sequentially

State Machines

Creating Vlis from Templates and Sample Projects

Examples, VI Templates, Project Templates, and
Sample Projects

Events

Events in LabVIEW
Event Structure

Caveats and Recommendations when Using Events in
LabVIEW
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ﬁ Act|V|ty 10-1: Lesson Review

When using a Sequence structure, you can stop the execution in the middle of a sequence.
a. True
b. False

2. Which of the following are benefits of using a state machine instead of a sequential
structure?

a. You can change the order of the sequence.

b. You can repeat individual items in the sequence.

c. You can set conditions to determine when an item in the sequence should execute.
d. You can stop the program at any point in the sequence.

© National Instruments | 10-23
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ﬁ Act|V|ty 10-1: Lesson Review - Answers

When using a Sequence structure, you can stop the execution in the middle of a sequence.
a. True
b. False

You cannot stop the execution in the middle of a sequence.

2. Which of the following are benefits of using a state machine instead of a sequential
structure?

You can change the order of the sequence.

b. You can repeat individual items in the sequence.
c. You can set conditions to determine when an item in the sequence should execute.
d. You can stop the program at any point in the sequence.

© National Instruments | 10-25
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A.NI Services

To get started, register your product at ni.com/myproducts.

As a registered NI product user, you are entitled to the following benefits:
e Access to applicable product services.
e Easier product management with an online account.

e Receive critical part notifications, software updates, and service expirations.

Log in to your National Instruments ni.com User Profile to get personalized access to your
services.

B. Services and Resources

e Maintenance and Hardware Services—NI helps you identify your systems’ accuracy and
reliability requirements and provides warranty, sparing, and calibration services to help you
maintain accuracy and minimize downtime over the life of your system. Visit ni.com/
services for more information.

— Warranty and Repair—All NI hardware features a one-year standard warranty that is
extendable up to five years. NI offers repair services performed in a timely manner by
highly trained factory technicians using only original parts at a National Instruments
service center.

— Calibration—Through regular calibration, you can quantify and improve the
measurement performance of an instrument. NI provides state-of-the-art calibration
services. If your product supports calibration, you can obtain the calibration certificate
for your product at ni.com/calibration.

e System Integration—If you have time constraints, limited in-house technical resources, or
other project challenges, National Instruments Alliance Partner members can help. To learn
more, call your local NI office or visit ni.com/alliance.

e Training and Certification—The NI training and certification program is the most effective
way to increase application development proficiency and productivity. Visit
ni.com/training for more information.

— The Skills Guide assists you in identifying the proficiency requirements of your current
application and gives you options for obtaining those skills consistent with your time
and budget constraints and personal learning preferences. Visit ni.com/
skills-guide to see these custom paths.

— NI offers courses in several languages and formats including instructor-led classes at
facilities worldwide, courses onsite at your facility, and online courses to serve your
individual needs.

e Technical Support—Support at ni.com/support includes the following resources:

— Self-Help Technical Resources — Visit ni.com/support for software drivers and
updates, product manuals, step-by-step troubleshooting wizards, thousands of
example programs, tutorials, application notes, and instrument drivers. Registered
users also receive access to the NI Discussion Forums at ni.com/forums. NI
Applications Engineers make sure every question submitted online receives an answer.

— Software Support Service Membership—The Standard Service Program (SSP) is a
renewable one-year subscription included with almost every NI software product,
including NI Developer Suite. This program entitles members to direct access to
NI Applications Engineers through phone and email for one-to-one technical support, as
well as exclusive access to online training modules at ni.com/
self-paced-training. NI also offers flexible extended contract options that
guarantee your SSP benefits are available without interruption for as long as you need
them. Visit ni.com/ssp for more information.
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e Declaration of Conformity (DoC)—A DoC is our claim of compliance with the Council of the
European Communities using the manufacturer’s declaration of conformity. This system
affords the user protection for electromagnetic compatibility (EMC) and product safety. You
can obtain the DoC for your product by visiting ni.com/certification.

For information about other technical support options in your area, visit ni.com/services, or
contact your local office at ni.com/contact.

You also can visit the Worldwide Offices section of ni.com/niglobal to access the branch
office websites, which provide up-to-date contact information, support phone numbers, email
addresses, and current events.

C. Other National Instruments Training Courses

National Instruments offers several training courses for LabVIEW users. These courses continue
the training you received here and expand it to other areas. Visit ni.com/training to purchase
course materials or sign up for instructor-led, hands-on courses at locations around the world.

D. National Instruments Certification

Earning an NI certification acknowledges your expertise in working with NI products and
technologies. The measurement and automation industry, your employer, clients, and peers
recognize your NI certification credential as a symbol of the skills and knowledge you have
gained through experience. Visit ni.com/training for more information about the

NI certification program.



