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About This Manual

TheLabVIEW Data Acquisition Basics Manuatludes the information

you need to get started with data acquisition and LabVIEW. You should
have a basic knowledge of LabVIEW before you try to read this manual. If
you have never worked with LabVIEW, please read throughdb¥IEW
QuickStart Guider theLabVIEW Online Tutoriabefore you begin. This
manual shows you how to configure your software, teaches you basic
concepts needed to accomplish your task, and refers you to common
example Vs in LabVIEW. If you have used LabVIEW for data acquisition
before, you can use this book as a troubleshooting guide.

This manual supplements thabVIEW User Manualand assumes that

you are familiar with that material. You also should be familiar with the
operation of LabVIEW, your computer, your computer's operating system,
and your data acquisition (DAQ) board.

Organization of This Manual

TheLabVIEW Data Acquisition Basics Manualorganized by sections,
which in turn are made up of chapters. The sections in this manual are as
follows:

» Part| Before You Get Startedontains all the information you should
know before you start learning about data acquisition with LabVIEW.

« Part Il, Catching the Wave with Analog Inpebntains basic
information about acquiring data with LabVIEW, including acquiring
a single point or multiple points, triggering your acquisition, and using
outside sources to control acquisition rates.

* Part lll, Making Waves with Analog Outpebntains basic
information about generating data with LabVIEW, including
generating a single point or multiple points.

» Part IV, Getting Square with Digital I/Qdescribes basic concepts
about how to use digital signals with data acquisition in LabVIEW,
including immediate and handshaked digital I/O.

* PartV, SCXI—Getting Your Signals in Great Conditi@ontains
basic information about setting up and using SCXI modules with your
data acquisition application, special programming considerations,
common SCXI applications, and calibration information.
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« Part V], Counting Your Way to High-Precision Timirdgescribes
the different ways you can use counters with your data acquisition
application, including generating a pulse or pulses; measuring pulse
width, frequency, and period; counting events and time; and dividing
frequencies for precision timing.

« Part VII, Debugging Your Data Acquisition Applicatiozontains an
explanation of ways you can debug your data acquisition application
to make sure your application is accurate and runs smoothly.

e Appendix A,LabVIEW Data Acquisition Common Questiolists
answers to questions frequently asked by LabVIEW users.

*  Appendix B,Customer Communicatipnontains forms you can use to
request help from National Instruments or to comment on our products
and manuals.

* TheGlossarycontains an alphabetical list and description of terms
used in this manual, including abbreviations, acronyms, metric
prefixes, mnemonics, and symbols.

« Thelndexcontains an alphabetical list of key terms and topics in this
manual, including the page where you can find each one.

Conventions Used in This Manual

(]

<>

»

The following conventions are used in this manual:
Square brackets enclose optional items—for examgglspdnse ].

Angle brackets enclose the name of a key on the keyboard—for example,
<shift>. Angle brackets containing numbers separated by an ellipsis
represent a range of values associated with a bit or signal name—for
example, DBIO<3..0>.

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

The» symbol leads you through nested menu items and dialog box options
to a final action. The sequenEde»Page Setup»Options» Substitute

Fonts directs you to pull down theile menu, select theage Setuptem,
selectOptions, and finally select th8ubstitute Fontsoptions from the

last dialog box.
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bold

bold italic

italic

monospace

monospace bold

monospace italic

Platform

NI-DAQ 4.8x

NI-DAQ 5.x

NI-DAQ 6.0

About This Manual

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

Bold italic text denotes a note, caution, or warning.

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

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

Bold text in this font denotes the messages and responses that the computer
automatically prints to the screen. This font also emphasizes lines of code
that are different from the other examples.

Italic text in this font denotes that you must enter the appropriate words or
values in the place of these items.

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

NI-DAQ 4.8x refers to functions supported only on the Macintosh for
NUBus DAQ products.

NI-DAQ 5.x refers to functions supported only on Windows DAQ products.

NI-DAQ 6.0 refers to functions supported only on Windows and PCl-based
Macintosh DAQ products.

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

© National Instruments Corporation XXiii LabVIEW Data Acquisition Basics Manual



About This Manual

LabVIEW Data Types Each VI description gives a data type picture for each input and output
parameter, as illustrated in the following table:

Control Indicator Data Type

Signed 8-bit integer

Signed 16-bit integer

Signed 32-bit integer

Unsigned 8-bit integer

Unsigned 16-bit integer

Unsigned 32-bit integer

Single-precision floating-point number

Double-precision floating-point number

Extended-precision floating-point
number

String

T Boolean

b

T

b

1332 Array of signed 32-bit integers

2D Array of signed 32-bit integers

Cluster

HBE EEE EEEEEEREE
H B &6 e EEE E e E

File Refnum

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms
are listed in thé&lossary
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Related Documentation

The following documents contain information you might find helpful as
you read this manual:

LabVIEW User Manual

G Programming Reference Manual
LabVIEW Function and VI Reference Manual
LabVIEW QuickStart Guide

LabVIEW Online Referenceavailable online by selecting
Help»Online Reference

LabVIEW Online Tutorial which you launch from the LabVIEW
dialog box

Application Note 025, Field Wiring and Noise Considerations for
Analog Signals

The user manuals for the data acquisition boards you use

Customer Communication

National Instruments wants to receive your comments on our products and
manuals. We are interested in the applications you develop with our
products, and we want to help if you have problems with them. To make it
easy for you to contact us, this manual contains comment and configuration
forms for you to complete. These forms are in Appendi€Bstomer
Communicationat the end of this manual.
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Part |

Before You Get Started

This section contains all the information you should know before you
start learning about data acquisition with LabVIEW.

Part | Before You Get Startedontains the following chapters:

e Chapter 1How To Use This Bogkxplains how this manual is
organized.

e Chapter 2)nstalling and Configuring Your Data Acquisition
Hardware explains how to set up your system to use data acquisition
with LabVIEW and your Data Acquisition hardware.

