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About This Manual

ThelLabVIEW 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) device.

Conventions Used in This Manual

<>

»

5
%
bold

italic

The following conventions are used in this manual:

Angle brackets that contain numbers separated by an ellipsis represent a
range of values associated with a bit or signal name—for example,
DBIO<3..0>.

Square brackets enclose optional items—for examg@spgnse .

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

pull down theFile menu, select thBage Setuptem, and seledptions

from the last dialog box.

This icon denotes a note, which alerts you to important information.
This icon denotes a tip, which alerts you to advisory information.

Bold text denotes items that you must select or click on in the software,
such as menu items and dialog box options. Bold text also denotes
parameter names.

Italic text denotes variables, emphasis, a cross reference, or an introduction
to a key concept. This font also denotes text that is a placeholder for a word
or value that you must supply.
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monospace

monospace bold

monospace italic

NI-DAQ 4.8x

NI-DAQ 5.

NI-DAQ 6.0

Platform

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

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 text that is a placeholder for a word or value
that you must supply.

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.

Text in this font denotes a specific platform and indicates that the text
following it applies only to that platform.
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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

BB BIEEEEEEEE

bl

CHE N EHEHEETENE

T TE Boolean

[132] [132] Array of signed 32-bit integers
2D Array of signed 32-bit integers
Cluster
File Refnum
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Related Documentation

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

LabVIEW QuickStart Guide

LabVIEW User Manual

G Programming Reference Manual
LabVIEW Function and VI Reference Manual

LabVIEW Online Referenceavailable online by selecting
Help»Online Reference

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

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

Application Note 046, Measuring Temperature with RTDs—A Tutorial
The user manuals for the data acquisition boards you use
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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 I,Before You Get Startedontains the following chapters:

» Chapter 1How To Use This Boglkxplains how this manual is
organized.

» 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 Concepgxplains key
concepts in understanding how data acquisition works with LabVIEW.

» Chapter 4Where You Should Go Neglirects you to the chapter or
chapters in the manual best suited to answer questions about your data
acquisition application.
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How To Use This Book

This chapter explains how this manual is organized. The following outline
shows you what information you can find in this manual.

Part| Before You Get Started
How to Use This Book
Installing and Configuring Your Data Acquisition Hardware
Basic LabVIEW Data Acquisition Concepts
Where You Should Go Next

Part Il Catching the Wave with Analog Input
Things You Should Know about Analog Input
One-Stop Single-Point Acquisition
Buffering Your Way through Waveform Acquisition
Controlling Your Acquisition with Triggers
Letting an Outside Source Control Your Acquisition Rate

Part Il  Making Waves with Analog Output
Things You Should Know about Analog Output
One-Stop Single-Point Generation
Buffering Your Way through Waveform Generation
Letting an Outside Source Control Your Update Rate
Simultaneous Buffered Waveform Acquisition and Generation

Part IV Getting Square with Digital I/O
Things You Should Know about Digital 1/O
When You Need It Now—Immediate Digital I/O
Shaking Hands with a Digital Partner
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Chapter 1 How To Use This Book

Part V SCXI—Getting Your Signals in Great Condition
Things You Should Know about SCXI
Hardware and Software Setup for Your SCXI System
Special Programming Considerations for SCXI
Common SCXI Applications
SCXI Calibration—Increasing Signal Measurement Precision

Part VI Counting Your Way to High-Precision Timing
Things You Should Know about Counters
Generating a Square Pulse or Pulse Trains
Measuring Pulse Width
Measuring Frequency and Period
Counting Signal Highs and Lows
Dividing Frequencies

Part VIl Debugging Your Data Acquisition Application
Debugging Techniques
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Chapter 1 How To Use This Book

If you already have started a LabVIEW DAQ application, please refer to
Chapter 2)nstalling and Configuring Your Data Acquisition Hardware

to check your configuration. Refer to Part Mllebugging Your Data
Acquisition Applicationfor information on common errors. The following
flowchart shows the steps to follow before running your application.

( Install and Configure Your Hardware )
( Learn Basic Data Acquisition Concepts )
C Go to Your Specific Application Section )

C Review LabVIEW Example Applications )

C Learn How to Debug Your Application )

1.

© National Instruments Corporation

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

Learn Basic Data Acquisition Concepts—Chapter 3Basic

LabVIEW Data Acquisition Concepthows you the location of

DAQ example Vis; 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.
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Chapter 1

How To Use This Book

3.

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

Review LabVIEW Example Applications—The remaining chapters

teach you basic concepts in analog input and output, digital 1/O,
counters, and SCXI. Each application section first lists example Vs,
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.

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

inFa] by running theGet DAQ Device Information VI, located inFunctions»Data
Acquisition»Calibration and Configuration .

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 )

\ 4
Use Measurement & Automation Explore]

or Your Configuration Utility
to Configure Devices

:

T ()

\ 4

Install and Configure SCXI

\ 4
Use the Measurement & Automation Explorer
(NI-DAQ 6.5 or higher for Windows 9x/NT)
to configure Al, AO, or DIO channels.
or
Use the DAQ Channel Wizard
(NI-DAQ 6.1 or lower, Windows 9x/NT or Macintosh)
to configure Al, AO, or DIO 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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Figure 2-2 shows the relationship between LabVIEW, NI-DAQ, and
DAQ hardware.

LabVIEW Vs

NI-DAQ Drivers

Data Acquisition Devices

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

(NI-DAQ 4.8.x for 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, calleBAQ, determines
which devices are installed in the system and loads their corresponding
drivers. NI-DAQ uses its control panel settings to determine what Signal
Conditioning eXtensions for Instrumentation (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.x for Macintosh) The NI-DAQ driver, calledNI-DAQ is installed
in theNational Instruments folder in your MacintostiExtensionsfolder.

(NI-DAQ 5.x, 6.x for Windows) The NI-DAQ driver,NIDAQ32.DLL, is
installed in your WindowsSYSTEMor SYSTEM32directory.
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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 table.

Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh
PCI Bus NI 4060 for PCI 6.1 and higher 6.1 and higher | 6.6 and higher N/A
Devices NI 4351 for PCI 6.5 and higher 6.5 and higher | 6.6 and higher N/A

NI 4551 for PCI 6.1 and higher 6.1 and higher | 6.6 and higher N/A

NI 4552 for PCI 6.1 and higher 6.1 and higher | 6.6 and higher N/A

NI 5102 for PCI 5.0 and higher 5.0 and higher | 6.6 and higher N/A

NI 5401 for PCI 6.5.2 and higher| 6.5.2 and higher| 6.6 and higher N/A

NI 5411 for PCI 5.0 and higher 5.0 and higher | 6.6 and higher N/A

NI 5431 for PCI 6.5 and higher 6.5 and higher | 6.6 and higher N/A

PCI-1200 4.9 and higher 5.0 and higher | 6.6 and higher| 4.9 and higher
PCl-4451 6.1 and higher 6.1 and higher | 6.6 and higher N/A
PCl-4452 6.1 and higher 6.1 and higher | 6.6 and higher N/A
PCI-4453 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCl-4454 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6023E 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6024E 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6025E 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6031E 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
PCI-6032E 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
PCI-6033E 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
PCI-6034E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6035E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6052E 6.5 and higher 6.5 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh
PCI Bus PCI-6071E 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
(Eg\)/rlﬁﬁied) PCI-6110E 6.1 and higher 6.1 and higher | 6.6 and higher| 6.1 and higher
PCI-6111E 6.1 and higher 6.1 and higher | 6.6 and higher| 6.1 and higher
PCI-6503 6.1 and higher 6.1 and higher | 6.6 and higher N/A
PCI-6527 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6601 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6602 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6608 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6703 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PCI-6704 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6711 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-6713 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-703G 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-704G 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PCI-DIO-32HS 5.0 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
PCI-DIO-96 4.9 and higher 5.0 and higher | 6.6 and higher| 4.9 and higher
PCI-MIO-16E-1 5.0 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
PCI-MIO-16E-4 5.0 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
PCI-MIO-16XE-10 5.0 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
PCI-MIO-16XE-50 4.9 and higher 5.0 and higher | 6.6 and higher| 4.9 and higher
PXI Combo PXI-1010 6.0 and higher 6.0 and higher | 6.6 and higher N/A
Chassis PXI-1011 6.6 and higher 6.6 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh

PXI Bus NI 4060 for PXI 6.1 and higher 6.1 and higher | 6.6 and higher N/A

Devices NI 4351 for PXI 6.5 and higher 6.5 and higher | 6.6 and higher N/A
NI 5102 for PXI 6.0 and higher 6.0 and higher | 6.6 and higher N/A
NI 5401 for PXI 6.5.2 and higher| 6.5.2 and higher| 6.6 and higher N/A
NI 5411 for PXI 6.5 and higher 6.5 and higher | 6.6 and higher N/A
NI 5431 for PXI 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-6011E 5.1 and higher 5.1 and higher | 6.6 and higher N/A
PXI-6025E 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-6030E 5.1 and higher 5.1 and higher | 6.6 and higher N/A
PXI-6031E 6.1 and higher 6.1 and higher | 6.6 and higher N/A
PXI-6035E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PXI-6040E 5.1 and higher 5.1 and higher | 6.6 and higher N/A
PXI-6052E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PXI-6070E 5.1 and higher 5.1 and higher | 6.6 and higher N/A
PXI-6071E 6.1 and higher 6.1 and higher | 6.1 and higher N/A
PXI-6508 6.0 and higher 6.0 and higher | 6.6 and higher N/A
PXI-6527 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PXI-6533 5.1 and higher 5.1 and higher | 6.6 and higher N/A
PXI-6602 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-6608 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PXI-6703 6.6 and higher 6.6 and higher | 6.6 and higher N/A
PXI-6704 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-6711 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-6713 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-703¢ 6.5 and higher 6.5 and higher | 6.6 and higher N/A
PXI-704C 6.5 and higher 6.5 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh
PC Card DAQCard-500 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
Devices DAQCard-700 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
DAQCard-1200 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
DAQCard-516 4.9 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
DAQCard-6023E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
DAQCard-6024E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
DAQCard-6062E 6.6 and higher 6.6 and higher | 6.6 and higher N/A
DAQCard-6533 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
DAQCard-6723 6.6 and higher 6.6 and higher | 6.6 and higher N/A
DAQCard-Al-16E-4 4.9 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
DAQCard-Al-16XE-50 4.9 and higher 5.0 and higher | 6.6 and higher| 6.0 and higher
DAQCard-AO-2DC 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
DAQCard-DIO-24 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
NI 4050 for PCMCIA 5.0 and higher 5.0 and higher | 6.6 and higher N/A
NI 4350 for PCMCIA 5.1 and higher 5.1 and higher | 6.6 and higher N/A
NI 5102 for PCMCIA 5.0 and higher 5.0 and higher | 6.6 and higher N/A
External DAQPad-1208 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
Devices DAQPad-6020E (USB) 6.5 and highér N/A 6.6 and higher N/A
DAQPad-6052E (1394) 6.6 and highér N/A 6.6 and higher N/A
DAQPad-6070E (1394) 6.5 and highér N/A 6.6 and higher N/A
DAQPad-6507/6508 6.0 and highér N/A 6.6 and higher N/A
(USB)
DAQPad-6533 (1394) 6.5 and highér N/A 6.6 and higher N/A
DAQPad-6713 (1394) 6.5 and highér N/A 6.6 and higher N/A
DAQPad-MIO-16XE-50 | 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
NI 4350 for USB 6.0 and highér N/A 6.6 and higher N/A
NI 5102 for USB 6.0 and highér N/A 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh

AT Bus AT-A2150 4.8.5t04.9 Contact NI N/A N/A

Devices AT-Al-16XE-10 4.9 and higher 5.0 and higher | 6.6 and higher N/A
AT-AO-6/10 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-DIO-32F 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-DIO-32HS 5.0 and higher 5.0 and higher | 6.6 and higher N/A
AT-DSP2200 4.8.5t04.9 Contact NI N/A N/A
AT-MIO-16/16D 48.5t06.1 5.0t06.1 N/A N/A
AT-MIO-16DE-10 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-16E-1 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-16E-2 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-16E-10 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-16F-5 4.851t06.1 50t06.1 N/A N/A
AT-MIO-16X 485t06.1 5.0t06.1 N/A N/A
AT-MIO-16XE-10 4.9 and higher 5.0 and higher | 6.6 and higher N/A
AT-MIO-16XE-50 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-64E-3 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
AT-MIO-64F-5 4.851t06.1 5.0t06.1 N/A N/A
NI 5102 for ISA 5.0 and higher 5.0 and higher | 6.6 and higher N/A
NI 5411 for ISA 5.0 and higher 5.0 and higher | 6.6 and higher N/A
NI 5431 for ISA 6.5 and higher 6.5 and higher | 6.6 and higher N/A
EISA-A2000 4.8.5t04.9 Contact NI N/A N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh
PC/XT Bus NI 4350 for ISA 5.1 and higher 5.1 and higher | 6.6 and higher N/A
Devices PC-516 4.9 and higher 5.0 and higher | 6.6 and higher N/A
PC-AO-2DC 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
PC-DIO-24 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
PC-DIO-24PnP 6.0 and higher 5.0 and higher | 6.6 and higher N/A
PC-DIO-96 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
PC-DIO-96PnP 6.0 and higher 5.0 and higher | 6.6 and higher N/A
PC-LPM-16 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
PC-LPM-16PnP 4.9 and higher 5.0 and higher | 6.6 and higher N/A
PC-OPDIO-16 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
PC-TIO-10 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
Lab Series Lab-PC+ 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
Devices Lab-PC-1200 4.9 and higher 5.0 and higher | 6.6 and higher N/A
Lab-PC-1200Al 4.9 and higher 5.0 and higher | 6.6 and higher N/A
Lab-LC N/A N/A N/A 48t04.9
Lab-NB N/A N/A N/A 48t04.9
NEC Devices | NEC-AI-16E-4 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
NEC-AI-16XE-50 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
NEC-MIO-16E-4 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
NEC-MIO-16XE-50 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh
NuBus NB-A2000 N/A N/A N/A 4.8t04.9
Devices NB-A2150 N/A N/A N/A 4.8104.9
NB-A2100 N/A N/A N/A 4.8104.9
NB-AO-6 N/A N/A N/A 4.81t04.9
NB-DIO-24 N/A N/A N/A 4.8t04.9
NB-DIO-32F N/A N/A N/A 4.8104.9
NB-DIO-96 N/A N/A N/A 4.8104.9
NB-DMA-8-G N/A N/A N/A 4.8104.9
NB-DMA2800 N/A N/A N/A 4.8104.9
NB-MIO-16 N/A N/A N/A 4.81t04.9
NB-MIO-16X N/A N/A N/A 4.8t04.9
NB-TIO-10 N/A N/A N/A 4.8t04.9
VXI Carriers | VXI-AO-48XDC 4.9 and higher 5.0 and higher | 6.6 and higher N/A
and Modules VXI-DIO-128 4.9 and higher 5.0 and higher | 6.6 and higher N/A
VXI-MIO-64E-1 4.9 and higher 5.0 and higher | 6.6 and higher N/A
VXI-MIO-64XE-10 4.9 and higher 5.0 and higher | 6.6 and higher N/A
VXI-SC-1000 5.0 and higher 5.0 and higher | 6.6 and higher N/A
VXI-SC-1102 5.0 and higher 5.0 and higher | 6.6 and higher N/A
VXI-SC-1102B 5.1 and higher 5.1 and higher | 6.6 and higher N/A
VXI-SC-1102C 5.1 and higher 5.1 and higher | 6.6 and higher N/A
VXI-SC-1104 6.5 and higher 6.5 and higher | 6.6 and higher N/A
VXI-SC-1150 5.0 and higher 5.0 and higher | 6.6 and higher N/A
SCXI SCXI-1000 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
Chassis SCXI-1000DC 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1001 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-2000 4.9 and higher 5.0 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh

SCXI SCXI-1100 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher

Modules SCXI-1101 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCXI-1102 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1102B 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
SCXI-1102C 5.1 and higher 5.1 and higher | 6.6 and higher| 6.0 and higher
SCXI-1104 6.5 and higher 6.5 and higher | 6.6 and higher N/A
SCXI-1112 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCXI-1120 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1120D 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1121 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1122 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1124 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1125 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCXI-1126 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher
SCXI-1127 6.5.2 and higher| 6.5.2 and higher| 6.6 and higher N/A
SCXI-1140 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1141 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1142 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCXI-1143 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCXI-1160 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1161 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1162 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1162HV 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1163 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-1163R 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SCXI-120¢ 4.8.5 and higher| 5.0 and higher | 6.6 and higher N/A
SCXI-2400 4.9 and higher 5.0 and higher | 6.6 and higher N/A
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh

Accessories | AMUX-64T 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SC-2040 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SC-2042-RTD 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher
SC-2043-SG 4.8.5 and higher| 5.0 and higher | 6.6 and higher| 4.8 and higher

Signal SC-2345 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher

Conditioning

Components SCC-A10 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher

(C‘Sa(r:r?gr';‘”d SCC-AI0L 6.6 and higher | 6.6 and higher | 6.6 and higher N/A
SCC-AI02 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AIO03 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AI04 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AI05 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AI06 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AIO7 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-AI13 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-Al14 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-CI20 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher
SCC-DIO1 6.5 and higher 6.5 and higher | 6.6 and higher N/A
SCC-D0O01 6.5 and higher 6.5 and higher | 6.6 and higher N/A
SCC-FTO01 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher
SCC-LPO1 6.1 and higher 6.1 and higher | 6.6 and higher| 6.1 and higher
SCC-LP02 6.1 and higher 6.1 and higher | 6.6 and higher| 6.1 and higher
SCC-LPO3 6.1 and higher 6.1 and higher | 6.6 and higher| 6.1 and higher
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Table 2-1. LabVIEW DAQ Hardware Support with NI-DAQ (Continued)

NI-DAQ Version Support

Device Type Device Windows 9x Windows NT 4.0 | Windows 2000 Macintosh

Signal SCC-PWRO01 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher

Conditioning

Components SCC-PWRO02 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher

(Csafr?gr';‘”d SCC-PWRO03 6.0 and higher | 6.0 and higher | 6.6 and higher| 6.0 and higher

(Continued) | scc-SG01 6.6 and higher | 6.6 and higher | 6.6 and higher N/A
SCC-SG02 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-SG03 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-SG04 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-SG11 6.6 and higher 6.6 and higher | 6.6 and higher N/A
SCC-TCO01 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher
SCC-TC02 6.0 and higher 6.0 and higher | 6.6 and higher| 6.0 and higher

1 The DAQPad-MIO-16XE-50 and DAQPad-1200 do not work with NEC PC-9800 Series computers. The SCXI-1
works with NEC PC-9800 Series computers ONLY when used with Remote SCXI.

2 Requires LabVIEW/RT.

3 USB and IEEE-1394 devices are supported only on Windows 98 and Windows 2000. There is no support unde

Windows 95 and Windows NT 4.0.

P00

For more information regarding hardware support for LabVIEW, refer to
Appendix B,Hardware Capabilitiesin theLabVIEW Function and VI
Reference Manuabr the LabVIEWOnIline Referengeby selecting

Help»Online Reference
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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.x

You can refer to the online help for specific instructions on how to install
and configure your DAQ device. If you are using WindowNd with
NI-DAQ 6.5 or higher, refer to the help file for Measurement &
Automation Explorer by selectirtdelp»Help Topics»DAQ Help If you

are using an earlier version of NI-DAQ for Windows, you can find the help
file in Start»Programs»LabVIEW»NI-DAQ Configuration Utility

Help. If you are using a Macintosh, you can find the help file intakp
menu of the NI-DAQ Configuration Utility.

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

ke

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 fikHDAQ 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 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 use this number in
LabVIEW as the device number to select that device for any operation.
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Fi=——— NI-DAl ——
1‘.;?’ 4.8.5
#° [Help] [Devices |
Active Devices o i
device: z
niame : PCI-1200
type: 353
bus: FCl
socket:
address: C:20204000
device: 3
niame : PCI-010-96
type: 352
bus: FCl
socket: [
address: Oxc20201000
[

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.

T—i—71o

W

METE————
4.8.5 |

 Devices
Device Configuration

Help

Active DeVITery | Configuration &
device: Errors |
name: FLT=T.200
type: 353
bus: FCI
socket: 1
address: O:20204000
device: 2
name : FCI-D10-25
type: 352
bus: FCI
socket: ci
address: C:20201000
i

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

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.
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Ei— NI-Iil "c"uF
7 4.8.5
#* [Help] [Device Configuration)

] 2 Te]rc 1 200

1/0 Subsystem|ADC 0 |
Polarity[Bipolar | Mode[Refer... |
Range[101  |speed

Accessories[None |

channelf<] 0 [z]
Coupling[DC | Gain[1 |
N

ACHO
ACHZ
ACH4
ACHE
AIGHD
ACGHD
OGHO
FA1
FAZ
FAS
FA7
FE1
FEZ
FES
FE?
FC1
PC3
PCS
PC?
EXTUFDOATE*
auTED
OuTE 1
CLEET
GATEEZ
+5 U

2 [ACH1

4 |ACHZ2

6 [ACHS

2  [ACH?

9 [ 10 [DRCO OUT
11] 12 |DACT OUT
12 | 14 |PRO

15 | 16 |PRZ

17 | 12 |PR4

19 | 20 |PRG
21|22 |PEO

23 | 24 |FBZ2

25 | 26 |FB4

27 | 28 |PBE

29 | 20 |PCO

21| 22 |PC2

22 134 |PC4

25 | 26 |PCE

27 |28 EXTTRIG
29 | 40 |EXTCOHU*
41 | 42 |GATEED
43 | 44 |GARTEE1
45 | 46 |0UTEZ

47 | 48 |CLKEZ

49 | 50 |DGHD

PC1-1200

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

You also can find additional information by clicking 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 choosinigrrors .

@ Note 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.