* Chapter 3Basic LabVIEW Data Acquisition Concepexplains key
concepts in understanding how data acquisition works with LabVIEW.

« Chapter 4Where You Should Go Ne#irects you to the chapter or
chapters in the manual best suited to answer questions about your data
acquisition application.



How To Use This Book

This chapteexplains how this manual is organized. The fwlitg outline
shows you what informatioyou canfind in thismanual.

Part |: Before You Get Started
How to Use This Book
Installing andCorfiguring Your Data Acquisition Hardware
Basic LabVIEWData Acquistion Concefs
WhereYou ShouldGo Next

Part Il : Catching the Wave with Analag Input
ThingsYou Should Kiow about Analog Input
One-Stop SinglePoint Acquisition
Buffering Your Way throughwaveform Acquisition
Controling Your Acquistion with Triggers
Letting an Otside Source Controfour AcquisitionRate

Part Il : Making Waves with Analog Output
ThingsYou Should Kiaw about Analog Output
One-Stop SinglePoint Generation
Buffering Your Way through Waveform Geneation
Letting an Otside Source Controfour Update Rate
Simultaneous Bifiered Waveform Acquisition and Gerration

Part IV : Getting Square with Digital 1/0
ThingsYou Should Kiow about Digital 1/0
When You Need It Mw—Immediate Digital I/O
Shaking Hands ith a DigitalPartner
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Chapter 1 How To Use This Book

Part V: SCXI—Getting Your Signals inGreat Condition
ThingsYou Should Kiow about SCXI
Hardwae and Softare Setp for Your SCXI System
Special Programming Considerations for SCXI
Common SCX Applications
SCXI Calibrtion—Increasing Signal Measurement Precision

Part VI: Counting Your Way to High-Precision Timing
Things You Shaild Know about Counte's
Generatinga Square Pulse or P@3rains
Measuring PulsgVidth
Measuring Frequesy and Period
Countng SignalHighs and lows
Dividing Frequencies

Part VIl : Debugging Your Data Acquisition Application
DebuggingTechniques

If you already bve started & abVIEW DAQ application, pleasrefer to
Chapte 2, Installing andConfguring YourData Acqusition Hardware,
to ched your coriguration. Refeto Part VII, Delbugging Your Daa
Acquistion Application, for informatian on common eors for your
application.The following flowchartshows the steps to fotlwv before
running your application:

( Install and Configure Your Hardware

!

Learn Basic Data Acquisition Concepts

l

Go to Your Specific Application Section

!

Review LabVIEW Example Applications

l

Learn How to Debug Your Application

N N

U U SO o

)
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Chapter 1 How To Use This Book

1. Install and Configure Your Hardware —When you install
LabVIEW, the program prompts you to have the data acquisition
(DAQ) drivers installed. This manual guides you through setting up
NI-DAQ software with your DAQ device and SCXI hardware. You
should read any unique installation instructions for your platform in
Chapter 2)nstalling and Configuring Your Data Acquisition
Hardware

2. Learn Basic Data Acquisition Concepts—Chapter 3Basic
LabVIEW Data Acquisition Concepshows you the location of
DAQ example Vlis; DAQ VI organization; VI parameter conventions;
default and current value conventions; common VI parameter
definitions; error handling; channel, port and counter addressing;
limit settings; and data organization for analog applications.

3. Goto Your Specific Application Sectior—Chapter 4Where You
Should Go Nexshows you where to find information in this manual
for your application.

4. Review LabVIEW Example Applications—The remaining chapters
teach you basic concepts in analog input and output, digital I/O,
counters, and SCXI. Each application section first lists example ViIs,
then describes the basic concepts needed to understand these example
VIs. Whenever possible, you should have the VI open as you refer to
these examples.

5. Learn How to Debug Your Application—Chapter 29Pebugging
Techniquesdescribes the different ways you can debug your
application. This chapter helps you troubleshoot for common
programming errors.

Now you can begin the rewarding adventure of data acquisition with
LabVIEW.

© National Instruments Corporation 1-3 LabVIEW Data Acquisition Basics Manual



Installing and Configuring Your
Data Acquisition Hardware

This chapter explains how to set up your system to use data acquisition
with LabVIEW and your data acquisition hardware. The chapter contains
hardware installation and configuration and software configuration
instructions and some general information and techniques.

Note The LabVIEW installer prompts you to have the NI-DAQ driver software
installed. All National Instruments data acquisition (DAQ) devices are packaged
INFO with NI-DAQ driver software. The version of NI-DAQ packaged with your
DAQ device might be newer than the version installed by LabVIEW. You can
determine the NI-DAQ version in LabVIEW by running th8et DAQ Device
Information VI , located inFunctions»Data Acquisition»Calibration and
Configuration.

Get DAQ Device
Information VI

After installing LabVIEW and the NI-DAQ driver, follow the steps
in Figure 2-1 to install your hardware and complete the software
configuration. LabVIEW uses the software configuration information
to recognize your hardware and to set default DAQ parameters.
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Chapter 2 Installing and Configuring Your Data Acquisition Hardware

[ Install Plug-in Devices

A
[ Use Your Configuration Utility

to Configure Devices

No Yes

\ 4

[ Install and Configure SCXI )

\ 4
] IR
Use the DAQ Channel Wizard

to Configure Channels

\ 4
[ Read Chapter 3, Basic Data Acquisition Concepts,

and Chapter 4, Where You Should Go Now

Figure 2-1. Installing and Configuring DAQ Devices

NI-DAQ driver software provides LabVIEW with a high-level interface to
DAQ devices and signal conditioning hardware.
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Chapter 2 Installing and Configuring Your Data Acquisition Hardware

Figure 2-2 shows the relationship between LabVIEW, NI-DAQ, and
DAQ hardware.