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 tlgetting Started with SCxhanual,
which contains detailed instructions for assembling your SCXI system,
module jumper settings, cable assemblies, and terminal blocks.
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The following are the basic steps you must complete to assemble your
SCXI system:

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

2. 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.

3. Ifyou 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.

4. 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.

5. Plug the appropriate terminal blocks into the front of each module and
screw them tightly into the chassis frame.

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 need
to connect only 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 must 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.
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NI-DAQ 5.x, 6.x Software Configuration

You can refer to the online help for specific instructions on how to install
and configure your DAQ device. If you are using WindowNg with
NI-DAQ 6.5 or higher, refer to the help file for Measurement &
Automation Explorer by selectirtdelp»Help Topics»DAQ Help If you

are using an earlier version of NI-DAQ for Windows, you can find the help
file in Start»Programs»LabVIEW»NI-DAQ Configuration Utility

Help. If you are using a Macintosh, you can find the help file inHbkp
menu of the NI-DAQ Configuration Utility.

NI-DAQ 4.8.x for Macintosh Software Configuration

To use SCXI with LabVIEW and NI-DAQ 4X8.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.

SI=———— NI-DAl ——

v Devices

- «Device Configuration

_P SCHI Configuration

1/0 Subsyst®
Polarity[Bipolar | Mode|Refer... |

Range[10 1 Spaad

Hccessuries|Nnne |

Channel[=]] 0 [=]
Coupling[DC | Ea|n|l |
$E-2048 s,

Figure 2-6. Accessing the NI-DAQ SCXI Configuration Window
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Figure 2-7 shows NI-DAQ with the SCXI Configuration window selected.

EfI=—=—"a= NI-IRl ————oxg
7 4.8.5
#* [Help][SCHI Configuration |

Chassis[<]] 1 [&]=[scHI-1001 |
Method|Serial | Path{None
Module|=]] 1 [z]=[scHi-1120
Cabled Device|NMone
Operating Mode|Multiplexed
Channell] 0 [z

inpul ?\/‘%9535}?"

Figure 2-7. SCXI Configuration Window in NI-DAQ
Follow these steps to configure your SCXI chassis and modules:

1. Leave theChassiscontrol set tal 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 @iessiscontrol to configure
each subsequent chassis.

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

3. If you have only one chassis, leave Attlelressfield 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 th@&ddressfield.

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

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.

LabVIEW Data Acquisition Basics Manual

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.

Cabled Device—If the module in the current slot dérectly

cabledto a DAQ device in your computer, set this field to the
device number of that DAQ device. Leave@abled Devicefield

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.

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 tHéhannel control for any modules that use

only one gain and filter setting for the entire module.
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Configuring Your Channels in NI-DAQ 5.x, 6.x

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,
standalone DAQ products, or SCXI modules. In NI-DAQ 6.5 or higher, the
DAQ Channel Wizard is integrated into Measurement & Automation
Explorer. In NI-DAQ 5x only 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 quantity 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 uniqgue name that 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.

You can refer to the online help for specific instructions on how to install
and configure your DAQ device. If you are using Window#3 with
NI-DAQ 6.5 or higher, refer to the help file for Measurement & Automation
Explorer by selectingdelp»Help Topics»DAQ Help If you are using an
earlier version of NI-DAQ for Windows, you can find the help file in
Start»Programs»LabVIEW»NI-DAQ Configuration Utility Help . If

you are using a Macintosh, you can find the help file intte menu of

the NI-DAQ Configuration Utility.

Refer to theChannel Name Addressiisgction of Chapter Basic
LabVIEW Data Acquisition Concepfer information about how to use
your named 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.

© National Instruments Corporation 2-21 LabVIEW Data Acquisition Basics Manual



Basic LabVIEW Data
Acquisition Concepts

This chapter explains 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:

» Location of common DAQ examples

e Locating the DAQ Vls in LabVIEW

» DAQ VI organization

* VI parameter conventions

¢« Common DAQ VI parameters

» Default and current value conventions

« Error handling

e Channel, port, and counter addressing

e Limit settings

» 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

The DAQ examples address many common applications involving
data acquisition in LabVIEW. You can find these examples in
labview\examples\daq

(NI-DAQ 5.x, 6.x) There are two ways to locate DAQ examples. One way is
to run the DAQ Solution Wizard. The other way is to run the Search
Examples Online Help, available in LabVIEW version 5.0 and higher. You
can launch either tool from the LabVIEW launch screen.
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The following list briefly describes the VI libraries (designated byitie
file extension) and directories located in tlag directory.

accessories Folder containing VIs that work with specific
accessories.

anlogin Folder containing Vls that perform analog input and
VIs that write or stream acquired data to disk.

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

anlog_io Folder containing Vls for analog 1/O control loops
and simultaneous analog input and output.

counter Folder containing VIs that perform various
counter/timer operations.

digital Folder containing Vls that perform immediate digital
1/0 and digital handshaking.

scxi Folder containing Vls for use with specific SCXI
modules.
solution Folder containing a variety of ready-to-run

application Vils.

run_me.llb Library containing Vls that perform basic operations
concerning analog 1/O, digital 1/0O, 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 choosé&Vindows»Show VI Info for a text description of the

example. You also can chodselp»Show Helpto open thélelp window.
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Locating the Data Acquisition Vis in LabVIEW

You can find the Data Acquisition VIs in tR@nctions palette from your
block diagram in LabVIEW. When you put your cursor over each of the
icons in thed=unctions palette, LabVIEW displays the palette name you are
about to access at the top of fagctions palette. You can find the Data
Acquisition icon near the bottom of tReinctions palette, as shown in

Figure 3-1.
I Functions
D ata Acg 0 Display of Palette Name
¥ G
B=
¥ v
[ET1]z]
R [=E]
“:]}’ / : ’ Data Acquisition Icon
i i o ||
ol A
| B —1HID ata Acquisition
| e |
luali . s —— E"K'E"y'gﬂ"gﬂ"
[ B
e (ST NI
[0

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 means.

Analog Output VIs  Digital /0 Vs

Ii>! Data Acquisition E
Analog Input Vs B tEy, M. HE. Counter Vs
< )
g9’np E
Calibration and E- ¢ B,,,-’
Configuration Vis pireg [ 26

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
o Utility VIs
¢ Advanced Vs

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.

=l Analog Input

[ [1] Al ]
HULT PT || HULTFT | | OME FT || OMEFT | g

Easy Analog Input Vis
acgl| e8RS Y g Inp
coirie|| st || rfho |[s-2tan || ciar Intermediate
o | P | P | E e P Analog Input Vis
et [EZP0 Advanced
v\ Analog Input VIs

Analog Input Utility VIs

Figure 3-3. Analog Input VI Palette Organization

Easy Vls

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

You only need one Easy VI to perform each basic DAQ operation. Unlike
intermediate- and advanced-level Vs, Easy VIs automatically alert you to
errors with a dialog box that allows you to stop the execution of the VI or
to ignore the error.

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

The Intermediate VIs have more hardware functionality and efficiency in
developing your application than the Easy VIs. The Intermediate Vs
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 Vls. 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 inettegnples folder.

Utility Vis

Advanced Vis

The Utility VIs, 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.

The Advanced ViIs are the lowest-level interface to the DAQ driver. Very
few applications require the use of the Advanced Vls. 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 ViIs.

VI Parameter Conventions

In each LabVIEW DAQ VI front panel or Help window, the appearance

of the control and indicator labels denote the importance of that parameter.
Control and indicator names shown in bold are required and must be wired
to a node on the block diagram for your application to run. Parameter
names that appear in plain text are optional and are not necessary for your
program to run. 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 theLabVIEW Function and VI Reference Manlistl parameter names
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in bold to distinguish them from other elements of the text. Default input
values 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 must
wire thedevice (if you are not using channel nameg)annels error in,
anditeration input parameters and tsealed dataanderror out output
parameters. To pass error information from one VI to another, connect the
error out cluster of the current VI to thegror in cluster of the next VI. The
coupling & input config, input limits , output units, andnumber of

AMUX boards input parameters and thaary data output parameter are
optional.

coupling & input config [no...
input limits [no change]

device [1] FEW sraled data
channels [0] = o & binary data
LI errar out

output units [1] —I
errar in (o erar) mr

iteratian [init; 0]

[Furnber of AWMU boards] [ho...

Figure 3-4. LabVIEW Help Window Conventions

Default and Current Value Conventions

To use the DAQ VIs, you should know the difference between a default
input, a default setting, and a current settinglefault inputs the default
value of a front panel control. When you do not wire an input to a terminal
of a VI, the default input for the control associated with that terminal passes
to the driver. In thédelp window, default inputs appear in parentheses to
the right of the parameter namesdéfault settings a default parameter
value recorded in the driver. Tharrent settings the value of a control at
any given moment. The default setting of a control becomes the current
setting and remains so until you change the value of the control.

In many cases, a control input defaults to a certain value (most often 0),
which means you can use the current setting. For example, the default input
for a parameter may la® not change the current setting , and

the current setting may Ine AMUX-64T boards . If you change the value

of such a parameter, the new value becomes the current setting.
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Common DAQ VI Parameters

Thedeviceinput on analog /O, digital I/O, and counter VIs specifies the
number assigned to your DAQ device in the DAQ configuration software.
Your software assigns a unique number to each DAQ devicaléMiee
parameter usually appears as an input to the configuration VIs. Another
common configuration VI outputask ID, assigns your specific

I/O operation and device a unique number that identifies it throughout
your program flow. Theask ID can also contain group information about
the channels and gain used in your operation.

Some DAQ VIs perform either the device configuration or the

I/O operation, while other DAQ VIs perform both configuration and the
operation. The VIs that handle both functions haviéexation input.

When your VI has théeration set to0, LabVIEW configures the

DAQ device and then performs the specific I/O operation. For iteration
values greater than 0, LabVIEW uses the existing configuration to perform
the 1/0 operation. You can improve the performance of your application
by not configuring the DAQ device every time an I/O operation occurs.
Typically, you should wire thigeration input to an iteration terminal in a
loop as shown in the following illustration.

N

[ " aveform 5 can. v
TS
wAYE

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.
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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 containganor 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;atlefor the error, and
sourceor the name of the VI that returned the errogritér in indicates an
error, the VI passes the error informatioretmr out and does not execute
any DAQ functions.

eror in [ho ernor) error out
code code
na errar I ﬂ 0 | o error I 0 |
E0Lrce FOLICE

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

For more information on error handling, refer to Part Wpugging Your
Data Acquisition Applicationin this manual.

Channel, Port, and Counter Addressing

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

for the Counter Vis.

@ Note To simplify the explanation of channel addressing conceptshtirenel list, digital
channel list andcounter list parameters are all referred tochannel listin this section.
Any special exceptions for these parameters are noted.

Each channel you specify in tbkannel 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 ceannel 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
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Online Referenceby selectingHelp»Online Reference for more
information.

Channel Name Addressing

If you use the DAQ Channel Wizard to configure your analog and digital
channels, you can address your channels by name éhaineel 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 Armray Control

ﬂﬂ | |temperature | |pressure | ‘

Channel String Aray Control

=0 | lremperature, pressure | |

Channel String Control

remperature. pressure |

Figure 3-6. Channel String Controls

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

or input config input parameters. Thieviceinput is always ignored
by LabVIEW when using channel names. LabVIEW configures your
hardware in terms of your channel configuration.

@ Tip Unless you need to overwrite your channel name configuration, do nahpirte
limits orinput config. Allow LabVIEW to set them up for you. In addition, LabVIEW
orders and pads the channels specifiezthannel listfor you as needed according to any
special device requirements.
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Channel Number Addressing

If you are not using channel names to address your channels, you can
address your channels by channel numbers iohlthenel list parameter.
Thechannel listcan be an array of strings or, as with the Easy Vs, 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 instarel, iind2

are your channels, you can specify a list of channels in a single element by
separating the individual channels by commas—for exarapie 2

Or, becauseé refers to the first channel in a consecutive channel range and
2 refers to the last channel, you can specify the range by separating the first
and last channels with a colon—for exampte, .

Some Easy and Advanced Digital VIs and Intermediate Counter VIs only
need one port or counter to be specified. For more information, refer to the
LabVIEW Function and VI Reference Manoathe LabVIEWOnNIine
ReferenceYou also can chood¢elp»Show Helpand put your cursor on

the VI to view the VI Help window for the VI you intend to use.

LabVIEW recognizes three types of analog channels on a DAQ device:
onboard, AMUX-64T, and SCXI channels. It recognizes two types of
digital ports and counters: onboard and SCXI. This section describes
addressing onboard channels, ports, and counters. AMUX-64T
addressing is described later in ChaptéFtings You Should Know
about Analog InputSCXI channel, port, and counter addressing is
described in Chapter 18hings You Should Know about SCXI

Onboard channels refer to analog or digital I/0O channels provided by the
plug-in DAQ device. Ik is an onboard channel, you can specify this by
enteringx or OBx as thechannel listelement. Refer to the description of
your device in your hardware user manual for restrictions on channel order.
Figure 3-7 shows several ways you can address onboard chanhels

and2. The top three examples apply to VIs whose channel parameters are
string arrays. The bottom two examples apply to VIs whose channel
parameters are scalar strings.
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Channel String Array Contral

- O |

Channel String Array Control

O N | ]

Channel Sting Armray Control

o — ]

Channel String Contral

0.2

Channel String Contral

n1.2

Figure 3-7. Channel String Array Controls

Note Refer to Appendix BHardware Capabilitiesin theLabVIEW Function and VI

Reference Manudbr the number of channels your device can acquire data from at one
time, or refer to the LabVIEVDnline Referenceby selectingHelp»Online Reference

Limit Settings

© MNational Instruments Corporation

Limit settingsare the maximum and minimum values of the analog
signal(s) you are measuring or generating. The pair of limit setting values
can be unique for each analog input or output channel. For analog input
applications, the limit setting values must be within the range for the
device. For more information on the range for your device, refer to
Chapter 5Things You Should Know about Analog Input

Each pair of limit setting values forms a cluster. Analog output limits have
a third member, the reference source. For simplicity, LabVIEW refers to
limit settings as a pair of values. LabVIEW uses an array of these clusters
to assign limits to the channels in yalmannelstring array.

If you use the DAQ Channel Wizard to configure your analog input
channels, the unit applied to the limit settings is the physical unit you
specified for a particular channel name in the DAQ Channel Wizard.

For example, if you configured a channel in the DAQ Channel Wizard

to have physical units dieg C, the limit settings are treated as limits in
degrees Celsius. LabVIEW configures your hardware to make the
measurement in terms of your channel name configuration. Unless you
need to overwrite your channel name configuration, do not wire this input.
Allow LabVIEW to set it up for you.

LabVIEW Data Acquisition Basics Manual
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@ Note For NI-DAQ 6.5 and higher, the DAQ Channel Wizard is part of Measurement &
Automation Explorer.

If you are not using the DAQ Channel Wizard, the default unit applied to
the limit settings is usually volts, although the unit applied to the limit
settings may be volts, current, resistance, or frequency, depending on the
capability and configuration of your device.

The default range of the device, set in the configuration utility or by
LabVIEW according to the channel name configuration in the
DAQ Channel Wizard, is used whenever you leave the limit settings
terminal unwired or you entérfor your upper and lower limits.

As the previou€hannel, Port, and Counter Addressisection explains,
LabVIEW uses an array of strings to specify which channels belong to a
group. Also, remember LabVIEW lists one channel to as many as all of the
device’s channels in a single array element ircttennel string array.
LabVIEW also assigns all the channels listed @mannelstring array
element the same settings in the correspordirigsettings cluster array
element. Figure 3-8 illustrates one case of this.

Channel 50|73 | &1 | #= &7 I

String

Array

Limit =] high limit I high lirit CF igh lirit

Settings 000 | 2500 | 2100

g:"':;e' low i low fimit lows i
Hl10.00 =/5.00 =\

Figure 3-8. Limit Settings, Case 1

In this example, channets3 (or 0, 1, 2, and 3) are assigned limits of
10.00 to -10.00 . Channel 4 has limits &00 to -5.00 . Channels 5, 6,
and 7 have limit settings af00 to0 0.00 .

If the limit settings cluster array has fewer elements thanctiennel

string array, LabVIEW assigns any remaining channels the limit settings
contained in the last entry of thmit settings cluster array. Figure 3-9
illustrates this case.
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Choenel 0 oz ] T & 7]

Array

Limit E high lirnit

Settings HH0.00

Cluster lows lirit
i H10.00

Figure 3-9. Limit Settings, Case 2

In this example, channels 0, 1, 2, and 3 have limit®®0 to -10.00 .
There are more channels left, but lingit settings cluster array is
exhausted. Therefore, the remaining channels (4, 5, 6, and 7) are also
assigned limits 0£0.00 to —10.00 .

The Easy Analog Input VIs have only one pair of input limits. This pair
forms a single cluster element. If you specify the default limit settings, all
channels scanned with these VIs will have identical limit settings. The Easy
Analog Output VIs do not have limit settings. All the Intermediate Vs,
both analog input and output, have th@annelstring array and thiémit
settings(or input limits) cluster array on the same VI. Assignment of
limits to channels works exactly as described above. Refer tathdEW
Function and VI Reference Manual more information on how to assign
limit settings to a particular analog channel using the Advanced VIs, the
Group Config VI and the Hardware Config VI, or refer to the LabVIEW
Online Referenceby selectingHelp»Online Reference

In analog applications, you not only specify the range of the signal, you
must also specify the range and the polarity of the deviceigolar range

is a range containing either positive or negative values, but never both.
A bipolar rangeis a range that has both positive and negative values.
When a device uses jumpers or DIP switches to select its range and
polarity, you must enter the correct jumper setting in the configuration
utility.

In DAQ hardware manuals and in the configuration utility, you may find
reference to the conceptgdin. Gain is the amplification or attenuation

of a signal. Most National Instruments DAQ devices have programmable
gains (no jumpers), but some SCXI modules require the use of jumpers
or DIP switches. For all DAQ devices used with LabVIEW, the gain is
determined by limit settings. However, for some SCXI modules, you must
enter the gain in the configuration utility.
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Data Organization for Analog Applications

If you acquire data from more than one channel multiple times, the data is
returned as a two-dimensional (2D) array. If you were to create a 2D array
and label the index selectors on a LabVIEW front panel, the array might
look like Figure 3-10.

column

fow %g

Figure 3-10. Example of a Basic 2D Array

The two vertically arranged boxes on the left are the row and column index
selectors for the array. The top index selects a row, and the bottom index
selects a column.

You can organize data for a 2D array in one of two ways. First, you can
organize the data by rows. If the array contained data from analog input
channels, this would mean that each row holds data from one channel.
Selecting a row selects a channel. Selecting a column selects a scan of data.
This ordering method is often referred taas major order When you

create data in a nested For Loop, the inner loop creates a row for each
iteration of the outer loop. If you were to label your index selectors for a
row major 2D array, the array might look like Figure 3-11.

channel g lch, se0 | |ch0, sc1 |ch, sc2 | chO, sc3

scan gl lchl, zc0 | ok, 221 | chi, 2c2 |chi, &3
lch2, se0 | |ch2, sc1 ||ch2, sc2 ||ch2, sc3
lchd, 20 | ch3, sl | ch3, 2c2 | ch3, =03

Figure 3-11. 2D Array in Row Major Order

You also can organize 2D array data by columns. The Analog Input Vis in

LabVIEW organize their data in this way. Each column holds data from one
channel, so selecting a column selects a channel. Selecting a row selects
a scan of data. This ordering method is often calt@dmn major order

If you were to label your index selectors for a column major 2D array, the

array might look like Figure 3-12.
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scan g e0, ch | [sc0.chl | fecO, ch2 | [ec0, ch3
channel 30_UTST ohd | fset, ol | fsot, ch2 | Jse, ch3

lzc2, ok | |zc2, chl | lac2, ch2 | ecZ. ch3
|z, chl | =z chl |[se3 ch2 | s, ch3

Figure 3-12. 2D Array in Column Major Order

To graph a column major order 2D array, you must configure the waveform
chart or graph to treat the data as transposed by turning on this option in the
graph pop-up menu.

@ Note This option appears in gray until you wire the 2D array to a graph. To convert
the data to row major order, sel€ttnctions»Array & Cluster»Transpose 2D Array.

To extract a single channel from a column major 2D array, use the Index
Array function fromFunctions»Array & Cluster. Add a dimension so

that you have two black rectangles in the lower left corner. The top
rectangle selects the row, and the bottom rectangle selects the column. Pop
up on the row rectangle and selB&able Indexing Now, when you select

a column (or channel) by wiring your selection to the bottom rectangle, the
Index Array function produces the entire column of data as a 1D array, as
shown in Figure 3-13.

Calurin major
20 Aray Index Aray

Single Channel

Chatirel

Figure 3-13. Extracting a Single Channel from a Column Major 2D Array

Analog output buffers that contain data for more than one channel are also
column major 2D arrays. To create such an array, first make the data from
each output channel a 1D array. Then select the Build Array function from
Functions»Array & Cluster. Add as many input terminals (rows) to the
Build Array terminal as you have channels of data. Wire each 1D array to
the Build Array terminal to combine these arrays into a single row major
2D array. Then use the Transpose 2D Array function to convert the array to
a column major array.
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The finished array is ready for the AO Write VI, as shown in Figure 3-14.
Channel 0 Transpoze,
E‘_Build Aral
=
Channel 1
[pBL]

Figure 3-14. Analog Output Buffer 2D Array

Calumni major
20 any

[oBL]
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Where You Should Go Next

This chapter directs you to the chapter in the manual best suited to
answer questions about your data acquisition application. You answer

a series of questions that help determine the purpose of your application.
At first, the questions are general and then become more focused until
you are referred to a specific section in the manual dealing with your
type of application.

@ Note This manual is divided into parts. You always should readiregs You Should
Know Abouthapter at the beginning of each part specific to your applicatiorlHihgs
You Should Know Aboghapters teach you about basic concepts dealing with your
application.

Use the following flowchart as a guide as you answer the questions that
follow it. The questions should pinpoint the sections in the manual you
should read for your particular application.
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Plug-in DAQ Device Only

Analyzing
Analog or Digital
Signals?

Analog

Latched

Digital

Latched or
Non-Latched Digital
110?

Type of SCXI

Measuring Device?

/

Read about the DAQ Channel Wizard
in Chapters 2 and 3, and
PartV, SCXI-Getting
Your Signals in Great Condition.

Digital

Counter,

_,(
_,(

Digital or -
Counter Interfacing? Read Chapter 23, Things You

Should Know about Counters.

)
)

Non-Latched

Read Chapter 24, Generating a
Square Pulse or Pulse Train.

Read Chapter 17, Shaking Hands
with a Digital Partner.

( )

4
Read Chapter 16, When You Need
It Now—Immediate Digital I/O.

Read Chapter 25, Measuring
Pulse Width.

C ~( )

Acquisition

Signal Acquisition
or Generation?

Read Chapter 26, Measuring
Frequency and Period.

_,(
_,(

)
)

Generation

Read Chapter 27, Counting Signal
Highs and Lows.

Read Chapter 14, Simultaneous Buffered
Waveform Acquisition and Generation.

Read Chapter 28,

Single

Y

)

Dividing Frequencies.

Single-Point
or Multiple-Point
Generation?

Multiple

Read Chapter 11, One-Stop
Single-Point Generation.

C

Internal or
External?

Internal External

)

Single Single-Point
or Multiple-Point

Acquisition?

)

Read Chapter 6, One-Stop
Single-Point Acquisition.

C

Y

Y Y

Read Chapter 13, Letting an Outside
Source Control Your Update Rate.

Read Chapter 12, Buffering Your
Way through Waveform Generation.

Multiple

Yes Triggering a Signal?

Internal External

Using an Internal
or External Clock?

Read Chapter 8, Controlling
Your Acquisition with Triggers.

C

Read Chapter 7, BufferingYour
Way Through Waveform Acquisition.

Read Chapter 9, Letting an Outside
Source Control Your Acquisition Rate.

)
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Questions You Should Answer

1. Measuring Device—DAQ Device or SCXI Module?

Are you working in a noisy environment? If you are, then you may
have SCXI modules connected to your DAQ device or the parallel port
of your computer. SCXI modules can filter and isolate noise from
signals. They can also amplify low signals. SCXI modules expand the
number of channels to acquire or generate data.

DAQ devices are primarily used alone when extra signal conditioning
is not necessary.

If you are using a DAQ device, then read question 2. If you are using
SCXI, go to Part VSCXI—Getting Your Signals in Great Condition

2. Analog or Digital Signal Analysis?

Does your signal have two discrete values that are TTL signals? If so,
then you have a digital signal. Otherwise, you have an analog signal.
The type of information you would need to know from an analog signal

is the level (discrete value), shape, and frequency content.

3. Analog or Digital Signal Acquisition or Generation?

If you want to measure and analyze signals from a source outside the
computer, you want tacquiresignals. If you want to send signals to

an outside instrument to control its operation, then you want to
generatesignals.

If you want toacquireanalog signals, go to question 5. If you want to
generateanalog signals, refer to question 6. If you want to acquire and
generate analog signals, refer to thging Analog Input/Output

Control Loopssection of Chapter &)ne-Stop Single-Point

Acquisition

If you want to acquire or generatagital signals, read the next
guestion.
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Digital or Counter Interfacing?

Digital I/O interfaces primarily with binary operations, such as turning
external equipment on or off or sense logic states, such as the on/off
position of the switch. Counters generate individual digital pulses or
waves or count digital events, like how many times a digital signal rises
or falls in value.

If you are performing digital I/O, refer to question 9. If you need to use
counters, read question 10.

Single-Point or Multiple-Point Acquisition?

Do you want to acquire a signal value(s) at one time or over a period

of time at a certain rate? If you measure a signal at a given instant of

time, you are performingingle-point acquisitionlf you measure

signals over a period of time at a certain rate, then you are performing
multiple-pointor waveform acquisition

If you want single-point acquisition, refer to Chapte©®ge-Stop
Single-Point Acquisitionlf you want multiple-point acquisition, read
question 7.

Single-Point or Multiple-Point Generation?

Are you outputting a steady (DC) signal or are you generating a
changing signal at a certain rate? A constant or slowly changing signal
output is calledgsingle-point generatianThe output of a changing

signal at a certain rate is calledltiple-pointor waveform generation

If you want to perform single-point generation, refer to Chapter 11,
One-Stop Single-Point Generatidhyou want multiple-point
generation, refer to Chapter Byffering Your Way through
Waveform Generation

Triggering a Signal or Using a Clock?

You can start an analog acquisition when a certain analog or digital
value occurs byriggering the acquisition.

If you want to trigger an analog acquisition, refer to Chapter 8,
Controlling Your Acquisition with Triggers
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8. Multiple-Point Acquisition with an Internal or External Clock?

Multiple point or waveform acquisition can be done at a rate set by an
internal DAQ device clock or an external clock. The external clock will
be a TTL signal produced at a certain rate.

If you want to acquire a waveform at the rate of an external signal, refer
to Chapter 9l_etting an Outside Source Control Your Acquisition

Rate If not, read Chapter Buffering Your Way through Waveform
Acquisition

9. Non-Latched or Latched Digital I/0?

If you want your program to read the latest digital input orimmediately
write a new digital output value, you should use non-latched
(immediate) digital I/O. When a DAQ device accepts or transfers data
after a digital pulse has been received, it is called latched (handshaked)
digital I/O. With latched digital I/O, you can store the values you want
to transfer in a buffer. Only one value will be transferred after each
handshaked pulse.

If you want to use non-latched (immediate) digital 1/0O, refer to
Chapter 16When You Need It Now— Immediate Digital.llfdyou

need to perform latched (handshaked) digital I/O, refer to Chapter 17,
Shaking Hands with a Digital Partner

10. Counters—Counting or Generating Digital Pulses?

If you want to generate digital pulses from a counter at a certain rate,
read Chapter 245enerating a Square Pulse or Pulse Trailigou

want to measure the width of a digital pulse, refer to Chapter 25,
Measuring Pulse Widthf you want to measure the frequency or
period of a digital signal, refer to Chapter ®&asuring Frequency

and Period If you just want to count how many times a digital signal
rises or falls, refer to Chapter ZZounting Signal Highs and LowEo

learn how to slow the frequency of a digital signal, refer to Chapter 28,
Dividing Frequencies
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Part I

Catching the Wave with Analog Input

This section contains 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 Il, Catching the Wave with Analog Inpebntains the following
chapters:

* Chapter 5Things You Should Know about Analog Inmxplains
basic concepts on using analog input with LabVIEW.

e Chapter 60ne-Stop Single-Point Acquisitioshows you how to
acquire one data point from a single channel and then one data point
from each of several channels using LabVIEW, and explains how
software-timing and/or hardware-timing affects the performance of
analog /0.

*  Chapter 7Buffering Your Way through Waveform Acquisition
reviews the different methods of reading multiple channels and
explains how LabVIEW stores the acquired data with each method.

» Chapter 8Controlling Your Acquisition with Triggerexplains how
to set your analog acquisition to occur at a certain time using either
software or hardware triggering methods.

e Chapter 9L etting an Outside Source Control Your Acquisition Rate
shows you how to control your data acquisition rate by some other
external source in your system.
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Things You Should Know
about Analog Input

Hunting has been a part of survival from the beginning of time. People
used to hunt for the things they needed to survive, like food and water.
Today, engineers and scientists use data acquisition to “hunt down” the
information they need to survive in the information age. This chapter
focuses on defining the tools you need to be a successful hunter in the
world of data acquisition.

Defining Your Signal

You and your friends plan a hunting trip for this weekend. What do you
plan to bring with you? This question is really not valid, because you must
know firstwhatyou will be hunting before you pack your fishing pole or
elephant rifle. The same idea applies to scientists and engineers engaged
in the quest for information. You must know the defining characteristics

of what you want to “hunt,” be it a wild animal or an analog signal.

You cannot just say, “I will hunt voltages,” or even “I will hunt analog
voltages.” Voltages come in various forms. This chapter gives you the
terms, tools, and techniques designed to help show you the best way to
catch your wave.

Analog signals can be divided into three categories: DC, time domain, and
frequency domain. You must ask yourself, “Is the information | seek
primarily contained in the level, the shape, or the frequency content of my
signal?” Figure 5-1 illustrates which signals correspond to certain types of
signal information.

DC — ADC/DAC 0.985 Level
(slow) ¢

Analog Signal Time Domain ADC/DAC | T\ | Shape
(fast) {

Frequency Domain —ADC (fast) |M_AA__>f| Freg. Content

Analysis

Figure 5-1. Types of Analog Signals
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You might be saying to yourself, “I know that | have a thermocouple and
that the primary information (temperature) is contained in the level of the
analog voltage. Now | am ready to go hunting!” Well, yousdngostready

to hunt, but you first must figure out a few more signal characteristics
before you can begin. For example, to what is your signal referenced? How
fast does the signal vary with time? The rate you sample determines how
often the A/D conversions take place. A fast sampling rate acquires more
points in a given time, and therefore can often form a better representation
of the original signal than a slow sampling rate. According to the Nyquist
Theorem, you must sample at a rate greater than twice the maximum
frequency component in that signal to get accurate frequency information
about that signal. The frequency at one half the sampling frequency is
referred to as thBlyquist frequencyror more information on the Nyquist
frequency, refer to the secti®@ampling Consideratioria Chapter 11,
Introduction to Analysis in LabVIEVEf theLabVIEW User Manual

What Is Your Signal Referenced To?

Signals come in two formseferencedandnon-referencedignal sources.
More often, referenced sources are said tgrbandedsignals, and
non-referenced sources are cafledting signals.

Grounded Signal Sources

Grounded signal sources have voltage signals that are referenced to a
system ground, such as earth or a building ground. Devices that plug into a
building ground through wall outlets, such as signal generators and power
supplies, are the most common examples of grounded signal sources, as
shown in Figure 5-2.

Ground /77

Figure 5-2. Grounded Signal Sources
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Floating Signal Sources

Floating signal sources contain a signal, such as a voltage, that is not
connected to an absolute reference, such as earth or a building ground.
Some common examples of floating signals are batteries, battery-powered
sources, thermocouples, transformers, isolation amplifiers, and any
instrument that explicitly floats its output signal. Notice that in Figure 5-3
neither terminal of the floating source is connected to the electrical outlet
ground.

Vs

Ground / 7 7

Figure 5-3. Floating Signal Sources

Now that you know how your signal is referenced, read on to learn about
the different systems available to acquire these signals.
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Choosing Your Measurement System

Resolution

Now that you have defined your signal, you must choose a measurement
system. You have an analog signal, so you must convert the signal with an
ADC measurement system, which converts your signal into information
the computer can understand. Some of the issues you must resolve before
choosing a measurement system are your ADC bit resolution, device range,
and signal range.

The number of bits used to represent an analog signal determines the
resolutionof the ADC. You can compare the resolution on a DAQ device
to the marks on a ruler. The more marks you have, the more precise your
measurements. Similarly, the higher the resolution, the higher the number
of divisions into which your system can break down the ADC range, and
therefore, the smaller the detectable change. A 3-bit ADC divides the
range into 2 or 8 divisions. A binary or digital code between 000 and 111
represents each division. The ADC translates each measurement of the
analog signal to one of the digital divisions. Figure 5-4 shows a sine wave
digital image as obtained by a 3-bit ADC. Clearly, the digital signal does
not represent the original signal adequately, because the converter has too
few digital divisions to represent the varying voltages of the analog signal.
By increasing the resolution to 16 bits, however, the ADC’s number of
divisions increases from 8 to 65,53682The ADC can now obtain an
extremely accurate representation of the analog signal.

Amplitude (volts)

16-Bit Versus 3-Bit Resolution
(5 kHz Sine Wave)

10.00
8.75
7.50}--
6.25F
5.00
3.75
2.50
1.25

0 50 100 150 200
Time (us)

Figure 5-4. The Effects of Resolution on ADC Precision
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Device Range

Range refers to the minimum and maximum analog signal levels that the
ADC can digitize. Many DAQ devices feature selectable ranges, so you can
match the ADC range to that of the signal to take best advantage of the
available resolution. For example, in Figure 5-5, the 3-bit ADC, as shown
in the left chart, has eight digital divisions in the range from 0 to 10 V. If
you select a range 0fi6.00 t010.00 V, as shown in the right chart, the
same ADC now separates a 20 V range into eight divisions. The smallest
detectable voltage increases frard5 t02.50 V, and you now have a

much less accurate representation of the signal.

Range =0to 10V Range =-10to 10V

10.00 10.00
8.75 11l 7.50 L
7.50
6.25¢
5.00
3.75
2.50
1.25

Amplitude (volts)
Amplitude (volts)

0 50 100 150 200
Time (us) Time (us)

Figure 5-5. The Effects of Range on ADC Precision
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Signal Limit Settings

Limit settings are the maximum and minimum values of the signal you are
measuring. A more precise limit setting allows the ADC to use more
digital divisions to represent the signal. Figure 5-6 shows an example of
this theory. Using a 3-bit ADC and a device range settirioof to

10.00 V, Figure 5-6 shows the effects of a limit setting between 0 and 5 V
and 0 and 10 V. With a limit setting of 0 to 10 V, the ADC uses only four
of the eight divisions in the conversion. But using a limit settingof 0to 5 V,
the ADC now has access to all eight digital divisions. This makes the digital
representation of the signal more accurate.

10.00 "
8.75
75 110
101
6.25
100
V  5.00
375 011
250 \ 010 [
' Limit Settings 0 to 10 V
105 \ 001 g
0.00 000
10.00
8.75
75
6.25
V 500 Ti7
3.75 150
N 100 Limit Settings 0 to 5 V
2.50 X 011 g
1.25 A 0l
0.00 000
Limit Settings 0 to 5V

Figure 5-6. The Effects of Limit Settings on ADC Precision
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Considerations for Selecting Analog Input Settings

The resolution and device range of a DAQ device determine the smallest
detectable change in the input signal. You can calculate the smallest
detectable change, called ttede width using the following formula.

device range

code width= .
2resolutlon

For example, a 12-bit DAQ device with a 0 to 10 V input range detects a
2.4 mV change, while the same device with a —10 to 10 V input range
detects only a change of 4.8 mV.

device range_ 10

2resolution 212 2.4mv

devicerange _ 20

2resolution 212 = 4.8mV

A high-resolution A/D converter provides a smaller code width given the
device voltage ranges shown above.

devicerange _ 10 _ g5y

resolution 16
2 2

devicerange _ 20 _
2resolution - 2_16 = .3mV

The smaller your code width, the more accurate your measurements
will be.

There are times you must know whether your signals are unipolar or
bipolar. Unipolar signals are signals that range from 0 value to a positive
value (for example, 0 to 5 V). Bipolar signals are signals that range from a
negative to a positive value (for example, -5 to 5 V). To achieve a smaller
code width if your signal is unipolar, specify that the device range is
unipolar, as shown previously. If your signal range is smaller than the
device range, you should set your limit settings to values that more
accurately reflect your signal range. Table 5-1 shows how the code width
of the 12-bit DAQ devices vary with device ranges and limit settings,
because your limit settings automatically adjust the gain on your device.
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Table 5-1. Measurement Precision for Various Device Ranges and Limit Settings
(12-bit A/D Converter)

Device Voltage Range Limit Settings Precisiornt
Otol0V Oto10V 2.44 mV
Oto5V 1.22 mV
Oto25V 610 pv
O0to1.25V 305 pv
OtolV 244 ywv
0to 0.1V 24.4 yv
0to 20 mV 4.88 pv
-5to5V -5t05V 2.44 mV
-251t025V 1.22 mV
-1.25t01.25V 610 pv
-0.6251t0 0.625 V 305 pv
-05t00.5V 244 uwv
-50 to 50 mV 24.4 yv
-10to 10 mV 4.88 pv
-10to 10V -10to 10V 4.88 mV
-Sto5V 2.44 mV
-25t025V 1.22 mV
-1.25t01.25V 610 pv
-1ltolV 488 pv
-0.1t00.1V 48.8 uv
—20to 20 mV 9.76 pv
1The value of 1 Least Significant Bit (LSB) of the 12-bit ADC. In other words, the vol{age
increment corresponding to a change of 1 count in the ADC 12-bit count.

For more information on the device range and limit settings for your device,
refer to the tables in Appendix Bardware Capabilitiesin theLabVIEW
Function and VI Reference Manuat to the LabVIEWOnline Reference
available by selectinglelp»Online Reference In these tables, there is
information on gain settings for each device. For more information on gain,
refer to theLimit Settingssection of Chapter Basic LabVIEW Data
Acquisition Concepts

Now that you know which kind of ADC to use and what settings to use
for your signal, you can connect your signals to be measured. On most
DAQ devices, there are three different ways to configure your device to
read the signals: differential, referenced single-ended (RSE), and
nonreferenced single-ended (NRSE).
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Differential Measurement System

In a differential measurement system, you do not need to connect either
input to a fixed reference, such as earth or a building ground. DAQ devices
with instrumentation amplifiers can be configured as differential
measurement systems. Figure 5-7 depicts the 8-channel differential
measurement system used in the MIO series devices. Analog multiplexers
increase the number of measurement channels while still using a single
instrumentation amplifier. For this device, the pin labeled AIGND

(the analog input ground) is the measurement system ground.

MUX

CHO+ O—————+—0C 0

CH2+ 0————1—0 0

CH1+ 0———+—0 0o

° Instrumentation Amplifier
CH7+ o0———+—0 0O +
MUX +
CHO- O——1—0 O -
Vm
CH2- o0————1—0 O
CHl-o———+—0 0O i
————o0
°

CH7-0—— G o

AIGND

Figure 5-7. 8-Channel Differential Measurement System
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In general, a differential measurement system is preferable because it
rejects not only ground loop-induced errors, but also the noise picked up in
the environment to a certain degree. Use differential measurement systems
when all input signals meet the following criteria:

¢ Low-level signals (for example, less than 1 V)

e Long or non-shielded cabling/wiring traveling through a noisy
environment

* Any of the input signals require a separate ground-reference point or
return signal

An ideal differential measurement system reads only the potential
difference between its two terminals—the positive (+) and negative (-)
inputs. Any voltage present at the instrumentation amplifier inputs with
respect to the amplifier ground is calledeammon-mode voltagén ideal
differential measurement system completely rejects (does not measure)
common-mode voltage, as shown in Figure 5-8.

Grounded Signal Source

Common Mode Voltage, @

Ground Potential, Noise, etc.

Instrumentation Amplifier

+
— _ Measured Voltage
e

Figure 5-8. Common-Mode Voltage

While a differential measurement system is often the best choice, a
single-ended configuration uses twice as many measurement channels.

A single-ended measurement system is acceptable when the magnitude of
the induced errors is smaller than the required accuracy of the data.
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Referenced Single-Ended Measurement System

An RSE measurement system is used to measure a floating signal, because
it grounds the signal with respect to building ground. Figure 5-9 depicts a
16-channel RSE measurement system. You only should use this
measurement system when you need a single-ended system, and your
device does not work with NRSE measurement.

MUX

CHO O————F—0 00—

CH2 o———1—0 0

CHlL o———0 o Instrumentation Amplifier

° +

CH15 o———F—0 o— Vm

ol

AIGND ©

4

Figure 5-9. 16-Channel RSE Measurement System
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Nonreferenced Single-Ended Measurement System

DAQ devices often use a variant of the RSE measurement technique,
known as the NRSE measurement system. In an NRSE measurement
system, all measurements are made with respect to a common reference,
because all of the input signals are already grounded. Figure 5-10 depicts
an NRSE measurement system where AISENSE is the common reference
for taking measurements and AIGND is the system ground. All signals
must share a common reference at AISENSE.

MUX
CHO+ O—————1—0 O—

CHl+ o———0 0

CH2+ o0———+—0 0 Instrumentation Amplifier

® +

CH15+ 0—————0 00— vm

AISENSE © ———O

\/ AIGND

Figure 5-10. 16-Channel NRSE Measurement System

In general, a differential measurement system is preferable because it
rejects not only ground loop-induced errors, but also the noise picked up in
the environment to a certain degree. On the other hand, the single-ended
configuration allows for twice as many measurement channels and is
acceptable when the magnitude of the induced errors is smaller than the
required accuracy of the data.
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You can use single-ended measurement systems when all input signals
meet the following criteria:

* High-level signals (normally, greater than 1 V)

e Short or properly-shielded cabling/wiring traveling through a
noise-free environment (normally, less than 15 ft)

» All signals can share a common reference signal at the source

Use differential connections when your system violates any of the above
criteria.

Channel Addressing with the AMUX-64T

An AMUX-64T external multiplexer device expands the number of
analog input signals a plug-in DAQ device can measure. You can address
AMUX-64T channels when you attach one, two, or four AMUX-64T
devices to a plug-in DAQ device. With this device, you can multiplex four,
eight, or 16 AMUX-64T channels into one device channel. The scanning
order of these AMUX-64T channels is fixed. To specify a range of
AMUX-64T channels, enter the device channel into which the range is
multiplexed in thechannel list For example, if you have no AMUX-64T
devices, &hannel listelement ob specifies device chann@l!If you have

an AMUX-64T device, &hannel listelement of specifies channels
through3 on each AMUX-64T device. Table 5-2 shows the number of
channels available on a DAQ device with an external multiplexer.

Table 5-2. Analog Input Channel Range

Number of Channel Range Channel Range
AMUX-64Ts (Single-Ended) (Differential)
0 0 through 15 0 through 7
1 AM1!0 throughAM1!63 AM1!0 throughAM1!31
2 AM1!0 throughAM1!63, | AM1!0 throughAM1!31,

AM2!0 throughAM2!63 AM2!0 throughAM2!31

4 AM1!0 throughAM1!63, | AM1!0 throughAM1!31,
AM2!0 throughAM2!63, | AM2!0 throughAM2!31,
AM3!0 throughAM3!63, | AM3!0 throughAM3!31,
AM410 throughAM4163 | AM4!0 throughAM4!31
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You specify the number of AMUX devices through the configuration utility
or the Al Hardware Config VI. Refer to th@bVIEW Function and VI
Reference Manualr the LabVIEWOnNline Referenceavailable by
selectingHelp»Online Reference for more information on this VI.