LabVIEW Vis

NI-DAQ Drivers

Data Acquisition Devices

Figure 2-2. How NI-DAQ Relates to Your System and DAQ Devices

(NI-DAQ 4.8.xfor Macintosh) NI-DAQ 4.8x for the Macintosh device drivers
are bundled in a single file that determines which drivers to load. When you
restart your computer, this control panel driver, calleDAQ, determines
which devices are installed in the system and loads their corresponding
drivers. NI-DAQ uses its control panel settings to determine what

SCXI hardware is configured and what the default device settings are for
devices in the computer. If you use DMA, NI-DAQ also communicates
with the NI-DMA/DSP for DMA services. When you install LabVIEW,

the installer places both of these files on your hard drive.

(NI-DAQ 6.0 for Macintosh) The NI-DAQ Driver, calledNI-DAQ is installed
in theNational Instruments folder in your Macintoslixtensionsfolder.

(NI-DAQ 5.x, 6.0 for Windows) The NI-DAQ Driver, calledNIDAQ.DLL in
Windows 3x andNIDAQ32.DLL in Windows 95/NT, is installed in your
Windows system directory.
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LabVIEW Data Acquisition Hardware Support

National Instruments periodically upgrades LabVIEW to add support for
new DAQ hardware. To make sure this version of LabVIEW supports the

hardware you use, refer to the following tables.

Table 2-1. LabVIEW DAQ Hardware Support for Windows with NI-DAQ 5.x, 6.0

Device Type Devices Supported

AT Series AT-AO-6/10, AT-DIO-32F, AT-DIO-32HS, AT-MIO-16/16D,

Devices AT-MIO-16DE-10, AT-MIO-16E-1, AT-MIO-16E-2, AT-MIO-16E-10,
AT-MIO-16F-5, AT-MIO-16X, AT-MIO-16XE-50, AT-MIO-64E-3,
AT-MIO-64F-5, AT-Al-16XE-10, AT-MIO-16XE-10, AT-5102, AT-5411

PC Series Lab-PC+, PC-AO-2DC, PC-DIO-24, PC-DIO-96, PC-LPM-16,

Devices PC-OPDIO-16, PC-TIO-10, PC-DIO-96PnP, PC-DIO-24PnP,
PC-LPM-16PnP, PC-516, Lab-PC-1200, Lab-PC-1200Al, PC-4350,
PC-4060*

PCI Series PCI-MIO-16E-1, PCI-MIO-16E-4, PCI-MIO-16XE-50, PCI-MIO-16E-10,

Devices PCI-1200, PCI-DIO-96, PCI-5102, PCI-5411, PCI-DIO-32HS, PCI-4350
PCI-6031E, PCI-6032E, PCI-6033E, PCI-6051E, PCI-4060*, PCI-6110K
PCI-6111E*

PXI Series PXI-6040E, PXI-6070E, PXI-6533, PXI-1010*, PXI-4060*, PXI-5102*,

Devices PXI-DIO-96*

NEC Devices NEC-AI-16E-4, NEC-AI-16XE-50, NEC-MIO-16E-4, NEC-MIO-16XE-50

External Devices

AMUX-64T, SC-2040, SC-2042-RTD, SC-2043-SG, DAQPad-1200
DAQPad-MIO-16XE-50, SC-2345, DAQPad-6020E* (USB),
DAQPad-6507* (USB), DAQPad-4350* (USB)

PCMCIA
Devices

DAQCard-500, DAQCard-700, DAQCard-1200, DAQCard-AO-2DC,
DAQCard- DIO-24, DAQCard-Al-16E-4, DAQCard-Al-16 XE-50,
DAQCard-516, DAQCard-4050, DAQCard-5102, DAQCard-4350,
DAQCard-4050, DAQCard-DIO-32HS, DAQCard-6533
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Table 2-1. LabVIEW DAQ Hardware Support for Windows with NI-DAQ 5.x, 6.0 (Continued)

Device Type

Devices Supported

SCXI Chassis and
Modules

SCXI-1000, SCXI-1000DC, SCXI-1001, SCXI-1100, SCXI-1102,
SCXI-1120, SCXI-1120D, SCXI-1121, SCXI-1122, SCXI-1124, SCXI-1140,
SCXI-1141, SCXI-1160, SCXI-1161, SCXI-1162, SCXI-1162HYV,
SCXI-1163, SCXI-1163R, SCXI-1260SCXI-2000, SCXI-2400,
SCXI-1126*

VXI Modules

VXI-MIO-64E-1, VXI-MIO-64XE-50, VXI-DIO-128, VXI-AO-48XDC,
VXI-SC-1150, VXI-SC-1102, VXI-SC-1000

“These devices are supported only under DAQ 6.0. DAQ 5.x does not support these devices.

1The DAQPad-MIO-16XE-50 and DAQPad-1200 do not work with NEC PC-9800 Series computers. The SCXI-1200 will

work with NEC PC-9800 Series computers ONLY when used with Remote SCXI.

Table 2-2. LabVIEW DAQ Hardware Support for Macintosh with NI-DAQ 4.8.x

Device Type

Devices Supported

Plug-In Devices

DAQCard-500, DAQCard-700, DAQCard-1200, DAQCard-DIO-24,
DAQCard-AO-2DC, Lab-LC, Lab-NB, NB-DIO-24, NB-DIO-32F,
NB-DIO-96, NB-DMA-8-G, NB-DMA2800, NB-MIO-16, NB-MIO-16X,
NB-TIO-10, NB-AO-6, NB-A2150, NB-A2100, NB-A2000, PCI-1200,
PCI-DIO-96, PCI-MIO-16XE-50

External Devices

AMUX-64T, SC-2040, SC-2042-RTD, SC-2043-SG

SCXI Modules

(=

SCXI-1000, SCXI-1001, SCXI-1100, SCXI-1102, SCXI-1120, SCXI-112
SCXI-1122, SCXI-1124, SCXI-1140, SCXI-1141, SCXI-1160, SCXI-116
SCXI-1162, SCXI-1162HV, SCXI-1163, SCXI-1163R

(=

Table 2-3. LabVIEW DAQ Hardware Support for Macintosh with NI-DAQ 6.0

Device Type Devices Supported
PCI Series PCI-MIO-16E-1, PCI-MIO-16E-4, PCI-MIO-16XE-10, PCI-MIO-16XE-5Q,
Devices PCI-6031E (PCI-MIO-64XE-10), PCI-6032E (PCI-Al-16XE-10),

)

PCI-6033E (PCI-Al-64XE-10), PCI-6071E (PCI-MIO-64E-1), PCI-DIO-9
PCI-1200, PCI-DIO-32HS

DAQCard and
PCMCIA cards

DAQCard-Al-16E-4, DAQCard-Al-16XE-50, DAQCard-1200,
DAQCard-700, DAQCard-500, DAQCard-516, DAQCard-AO-2DC,
DAQCard-DIO-24, DAQCard-6533

© National Instruments Corporation
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Chapter 2 Installing and Configuring Your Data Acquisition Hardware

If you have any other questions regarding hardware support for LabVIEW,
refer to Appendix BHardware Capabilitiesin theLabVIEW Function and

VI Reference Manuabr the LabVIEWOnNIine Referengeuy selecting
Help»Online Reference...

Installing and Configuring Your
National Instruments Device

Some DAQ devices have jumpers to set analog input polarity, input mode,
analog output reference, and so on. Before you install your device, check
your hardware user manuals to see if your device has jumpers and how to
change its settings. You then can determine whether you need to change
any jumper settings. Record any jumper settings that you change so that
you can enter the information correctly in the configuration utility.

The next step depends on what version of NI-DAQ you have. Go to the
appropriate section below to continue the configuration of your devices.

Installing and Configuring Your DAQ Device Using NI-DAQ 5.x, 6.0

You can refer to the NI-DAQ Configuration Utility online help file for
specific instructions on how to install and configure your DAQ device.
If you are using Windows 8.or Windows NT 3.5.1, you can find the
help file in the Program GroupabVIEW . If you are using Windows 95
or Windows NT 4.0, you can find the help fileStart»Programs»
LabVIEW»NI-DAQ Configuration Utility Help . If you are using

a Macintosh, you can find the help file in tHelp menu of the

NI-DAQ Configuration Utility.

Configuring Your DAQ Device Using NI-DAQ 4.8.x on the Macintosh

kd

NI-DAQ

After you check and record your jumper settings, turn off your computer
and insert your National Instruments devices.

Turn your computer back on. You can fiRdDAQ in yourcontrol
panels folder. The NI-DAQ icon looks like the one shown to the left.
Double-click on this icon to launch NI-DAQ.

When you launch the program, NI-DAQ displays a list of all of the devices
in your computer. Each device has a small list of attributes, as shown in
Figure 2-3. The number specified in the device line is the logical device
number that NI-DAQ assigned to the device. You will use this number in
LabVIEW as the device number to select that device for any operation.
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EO=—— NI-DAl —=————
1.‘?' 4.8.9
#* [Help] [Devices |
Active Devices - ki
deuvice: 2
riame : PCI-1200
type: e
bus: FCI
socket: Bl
address: D 20204000
device: 3
hame : PCI-D10-95
type: 352
bus: FCI
socket: ci1
address: D20201000
kX

Figure 2-3. NI-DAQ Device Window Listing

Now show the Device Configuration window by selecting the
Device Configuration option from the menu as shown in Figure 2-4.

=—— NI-Dil =————

el 4.8.5 |
>

Help | |« Devices

Device Configuration

Active Dev™ery "Configuration
device: Errors |
name FLT=T.00
type: 353
b= PCI
socket:
address: 20204000
device: 3
riame : PCI-D10-96
type: 352
b= PCI
socket: 1
address: 20201000
i

Figure 2-4. Accessing the Device Configuration Window in NI-DAQ
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Note

Installing and Configuring Your Data Acquisition Hardware

Figure 2-5 shows the NI-DAQ Device Configuration window. When you
are in the Device Configuration window of the utility, you can edit the
default settings for parameters, such as analog input polarity and range
on a per-device basis. If you are using AMUX-64T or signal conditioning
devices with your DAQ device, select the appropriate device using the
Accessoriesnenu. LabVIEW uses these settings when initializing the
device instead of the default settings listed in the descriptions of the
hardware configuration VIs. (You can use these VIs to change any
setting recorded by NI-DAQ.) When you click on the name of the device,
NI-DAQ displays the I/O connector for the device, as shown in Figure 2-5.

ACHO ACHA

2
4 |ACHZ
Ls]

EO=——— NI-Dil =—— ACHZ
ACHS

1
]
ACH4 [ 5
v 4.8.5 ACHE [ 72 |ACH?

; : ; AIGHD @] 10 |pAco ouT
#° [Help][Device Configuration] AiGND L8 110 |DACO ouT

GND |13 [ 14_|PAO
PEI*I2I]I] PRI 15[ 16 |PAZ
PRz [ 17 ] 18 |PA4
1/0 Subsystem|ADC 0 | PR3 L 12 118 JPAd
Polarity[Bipolar |Mode|Refer... | PA7 [ 21[ 22 |PEOD
, PE1[ 23 [ 24 |PE2
Range[10 1) Jspaad PEZ [ 25 | 26 |PB4
PES [ 27 [ 28 |PES
Accessories|None | PE? [ 28] 30 |PCO
PC1|[ 2132 |Pc2
Channell<] 0 [b] Fes s a0 eee
Coupling[DC | Gain[1 | PC? [ 37 38 |EXTTRIG
— | T ExTUPDATE* | 30 [ 40 |ExToOMU*
SE - A4 Galn ouTED [ 41 [ 42 |GATERO
OUTE1 [ 43 | 44 |GATEE1
CLKE1 [ 45 [ 48 |oUTE2
GATEEZ [ 47 [ 48 |CLKE2
+5 U [ 4250 |DGHD
PCI-1200

Figure 2-5. Device Configuration and I/0 Connector Windows in NI-DAQ

You also can find helpful information by clicking on tHelp button. If at

any time during configuration you need to view a list of the LabVIEW DAQ
error codes and their meanings, you can do so by clicking on the NI-DAQ
menu bar, located to the right of tHelp button, and choosingrrors .