The AMUX-64T Scanning Order

This section explains how LabVIEW scans channels from the AMUX-64T.
You must know this scanning order so that you can determine which analog
input channel LabVIEW scanned during a data acquisition operation.

The scanning counters on the AMUX-64T and on the DAQ device
perform automatic scanning of the AMUX-64T analog input channels.
When you perform a multiple-channel scanned data acquisition with an
AMUX-64T, a counter on the DAQ device switches the DAQ device
multiplexers.

When you connect a single AMUX-64T device to the DAQ device, you
must scan four AMUX-64T input channels for every DAQ device channel.
If you attach two AMUX-64T devices to the DAQ device, LabVIEW

scans eight AMUX-64T channels for every DAQ device input channel.
For example, assume that channels 0 through 3 on AMUX-64T device 1
and channels 0 through 3 on AMUX-64T device 2 are multiplexed together
into DAQ device channel 0. In this case, LabVIEW scans the first four
channels on AMUX-64T device 1, followed by the first four channels on
AMUX-64T device 2.

If you attach four AMUX-64T devices to the DAQ device, LabVIEW

scans 16 AMUX-64T channels for every DAQ device input channel.

For example, channels 0 through 3 on AMUX-64T device 1, 2, 3, and 4 are
multiplexed together into DAQ device channel 0. In this case, LabVIEW
scans the first four channels on device 1, followed by the first four channels
on device 2, the first four channels on device 3, and then the first four
channels on device 4.
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The order in which LabVIEW scans channels depends on the channel list
you specify in the Al Group Config VI. You specify this channel list as

an array of DAQ device channel numbers indicating the order in which
LabVIEW scans the DAQ device channels. When scanning multiple
channels, list only the device channels—not the AMUX-64T channels.
(You only use th&My!x syntax in your channel list when you sample

a single AMUX-64T channel.) LabVIEW then scans four, eight, or

16 channels for every device channel for one, two, or four AMUX-64T
devices, respectively. However, the AMUX-64T has a fixed scanning order.
Table 5-3 shows the order in which LabVIEW scans the AMUX-64T
channels for every DAQ device input channel when you use one or two
AMUX-64T devices. Table 5-4 shows the order in which LabVIEW scans
the AMUX-64T channels for every DAQ device input channel when you
use four AMUX-64T devices.

If you want to scan more than one AMUX-64T channel, you must enter the
device channels in your scan list.

Table 5-3. Scanning Order for Each DAQ Device Input Channel
with One or Two AMUX-64Ts

AMUX-64T Channels
DAQ One Device Two Devices
Device
Channel Device 1 Device 1 Device 2
0 0,123 0,123 0,1,2,3
1 4,5,6,7 4,5,6,7 4,5,6,7
2 8,9, 10,11 8,9, 10,11 8,9, 10,11
3 12, 13, 14, 15 12,13, 14, 15 12, 13, 14, 15
4 16, 17, 18, 19 16, 17,18, 19 16, 17, 18, 19
5 20, 21, 22, 23 20, 21, 22, 23 20, 21, 22, 23
6 24, 25, 26, 27 24, 25, 26, 27 24, 25, 26, 27
7 28, 29, 30, 31 28, 29, 30, 31 28, 29, 30, 31
8 32,33, 34,35 32,33, 34, 35 32,33, 34, 35
9 36, 37, 38, 39 36, 37, 38, 39 36, 37, 38, 39
10 40, 41, 42, 43 40, 41, 42, 43 40, 41, 42, 43
11 44,45, 46, 47 44, 45, 46, 47 44,45, 46, 47
12 48, 49, 50, 51 48, 49, 50, 51 48, 49, 50, 51
13 52, 53, 54, 55 52,53, 54, 55 52, 53, 54, 55
14 56, 57, 58, 59 56, 57, 58, 59 56, 57, 58, 59
15 60, 61, 62, 63 60, 61, 62, 63 60, 61, 62, 63
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Table 5-4. Scanning Order for Each DAQ Device Input Channel with Four AMUX-64Ts

DAQ Device AMUX-64T Channels

Channel Device 1 Device 2 Device 3 Device 4
0 0,1,2,3 0,1,2,3 0,1,2,3 0,1,2,3
1 4,5,6,7 4,5,6,7 4,5,6,7 4,5,6,7
2 8,9,10, 11 8,9,10,11 8,9, 10,11 8,9,10,11
3 12, 13, 14, 15 12, 13, 14, 15 12, 13, 14, 15 12, 13, 14, 15
4 16, 17, 18, 19 16, 17, 18, 19 16, 17, 18, 19 16, 17, 18, 19
5 20, 21, 22, 23 20, 21, 22, 23 20, 21, 22, 23 20, 21, 22, 23
6 24, 25, 26, 27 24,25, 26, 27 24, 25, 26, 27 24,25, 26, 27
7 28, 29, 30, 31 28, 29, 30, 31 28, 29, 30, 31 28, 29, 30, 31
8 32,33,34,35 32,33,34,35 32,33,34,35 32, 33,34,35
9 36, 37, 38, 39 36, 37, 38, 39 36, 37, 38, 39 36, 37, 38, 39
10 40, 41, 42, 43 40,41, 42, 43 40,41, 42, 43 40,41, 42, 43
11 44, 45, 46, 47 44, 45, 46, 47 44,45, 46, 47 44, 45, 46, 47
12 48, 49, 50, 51 48, 49, 50, 51 48, 49, 50, 51 48, 49, 50, 51
13 52,53, 54, 55 52,53, 54, 55 52,53, 54, 55 52,53, 54, 55
14 56, 57, 58, 59 56, 57, 58, 59 56, 57, 58, 59 56, 57, 58, 59
15 60, 61, 62, 63 60, 61, 62, 63 60, 61, 62, 63 60, 61, 62, 63
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To determine which AMUX-64T channels LabVIEW scans and the
scanning order, perform the following steps:

1. Locate the channel for each DAQ device channel in your channel list
in the DAQ Device Channel column in Tables 5-3 or 5-4. Start with the
first device channel and continue through the list in your specified
channel order.

2. Read from left to right along the table row where you located the
channel number to find the AMUX-64T scanning order.

To read a single AMUX-64T channel, use channel spedifigsix . This
specifier returns data from chanredf the AMUX-64T with IDy. To read
more than one AMUX-64T channel, use channel spe@fixy . This
specifier returns data from the AMUX-64T channels that correspond to
device channet through device channgl

When thechannel listcontains a single AMUX-64T channel, you must
also specify the number of the AMUX-64T device, as shown in the
following table.
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Channel List Parameter Channel Specified
AMy!x Channelk on AMUX-64T devicey.
AM4!8 Channel 8 on AMUX-64T device 4.

You refer to AMUX-64T channels only when a single AMUX-64T channel
comprises the entire list. Otherwise, you refer to them indirectly through
the device channels that you use to scan the AMUX-64T channels. Refer to
Appendix B,Hardware Capabilitiesof theLabVIEW Function and VI
Reference Manuabr the LabVIEWOnIline Referengeavailable by
selectingHelp»Online Reference for more information on addressing
AMUX-64T channels.

Refer to theAMUX-64T User Manudbr more information on the external
multiplexer device.

Important Terms You Should Know

The following are some definitions of common terms and parameters that
you should remember when acquiring your data:

» A scanis one acquisition or reading from each channel in your channel
string.

* Number of scans to acquireefers to the number of data acquisitions
or readings to acquire from each channel in the channel string.
Number of samplesis the number of data points you want to sample
from each channel.

e Thescan ratedetermines how many times per second LabVIEW
acquires data from channedgan rateenablesnterval scanning
(a longer interval between scans than between individual channels
comprising a scan) on devices that support this feathiagnel clock
rate defines the time between the acquisition of consecutive channels
in your channel string. For more information on scan and channel
clock rates, refer to ChapterlSstting an Outside Source Control Your
Acquisition Rate

For specific information about the Analog Input VIs, refer to Chapter 14,
Introduction to the LabVIEW Data Acquisition Vis theLabVIEW
Function and VI Reference Manual to the LabVIEWOnline Referenge
available by selectinglelp»Online Reference
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One-Stop Single-Point
Acquisition

This chapter shows you how to acquire one data point from a single channel
and then one data point from each of several channels using LabVIEW.

Single-Channel, Single-Point Analog Input

A single-channel, single-point analog input is an immediate, nonbuffered
operation. In other words, the software reads one value from an input
channel and immediately returns the value to you. This operation does
not require any buffering or timing. You should use single-channel,
single-point analog input when you need one data point from one channel.
An example of this would be if you periodically needed to monitor the fluid
level in a tank. You can connect the transducer that produces a voltage
representing the fluid level to a single channel on your DAQ device and
initiate a single-channel, single-point acquisition whenever you want to
know the fluid level.

For most basic operations, use the Al Sample Channel VI, located in

the Functions»DAQ»Analog Input palette. The Easy Analog Input VI,

Al Sample Channel, measures the signal attached to the channel you
specify on your DAQ device and returns the scaled value. Figure 6-1 shows
how to wire this VI.

i Al
device b

charnel (0]~ ey, 13
bigh limit [n]f o8

[z firmiit (0]

zample

Figure 6-1. Al Sample Channel VI
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If you set up your channel in the DAQ Channel Wizard, you do not need to enter the
device or input limits. Instead, enter a channel name in the channel input, and the value
returned is relative to the physical units you specified for that channel in the DAQ Channel
Wizard. If you specify the input limits, they are treated as being relative to the physical
units of the channel. LabVIEW ignores the device input when channel names are used.
This principle applies throughout this manual.

Figure 6-2 shows how you program the Acquire 1 Point from 1 Channel VI,
located inabview\examples\dag\anlogin\anlogin.llb , using the
Al Sample Channel VI to acquire data.

=0
@
=.
o
@

]
=3
o]
=
=
L

14 Sample Channel.wi
- zample]
abe OHE FT
v [56L]

igh lirvi

=.

2

oy limit

g

Figure 6-2. Acquiring Data Using the Acquire 1 Point from 1 Channel VI

The Acquire 1 Point from 1 Channel VI initiates an A/D conversion on the
DAQ device and returns the scaled value as an outpuhighdimit is the
highest expected level of the signals you want to measurdovhieit is

the lowest expected level of the signals you want to measure. If you want
to acquire multiple points from a single channel, see ChapBarffering

Your Way through Waveform Acquisition

Single-channel acquisition makes acquiring one channel very basic, but
what if you need to take more than one channel sample? For example,
you might need to monitor the temperature of the fluid as well as the fluid
level of the tank. In this case, two transducers must be monitored. You can
monitor both transducers using a multiple-channel, single-point acquisition
in LabVIEW.
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Multiple-Channel Single-Point Analog Input

With a multiple-channel, single-point read (or scan), LabVIEW returns the
value on several channels at once. Use this type of operation when you have
multiple transducers to monitor and you want to retrieve data from each
transducer at the same time. Your DAQ device executes a scan across each
of the specified channels and returns the values when finished. Refer to
Appendix B,Hardware Capabilitiesin theLabVIEW Function and VI
Reference Manuafor the number of channels your device can scan at one
time. You also can refer to the LabVIE®hline Referenceavailable by
selectingHelp»Online Reference

The Easy I/0O VI, Al Sample Channels, acquires single values from
multiple channels. The Al Sample Channels VI performs a single A/D
conversion on the specified channels and returns the scaled values in a
1-dimensional (1D) array. The expected range for all the signals, specified
by high limit andlow limit inputs, applies to all the channels. Figure 6-3
shows how to acquire a signal from multiple channels with this VI.

@ Note Remember to use commas to delimit individual channels in the channel string. Use
a colon to indicate an inclusive list of channels.

&) Sample Chanmels vi
0 = charinel 0 vale

] e R—
Er B

g

channel 1 walue

Figure 6-3. Acquiring a Voltage from Multiple Channels with the Al Sample Channels VI

You can benefit from using the Easy Analog Input VIs because you only
need one icon in your diagram to perform the task, there are only a few
basic inputs to the VIs, and the VIs have built-in error checking. However,
the lack of programming flexibility with these VIs can be a limitation.
Because Easy VIs have only a few inputs, you cannot implement some of
the more detailed features of DAQ devices, such as triggering or interval
scanning. In addition, these VIs always reconfigure at start-up. When you
need a high-speed or efficiently run program, these configurations can slow
down processing time.
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When you need speed and more efficiency, use the Intermediate VIs, which
configure an acquisition only once and then continually acquire data
without re-configuring. The Intermediate Vs also offer more error
handling control, more hardware functionality, and efficiency in developing
your application than the Easy VIs. You typically use the Intermediate Vis
to perform buffered acquisitions. You can read more about buffered
acquisitions in Chapter Buffering Your Way through Waveform
Acquisition The Intermediate Analog Input VI, Al Single Scan VI, does
multiple-channel, single-point acquisitions, as shown in Figure 6-4.

data remaining
tazklD in Al tazkID out

opcode [2read newest] - N L sraled data
time limit in zec [compute:-1] J_ e _I— binary data
output units [zoaled: 1) E acquizition ztate

EIror in [no error) error out

Figure 6-4. The Al Single Scan VI Help Diagram

The Al Single Scan VI returns one scan of data. You can also use this VI to
read only one point if you specify one channel. Use this VI only in
conjunction with the Al Config VI.

Figure 6-5 shows a simplified block diagram for non-buffered applications.
LabVIEW calls the Al Config VI, which configures the channels, selects
theinput limits (thehigh limit andlow limit inputs in the Easy VIs), and
generates t@askiD. The program passes ttzeskID and the error cluster to

the Al Single Scan VI, which returns the data in an array (one point for each
channel specified).

d::jisce;l : a - zcaled ara
5-SEAN [s61]
(3l
channels [0 = o]
[1be]

41 Single 5can.
32 ]|buffer size = 0

Figure 6-5. Using the Intermediate Vs for a Basic Non-Buffered Application
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Figure 6-6 shows how you can program the Al Config and Al Single
Scan VIs to perform a series of single scans by using software timing
(a While Loop) and processing each scan. This example shows the
Cont Acquire&Chart (immediate) VI, which you can find in
labview\examples\dag\anlogin\anlogin.lib

The advantage to using the intermediate-level VIs is that you do not have
to configure the channels every time you want to acquire data as you do
when using the Easy VIs. To call the Al Config VI only once, put it outside
of the While Loop in your program. The Al Config VI configures channels,
selects a high/low limit, and generatesigkiD. Then, the Al Config VI

passes thtaskID and error cluster into the While Loop, where LabVIEW
calls the Al Single Scan VI to retrieve a scan. The program then passes the
returned data to the My Single-Scan Processing VI. With this VI, you can
program whatever processing needs your application calls for, such as
looking for a limit to be exceeded. The VI then passes the data through
the build array function to a waveform chart for display on the front panel.
The Wait Until Next ms Multiple (metronome) function controls the

loop timing. You enter a scan rate, the application converts the value into
milliseconds and passes the converted value to the Wait Until Next ms
Multiple function. The loop then executes at the rate of scanning. The loop
ends when you press the stop button or an when error occurs. Once the loop
finishes, the Simple Error Handler VI displays any errors that occurred.

Read & chart data until an error occurs,
of the stop button pressed.

[ranzpazed wavetorm char]
chanrels [O]]| [ab<] oo oG . S?FTN ER=l— [s6L]

aeEn | . T

[ale] buffer@f
o |m =10 E,
[

interchannel delay i,
in gecs [ -1: kw default PYp— .
Kk

Figure 6-6. The Cont Acq&Chart (Immediate) VI Block Diagram

The previous examples use software-timed acquisition. With this type of
acquisition, the CPU system clock controls the rate at which you acquire
data. Your system clock can be interrupted by user interaction, so if you do
not need a precise acquisition rate, use software-timed analog input.
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Using Analog Input/Output Control Loops

When you want to output analog data after receiving some analog input
data, use analog input/output (1/0) control loops. With control loops, this
process is repeated over and over again.

The single-point analog input and output VIs support several analog

1/0 control loops at once because you can acquire analog inputs from
several different channels in one scan, and write all the analog output values
with one update. You perform a single analog input call, process the analog
output values for each channel and then perform a single analog output
call to update all the output channels.

The following sections describe the two different types of analog I/O
control loop techniquesoftware-timedandhardware-timed analog 1/0

Using Software-Timed Analog I/0 Control Loops

With software-timed analog control loops the analog acquisition rate and
subsequent control loop rate are controlled by a software timer such as the
Wait Until Next ms Multiple timer. The acquisition is performed during
each loop iteration when the Al Single Scan VI is called and the control
loop is executed once for each time interval. Your loop timing can be
interrupted by any user interaction, which means your acquisition rate is
not as consistent as that which can be achieved through hardware-timed
control loops. Generally, if you do not need a precise acquisition rate for
your control loop, software timing is appropriate.

Besides user interaction, a large number or large-sized front panel
indicators, like charts and graphs, affect control loop rates. Refreshing the
monitor screen interrupts the system clock, which controls loop rates.
Therefore, you should keep the number of charts and graphs to a minimum
when you are using software-timed control loops.

An example of software-timed control loops is the Analog 10 Control Loop
(immed) VI located inabview\examples\dag\anlog_io\
anlog_io.llb
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The following diagram shows how to perform software-timed analog 1/0
using the Al Read One Scan and AO Write One Update ViIs.

ranspased wavefarm char]

&0 Channels 081
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loop rate
[zcan rate]
b loops/sec

Figure 6-7. Software-Timed Analog I/0

The Al Read One Scan VI configures your DAQ device to acquire data
from analog input channels 0 and 1. Once your program acquires a data
point from channels 0 and 1, it performs calculations on the data and
outputs the results through analog output channels 0 and 1. Because the
iteration count is connected to the Al Read One Scan and AO Write One
Update Vls, the application configures the DAQ device for analog input and
output only on the first iteration of the loop. The loop rate as well as

the acquisition rate is specified lpop rate. The reason why thactual

loop period is important is because user interaction affects the loop and
acquisition rate. For example, pressing the mouse button interrupts the
system clock, which controls the loop rate. If your analog acquisition rate
for control loops does not need to be consistent, then use software-timed
control loops.

For more control examples, refer to the VIs located in
examples\dag\solution\control.llb

Using Hardware-Timed Analog 1/0 Control Loops

For more precise timing of your control loops, and more precise analog
input scan rate, use hardware-timed control loops.

An example of hardware-timed, non-buffered control loops is the Analog
IO Control Loop (hw timed) VI located ilabview\examples\dag\
anlog_io\anlog_io.llb
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With hardware-timed control loops, your acquisition is not interrupted by
user interaction. Hardware-timed analog input automatically places the
data in your DAQ device FIFO buffer at an interval determined by the
analog input scan rate. You can synchronize your control loop diagram to
this precise analog input scan rate by repeatedly calling the Al Single
Scan VI to read the oldest data in the FIFO buffer.

The Al Single Scan VI returns as soon as the next scan has been acquired
by the DAQ device. If more than one scan is stored in the DAQ device FIFO
buffer when the Al Single Scan VI is called, then the LabVIEW diagram
was not able to keep up with the acquisition rate. You can detect this by
monitoring the data remaining output of the Al Single Scan VI. In other
words, you have missed at least one control loop interval. This indicates
that your software overhead is preventing you from keeping up with your
hardware-timed loop rate. In Figure 6-8, thep too slowBoolean

indicator is set to TRUE whenever this occurs.

_B> Jloop too slow]

ransposed waveform char] 28 Ehannels 0&1
0.1 |-=3 T

input limits [no change]

continuous
acquisition

SGL

loop rate
[zcan rate)
(50 loops/sec)

.......

-
] =Rl
|

Read & chart input data, and control two output channels from first two
input channel: until an emor occurs, or the stop button is pressed.

HOTE: Wfith *i"" wired to A0 Wit One Update,
the hardware iz configured on the first loop iteration anly.
Thiz sigrificantly shortens the call overhead for that ¥, impraving loop time.

Figure 6-8. Analog 10 Control Loop (HW-Timed) VI Block Diagram

In this diagram, the Al Config VI configures the device to acquire data on
channels 0 and 1. The application does not use a buffer created in CPU
memory, but instead uses the DAQ device FIFO buiffput limits (also
known adimit setting$ affects the expected range of the input signals. For
more information on input limits (limit settings), refer to ChapteB&sic
LabVIEW Data Acquisition ConcepfEhe Al Start VI begins the analog
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acquisition at théoop rate (scan rate) parameter. On the first iteration of
the loop, the Al Single Scan VI reads the newest data in the FIFO buffer.
Some data may have been acquired between the execution of the Al Start
and the Al Single Scan VIs. On the first iteration of the loop, the application
reads the latest data acquired between the Al Start and the Al Single Scan
VIs. On every subsequent iteration of the loop, the application reads the
oldest data in the FIFO buffer, which is the next acquired point in the FIFO
buffer.

If more than one value was stored in the DAQ device FIFO buffer when you
read it, your application was not able to keep up with the control loop
acquisition and you have not responded with one control loop interval. This
eventually leads to an error condition, which makes the loops complete.
After the application completes analog acquisition and generation, then the
Al Clear VI clears the analog input task.

Figure 6-8 also includes a waveform chart in the control loop. This reduces
your maximum loop rate. You can speed up the maximum rate of the
control loop by removing this graph indicator.

You easily can add other processing to your analog I/O control loop by
putting the analog input, control loop calculations and analog output in
the first frame of a sequence inside the loop, and additional processing in
subsequent frames of the sequence. Keep in mind that this additional
processing must be less than your control loop interval. Otherwise, you will
not be able to keep up with your control loop rate.