Some DAQ devices, such as the Lab-NB and NB-MIO-16 devices, require
hardware jumper changes in addition to software configuration. Consult your
DAQ device hardware reference manual for more information.
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Installing and Configuring Your SCXI Chassis

The following section describes the procedures for installing and
configuring your SCXI chassis.

Hardware Configuration

Your SCXI hardware kit includes tigetting Started with SCXhanual,
which contains detailed instructions for assembling your SCXI system,
module jumper settings, cable assemblies, and terminal blocks. The
following are the basic steps you must complete to assemble your
SCXI system.

1.

© National Instruments Corporation

Check the jumpers on your modules. Generally, you will leave the
jumpers in their default positions. However, Getting Started with
SCXlImanual contains a section for each module type that lists cases
where you might want to change the jumper settings.

Turn off the chassis power. Plug in your modules through the front of
the chassis. You can put the modules in any slot. For simplicity, start
with slot 1 on the left side of the chassis and move right with each
additional module. Be sure to tightly screw the modules into the
chassis frame.

If you are using an SCXI-1180 feedthrough panel, you must install the
SCXI-1180 in the slot immediately to the right of the module that you
will cable to the DAQ device. Otherwise, the cable connectors might
not fit together conveniently.

If you have more than one chassis, select a unique jumpered address
for each additional chassis by using the jumpers directly behind the
front panel of the chassis.

Plug the appropriate terminal blocks into the front of each module and
screw them tightly into the chassis frame.
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Installing and Configuring Your Data Acquisition Hardware

6. If you are using a DAQ device in your computer to control your
SCXI chassis, connect the mounting bracket of the SCXk134
(wherexis a number) cable assembly to the back of one of the modules
and screw it into the chassis frame. Connect the other end of the cable
to the DAQ device in your computer. In multiplexed mode, you only
need to cable one module to the DAQ device. In most cases, it does not
matter which module you cable. The following are two special cases
where you should cable a specific module to the device:

a. If you use SCXI-1140 modules with other types of modules, you
need to cable one of the SCXI-1140 modules to the DAQ device.

b. If you use analog input modules and other types of modules, you
need to cable one of the analog input modules to the DAQ device.

7. Turn on your chassis power.

Refer to theGetting Started with SCXhanual for more information about
related topics, such as multichassis cabling.

NI-DAQ 5.x, 6.0 Software Configuration

Refer to the NI-DAQ Configuration Utility online help file for specific
instructions about configuring your SCXI device. If you use Windows 3.
or Windows NT 3.5.1, you can find the help file in the Program Group
LabVIEW . If you use Windows 95 or Windows NT 4.0, you can find
the help file inStart»Programs» LabVIEW»NI-DAQ Configuration

Utility Help . If you use a Macintosh, you can find the help file in the
Help menu of the NI-DAQ Configuration Utility.

NI-DAQ 4.8.x Software Configuration

To use SCXI with LabVIEW and NI-DAQ 4.8.you must enter
the configuration for each SCXI chassis using NI-DAQ. Select
SCXI Configuration in the NI-DAQ menu bar to bring up the
SCXI Configuration window as shown in Figure 2-6.
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NI-DA) =——
Devices

Polarity[Bipolar |Mode[Refer... |

Range(10 U |§§;<é<as§§

Accessories[None |

channel[<] 0 |z

Coupling|DC | Gain[1 |
si-za44 6aml

Figure 2-6. Accessing the NI-DAQ SCXI Configuration Window

Figure 2-7 shows NI-DAQ with the SCXI Configuration window selected.

= NIl
\7 4.8.5
#* [Help][SCHI Configuration |

Chassisf<]] 1 [&]=[sCHI-1001 |

Method|5erial Path|None |

Module[<] 1 [=]:[scHI-1120

Cabled Device/Mone
Operating Mode|Multiplexed

Channelfg] 0 [=]
Filter[4Hz | Gain[1000 ]

FRE IS Ms}s%%}:

Figure 2-7. SCXI Configuration Window in NI-DAQ
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1.

Leave theChassisset tol if you have only one chassis. You will use
this number to access the SCXI chassis from your application. If you
have multiple chassis, advance @teassisto configure the next
chassis after you finish configuring the first chassis.

Select the appropriate chassis type for your chassis. This activates the
remaining fields on the panel.

If you only have one chassis, leave Atglressfield and the address
jumpers on your SCXI chassis sebdtdf you have additional chassis,

you must select a unique hardware-jumpered address for each chassis
and enter it in thA&ddressfield.

Leave theMethod set toSerial , which means that LabVIEW
communicates with the chassis serially using a DIO port of the plug-in
DAQ device. ThdPath automatically sets itself to the device number
of the appropriate DAQ device when you enterGiabled Device
information in step 5b.