Improving Control Loop Performance

There are some performance issues you should take into account if you plan
to have other Vls or loops execute in parallel with your hardware-timed
control loop. When you call the Al Single Scan VI in a hardware-timed
control loop, the VI waits until the next scan is acquired before returning,
which means that the CPU is waiting inside the NI-DAQ driver until the
scan is acquired. Consequently, if you try to run other LabVIEW Vs or
while loops in the same diagram in parallel with your hardware-timed
control loop, they may run more slowly or intermittently. You can reduce
this problem by putting a software delay, with the Wait (ms) VI, at the end
of your loop after you write your analog output values. Your other
LabVIEW VIls and loops can then execute during this time.

Another good technique is to poll for your analog input without waiting

in the driver. You can set the Al Single Scartivfle limitin secto0. Then,

the VI reads the DAQ Device FIFO buffer and returns immediately,
regardless of whether the next scan was acquired. The Al Single Scan VI
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scaled dataoutput array is empty if the scan was not yet acquired. Poll for
your analog input by using a Wait (ms) or Wait Until Next ms Multiple
function together with the Al Single Scan VI in a While Loop within your
control loop diagram. Set the wait time smaller than your control loop
interval (at least half as small). If teealed dataoutput array is not empty,

exit the polling loop passing out tkealed dataarray and execute the rest

of your control loop diagram. This method does not return data as soon as
the scan has been acquired, as in the example described previously, but
provides ample time for other VIs and loops to execute. This method is a
good technique for balancing the CPU load between several loops and Vls
running in parallel.

For more control examples, refer to the VIs locateekiamples\dag\
solution\control.llb
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If you want to take more than one reading on one or more channels, there
are two techniques you can use depending on what you want to do with the
data after you acquire it. This chapter reviews these different methods and
explains how LabVIEW stores the acquired data with each method. You
will discover which method you should use by answering the following
guestions:

» Do you want to analyze your data as it is being acquired or after it has
been acquired?

« Do you want to acquire a predetermined or indefinite number of data
points?

If you want to analyze your data as it is being measured and the number of
data points does not matter, readBreeYou Need to Access Your Data
during Acquisitionsection in this chapter. If you acquire a predetermined
number of data points and you want to analyze the data after it has been
acquired, refer to th€an You Wait for Your Datagection in this chapter.
Also, throughout the chapter there are some basic examples of some
common DAQ applications that use these two methods.

Can You Wait for Your Data?

One way to acquire multiple data points for one or more channels is to use
the non-buffered methods described in the previous chapter in a repetitive
manner. For example, you could compare this method to a trip to the
grocery store. You need to get 20 items from the store, but because you
can't carry all 20 items at once, you decide you must make 20 separate trips
to the store. Grocery shopping in this manner would be very inefficient and
time consuming. The same applies for when you are acquiring a single data
point from one or more channels over and over. Also, with this method of
acquisition, you do not have accurate control over the time between each
sample or channel. Going back to the example of grocery shopping, it
would be much more efficient to use a shopping bag to hold all 20 food
items at once, so that you only have to make one trip. In the same sense,
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you can use a data buffer in computer memory as your shopping bag with
which you acquire data.

With buffered I/0O, LabVIEW transfers data taken at timed intervals from
a DAQ device to a data buffer in memory. Figure 7-1 illustrates how the
data fills up the buffer only once, however the overall size of the buffer is
specified in your VI. In this illustration, think of as the number of scans

or updates the buffer can hold, ahas the trigger occurrence whether

the trigger is because of an external signal or the start of the execution of
your VI. Refer to Chapter &ontrolling Your Acquisition with Triggers

for more descriptions on triggering your acquisition from another signal.

T
[>| |[—— writing and reading
N

Figure 7-1. How Buffers Work

In your VI, you must specify the number of samples to be taken and the
number of channels from which LabVIEW will take the samples. From this
information, LabVIEW allocates a buffer in memory to hold a number of
data points equal to the number of samples per channel multiplied by the
number of channels. As the data acquisition continues, the buffer fills with
the data. However, the data may not actually be accessible until LabVIEW
acquires all the samples (N). Once the data acquisition is complete, the data
in the buffer can be analyzed, stored to disk, or displayed to the screen by
your VI.

Acquiring a Single Waveform

You can acquire a waveform from a single channel by using the

Al Acquire Waveform VI, shown in Figure 7-2. You can find this VI in
Functions»DAQ»Analog Input. Because Al Acquire Waveform is an
Easy Analog Input VI, it has the minimal number of inputs needed to
acquire a waveform from a single channel. These minimal inputs are the
device channel string number of samplesfrom the channel, and the
sample rate You can programmatically set the gain by setting the

high limit and thdow limit. Using only the minimal set of inputs makes
programming the VI easier, but the VI lacks more advanced capabilities,
such as triggering. Built-in error handling is another useful feature of the
Easy VIs. If an error occurs, the program stops running and notifies you
with a dialog box explaining the error.
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@ Note If you set up your channel in the DAQ Channel Wizard, you do not need to enter the
device or input limits. Instead, enter a channel name in the channel input, and the value
returned is relative to the physical units you specify for that channel in the DAQ Channel
Wizard. If input limits are specified, they also are treated as relative to the physical units of
the channel. LabVIEW ignores the device input when channel names are used. This
principal applies throughout this manual.

device Al waveform

channel (0] "'f_l_ iﬂ*,% [ actual zample period [zec)

rurnber of samples _l_ bt

gample rate [1000 zamplesdsec)
highi lirmit (0]
[ firmiit [0

Figure 7-2. The Al Acquire Waveform VI

Acquiring Multiple Waveforms

You can acquire more than one waveform at a time with another of the Easy
Analog Input Vs, Al Acquire Waveforms, shown in Figure 7-3. This VI
also has a minimal set of inputs, but it allows inputs of more than one
channel to read and returns data from all channels read.

device e waveforms
~f R i
o szf;?;'ll:rl'isz[cﬂk]l =iy actual zcan penod [zec]

gcan rate [1000 zcans/sec)
highi lirnit (1)
[z firmit []

Figure 7-3. The Al Acquire Waveforms VI

Thechannelinput for this VI is a string where you can enter a list of
channels. Refer to ChapterBasic LabVIEW Data Acquisition Concepts
for more information on channel specification in LabVIEW. LabVIEW
outputs a two-dimensional (2D) array in thaveformsoutput for this VI,
where each channel has a different column and the samples are in each
row. See Chapter Basic LabVIEW Data Acquisition Concepfisr more
information on how data is organized for analog applications. You can
set thehigh limit andlow limit inputs for all the channels to the same
value. For more information on gain specifications, refer to Chapter 3,
Basic LabVIEW Data Acquisition Concepltske the other Easy VIs,

you cannot use any advanced programming features with the Al Acquire
Waveforms VI. The built-in error checking of this VI alerts you to any
errors that occur in the program.
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You also can acquire multiple waveforms using the Intermediate VIs.

The Intermediate VIs provide more control over your data acquisition
processes, like being able to read any part of the buffer. An example similar
to Figure 7-4 is the Acquire N Scans VI, locatethbview\examples\
dag\anlogin\anlogin.llb . With these Intermediate Analog Input Vs,
you must wire dasklID to identify the DAQ operation and the set of
channels used in the acquisition and to make sure the VIs execute in the
correct order.

humber of scans transposed
: waawetorm

araph

zcaled data
[saL]

Al 1 [T]
oe| CONFIG et [ | rfho = CLEAR
o | N | ]

[ab<]

Figure 7-4. Using the Intermediate VIs to Acquire Multiple Waveforms

With the Intermediate VIs, can you configure triggering, coupling,
acquisition timing, retrieval, and additional hardware, and control when
each step of the data acquisition process occurs. With the Al Config VI,
you can configure the different parameters of the acquisition, such as the
channels to be read and the size of the buffer to use. In the Al Start VI, you
specify parameters used in your program to start the acquisition, such as
number of scans to acquire, the rate at which your VI takes the data, and the
trigger settings. In the Al Read VI, you specify parameters to retrieve the
data from the data acquisition buffer. Then, your application calls the

Al Clear VI to deallocate all buffers and other resources used for the
acquisition by invalidating theskID. If an error occurs in any of these

VIs, your program passes the error through the remaining VIs to the Simple
Error Handler VI, which notifies you of the error.

For many DAQ devices, the same ADC samples many channels instead of
only one. The maximum sampling rate per channel is

maximum sampling rate
number of channels
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The scan rate input in all the VIs described above is the same as the
sampling rate per channel. To figure out your maximum scan rate, you
must divide the maximum sampling rate by the number of channels.
In Appendix B,Hardware Capabilitiesin theLabVIEW Function

and VI Reference Manuaiaximum sampling rates are listed for each
DAQ device. You also can refer to the LabVIEWline Referenge
available by selectinglelp»Online Reference

@ Note When using the NB-A2100 or the NB-A2150 boards, specifying an odd buffer size
or an odd number of samples when acquiring data with one channel resu(isga
badTotalCountError . To avoid this error, specify an even number of samples and throw
away the extra sample.

Simple-Buffered Analog Input Examples

Following are several different examples of simple-buffered analog input.

Simple-Buffered Analog Input with Graphing

Figure 7-5 show how you can use the Al Acquire Waveforms VI to acquire
two waveforms from channels 0 and 1 and then display the waveforms on
separate graphs. This type of VI is useful in comparing two or more
waveforms, or in analyzing how a signal looks before and after going
through a system. In this illustration, 1,000 scans of channels 0 and 1 are
taken at the rate of 5,000 scans per secondadtual scan periodoutput
displays in the actual timebase on the X-Axis of the graphs. Remember that
each column of the 2D array contains the information for each channel.

device [1]
channel: [01] &) Acquire \Wavelorms. vi Column
Al .
abc HULTFT actual scan period
B °

numnber of samples/ch [1000] Index Array T Channel 1 Graph
“ -----
scan rate (5000 =t

ol Colurnn

Figure 7-5. Simple Buffered Analog Input Example
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If you want to display the data on the same graph, look again at the Acquire
N Scans example VI, found iabview\examples\dag\anlogin\

anlogin.llb . Figure 7-6 shows a simple buffered input application that
uses graphing.

number of scans tranzpozed
o acquie waawetorm
araph
input lirnits|

L=l @

[saL]

116 el coirig [ |strr [ | rfbo — cLbar

channels) 28 e =] S

Figure 7-6. Simple Buffered Analog Input with Graphing

For a 2D array to be displayed on a waveform graph, each row of data must
represent a single plot. This is because waveform graphs are in row-major
order. Because the channel data is in each column, you must transpose the
2D array. Transposing the array can be done easily by popping up on the
front panel of the graph and choosifignspose Array.

Simple-Buffered Analog Input with Multiple Starts

In some cases, you might not want to acquire contiguous data, like in an
oscilloscope application. In this case, you would only want to take a
specified number of samples as a snapshot of what the input looks like
periodically. For an example using the Intermediate VIs, open the Acquire
N-Multi-Start VI found inlabview\examples\dag\anlogin\

anlogin.llb . The Acquire N-Multi-Start VI, shown in Figure 7-7, is
similar to the Acquire N Scans example, except the acquisition only occurs
each time the start button on the front panel is pressed.
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rumber of zcans
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while waiting for buthan
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Figure 7-7. Taking a Specified Number of Samples with the Intermediate Vis

This example is similar to the standard simple buffered analog input VI, but
now both the Al Start and Al Read VIs are in a While Loop, which means
the program takes a number of samples every time the While Loop iterates.

@ Note The Al Read VI returns 1,000 samples, taken at 5,000 samples per second, every
time the While Loop iterates. However, the duration of the iterations of the While Loop can
vary greatly. This means that, with this VI, you can control the rate at which samples are
taken, but you may not be able to designate exactly when your application starts acquiring
each set of data. If this start-up timing is important to your program, re&atiieu Need
to Access Your Data during Acquisitios@ction in this chapter to see how to control
acquisition start-up times.
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Simple-Buffered Analog Input with a Write to Spreadsheet File

If you want to write the acquired data to a file, there are many file formats

in which you can store the data. The spreadsheet file format is used most
often because you can read it using most spreadsheet applications for later
data graphing and analysis. In LabVIEW, you can use VIs to send data to a
file in spreadsheet format or read back data from such afile. You can locate
these VIs inFunctions»File 1/0. The VI used in this example is the

Write to Spreadsheet File VI, shown in Figure 7-8. In this exercise, the
Intermediate analog input VIs acquire an array of data, graph the data using
the actual sample period for the x-axis timebase, and create a spreadsheet
file containing the data.

device (1]

channels (0]

Al Al
= COHFIG ETHRT

— 1 Al —— Al
24 READ CLEAR
A N e | N [ 7] N |

MNo. of Samples [1000]

white To Spreadshest File.vi
B3]
scan rate [b000) ;%
)|
transpose [ T]

Figure 7-8. Writing to a Spreadsheet File after Acquisition

Triggered Analog Input

For information on starting your acquisition with triggers, refer to
Chapter 8Controlling Your Acquisition with Triggers

Do You Need to Access Your Data during Acquisition?

You can apply the simple buffering techniques in many DAQ applications,
but there are some applications where these techniques are not appropriate.
If you need to acquire more data than your computer’s memory can hold,
or if you want to acquire data over long periods of time, you should not use
these simple-buffered techniques. For these types of applications, you
should set up a circular buffer to store acquired data in memory. In the
previous section, buffered input was compared to shopping for groceries.
You typically use a cart or bag (your buffer) to hold as many groceries
(your acquired data) as possible, so that you only have to make one trip to
the store. In this case, imagine that you must prepare a meal and you are
unable to go shopping—yet periodically you need things from the store for
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your recipe. If you send someone else to the store for you, you can continue
to prepare dinner while someone else retrieves the other items you need.
You can compare this scenario to circular-buffered data acquisition, shown
in Figure 7-9. Using a circular buffer, you can set up your device to
continuously acquire data in the background while LabVIEW retrieves the

acquired data.

End of Data

Incoming Data
from the Board
to the PC

End of Data

Current Read N!ark

\4

\4

(Al Start.vi)

W

J\/\W

[
[

Current Read Mark

," Data transferred from PC
\/\/\/ buffer to LabVIEW
' (Al Read.vi)

Current Read Mark

End of Data End of Data

A4

A4 \ 4

Figure 7-9. How a Circular Buffer Works

A circular buffer differs from a simple buffer only in how LabVIEW places
the data into it, and retrieves data from it. A circular buffer is filled with
data, just as a simple buffer. However, when it gets to the end of the buffer,
it returns to the beginning and fills up the same buffer again. This means
data can read continuously into computer memory, but only a defined
amount of memory can be used. Your VI must retrieve data in blocks, from
one location in the buffer, while the data enters the circular buffer at a
different location, so that unread data is not overwritten by newer data.
Because of the buffer maintenance, you can only use the Intermediate or

Advanced VIs with this type of data acquisition.

7-9 LabVIEW Data Acquisition Basics Manual
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While a circular buffer works well in many applications, there are two
possible problems that can occur with this type of acquisition: Your VI
could try to retrieve data from the buffer faster than data is placed into it, or
your VI might not retrieve data from the buffer fast enough before
LabVIEW overwrites the data into the buffer. When your VI tries to read
data from the buffer that has not yet been collected, LabVIEW waits for the
data your VI requested to be acquired and then returns the data. If your VI
does not read the data from the circular buffer fast enough, the VI sends
back an error, advising you that the data that you retrieved from the buffer
is overwritten data.

Continuously Acquiring Data from Multiple Channels

5

You can acquire time-sampled data continuously from one or more
channels with the Intermediate VIs. An example using these Vis is the
Acquire & Process N Scans VI, foundiabview\examples\daq\
anlogin\anlogin.llb . This example is shown in Figure 7-10. There

are inputs for setting the channels, size of the circular buffer, scan rate, and
the number of samples to retrieve from the circular buffer each time. This
VI defaults to a@nput buffer size of 2,000 samples and 1,060mber of

scans to read at a timewhich means the VI reads in half of the buffer's
data while the VI fills the second half of the buffer with new data.

Note Thenumber of scans to reactan be any number less than the input buffer size.

If you do not retrieve data from the circular buffer fast enough, your unread
data will be overwritten by newer data. You can resolve this problem in one
of three ways: by adjusting th@ut buffer size, scan rate or thenumber

of scans to read at a timgarameters. If your program overwrites data in
the buffer, then data is coming into the buffer faster than your VI can read
all of the previous buffer data, and LabVIEW returns an error-€b@i«6
overWriteError . You can increase the size of the buffer so that it takes
longer to fill up, which leaves your VI with more time to read data from it.
If you slow down thescan rate you reduce the speed at which the buffer
fills up, which also leaves more time for your program to retrieve data.
You can also increase thember of scans to read at a timgwhich will
retrieve more data out of the buffer each time and effectively reduce the
number of times to access the buffer before it becomes full. Check the
outputscan backlogto see how many data values remain in the circular
buffer after the read.
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Figure 7-10. Continuously Acquiring Data with the Intermediate VIs

Because this uses Intermediate VIs, you also can control parameters such
as triggering, coupling, and additional hardware.

Asynchronous Continuous Acquisition Using DAQ Occurrences

The main advantage of the last section is that you are free to manipulate
your data between calls to the Al Read VI. One limitation, however,

is that the acquisition is synchronous. This means that once you call the
Al Read VI, you cannot perform any other tasks until the Al Read VI
returns your acquired data. If your DAQ device is still busy collecting data,
you will have to sit idle until it finishes.

If you need the efficiency of not having to wait for the Al Read VI, then
asynchronous acquisition is for you. You can acquire asynchronous
continuous data from multiple channels using the same intermediate
DAQ Vls by adding DAQ Occurrences. Figure 7-11 shows an
example of how to do this. This is the diagram of the Cont Acq&Chart
(Async Occurrence) VI, located iabview\examples\dag\

anlogin\anlogin.llb . Notice that it is very similar to Figure 7-10.

The difference is that here you will use the DAQ Occurrence Config VIl and
the Wait on Occurrence function to control the reads. The first

DAQ Occurrence Config VI sets the DAQ Event. In this example the
DAQ Event is to set the occurrence every time a number of scans is
acquired equal to the value of general vé#lu@here general valukis the
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number of scans to read at a timelnside the While Loop, the Wait on
Occurrence function sleeps in the background until the chi&8€nEvent

takes place. Notice that the timed out output from the Wait on Occurrence
function is wired to the selection terminal of the Case structure that
encloses the Al Read VI. This means that Al Read will not be called until
thenumber of scans to read at a timénave been acquired. The result is
that the While Loop is effectively put to sleep, because you do not try to
read the data until you know it has been acquired. This frees up processor
time to do other tasks while you are waiting for the DAQ Event. If the DAQ
Occurrence times out, the timed out output value would be TRUE, and Al
Read would never be called. When your acquisition is complete, DAQ
Occurrence is called again to clear all occurrences.

1000.00
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Fead & chart data until an eror ocours,
or the stop button pregzed,
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tirned out 7|

[0 Ewent

|+ et the accurence every time a number of scans is acquired equal to the value of general value Al

The "W ait on Occurmence function is told nat ta ignore the occurrence if it iz set before the wait beging. A fast acquisition
may zet the occurence before the timeout iz calculated and the Wait on Occurrence function begins its wait.

Figure 7-11. Continuous Acq&Chart (Async Occurrence) VI
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red Analog Input Examples

The only differences between the simple-buffered applications and
circular-buffered applications in the block diagram isrthmber of scans

to acquireinput of the Al Start VI is set 1@, and you must call the Al Read

VI repeatedly to retrieve your data. These changes can be applied to many
of the examples in the previous section on simple buffered analog input,
however this section reviews the basic circular-buffered analog input VI
here and describes some other example VIs that are included with
LabVIEW.

Basic Circular-Buffered Analog Input

Figure 7-12 shows an example VI that brings data from channel O at a rate
of 1,000 samples/s into a buffer that can hold 4,000 samples. This type of
example might be handy if you wanted to watch the data from a channel
over a long period of time, but you could not store all the data in memory
at once. The Al Config VI sets up the channel specification and buffer size,
then the Al Start VI initiates the background data acquisition and specifies
the rate. Inside the While Loop, the Al Read VI repeatedly reads blocks of
data from the buffer of a size equal to either 1,000 scans or the size of the
scan backlog—whichever one is larger. The VI does this by using the

Max & Min function to determine the larger of the two values. You do not
have to use the Max & Min function in this way for the application to work,
but the function helps control the size of swan backlog which is how

many samples that are left over in the buffer. This VI continuously reads
and displays the data from chan@elntil an error occurs or until you click

the Stop button.

scan backlog] |1 /ansposed
acquisition = aveform
0] Chart
device (1 [se1]
— "=
chatinels (0 [sbc] booood cafipis| ] st rfho 1| oLbhr
o A 1 e B b
4000 zcans
|EE I =
= =]
|EE )] .
zcan rate EE L
1000 zcanssec [132]
Scans to read E """""
at a time [1000 m

Figure 7-12. Basic Circular-Buffered Analog Input Using the Intermediate Vis
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Other Circular-Buffered Analog Input Examples

There are many other circular-buffered analog input Vls that are included
with your LabVIEW application. The following list describes some of
these VIs. You can find the first two VIs labview\examples\
dag\anlogin\anlogin.llb and the rest of the example Vls in
labview\examples\dag\anlogin\strmdsk.llb . For information

on how these examples work and how to modify them, open
Windows»Show VI Information or open the Help window by choosing
Help»Show Help:

Cont Acq & Chart (buffered) VI —Demonstrates circular-buffered
analog input similarly to the previous example, but this VI includes
other front panel inputs.

Cont Acq & Graph (buffered) VI —Is similar to the Cont Acq &
Chart (buffered) VI, except this VI displays data in a waveform graph.

Cont Acq to File (binary) VI—Acquires data through
circular-buffered analog input and stores it in a specified file as binary
data. This process is more commonly called streaming to disk.

Cont Acq to File (scaled) Vi Is similar to the previous binary VI,
with the exception that this VI writes the acquired data to a file as
scaled voltage readings rather than binary values.

Cont Acq to Spreadsheet File VA—Continuously reads data that
LabVIEW acquires in the circular buffer and stores this data to a
specified file in spreadsheet format. You can view the data stored in a
spreadsheet file by this VI in any spreadsheet application.

Simultaneous Buffered Waveform Acquisition
and Waveform Generation

You might discover that along with your analog input acquisition, you also
would like to output analog data. If so, see ChapteBSimultaneous
Buffered Waveform Acquisition and Generation
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Controlling Your Acquisition
with Triggers

The single-point and waveform acquisitions described in the previous
sections start at random times relative to the data. But, there are times that
you may need to be able to set your analog acquisition to start at a certain
time. An example of this would be if you wanted to measure the
temperature of an object after applying heat to it. An electrical thermometer
sends a step voltage to your DAQ device after the heating completes. If you
have no way to begin measuring data immediately after your device
receives the step voltage, then you must acquire more points, some before
the step voltage and some after it in order to capture the data you need. This
solution is an inefficient use of computer memory and disk space, because
you must allocate and use more than is necessary. Sometimes the data you
need may be closer to the front of the buffer and other times it may be closer
to the end of the buffer.

You can start an acquisition based on the condition or state of an analog or
digital signal using a technique calkeidigering. Generally, @rigger is any

event that starts data capture. There are two basic types of
triggering—hardware and software triggering. In LabVIEW, you can use
software triggering to start acquisitions or use it with an external device to
perform hardware triggering.

Hardware Triggering

Hardware triggering lets you set the start time of an acquisition and gather
data at a known position in time relative to a trigger signal. External devices
produce hardware trigger signals. In LabVIEW, you specify the triggering
conditions that must be reached before acquisition begins. When the
conditions are met, the acquisition begins. You can also analyze the data
before the trigger.

There are two types of hardware triggers: digital and analog. In the
following two sections, you will learn about the necessary conditions to
start an acquisition with a digital or an analog signal.
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Digital Triggering

A digital trigger is usually a transistor-transistor logic (TTL) signal having
two discrete levels—a high and a low level. When moving from high to low
or low to high, a digital edge is created. There are two types of edges: rising
and falling. You can set your analog acquisition to start as a result of the
rising or falling edge of your digital trigger signal.

In Figure 8-1, the acquisition begins after the falling edge of the

digital trigger signal. Usually digital trigger signals are connected to
STARTTRIG*, EXTTRIG*, DTRIG, EXT TRIG IN, or PFI pins on your
DAQ device. If you want to know which pin your device has, check your
hardware manual, or refer to the Al Trigger Config VI description in
Chapter 18Advanced Analog Input VIef theLabVIEW Function and VI
Reference Manuakou also can refer to the LabVIE®@hline Reference
available by selectinglelp»Online Reference The STARTTRIG* and
EXTTRIG* pins, which have and asterisk after their names, regard a falling
edge signal as a trigger. Make sure you account for this when specifying
your triggering conditions.

TTL Signal

Connect to STARTTRIG*, EXTTRIG*,
or DTRIG Pins

Falling Edge of Signal \

Data Capture Initiated

Figure 8-1. Diagram of a Digital Trigger

Figure 8-2 shows a timeline of how digital triggering works for
post-triggered data acquisition. In this example, an external device sends a
trigger, or TTL signal, to your DAQ device. As soon as your DAQ device
receives the signal, and your trigger conditions are met, your device begins
acquiring data.
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With NI 406x hardware, start trigger pulses can be generated externally or
internally. The following start trigger pulse sources apply:

»  Software start trigger
e External trigger

External Digital Trigger DAQ
Device Signal Device

DAQ Device waits until digital trigger conditions are met.
Then ...

External Analog Data DAQ
Device oS

Figure 8-2. Digital Triggering with Your DAQ Device
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Digital Triggering Examples

An example of digital triggering is the Acquire N Scans Digital Trig VI,
found inlabview\examples\dag\anlogin\anlogin.llb . This VI,
shown Figure 8-3, uses the Intermediate VIs to perform a buffered
acquisition, where LabVIEW stores data in a memory buffer during
acquisition. After the acquisition completes, the VI retrieves all the data
from the memory buffer and displays it.

|"relative to trigger poinll

trigger type

ruraber of soans|  |pretrigger

o acquire FCans

== transpoged
warveform
araph

reset time
out LED

input lirits;

[E'[Iu]l

zaled datal
[5cL]

-ty

| Al
READ

Al
CONFIG

channels] Y
[ab<]

ooooog

Figure 8-3. Block Diagram of the Acquire N Scans Digital Trig VI

For more information on buffered acquisitions, refer to Chapter 7,
Buffering Your Way through Waveform Acquisition

You must tell your device the conditions on which to start acquiring data.

For this example, thehoose trigger typeBoolean should be set$7ART

OR STOP TRIGGER You should only use th&TART & STOP TRIGGER

when you have two triggers: start and stop. In addition, if you use a

DAQ device with PFI lines (for example, E Series 5102 devices), you can
specify the trigger signal condition in th@gger channel control in the
analog chan & levelcluster.

For more information on valid trigger channel names or two-trigger
applications, refer to the Al Trigger Config VI description, in Chapter 18,
Advanced Analog Input VIsf theLabVIEW Function and VI Reference
Manual or to the LabVIEWOnNline Referenceavailable by selecting
Help»Online Reference
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You can acquire data both before and after a digital trigger signal. If
pretrigger scansis greater than 0, your device acquires data before the
triggering conditions are met and subtractgitegrigger scansvalue from
thenumber of scans to acquirevalue to determine the number of scans to
collect after the triggering conditions are mepr#trigger scansis 0, you
acquire theaumber of scans to acquireafter the triggering conditions

are met.

Before you start acquiring data, you must specify intrigger edgeinput
whether the acquisition is triggered on the rising or falling edge of the
digital trigger signal. You also can specify a value fortitme limit, the
maximum amount of time the VI waits for the trigger and requested data.

Digital Triggering Examples

The Acquire N Scans Digital Trig VI example holds the data in a memory
buffer until your device completes the acquisition. The number of data
points you need to acquire must be small enough to fit in memory. This VI
only views and processes the information after the acquisition. To view and
process information during the acquisition, use the Acquire & Proc N
Scans-Trig VI, found imabview\examples\dag\anlogin\

anlogin.llb . If you expect multiple digital trigger signals that start
multiple acquisitions, use the VI, Acquire N-Multi-Digital Trig, located in
labview\examples\dag\anlogin\anlogin.llb

Figure 8-4 shows an example of using the digital trigger A to start a
buffered acquisition.

|+ relative to tigger point =]

rumber of szans
ko acquine

transpozed
wavefarm

inéut lirmik
Mo L
[E'Iln]l

Al
COHFIE
channels g

—

reset time-
out LED!
Ooooon

....... :l

tirne: lirnit [zec

Figure 8-4. Block Diagram of a VI Acquiring Data On with Digital Trigger A
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You connect analog trigger signals to the analog input channels—the same
channels where you connect analog data. Your DAQ device monitors the
analog trigger channel until trigger conditions are met. You configure the
DAQ device to wait for a certain condition of the analog input signal, like
the signal level or slope (either rising or falling). Once the device identifies
the trigger conditions, it starts an acquisition.

@ Note If you are using channel names configured in the DAQ Channel Wizard, the signal
level is treated as being relative to the physical units specified for the channel. For example,
if you configure a channel calleeimperature  to have a physical unit afeg. C , the
value you specify for the trigger signal level is relative¢g. C . If you are not using
channel names, the signal level is treated as volts.

In Figure 8-5, the analog trigger is set to start the data acquisition on the
rising slope of the signal, when the signal reaches 3.2.

32 +—————

Level and Slope of
Signal Initiates Data Capture

Figure 8-5. Diagram of an Analog Trigger
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Figure 8-6 explains analog triggering for post-triggered data acquisition
using a timeline. You configure your DAQ hardware in LabVIEW to begin
taking data when the incoming signal is on the rising slope and when the
amplitude reaches 3.2. Your DAQ device begins capturing data when the

Chapter 8 Controlling Your Acquisition with Triggers

specified analog trigger conditions are met.

External
Device

Analog Trigger

Signal

DAQ
Device

l

Then ...

l

DAQ Device waits until analog trigger conditions are met.

External
Device

Analog Data [

DAQ
Device

Figure 8-6. Analog Triggering with Your DAQ Device
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Analog Triggering Examples

A common example of analog triggering in LabVIEW is the Acquire

N Scans Analog Hardware Trig VI, locatedabview\examples\
dag\anlogin\anlogin.llb . This VI, as shown in Figure 8-7, uses the
Intermediate VIs to perform buffered acquisition, where data is stored in a
memory buffer during acquisition. After the acquisition completes, the VI
retrieves all the data from the memory buffer and displays it.

= trigger slope
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132
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rezet time-
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Figure 8-7. Block Diagram of the Acquire N Scans Analog Hardware Trig VI

For more information on buffered acquisition, read ChaptBuifering
Your Way through Waveform Acquisition

You must tell your device the conditions on which to start acquiring data.

In LabVIEW, you can acquire data both before and after an analog trigger
signal. If thepretrigger scansis greater than 0, your device acquires data
before the triggering conditions and subtractgfedrigger scansvalue

from thenumber of scans to acquiresalue to determine the number of
scans to collect after the triggering conditions are mptelfigger scans

is 0, then th@umber of scans to acquirewill be acquired after the
triggering conditions are met.

Before you start acquiring data, you must specify inrihger slopeinput
if the acquisition is going to be triggered on the rising or falling edge of the
analog trigger signal. Aside from specifying the slope, you must enter the
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trigger channel where the analog triggering signal will be connected

as well as therigger level on the triggering signal needed to begin
acquisition. Once you specify the channel of the triggering signal,
LabVIEW waits until the slope and trigger level conditions are met before
starting a buffered acquisition. If you use channel names configured in the
DAQ Channel Wizardirigger level is treated as being relative to the
physical units specified for the channel in the DAQ Channel Wizard.
Otherwisetrigger level is treated as volts.

The Acquire N Scans Analog Hardware Trig VI example, located in
labview\examples\dag\anlogin\anlogin.llb , holds the data in a
memory buffer until the device completes data acquisition. The number
of data points you want to acquire must be small enough to fit in memory.
This VI only views and processes the information after the acquisition.

If you need to view and process information during the acquisition, use the
Acquire & Proc N Scans-Trig VI, located labview\examples\dag\
anlogin\anlogin.llb . If you expect multiple analog trigger signals that
will start multiple acquisitions, use the example Acquire N-Multi-Analog
Hardware Trig VI, located itabview\examples\dag\anlogin\

anlogin.llb

Software Triggering

With software triggering, you can simulate an analog trigger using
software. This form of triggering is often used in situations where hardware
triggers are not available. Another name for software triggering signals,
specifically analog signals, @onditional retrieval With conditional

retrieval, you set up your DAQ device to collect data, but the device does
not return any data to LabVIEW unless the data meets your retrieval
conditions. LabVIEW scans the input data and performs a comparison with
the conditions, but does not store the data until it meets your specifications.
Figure 8-8 shows a timeline of events that typically occur when you
perform conditional retrieval.

The read/search position pointer traverses the buffer until it finds the scan
location where the data has met the retrieval conditions. Offset indicates
the scan location from which the VI begins reading data relative to the
read/search position. A negative offset indicates that you need pretrigger
data (data prior to the retrieval conditions). If offset is greater than 0, you
need posttrigger data (data after retrieval conditions).
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Signal Checked for‘

External Trigger Conditions DAQ
Device Device

Rest of Data

When trigger conditions are met (at Scan 4) ...

When Offset =0
read/search position

Scan| Scan| Scan| Scan| Scan | Scan | Scan |Scan
1 2 3 4 5 6 7 8

haN

Start reading data
When Offset <0

read/search position

\4

Scan| Scan| Scan | Scan| Scan | Scan | Scan | Scan
1 2 3 4 5 6 7 8

Offset
Start reading data

When Offset >0
read/search position

v

Scan | Scan| Scan| Scan| Scan | Scan | Scan | Scan
1 2 3 4 5 6 7 8

Offset \

Start reading data

Figure 8-8. Timeline of Conditional Retrieval
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Theconditional retrieval cluster of the Al Read VI specifies the analog
signal conditions of retrieval, as shown in Figure 8-9.

conditional retrieval [off]

miode [off] channel index (0] slope [rizing]  level (0.0
dof | 4o | sisng | #ooo |

hypsteresiz [0.0]  skip count (0] offzet (0]

oo =l o

Figure 8-9. The Al Read VI Conditional Retrieval Cluster

@ Tip The actual data acquisition is started by running your VI and the conditional retrieval
just controls how data already being acquired is returned.

When acquiring data with conditional retrieval, you typically store the data
in a memory buffer, similar to hardware triggering applications. After you
start running the VI, the data is placed in the buffer. Once the retrieval
conditions have been met, the Al Read VI searches the buffer for the
desired information. As with hardware analog triggering, you specify the
analog channel of the triggering signal by specifyinglisnnel index,an
index number corresponding to the relative order of a single channel in a
channel list. You also specify tiséope(rising or falling) and théevel of

the trigger signal.

@ Note The channel index might not be equal to the channel value. You can use the Channel
to Index VI to get the channel index for a channel. You can find this Data
Acquisition»Calibration and Configuration .

The Al Read VI begins searching for the retrieval conditions in the buffer
at the read/search position, another input of the Al Read VIofféet,

a value of theonditional retrieval input cluster, is where you specify the
scan locations from which the VI begins reading data relative to the
read/search position. A negatioffsetindicates data prior to the retrieval
condition pretrigger data, and a positofésetindicates data after the
retrieval condition posttrigger data. Télép countinput is where you
specify the number of times the trigger conditions are methy$teresis
input is where you specify the range you will use to meet retrieval
conditions. Once thslopeandlevel conditions orchannel indexhave
been found, the read/search position indicates the location where the
retrieval conditions were met.
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If you are using channel names configured in the DAQ Channel Wizard,
level andhysteresisare treated as being relative to the physical units
specified for the channel. If you are not using channel names, these inputs
are treated as volts.

For more information on theonditional retrieval input cluster, look at the
Al Read VI description in Chapter 1Btermediate Analog Input Vi
theLabVIEW Function and VI Reference Manualthe LabVIEWOnNline
Referenceavailable by selectingelp»Online Reference

Conditional Retrieval Examples

The Acquire N Scans Analog Software Trig VI example, located in
labview\examples\dag\anlogin\anlogin.llb , uses the
Intermediate VIs, as shown in Figure 8-10.
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Figure 8-10. Block Diagram of the Acquire N Scans Analog Software Trig VI

The main difference between this software triggering example and
hardware triggering is the use of ttanditional retrieval input for the

Al Read VI. You set up thizigger channel, trigger slope, andtrigger
levelthe same way for both triggering methods. Pretrigger scans

value is negated and connected todffset value in theconditional

retrieval cluster of the Al Read VI. When the trigger conditions are met,
the VI returns the requested number of scans.
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Letting an Outside Source
Control Your Acquisition Rate

Typically, a DAQ device uses internal counters to determine the rate to
acquire data, but sometimes you might need to capture your data at the rate
of particular signals in your system. For example, you can also read
temperature channels every time a pulse occurs, which represents pressure
rising above a certain level. In this case, internal counters are inefficient for
your needs. You must control your acquisition rate by some other, external
source.

You can compare a scan of your channels to taking a snapshot of the
voltages on your analog input channels. If you set your scan rate to 10 scans
per second, you are taking 10 snapshots each second of all the channels in
your channel list. In this case, an internal clock within your device (the scan
clock) sets the scan rate, which controls the time interval between scans.

Also, remember that most DAQ devices (those that do not sample
simultaneously) proceed from one channel to the next or from one sample
to the next, depending on the channel clock rate. Therefore, the channel
clock is the clock controlling the time interval between individual channel
samples within a scan, which means the channel clock proceeds at a faster
rate than the scan clock.

The faster the channel clock rate, the more closely in time your system
samples the channels within each scan, as shown in Figure 9-1.

@ Note For devices with both a scan and channel clock, lowering the scan rate does not
change the channel clock rate.

0123 0123 0123
L[] [ [ ]| [ [ [ ]
L | : ]
channel interval scan interval

Figure 9-1. Channel and Scan Intervals Using the Channel Clock
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Some DAQ devices do not have scan clocks, but rathepusd-robin
scanning Figure 9-2 shows an example of round-robin scanning.

o 1 2 3 o0 1 2 3 O 1 2 3

—
channel interval

Figure 9-2. Round-Robin Scanning Using the Channel Clock

The devices that always perform round-robin scanning include, but are not
limited to, the following:

* NB-MIO-16

e PC-LPM-16

* PC-LPM-16PnP
e PC-516

« DAQCard-500

+ DAQCard-516

« DAQCard-700

e Lab-NB, Lab-SE
e Lab-LC

* NI 4060

With no scan clock, the channel clock is used to switch between each
channel at an equal interval. The same delay exists among all channel
samples, as well as between the last channel of a scan and the first channel
in the next scan. For boards with scan and channel clocks, round-robin
scanning occurs when you disable the scan clock by setting the scan rate to
0 and using thénterchannel delayof the Al Config VI to control your
acquisition rate.

LabVIEW isscan-clock orientedn other words, when you select a scan
rate, LabVIEW automatically selects the channel clock rate for you.
LabVIEW selects the fastest channel clock rate that allows adequate
settling time for the ADC.

LabVIEW adds an extra 15 to the interchannel delay to compensate for
any unaccounted factors. However, LabVIEW does not consider this
additional delay for purposes of warnings. If you have specified a scan rate
that is adequate for acquisition but too fast for LabVIEW to apply the
10-us delay, it configures the acquisition but does not return a warning.
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You can set your channel clock rate with iherchannel delayinput of

the Al Config VI, which calls the Advanced Al Clock Config VI to actually
configure the channel clock. The simplest method to select an interchannel
delay is to gradually increase the delay, or clock period, until the data
appears consistent with data from the previous delay setting.

Refer to your hardware manuals for the required settling time for your
channel clock. You can also find the interchannel delay by running the
low-level Al Clock Config VI for the channel clock with no frequency
specified.

Externally Controlling Your Channel Clock

There are times when you might need to control the channel clock
externally. The channel clock rate is the same rate at which analog
conversions occur. For instance, suppose you need to know the strain value
at an input, every time an infrared sensor sends a pulse. Most DAQ devices
have an EXTCONV* pin or a PFI pin on the 1/0 connector for providing
your own channel clock. For NI 48@&eries devices, use the EXTRIG

input pin. This external signal must be a TTL level signal. The asterisk on
the signal name indicates that the actual conversion occurs on the falling
edge of the signal, as shown in Figure 9-3. For devices with PFI lines and
for the NI 40& Series devices, you can select either the rising edge or
falling edge using LabVIEW. With devices that have a RTSI connector,
you can get your channel clock from other National Instruments DAQ
devices.

rising edge falling edge

e

TTL Signal

Figure 9-3. Example of a TTL Signal
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Figure 9-4 shows the Acquire N Scans-ExtChanClIk VI, located in
labview\examples\dag\anlogin\anlogin.llb . This example

demonstrates how to set up your acquisition for an externally controlled

channel clock. The VI includes the Al Clock Config VI and the clock
source was connected to the I/O connector.

Dizable internal clocks

transposed data graph

which clock

[SEL
4+ channel clock 1 [set]
device [1]
C1is || a = 1 A F— A ]
== GOHFIG -Eiﬁ?.’* START READ ——' |CLERR Timad out?|
Ll ] -
channels (0] | M— 4 | . A e

number of scans ime lirmit i
channel clock source  time fimit in sec (5 sec)

to acquire [1000)

For external channel clock-bazed acquisition, the

channel clock rust be reconfigured after calling

- \al Config becausze Al Config internally sets up the

----- channel clock to predetermined default values,
Furthermore, the scan clock is dizabled so that the

Oooooooooon: |channel clock dictates the rate of acguisition,

Signal connection instructions Determining the scan rate

* |f wou have one channel in your channel list, then:

zcan rate = channel clock rate.

" |f pou have more than one channel in your channel

lizt, ther:

gcan rate = channel clock rate / number of channels

Figure 9-4. Getting Started Analog Input Example VI

You can enable external conversions by calling the advanced-level
Al Clock Config VI. Remember that the Al Clock Config VI, which is
called by the Al Config VI, normally sets internal channel delay
automatically or manually with tHaterchannel delay control. However,
calling the Al Clock Config VI after the Al Config VI resets the channel

clock so that it comes from an external source for external conversion.
Also, notice that the scan clock is set to 0 to disable it, allowing the channel

clock to control the acquisition rate.

Note The 5102 devices do not support external channel clock pulses, because there is no
channel clock on the device.
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On most devices, external conversions occur on the falling edge of the
EXTCONV* line. Consult your hardware reference manual for timing
diagrams. On devices with PFI lines (such as E Series devices), you can set
theClock Source Codednput of Al Clock Config VI to the PFI pin with

either falling or rising edge or use the default PFI2/Convert* pin where the
conversions occur on the falling edge, as shown in Figure 9-5.

clock source [ho change)

clock source code [ clock source string |
J no change
= intemnal

1/0 connector

RTSI connection

PFI pin, law to high

PFI pin, high bo low

RTSI pin, low ta high

RTSI1 pin, high to low
GFCTR output, low ta high
GFCTR output, high ta low
ATCOUT, low to high
ATCOUT, high to low

Figure 9-5. Setting the Clock Source Code for External Conversion Pulses
for E Series Devices

@ Note The AT-MIO-16, AT-MIO-16D, NB-MIO-16, and NB-MIO-16X cannot support
both an external channel clock and a digital trigger signal at the same time. You must
choose one or the other.

Because LabVIEW determines the length of time before the Al Read VI
times out based on tleterchannel delayandscan clock rate you may
need to force a time limit for the Al Read VI, as shown previously in
Figure 9-4.

@ Note On the Lab-PC+ and 1200 devices, the first clock pulse on the EXTCONV* pin
configures the acquisition but does not cause a conversion. However, all subsequent pulses
cause conversions.