Enter the configuration for each slot in the chassis. The fields in the
bottom twosections of the window reflect the settings for the selected
Module number. Refer to your SCXI chassis hardware manual to
determine how the slots in a chassis are numbered. You must set the
following fields for each SCXI module you install:

a. Module type—Select the correct module type for the module
installed in the current slot. If the current slot does not have a
module, leave this field set ttone and advance thdodule
number to the next slot.

b. Cabled Device—If the module in the current slotdsrectly
cabledto a DAQ device in your computer, set this field to the
device number of that DAQ device. Leave@abled Devicdield
set toNone if the module in the current slot is not directly cabled
to a DAQ device. If you are operating your modules in multiplexed
mode, you only need to cable one module in each chassis to your
DAQ device. If you are not using multiplexed mode, refer to the
SCXI Operating Modesection of Chapter 1$ardware and
Software Setup for Your SCXI Systéon instructions about
module cabling.
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c. Operating Mode—The system defaults to the multiplexed
operating mode, which is recommended for almost all
SCXI applications. The operating modes available for each
SCXI module type are described in tR€XI Operating Modes
section of Chapter 1®$ardware and Software Setup for Your
SCXI System

If the module is an analog input module, enter the gain and filter
settings for each channel in the bottom section of the window. The
system disables theéhannel control for any modules that use

only one gain and filter setting for the entire module.

Configuring Your Channels in NI-DAQ 5.x, 6.0

Once you install and configure your hardware, you can configure your
channels. LabVIEW DAQ software includes a channel configuration
application, the DAQ Channel Wizard, you can use to configure the analog
and digital channels on your DAQ device—DAQ plug-in boards,
stand-alone DAQ products, or SCXI modules. In NI-DAQdnly analog

input channels can be configured. The DAQ Channel Wizard helps you
define the physical quantities you are measuring or generating on each
DAQ Hardware channel by querying for information about the physical
guantity being measured, the sensor or actuator being used, and the
associated DAQ hardware. As you configure channels in the DAQ Channel
Wizard, you give each channel configuration a unique name which is used
when addressing your channels in LabVIEW. The channel configurations
you define are saved in a file that instructs the NI-DAQ Driver how to scale
and process each DAQ channel by its name. You can simplify the
programming required to measure your signal by using the DAQ Channel
Wizard to configure your channels.

Refer to the DAQ Channel Wizard online help file for specific instructions
on how to use the DAQ Channel Wizard. If you use Windowsy®8u can
find the help file in the Program GroupbVIEW . If you use Windows 95

or NT 4.0, you can find the help file Btart»Programs»LabVIEW»

DAQ Channel Wizard Help. Macintosh users can find the help file in the
NI-DAQ folder. You can also launch the help file on any platform by
clicking theHelp button in the DAQ Channel Wizard.
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Refer to theChannel Name Addressiisgction of Chapter Basic
LabVIEW Data Acquisition Concepfer information about how to use
your hamed channels in LabVIEW.

Now that you have successfully installed and configured your
DAQ hardware for LabVIEW, read ChapterBasic LabVIEW Data
Acquisition Conceptdor more information about data acquisition with

LabVIEW.

LabVIEW Data Acquisition Basics Manual 2-14 © National Instruments Corporation



Basic LabVIEW Data
Acquisition Concepts

This chapter explains key concepts in understanding how data acquisition
works with LabVIEW. Before you start building your data acquisition
(DAQ) application, you should know some of the following basic
LabVIEW DAQ concepts:

e Location of Common DAQ Examples

* Locating the Data Acquisition VIs in LabVIEW
* DAQ VI Organization

* VI Parameter Conventions

« Common DAQ VI Parameters

o Default and Current Value Conventions

e Error Handling

* Channel, Port, and Counter Addressing

e Limit Settings

e Data Organization for Analog Applications

If you do not already understand basic programming concepts in
LabVIEW, refer to the.abVIEW User Manuabr theG Programming
Reference Manudbr help with programming in LabVIEW.

Location of Common DAQ Examples

(NI-DAQ 5.x, 6.0) The easiest way to locate a particular DAQ example is to
run the DAQ Solution Wizard. You can access the DAQ Solution Wizard
by clicking on theDAQ Solution Wizard button when you first launch
LabVIEW, or by selectin@ AQ Solution Wizard from theFile menu in
LabVIEW.

The DAQ examples address many common applications involving

data acquisition in LabVIEW. You can find these examples in
labview\examples\daq . The following list briefly describes the
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VI libraries (designated by thib  file extension) and directories located
in thedaq directory.

anlogin Folder containing thanlogin.llb Vls that
perform analog input and tlse@mdsk.llb Vis
that can write or stream the acquired data to disk.

anlogout Folder containing thenlogout.llb Vis that
generate single values or multiple values
(waveforms) to output through analog channels.

anlog_io Folder containing thanlog_io.llb Vis for
analog I/0O control loops and simultaneous analog
input and output.

counter Folder containing thBAQ-STC.llb ,
Am9513.lb , and8253.lb libraries of Vs that
count the rising and falling edges of TTL signals,
generate TTL pulses, and measure the frequency
and period of TTL signals.

digital Folder containing theigio.llb Vls that
perform immediate digital /O and digital
handshaking.

SCXi Folder containing thecxi_ai.llb ,
scxi_ao.llb , andscxi_dig.llb Vls, for use

with SCXI modules.

solution Folder containing theenchtop.llb
control.llb , datalog.llb , and
transduc.llb VIs, a variety of ready-to-run
application Vis.

run_me.llb Library containing the VIs that perform basic
operations concerning analog /O, digital I/O, and
counters.

Each chapter in this manual teaches the basic concepts behind several of the
DAQ examples. For a brief description of any example, open the example
VI and choos&Vindows»Show VI Info for a text description of the

example. You also can chodselp»Show Helpto open thédelp window.

When theHelp window is open, you can put your cursor over any front

panel or block diagram item and see a description of that item in the
window.
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Locating the Data Acquisition Vis in LabVIEW

You can find the Data Acquisition Vls in tik@inctions palette from your
block diagram in LabVIEW. When you put your cursor over each of the
icons in theFunctions palette, LabVIEW displays the palette name you are
about to access at the top of thenctions palette. You can find the Data
Acquisition icon near the bottom of tReinctions palette, as shown in
Figure 3-1.
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Figure 3-1. Accessing the Data Acquisition Palette

TheData Acquisition palette contains six subpalette icons that take you to
the different classes of DAQ VIs. Figure 3-2 shows what each of the icons
in theData Acquisition palette mean.