© National Instruments Corporation 9-5 LabVIEW Data Acquisition Basics Manual



Chapter 9 Letting an Outside Source Control Your Acquisition Rate

Figure 9-6 shows an example of using an external scan clock to perform a
buffered acquisition.
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Figure 9-6. Block Diagram of a VI Acquiring Data On with an External Scan Clock

Externally Controlling Your Scan Clock

External scan clock control might be more useful than external channel
clock control if you are sampling multiple channels, but might not be as
obvious to find because it does not have the input on the I/O connector
labeledExtScanClock , the way the EXTCONV* pin does.

@ Note Some MIO devices have an output on the I/O connector laBeleNCLKwhich is
used for external multiplexing and is not the analog input scan clock. This cannot be used
as an input.
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The appropriate pin to input your external scan clock can be found in

Table 9-1.
Table 9-1. External Scan Clock Input Pins
Device External Scan Clock Input Pin
All E Series Devices Any PFI Pin
(Default: PF17/STARTSCAN)
Lab-PC+ OuUT B1
1200 devices
AT-MIO-16 ouT2
AT-MIO-16F-5
AT-MIO-16X
AT-MIO-16D
AT-MIO-64F-5
@ Note Some devices do not have internal scan clocks and therefore do not support external

scan clocks. These devices include, but are not limited to the following: NB-MIO-16,
PC-LPM-16, PC-LPM-16PnP, PC-516, DAQCard-500, DAQCard-516, DAQCard-700,
NI 4060, Lab-NB, Lab-SE, and Lab-LC.

After connecting your external scan clock to the correct pin, set up
the external scan clock in software. In Figure 9-7, the example
Acquire N Scans-ExtScanClIk VI locatediabview\examples\dag\
anlogin\anlogin.llb shows how to do this. Two Advanced Vs,

Al Clock Config and Al Control, are used in place of the Intermediate
Al Start VI. This allows access to thlck sourceinput. This is necessary
because it allows access to theck source string which is used to
identify the PFI pin to be used for the scan clock for E Series boards. The
clock sourcealso includes thelock source coddon the front panel),
which is set to I1/O connector. Tl wired to the Clock Config VI
disables the internal clock.
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device (1]

channels

I 132

number of scans| [
to acquire [1000]

o o o o o Y w

Digzable internal clock

0.0] pwhich clack transposed voltage graph
[s61]

| A —|— & [ ¢
artral b R Timed out?
B T

time limit in zec [5 sec)

Faor external scan clock-based acquisition, the
zcan clock iz configured after calling

18l Config. Mormally, pou can dao this with Al Start
alone, however, for different types of connections
on the E-series devices, a clock zource string
zpecification iz necessary, and therefore Al Start
iz braken down into its Advanced subcomponents.

Signal connection instructions To add triggering, you must insert the Al Trigger

Config ¥l before Al Control.

Figure 9-7. Externally Controlling Your Scan Clock with the Getting Started
Analog Input Example VI

The NB-MIO-16X cannot support external scan clocks as the other devices
can. The device layout does not allow you to directly provide an external
scan clock. Instead, you can offer a timebase to the internal counter,
counter 5, that generates the scan clock. Do this by sending a timebase into
the SOURCES pin and calling the Advanced VI, Al Clock Config. In
addition, wire thealternate clock ratespecification,as shown in the

following figure, into the Al Clock Config VI.

[ alternate clock rate specification [ho change] ]

clock period tirmebase zighal
*[1.00 | 3500 |

timebase source timebaze divisar
ﬂ|3|:|un:e of counter n | ﬂ|1 |

Remember that thehich clockinput of the Al Clock Config VI should be
set toscan clock (1)

Note You must divide the timebase by some number between 2 and 65,535 or you will get
a bad input value error.
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Chapter 9 Letting an Outside Source Control Your Acquisition Rate

Because LabVIEW determines the length of time before Al Read times out
based on the interchannel delay and scan clock rate, you may need to force
a time limit into Al Read. In Figure 9-7, the time limit is 5 seconds.

Externally Controlling the Scan and Channel Clocks

You can control the scan and channel clocks simultaneously. However,
make sure that you follow the proper timing. Figure 9-8 demonstrates how
you can set up your application to control both clocks.

A which clock [2:.channel clock]  time lmit in gec transpozed data graph
device [1]

Channels [0,1]

Al | Hl |
CONFIG ZTART
] I 4 g

— Al
CLEAR
Y -

number of scans
to acquire [1000)

1/0 connection

Figure 9-8. Controlling the Scan and Channel Clock Simultaneously
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Part i

Making Waves with Analog Output

This section contains basic information about generating data with
LabVIEW, including generating a single point or multiple points.

Part 111, Making Waves with Analog Outpuibntains the following
chapters:

© National Instruments Corporation

Chapter 10Things You Should Know about Analog Outeuplains
how to use LabVIEW to produce all of the different types of analog
output signals.

Chapter 110ne-Stop Single-Point Generati@hows you which Vis
to use in LabVIEW to perform single-point updates.

Chapter 12Buffering Your Way through Waveform Generation
shows you which VIs to use in LabVIEW to perform buffered analog
updates.

Chapter 13| etting an Outside Source Control Your Update Rate
shows you which VIs to use in LabVIEW to control your update rate
with an external source.

Chapter 14Simultaneous Buffered Waveform Acquisition
and Generationdescribes how to perform buffered waveform
acquisition and generation simultaneously on the same DAQ device.
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Things You Should Know
about Analog Output

Some measuring systems require that analog signals be generated by a
DAQ device. Each of these analog signals can be a steady or slowly
changing signal, or a continuously changing waveform. This chapter
describes how to use LabVIEW to produce all of these different types of
signals.

Single-Point OQutput

When the signal level at the output is more important than the rate at which
the output value changes, you need to generate a steady DC value. You can
use the single-point analog output Vls to produce this type of output. With
single-point analog output, any time you want to change the value on an
analog output channel, you must call one of the Vls that produces a single
update (a single value change). Therefore, you can change the output value
only as fast as LabVIEW calls the Vls. This technique is calbétivare

timing. You should use software timing if you do not need high-speed
generation or very accurate timing. Refer to Chapte©Ohk-Stop

Single-Point Generatigrfor more information on single-point output.

Buffered Analog Output

Sometimes in performing analog output, the rate that your updates occur is
just as important as the signal level. This is calladeform generatiqror
buffered analog outpuFor example, you might want your DAQ device to
act as a function generator. You can do this by storing one cycle of sine
wave data in an array and programming the DAQ device to generate the
values continuously in the array one point at a time at a specified rate. This
is known asingle-buffered waveform generatiddut what if you want to
generate a continually changing waveform? For example, you might have
a large file stored on disk that contains data you want to output. Because
LabVIEW cannot store the entire waveform in a single buffer, you must
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Chapter 10 Things You Should Know about Analog Output

continually load new data into the buffer during the generation. This
process requires the useairfcular-bufferedanalog outpuin LabVIEW.
To learn more about single or circular buffering, read Chaptéuffering
Your Way through Waveform Generation
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One-Stop Single-Point
Generation

This chapter shows you which VIs to use in LabVIEW to perform
single-point updates.

Single-Immediate Updates

The simplest way to program single-point updates in LabVIEW is by using
the Easy Analog Output VI, AO Update Channels. Figure 11-1 shows a
diagram of a VI that writes values to one or more output channels on the
output DAQ device.

device]
. NG a0 Update Channels. vi
chatnels [0:
0N20PT
o] i

Figure 11-1. Single Immediate Update Using the AO Update Channels VI

Notice that an array of values is passed as an input to the VI. The first
element in the array corresponds to the first entry in the channel string,
and the second array element corresponds to the second channel entry.
If you use channel names configured in the DAQ Channel Wizard in your
channel stringyaluesis relative to the physical units you specify in the
DAQ Channel Wizard. Otherwisgaluesis relative to volts. For more
information on channel string syntax, refer to Chapt&a3ijc LabVIEW
Data Acquisition ConceptfRemember that Easy Vls already have built-in
error handling.
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Chapter 11 One-Stop Single-Point Generation

While Figure 11-1 shows how to write values for multiple channels,
Figure 11-2 shows the diagram of the Generate 1 Point on 1 Channel VI
located inlabview\examples\dag\anlogout\anlogout.llb
which generates one value for one channel.

device]
o5 Uods Chamnal ]
channel 40 Update Channel. v

A0
output values|
[ab<c] e P
=R [56L]

wvalue o generatel

[56L]

Figure 11-2. Single Immediate Update Using the AO Update Channel VI

If you want more control over the limit settings for each channel, you also
can program a single-point update using the Intermediate Analog

Output VI, AO Write One Update. Figure 11-3 shows an example of using
this VI.

limiit settings|

CETRE
1-UP
o o

zcaled dats

—
wh
]

[

ikeration

Figure 11-3. Single Immediate Update Using Intermediate VI

In this example, your program passes the error information to the Simple
Error Handler VI. Theteration input optimizes the execution of this VI

if you place it in a loop. With Intermediate VIs, you gain more control over
when you can check for errors.

LabVIEW Data Acquisition Basics Manual 11-2 www.natinst.com



Chapter 11 One-Stop Single-Point Generation

Multiple-Immediate Updates

Figure 11-4 shows the block diagram of a VI that performs

multiple updates. The Write N Updates example VI, located in
labview\examples\dag\anlogout\anlogout.llb , is similar to

Figure 11-4. The diagram shown in Figure 11-4 resembles the one shown
in Figure 11-3, except that the While Loop executes the subVI repeatedly
until either the error status or the stop Boolean is TRUE. You can use the
Easy Analog Output VI, AO Write One Update, in a loop, but this is
inefficient because the Easy I/0O VIs configure the device every time they
execute. The AO Write One Update VI configures the device only when the
value of thdteration input is set t@.

Simple Ermor Handler vi

Figure 11-4. Multiple Immediate Updates Using Intermediate VI

Figure 11-4 shows an immediate, software-timed analog output VI
application. This means that software timing in a loop controls the update
rate. One good reason to use immediate, software-timed output is that your
application calculates or processes output values one at a time. However,
remember that software timing is not as accurate as hardware-timed analog
output. For more information on hardware-timed analog output, refer to
Chapter 60ne-Stop Single-Point Acquisition
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Buffering Your Way through
Waveform Generation

This chapter shows you which VIs to use in LabVIEW to perform buffered
analog updates.

Buffered Analog Output

You can program single-buffered analog output in LabVIEW using an Easy
Analog Output VI, AO Generate Waveforms VI, as shown in Figure 12-1.
This VI writes an array of output values to the analog output channels at
a rate specified bypdate rate. For example, i€hannelsconsists of

two channels and theaveforms 2D array consists of two columns
containing data for the two channels, LabVIEW writes values from each
column to the corresponding channels at every update interval. After
LabVIEW writes all the values in the 2D array to the channels, the VI stops.
The signal level on the output channels maintains the value of the final
value row in the 2D array until another value is generated. If you use
channel names configured in the DAQ Channel Wizahannels
waveformsis relative to the units specified in the DAQ Channel Wizard.
Otherwisewaveformsis relative to volts.

Easy VIs contain error handling. If an error occurs in the AO Generate
Waveforms VI, a dialog box appears displaying the error number and
description, and the VI stops running.

[N
@
=,
o
i1

[1]
IIUL'II{:
.

= o
IGE| FE
Z o o
@ 3 2
g @ T
E: @ =
il [l

Figure 12-1. Waveform Generation Using the AO Generate Waveforms VI
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Buffering Your Way through Waveform Generation

As with single-point analog output, you can use the Analog Output

Utility VI, AO Waveform Gen VI, for most of your programming needs.

This VI has several inputs and outputs that the Easy 1/0 VI does not have.
You have the option of having the data array generated once, several times,
or continuously through thgeneration countinput. Figure 12-2 shows an
example diagram of how to program this VI.

F an =]
e

Figure 12-2. Waveform Generation Using the AO Waveform Gen VI

In this example, LabVIEW generates the data in the array two times before
stopping.

The Generate N Updates example VI, locatddtiniew\examples\
dag\anlogout\anlogout.llb , uses the AO Waveform Gen VI. Placing
this VI in a loop and wiring the iteration terminal of the loop to the iteration
input on the VI optimizes the execution of this VI. When iteration is 0,
LabVIEW configures the analog output channels appropriately. If the
iteration is greater than 0, LabVIEW uses the existing configuration, which
improves performance. With the AO Waveform Gen VI, you also can
specify the limit settings input for each analog output channel. For more
information on limit settings, refer to ChapterBsic LabVIEW Data
Acquisition Concepts
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Chapter 12 Buffering Your Way through Waveform Generation

If you want even more control over your analog output application, use the
Intermediate DAQ VIs, as shown in Figure 12-3.

device

IlE [T A [T [T [T
CONFIG WRITE ZTHRT '\.\.-'FII'IQ':| CLEAR
=1+ =]+, =1+ =]+
Pr— s s e o] = VY

[soL]
zaled datal update rate

Figure 12-3. Waveform Generation Using Intermediate VIs

With these VIs, you can set up an alternate update clock source (such as an
external clock or a clock signal coming from another device) or return the
update rate. The AO Config VI sets up the channels you specify for analog
output. The AO Write VI places the data in the buffer, the AO Start VI
begins the actual generation at tipelate rate, and the AO Wait VI waits

until the waveform generation completes. Then, the AO Clear VI clears the
analog channels.

The Generate Continuous Sinewave VI, locatdddview\examples\

dag\anlogout\anlogout.llb , Is similar in structure to Figure 12-3.
This example VI continually outputs a sine waveform through the channel
you specify.

Changing the Waveform during
Generation—Circular-Buffered Output

When the waveform data is too large to fit in a memory buffer or is
constantly changing, usecacular bufferto output the data. You also can
use the Easy Analog Output VIs in a loop to create a circular-buffered
output; but this sacrifices efficiency because Easy VIs configure, allocate,
and deallocate a buffer every time they execute, which causes time gaps
between the data output. Figures 12-4 and 12-5 show two different ways to
perform circular-buffered analog output using the Intermediate VIs in
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Buffering Your Way through Waveform Generation

LabVIEW. Figure 12-4 shows the AO Continuous Gen VI, which is more
efficient than the Easy Analog Output VIs in that it configures and allocates
a buffer when itsteration input is 0 and deallocates the buffer when the
clear generationinput is TRUE.

device]
[abe] ;E:—%n[r::
------- ,@

Figure 12-4. Circular Buffered Waveform Generation Using the AO Continuous Gen VI

With the AO Continuous Gen VI, you can configure the size of the data
buffer and the limit settings of each channel. For more information on how
to set limit settings, refer to ChapterBsic LabVIEW Data

Acquisition Concepts

The Continuous Generation example VI, locatdddniew\examples\
dag\anlogout\anlogout.llb , uses the AO Continuous Gen VI. In this
example, the data completely fills the buffer on the first iteration. On
subsequent iterations, new data is written into one half of the buffer while
the other half continues to output data.

To gain more control over your analog output application, use the
Intermediate VIs shown in Figure 12-5. With these VIs, you can set up an
alternate update clock source and you can monitor the update rate the VI
actually uses. The AO Config VI sets up the channels you specify for
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Chapter 12 Buffering Your Way through Waveform Generation

analog output. The AO Write VI places the data in a buffer. The AO Start VI
begins the actual generation at tipelate rate. The AO Write VI in the
While Loop writes new data to the buffer until you click 8tep button.
Then, the AO Clear VI clears the analog channels.

cantifuoug generation riew data
device
116 AT [T [T [T I [T

Ij =] COMFIG ||= WRITE —— =TRRT S vefime WRIT CLERR
Channelz B =Pt g By B =y

data update rate :

[Ga] stop

m Ga-
-]

Figure 12-5. Circular Buffered Waveform Generation Using Intermediate VIs

The Function Generator VI, locatedlabview\examples\dag\
anlogout\anlogout.llb , iIs a more advanced example than the one
shown in Figure 12-5. This VI changes the output waveform on-the-fly,
responding to changing signal types (sine or square), amplitude, offset,
update rate, and phase settings on the front panel.

Eliminating Errors from Your
Circular-Buffered Application

If you get error number10843 underFlowError , While performing
circular-buffered output, it means your program cannot write data fast
enough to the buffer to output the data at the update rate. To solve this
problem, decrease the speed of the update rate. If adjusting the update rate
does not get rid of the error in your application, increase the buffer size.
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Buffering Your Way through Waveform Generation

Buffered Analog Output Examples

Another example VI in this library you might find helpful, Display and

Output Acq'd File (scaled) VI, is shown in Figure 12-6.

BRI

buffer sizef|(T32])
[buffer siee][[T52] —
# of scans to
read at & tirne| read a full
humber of buffer on
channels first iteration m]
Select File ta in file:
Display: (*.5CL { [561] [saled datal
—
DATASCL :
> Hhytes/scan

Pl True b

fill output buffer and start gene

Tation

|D|c:0ntinu0us geheration

Al
ETART

e,

Al
WRITE

o niot allow regeneration of buffer

[55L|update rate [updates/sec

R

Read. display. and output data until end of file,
an emor occurs, of the STOP button is pressed.

Figure 12-6. Display and Output Acq’d File (Scaled) VI

You can use this VI in conjunction with the Cont Acq to File (scaled) VI,
located inlabview\examples\dag\anlogin\anolgin.llb
Display and Output Acq'd File (scaled) VI also is described in Chapter 7,
Buffering Your Way through Waveform Acquisitidfter running the

Cont Acq to File (scaled) VI and saving your acquired data to disk, you can
run the Display and Output Acq'd File (scaled) VI to generate your data
from the file you created. This example uses circular-buffered output. To
generate data at the same rate at which it was acquired, you must know the
rate at which your data was acquired, and use that aptlage rate.
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Letting an Outside Source
Control Your Update Rate

DAQ devices use internal counters and timers to determine the rate of data
generation. However, you might encounter times when you need to
generate data in synch with other signals in your system. For example, you
might need to output data to a test circuit every time that test circuit emits
a pulse. In this case, internal counter/timers are inefficient for your needs.
You need to control the update rate with your own external source of
pulses.

Externally Controlling Your Update Clock

Chapter 12Buffering Your Way through Waveform Generatimentions

that for more control over your analog output applications, you can use the
Intermediate DAQ VIs. This chapter explains how to use these
Intermediate VIs to generate data using an external update clock.

The update clock controls the rate digital to analog conversions occur.

To control your data generation externally, you must supply this clock
signal to the appropriate pin on the I/O connector of your DAQ device.
The clock source you supply must be a TTL signal. Figure 13-1 shows the
Generate N Updates-ExtUpdateClk VI, locatethview\examples\
dag\anlogout\anlogout.llb , which applies this process.
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Figure 13-1. Generate N Updates-ExtUpdateClk VI

To use an external update clock, you must setltiek sourceof the

AO Start VI tol/O connector . When you connect your external clock,
you find that different DAQ devices use different pins for this input.
However, if you selec@how VI Info in theWindows menu of the example

VI, you find that all the I/O connections are explained for you. These input
pins also are described in Table 13-1.

Table 13-1. External Update Clock Input Pins

Device External Update Clock Input Pin
All E Series Devices Any PFI pin
with analog output (Default: PFI5/UPDATE¥)

Non E Series MIO type deviceg OUT2

Lab-PC+ EXTUPDATE*
1200 devices
AT-AO-6/10

For waveform generation, you must supply an array of waveform data.
The example VI in Figure 13-1 uses data created in the Compute
Waveform VI. When you run the example VI, the data is output on
channel 0 (the DACOOUT pin) of your DAQ device.
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Supplying an External Test Clock from Your DAQ Device

To use an external update clock when you do not have an external clock

available, create an external test clock using outputs from a counter/timer
on your DAQ device, and then wire the output to your external update clock
source.

If your DAQ device has an FOUT or FREQ_OUT pin, you can generate
a 50% duty cycle TTL pulse train using the Generate Pulse Train

on FOUT or FREQ_OUT VI, located iabview\examples\daq\
counte\DAQ-STC.lIb . The advantage of this VI is that it does not use
one of the available counters, which you might need for other reasons.

You can also use the Pulse Train VIs to create an external test clock.
These Vs are located #xamples\dag\counte\DAQ-STC.IIb ,
examples\dag\counter\MI-TIO.llIb,

examples\daqg\counte\Am9513.llb ,and
examples\dag\counten\8253.1Ib
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Simultaneous Buffered
Waveform Acquisition
and Generation

This chapter describes how to perform buffered waveform acquisition and
generation simultaneously on the same DAQ device.

Using E Series MIO Boards

E series devices, such as the PCI-MIO-16E-1, have separate counters
dedicated to analog input and analog output timing. For this reason, they
are the best choice for simultaneous input/output.

Software Triggered

Figure 14-1 shows the block diagram of the Simul Al/AO Buffered
(E Series MIO) VI located itabview\examples\dag\anlog_io\
anlog_io.llb
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continuous acquisition|

scan backlog) |acquired data
[Ese ]

|—1 rffD ofhe
- e A
input channes| )
[abe]
|

input buffer size
ta read at & time

---------
output channel b
(=1 timeout == 77— b

e

i [ == Jve-{]

Compute W aveform. vi

Figure 14-1. Simultaneous Input/Output Using the
Simul Al/AO Buffered (E-series MIO) VI

This example VI uses Intermediate DAQ VIs. This example VI uses the
same VIs you used for analog input in Chapte3ifultaneous Buffered
Waveform Acquisition and GeneratierAl Config, Al Start, Al Read, and

Al Clear—for waveform acquisition. This example VI also uses the same
VIs you used for analog output in Chapter BR@ffering Your Way through
Waveform Generatich-AO Config, AO Write, AO Start, and AO
Clear—for waveform generation here. By following éreor cluster wire,
which enters each DAQ VI on the bottom left and exits on the bottom right,
you can see that because of data dependency, the waveform generation
starts before the waveform acquisition, and each task is configured to run
continuously. This example VI is software triggered because it starts via
software when you click theun button.