Analog Output VIs  Digital /0 VIs

EE Data Acquisition E
&, Ha., HEx, Hax
Analog Input Vis r I Ll R ™ — Counter Vls
Calibration and "3- 1 E,,_-'
Configuration Vs i) |

Signal Conditioning VIs

Figure 3-2. Data Acquisition VIs Palette
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DAQ VI Organization

In most of the DAQ VI subpalettes, the VIs are arranged in different levels
according to their functionality. You can find some of the following four
levels of DAQ VIs within the DAQ VI subpalettes.

e [EasyVis

* Intermediate VIs
e Utility VIs
¢ Advanced Vis

A good example of a palette that contains all of the available levels of
DAQ ViIs is theAnalog Input palette. Figure 3-3 shows this palette.

i+l Analog Input E3
o HUL?IPT ONE“PT \'!NREIPT
HULT FT >
neBl||AnE o g RZE.. Easy Analog Input VIs
conrs|| s8Rt || réRD [|s-3tan]| cibhe Intermediate
|| || e8| e8| i Analog Input Vs
aty afrr Advanced
% Analog Input VIs
Analog Input Utility VIs

Figure 3-3. Analog Input VI Palette Organization

Easy Vls

The Easy Vls perform simple DAQ operations and are typically the first
row of VIs in the DAQ palettes. You can run these Vls from the front panel
or use them as subVIs in basic applications.

These Vls are stand-alone in that you only need one Easy VI to perform
each basic DAQ operation. Unlike intermediate- and advanced-level VIs,
Easy VIs automatically alert you to errors with a dialog box that asks you
to stop the execution of the VI or to ignore the error.

The Easy VIs actually are usually composed of Intermediate VIs, which
are in turn composed of Advanced Vls. The Easy VIs provide a basic,
convenient interface with only the most commonly used inputs and outputs.
For more complex applications, you should use the intermediate- or
advanced-level Vls for more functionality and better performance.
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Refer to your particular type of VI in theabVIEW Function and VI
Reference Manudobr specific VI information, or refer to the LabVIEW
Online Referenceby selectingelp»Online Reference...

The Intermediate VIs have more hardware functionality and efficiency in
developing your application than the Easy VIs. Actually, the Intermediate
VIs contain groups of Advanced VIs, but they use fewer parameters and do
not have some of the more advanced capabilities.

Intermediate VIs give you more control over error-handling than the Easy
VlIs. With each VI, you can check for errors or pass the error cluster on to
other Vis.

Note Most LabVIEW data acquisition examples shown in this manual are based on the
Intermediate VIs. You can find these example VIs in tsamples folder.

Utility Vis

Advanced Vs

The Utility Vs, found in many of the LabVIEW DAQ palettes, are also
intermediate-level VIs and thus have more hardware functionality and
efficiency in developing your application than the Easy VIs. Read the
previous Intermediate VIs section for more information on how these

operate.

The Advanced VIs are the lowest-level interface to the DAQ driver. Very
few applications require the use of the Advanced VIs. Use the Advanced
VIs when the Easy or Intermediate VIs do not have the inputs necessary to
control an unusual DAQ function. Advanced VIs return the greatest
amount of status information from the DAQ driver. This manual primarily
focuses on applications using the Easy or Intermediate VIs.
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VI Parameter Conventions

In each LabVIEW DAQ VI front panel dielp window, the appearance

of the control and indicator labels denote the importance of that parameter.
Control and indicator names in bold typically must be wired to a node on
the block diagram for your application to run. Controls and indicators not
necessary for your program to operate appear in plain text. You rarely need
to use the parameters with labels in square brackets ([ ]). Keep in mind that
these conventions apply only to the information in the Help window and
on the front panel. Both this manual and tladVIEW Function and VI
Reference Manudikt all parameter names in bold to distinguish them from
other elements of the text. The default inputs appear in parentheses to the
right of the parameter names.

Figure 3-4 illustrates these Help window parameter conventions for the
Al Read One Scan VI. As the window text for this VI indicates, you should
wire thedevice(if you are not using channel nameag)annels error in,
anditeration input parameters and teBealed dataanderror out output
parameters. In order to pass error information from one VI to another,
connect theerror out cluster of the current VI to thegror in cluster of

the next VI. Thecoupling & input config, input limits , andoutput units
input parameters and théary data output parameter are optional
parameters. You rarely need to userthmber of AMUX boards

parameter.

coupling & input config [no. . =
irput limitz [no change] =

device [1] T A zaled data
channels [0] =2 e L binary data
LES ermar oLt

output units [1] —
&rrar it [ho errar] mr

iteration [init: 0]

[nurnber of Ak boardz] [no...

Figure 3-4. LabVIEW Help Window Conventions
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Default and Current Value Conventions

To use the DAQ Vs, yoshoub know the difererce betweera default
input, a defali sdting, and a current setting default inputs the default
value of afront panel controMhen you do not wiran inputto a terminal
of aVl, the defaulinput forthe control associated with tharmind passes
to the driver In theHelp window, defailt inputsappea in parethesego
theright of the paranetea names. Adefault sefihg is a dfault parameter
value reorded in the driver The current settings the value ofcontrol at
any given momenirhe default setting of a control becomeschrrent
seting and remains so tihyou change the Vae of the control.

In many cases, a control input defaults to a certailuie (most often 0),
which means you can use the current setiiogexample, the default input
foraparametemay bedo not change the curren t setting , and
thecurrent sding may beno AMUX-64T boards . If you change thealue
of sucha paramter, the rew value becomes the curresdtting.

Common DAQ VI Parameters

Thedeviceinput on analog I/O, digitdlO, and counter VIs specifies the
number assigreeto your DAQ device in taDAQ configuration software.
Your sdtware assigns a unique nuntie ead DAQ device. Tk device
parameter usually appearsaasinput to the configuration VIs. Another
comman configuration VI output, task ID, assigngour specific

I/0O operation and dége a uique number that identifies it throughout
your progran flow. Thetask ID can also contan group information ebout
the channels and gain us@ your operation.

SomeDAQ Vis perform eithethe dvice coriguration @ the

I/0O operation, while ther DAQ VIs perform bth corfiguration and the
operation. The Vishat handle both functions V&aniteration input.
When your VI hastheiteration set to0, LabVIEW corfigures the

DAQ device and then performs the sféci/O operationFor iteration
values greater than DabVIEW uses thexisting corfiguration b perform
the /O operation.You can improve the performaneof your application
by not coriguring theDAQ device every time anl/O operation occurs.
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Typically, you should wire thigeration input to an iteration terminal in a
loop as shown in the following illustration.

N

&) ' aveform Soan. v
T
WRVE

Wiring theiteration input this way means the device is only configured
on the first I/O operation. Subsequent I/O operations use the existing
configuration.

Error Handling

Each Easy VI contains an error handling VI. A dialog box appears
immediately if an error occurs in an Easy VI.

Every Intermediate and Advanced VI containgaor in input cluster and
anerror out output cluster, as shown in Figure 3-5. The clusters contain a
Boolean that indicates whether an error occurred;atiefor the error, and
sourceor the name of the VI that returned the errcertér in indicates an
error, the VI passes the error informatioetmr out and does not execute
any DAQ functions.
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error in [no eror) error out
code code
hia error I E'i 0 | na errar I 0 |
zOUrce sOLCE

Figure 3-5. LabVIEW Error In Input and Error Out Output Error Clusters

For more information on error handling, refeP@rt VI, Debugging Your
Data Acquisition Applicationin this manual.

Channel, Port, and Counter Addressing

The Analog Input and Analog Output VIs havelennel list parameter
where you can specify the channels from which the Vls read or to which
they write. The Digital Input and Output VIs have a similar parameter,
calleddigital channel list and the equivalent value is calleounter list

for the Counter VI's. For ease of understanding of channel addressing
concepts, thehannel list digital channel list, andcounter list parameters
are referred to ashannel listin this section. Any special exceptions for
these parameters will be noted.

Each channel you specify in thlkannel listbecomes a member of a group.

For each group, you can acquire or generate data on the channels listed in
the group. VIs scan (during acquisition) or update (during generation) the
channels in the same order they are listed. To erase a group, pass an empty
channel listand the group number to the VI or assign a aeannel list

to the group. Changing groups can only be done at the Advanced VI level.
Refer to the_abVIEW Function and VI Reference Manaathe LabVIEW

Online Referenceby selectinglelp»Online Reference.,.for more

information.
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Channel Name Addressing

If you use the DAQ Channel Wizard to configure your analog and digital
channels, you can address your channels by name amamael list
parameter in LabVIEWchannel listcan be an array of strings or, as with
the Easy VIs, a scalar string control, as shown in Figure 3-6. If you have a
channel listarray, you can use one channel entry per array element, specify
the entire list in a single element, or use any combination of these two.

If you enter multiple channel namesdhannel list, all of the channels in

the list must be configured for the same DAQ Device. If you configure
channels with names afmperature  andpressure , both of which are
measured by the same DAQ Device, you can specify a list of channels

in a single element by separating them by commas—for example
temperature,pressure . In specifying channel names, spelling and
spaces are important, but case is not.

Channel String Armay Control

a0 | remperature | |pressure | ‘

Channel String Array Control

=0 | [ternperature, pressure | |

Channel String Contral

|temperature,pressure |

Figure 3-6. Channel String Controls

Using channel names, you do not need to wiraléwce input limits ,

or input config input parameters. Ttaeviceinput is always ignored

by LabVIEW when using channel names. LabVIEW configures your
hardware in terms of your channel configuration. Unless you need to
overwrite your channel name configuration, do not wipit limits or
input config; allow LabVIEW to set them up for you. In addition,
LabVIEW orders and pads the channels specifiedhannel listfor you
as needed according to any special device requirements.

Channel Number Addressing

If you are not using channel names to address your channels, you can
address your channels by channel numbers iohhanel list parameter.
Thechannel listcan be an array of strings or, as with the Easy Vils, a
scalar string control. If you havechannel listarray, you can use one
channel entry per array element, specify the entire list in a single element,
or use any combination of these two methods. For instarzel ifand2
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are you channelsyou can specify a list of channelsiia singe element by
sepaatingthe individua channels by commas—for example1, 2

Or, because@ refers o the first channdin a consecutive chanhenge and
2 refersto thelastchanne] youcan specify thrange by separating the first
and lastthannels witta colon—for examplgo:2 .

Some Easy and Adinced Digtal VIs and Intermediate Counter VIs only
need one poor counte to bespecfied. For more infamation, réer tothe
LabVIEW Function athVI Reference Manuair the LabVIEW Online
ReferenceChooseéHelp»Show Help andput your aursor on the VI to view
the VI Help window for the VI you intend to use.

LabVIEW recognizeshree type®f analg channels on ®AQ device:
onboard AMUX-64T, and SCXI channels. tecognizeswo types of
digital ports and caunters: mboad and SCXI. This sectim describes
addressing onboard channels, ports, and counters. AMUX-64T
addressig is described later in Chtgp 5, Things You Sbuld Know
about Analog Input. SCXI channel,port, and counter adiressirg is
describedin Chapte 18, Things YouShould Know abaut SCXI.

Onboard dhamels refer to arlag ordigital I/O channds providedby the
plug-in DAQ device. Ifx is an onboard channel, yowag speciy this by
entering x or OBx as thechannel list element. Referotthe description of

your device in your hardwre ugr manual for resictionson channebrde.
Figure 3-7 shows severalwaysyou can addre