Once you call the AO Start and Al Start Vs, the While Loop executes.
Inside the While Loop, the Al Read VI returns acquired data from the
analog input buffer. There is not a call to the AO Write VI inside the While
Loop because it is not needed if the same data from the first AO Write VI
is regenerated continuously. To generate new data each time the While
Loop iterates, add an AO Write VI inside the While Loop. The While Loop
stops when an error occurs or you click 8tep button. Your DAQ device
resources are cleared by calling the Al Clear and AO Clear VIs after the
loop stops.
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Chapter 14 Simultaneous Buffered Waveform Acquisition and Generation

For a complete description, instructions, and 1/0O connections for this VI,
selectwWindows»Show VI Info from the front panel of the VI.

Hardware Triggered

Figure 14-2 shows the diagram of the Simul AI/AO Buffered Trigger
(E-series MIO) VI located ifabview\examples\dag\anlog_io\
anlog_io.llb
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Figure 14-2. Simultaneous Input/Output Using the
Simul Al/AO Buffered Trigger (E-series MIO) VI

Although this VI is similar to the example in Figure 14-1, it is more
advanced because it uses a hardware trigger. The waveform acquisition
trigger is set up with thigigger type input to the Al Start VI set to

digital A (start), and by default this trigger is expected on the PFIO pin.
Hardware triggering for waveform generation requires an additional VI.
The AO Trigger and Gate Config VI is an advanced analog output VI for
E Series boards only. The trigger parameters are set using three inputs. The
trigger or gate sourceis used to choose the source of your trigger, such
as a PFI pin or a RTSI pin. Thegger or gate source specificatioris

used in conjunction with thigigger or gate sourceto choose which PFI

or RTSI pin number to use, such as 0 through 9 for a PFI pin. The

trigger or gate condition is used to select a rising or falling trigger edge.
The default analog output trigger for this example is a rising edge on PFIO.
Because this is the same pin as the analog input trigger, the waveform
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acquisition and generation starts simultaneously. However, they are not
controlled by independent counter/timers, so you can run them at different
rates.

For a complete description, instructions, and 1/0 connections for this VI,
selectWindows»Show VI Info from the front panel of the VI.

Using Legacy MIO Boards

Software Triggered

Legacy MIO devices, such as the AT-MIO-16, have a total of five counters,
of which two or more can be used for data acquisition and generation.
However, certain counters are dedicated to certain tasks, and you must be
aware of this as you design your system.

Figure 14-3 shows the diagram of the Simul AlI/AO Buffered (legacy
MIO) VI located inlabview\examples\dag\anlog_io\
anlog_io.llb

EVICES

input channelz|
[ab<]

zcan backlog

continuous acquisition

input buffer size|

output channel

CEal=1at

I [T
utput buffer size| |1 8%

—' rEhD | c1thr

humber of scang|
to read at a lime

timeout
code

@ [=}
[ nE
==

: o =4
o

amplitude] Fcom ute warveform.vi
5.00! : -

=

Figure 14-3. Simultaneous Input/Output Using the
Simul Al/AQ Buffered (Legacy MIQ) VI
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Because legacy MIO-type boards have only one clock available for signal
acquisition (scan timing) and generation (update timing), the same clock

is used for both. The acquisition usesnter 2 by default. The

generation is set up to use the I/O connector afitteé sourceinput to the

AO Start VI. Because the 1/0 connecsoan clockinput is the OUT2 pin,

which already has the acquisition timing signal on it, no external clock
wiring is required. The result is that the waveform acquisition and
generation start simultaneously and occur at the same rate using the same
clock. Your waveform generation occurs at the same rate as the scan rate
you choose for waveform acquisition.

For a complete description, instructions, and 1/0O connections for this VI,
selectWindows»Show VI Info from the front panel of the VI.

Hardware Triggered

Figure 14-4 shows the diagram of the Simul AlI/AO Buffered Trigger
(legacy MIO) VI located irabview\examples\dag\anlog_io\
anlog_io.llb
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Figure 14-4. Simultaneous Input/Output Using the
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The only difference between this example VI and the example in
Figure 14-3 is th&rigger type input to the Al Start VI is set ttigital A

(start) trigger. This sets up the waveform acquisition for a digital trigger.
Because the waveform generation uses the same counter/timer as the
waveform acquisition, it also is dependent on the digital trigger.

For a complete description, instructions, and 1/0 connections for this VI,
selectWindows»Show VI Info from the front panel of the VI.

Using Labh/1200 Boards

Lab/1200 boards, such as the Lab-PC-1200 or the DAQCard-1200, also
can perform simultaneous waveform acquisition and generation. The
approach is similar to the previous descriptions. Refer to the examples
Simul AI/AO Buffered (Lab/1200) VI and Simul AlI/AO Buffered Trigger
(Lab/1200) VI located itabview\examples\dag\anlog_io\

anlog_io.llb to see how this acquisition and generation is performed.
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Part IV

Getting Square with Digital 1/0

This section describes basic concepts about how to use digital signals
with data acquisition in LabVIEW, including immediate and
handshaked digital I/0.

Part IV, Getting Square with Digital I/Ocontains the following chapters:

» Chapter 15Things You Should Know about Digital |/€xplains basic
concepts of digital 1/O.

e Chapter 16yWhen You Need It Now— Immediate Digital,lé®@plains
how to use digital lines to acquire and generate data immediately.

* Chapter 17Shaking Hands with a Digital Partneshows you how
you can synchronize digital data transfers between your DAQ devices
and instruments.
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Things You Should Know
about Digital 1/0

Digital I/O interfaces are often used to control processes, generate patterns
for testing, and communicate with peripheral equipment like heaters,
motors, and lights. Digital I/O components on DAQ devices and

SCXI modules consist of hardware parts that generate or accept binary
on/off signals. As shown in the diagram below, all digital lines are grouped
into ports on DAQ devices and banks on SCXI modules. The number of
digital lines per port or bank is specific to the particular device or module
used, but most ports or banks consist of four or eight lines. Except for the
6533 in immediate mode, TIO-10, and E Series devices, all lines within the
same port or bank must all be of the same direction (either input or output),
as shown in Figure 15-1. By writing to or reading from a port, you can set
or retrieve simultaneously the states of multiple digital lines. Refer to
Appendix B,Hardware Capabilitiesof theLabVIEW Function and VI
Reference Manualour hardware user manual, or refer to the LabVIEW
Online Referenceby selectingHelp»Online Reference for port

information on your device.

Output Lines
Data latches Out[ﬁPort
and drivers el >
—>
Data latches p%
and drivers -
<4
Input Lines
Device or Module

Figure 15-1. Digital Ports and Lines
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Chapter 15 Things You Should Know about Digital I/0

Types of Digital Acquisition/Generation

There are two types of digital acquisition/generatioertatched
(orimmediatg andlatched(or handshaked With nonlatched or

immediate digital I/O, your system updates the digital lines immediately.
Latched or handshaked digital I/O is when a device or module accepts or
transfers data after a digital pulse has been received. There are two types
of latched (handshaked) digital I/0: nonbuffered and buffered. Not all
devices and modules support latched (handshaked) digital I/0. Refer to the
hardware tables in Appendix Bardware Capabilitiesof theLabVIEW
Function and VI Reference Manugbur hardware manual, or refer to the
LabVIEW Online Referengeby selectindHelp»Online Referenceto see

if your device or module supports it.

For specific information about the Digital I1/O Vls, refer to Chapter 14,
Introduction to the LabVIEW Data Acquisition Vis theLabVIEW
Function and VI Reference Manual, refer to the LabVIEWDnline
Referencgby selectingHelp»Online Reference
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When You Need It Now—
Immediate Digital 1/0

This chapter focuses on transferring data across a single port. The most
common way to use digital lines is with nonlatched (immediate) digital 1/0.
All DAQ devices and SCXI modules with digital components support
this mode.

When your program calls a function in nonlatched digital I/O mode,
LabVIEW immediately updates the digital line or port output state or
returns the current digital value of an input line, depending on the digital
line direction. LabVIEW inputs or outputs only one value on each digital
line in this mode. You can completely configure port (and for some devices,
line) direction in software, and you can switch directions repeatedly in a
program.

An example of when you might use nonlatched (immediate) digital /O is
in controlling or monitoring relays. You can also use multiple ports or
groups of ports to perform digital I1/O functions. In order to group digital
ports, you must use Intermediate or Advanced Vls in LabVIEW. You can
read more about grouping multiple digital ports in the next chapter,
Chapter 17Shaking Hands with a Digital Partner

You can use the Easy Digital VIs for nonlatched digital I/O. Figure 16-1
shows the Easy VIs and their various inputs and outputs. The four Easy VIs
can read data from or write data to a single digital line or to an entire port
immediately. For an example of how to use the Easy Digital VIs, refer to
the Read 1 Point from Digital Line and Write 1 Point to Digital Line VIs in
labview\examples\daqg\digital\digio.llb . Use the Easy

Digital VIs for most digital testing purposes. All of the Easy Digital VIs
have error reporting.
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Chapter 16 When You Need It Now— Immediate Digital I/0

port width port width|[T2e ]|
_ e
_ E digital channel B
digital channel = L
- == ]
-
- ||ne State
lteration iteration
Fead from Digital Line 1 Write to Digital Line VI
port width poit width
— e
FURT patten digital channel B
digital channel B
iteration
Write from Digital Port W1 Write to Port VI

Figure 16-1. The Easy Digital VIs

If you have configured channels using the DAQ Channel Wizard,

digital channel can consist of a digital channel name. The channel name
may refer to either a port or a line in a port. You do not need to specify
device line, orport width because these inputs are not used by LabVIEW
if a channel name is specifieddigital channel. For more information
about using the DAQ Channel Wizard to configure your channels, refer to
the Configuring Your Channels in NI-DAQ 5.x, &e&ction of Chapter 2,
Installing and Configuring Your Data Acquisition HardwaF®r more
information about using channel names, refer taCthennel Name
Addressingsection of Chapter Basic LabVIEW Data

Acquisition Concepts

As an alternativeligital channelcan consist of a port number. The port
number specifies the port of digital lines that you will use during your
digital operation. In this case, you must also spegfyice line, and

port width where applicable to further define your digital operation.
Thedeviceinput identifies the DAQ device you are using. Tihe input

is an individual port bit or line in the port specifieddigital channel. The

port width input specifies the number of lines that are in the port you are
using.
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Chapter 16 When You Need It Now— Immediate Digital I/0

Thepattern or line stateis the value(s) you want to read from or write to

a device. Pattern values can be displayed in decimal (default), hexadecimal,
octal, or binary form. Refer to ChapteNjmeric Controls and Indicators

in theG Programming Reference Mandal instructions on how to change
the display of a numeric control or indicator. Titegation input optimizes
your digital operation. Wheiteration is 0 (the default value), LabVIEW
calls the DIO Port Config VI (an Intermediate VI) to configure the port. If
iteration is greater than, LabVIEW uses the existing configuration,

which improves performance. You can wire this input to an iteration
terminal of a loop. Every timiéeration is 0, you call the DIO Port

Config VI, which configures the port and, for many devices, resets the
digital line values to their default values. If you want to use the same digital
values from one loop iteration to another,tgation to0 only for the first
iteration of the loop, then change it to a value greater@han

If you are using an SCXI module for nonlatched digital /0O and are not
using channel names, refer to ®@XI Channel Addressirsgction in
Chapter 20special Programming Considerations for SCisr
instructions on how to specify port numbers.
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Shaking Hands with
a Digital Partner

If you want to pass a digital pattern after receiving a digital pulse, you
should usdatched digital 1/Q also callechandshakingFor example, you
might want to acquire an image from a scanner. The scanner sends a pulse
to your DAQ device after the image has been scanned and it is ready to
transfer the data. Then, your DAQ device reads a digital pattern, perhaps 8,
16, or 32 bits in width. Your DAQ device then sends a pulse to the scanner
to let it know the digital pattern has been read. The scanner sends out
another pulse when it is ready to send another digital pattern. After your
DAQ device receives this digital pulse, it reads the data. This process
repeats until all the data is transferred. Handshaking gives you the ability
to synchronize digital data transfer between your DAQ device and
instrument.

Many DAQ devices support digital handshaking, including the following:
» DIO-32 devices
— 6533 (DIO-32HS) devices
— DIO-32F
» 8255-based devices
— 6503 (DIO-24) devices
— 6507/6508 (DIO-96) devices
— 6025E devices
— AT-MIO-16DE-10
— 1200 Series devices
— Lab Series devices

@ Note Combining channel names configured in the DAQ Channel Wizard and handshaking
are not supported.
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Chapter 17 Shaking Hands with a Digital Partner

Another example of when you can use handshaking is testing the durability
of a product prototype. Each durability test would be performed with a
different piece of machinery for the same amount of time. For each test,
you can turn the machinery on and off with a specific variation of
handshaked digital I/O, known pattern 1/Q Internal counters would

serve to generate the handshaking signal that initiates a digital transfer.
Counters output digital pulses at a steady frequency. Thus, you can
generate and retrieve patterns at a constant rate because the handshaking
signal would be produced at a constant rate. However, you can use this rate
only if the instrument or external hardware does not require a two-way
REQ/ACK handshake for its data transfers. Only the DIO-32 devices
(6533, DIO-32HS, and DIO-32F) support pattern I/O.

If you have an external signal controlling your digital I/O operation,

you should connect the outside signal to the 1/O connector or the

RTSI connector. For more information on these connectors, refer to your
hardware manual for your device. The names and functions of handshaking
signals vary. For the DIO-32 devices, there are two main handshaking
lines—the REQ (request) line and the ACK (acknowledge) line. REQ is an
input indicating the external device is ready. ACK is an output indicating
the DIO-32 device is ready. Burst mode on a DIO-32HS or 6533 device also
uses a third handshaking signal, PCLK (peripheral clock).

For 8255-based DAQ devices that perform handshaking, there are four
handshaking signals: Strobe Input (STB), Input Buffer Full (IBF), Output
Buffer Full (OBF), and Acknowledge Input (ACK). You use the STB and
IBF signals for digital input operations and the OBF and ACK signals for
digital output operations. When the STB line is low, LabVIEW loads data
into the DAQ device. After the data has been loaded, IBF is high, which
tells the external device that the data has been read. For digital output, OBF
is low while LabVIEW sends the data to an external device. After the
external device receives the data, it sends a low pulse back on the ACK line.
Check your DAQ device hardware manual for information on which digital
ports can be configured for handshaking signals.
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Chapter 17 Shaking Hands with a Digital Partner

Sending Out Multiple Digital Values

You can group multiple ports together so you can send more digital values
out at a time. For DIO-32 devices, the ports in the group determine which
handshaking lines are used. If the group includes port O or 1, handshaking
occurs on the group 1 handshaking lines. Otherwise, if the group consists
only of a combination of ports 2 and 3, handshaking occurs on the group 2
handshaking lines. In either case, the LabVIEW group number does not
affect which handshaking lines are used.

For 8255 devices, the ports in the group and the order of the ports both
affect which handshaking lines are used. If you want to group ports 0 and 1
and you list the ports in the order®t , then you should use the
handshaking lines associated with port 1. In other words, always use the
handshaking lines associated with the last port in the list. So, if the ports are
listed1:0 , then you should use the handshaking lines associated with

port O.

For 8255-based devices that perform handshaking, such as the DIO-24 or
DIO-96, you must connect all the STB lines together if you are grouping
ports for digital input, as shown in Figure 17-1. Connect only the IBF line
of the last port in the port list to the other device. No connection is needed
for the IBF signals for the other ports in the port list.

A

STB*
Port x 1
IBF —

STB*

A

POTIX2
IBF —

STB*

A

Port x External Device
IBF

Y

(last port in portList)

Figure 17-1. Connecting Signal Lines for Digital Input
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Chapter 17 Shaking Hands with a Digital Partner

If you group ports for digital output on an 8255-based device, connect only
the handshaking signals of the last port in the port list, as shown in
Figure 17-2.

ACK* —
Port x 1

OBF* —

ACK* —
Port x 2

OBF* |—

ACK* |-

Port x | External Device

OBF*

\

(last port in portList)

Figure 17-2. Connecting Digital Signal Lines for Digital Output

There are two types of digital handshaking: nonbuffered and buffered.
Nonbuffered handshaking is similar to nonlatched digital /0 because
LabVIEW updates the digital lines immediately after every digital or
handshaked pulse.

@ Note Forthe 6533 (DIO-32HS) devices, LabVIEW returns immediately after storing data
in its FIFO buffer.

With buffered handshaking, LabVIEW stores digital values in memory

to be transferred after every handshaked pulse. Both nonbuffered and
buffered handshaking transfer one digital value after each handshaked
pulse. For basic digital applications, use nonbuffered handshaking. Use
buffered handshaking when your application requires multiple
handshaking pulses or high speeds. By using a buffer with multiple
handshaking pulses, the software spends less time reading or writing data,
leaving more time for other operations.

@ Note On an AT-DIO-32F device with nonbuffered handshaking, you can group 1, 2, or 4

ports together. For buffered handshaking on the AT-DIO-32F, you can group only 2 or 4
ports together.
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Chapter 17 Shaking Hands with a Digital Partner

You can use only Intermediate or Advanced Digital VIs for digital
handshaking in LabVIEW. The Intermediate VIs work for most
nonbuffered and buffered digital handshaking applications. However, for
some DAQ devices, you might need a combination of Intermediate and
Advanced Vls.

Nonbuffered Handshaking

Nonbuffered handshaking occurs when your program transfers one digital
value after receiving a digital pulse on the handshaking lines. LabVIEW
does not store these digital values in computer memory. You should only
use nonbuffered handshaking when you expect only a few digital
handshaking pulses. For multiple-pulsed or high-speed applications, you
should use buffered handshaking, which you can learn about in the next
section of this chapteBuffered Handshakind-igure 17-3 shows an
example of nonbuffered handshaking using the Intermediate VI, DIO
Single Read/Write. In this example, LabVIEW reads the data from the

digital port(s).

number to read|

_ data read
ort lish B T [we]
BR =

roup direction=1
L] B [ status |

: ........ E

[Read after handshaked pulse] sto)

Figure 17-3. Nonbuffered Handshaking Using the DIO Single Read/Write VI

Typically, you want to put the DIO Single Read/Write VI inside a loop. You
can use théeration input (the terminal where the loop iteration is
connected) to optimize your digital operation. Witeration is0

(default), LabVIEW calls the Advanced VI, DIO Group Config, to
configure the port(s). iteration is greater than, LabVIEW uses the
existing configuration, which improves performance. Every time your
program calls the DIO Group Config VI, the digital line values are reset to
their default values. To set the digital line values once and keep the same
values from one loop iteration to the next,it@ation to 0 on the first
iteration of the loop, then siétration to 1. Whengroup direction is equal
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Chapter 17

Shaking Hands with a Digital Partner

to 1 (default), all the ports listed jport list are treated as inputs.
The number of elements in tdata read input will be the same as the
product of the number of ports in the group andhilmaber to read input.

Figure 17-4 shows how you can use nonbuffered handshaking to write data.
The programming flow resembles the read operation aboveuddetes

to write array must contain as many elements as the number of ports
multiplied by the number of values to write.

- Totaus]
________ Iy

=top

Figure 17-4. Nonbuffered Handshaking Using the DIO Single Read/Write VI

Buffered Handshaking

Buffered handshaking allows you to store multiple points in computer
memory. Use this technique if multiple pulses are expected on the
handshaking lines. Buffered handshaking comes in two forms: simple and
circular. You can use simple-buffered handshaking on all DAQ devices
that support handshaking. You can perform circular-buffered handshaking
only on the AT-DIO-32F and 6533 (DIO-32HS) devices. You can think of
a simple buffer as a storage place in computer memory, \whéfer size
equals the number of updates multiplied by the number of ports.

A circular buffer differs from a simple buffer only in the way your program
places the data into it and retrieves data from it. A circular buffer fills

with data the same as a simple buffer, but when it gets to the end of the
buffer LabVIEW returns to the beginning of the buffer and fills up the
same buffer again. Use simple-buffered handshaking when you have a
predetermined number of values to acquire or generate. Use
circular-buffered handshaking when you want to acquire or generate data
continuously.
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Chapter 17 Shaking Hands with a Digital Partner

Simple Buffered Examples

The block diagram in Figure 17-5 uses the Intermediate VIs to perform
pattern output using the DIO-32 devices. Example Vls included with
LabVIEW are similar to the following block diagram. Notice gt list
contains more than one port number, which means the ports are grouped
together.

humber of updates (1000
[132]

===l

> Fo ]

device [1]jI32 -

nIn DI0 — pIon  |— o010 — kIO
CORFIG white | sTRRT WRIT CLERR
FM:“}LM"FMFBF 23|
direction=coutput)2)
[handshake source [1:intemnal |ILI|—‘
clock frequency
1000 updates/sec

Figure 17-5. Buffered Output Using the DI0-32 Devices

The For Loop generates the digital data to output. The amount of data
generated equals the number of ports inpire list multiplied by the
number of updates

Thedirection input specifies whether the ports are configured for input or
output. The DIO Wait VI waits until the digital buffered input or output
operation completes before returning to the main VI. The DIO Clear VI
halts any transfers and clears the group port configuration. If you want an
external source to supply the handshaking signals, you can specify the
handshake sourcdo be an external signal entering through the I/O
connector lfandshake source= 2). You only need to use tlatock

frequency if you are performing pattern 1/0O with an internal handshake
source.

@ Note On 6533 (DIO-32HS) devices, usandshake source = 2or an external REQ
source with ACK pulses (REQ/ACK handshaking). ilaedshake source = 4or
external REQ with no ACK pulses (pattern I/0O with an external REQ source).
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Chapter 17 Shaking Hands with a Digital Partner

For DAQ devices other than the DIO-32 devices, you can use a VI similar
to the one above to output digital data. The main difference is that
handshake sourceanust be external (2). Alternatively, you can use an
Advanced Digital VI, DIO Buffer Control, instead of the DIO Start VI, as
shown in Figure 17-6. The DIO Start VI contains Digital Clock Config and
Digital Mode Config VIs that are useful with DIO-32 devices. You do not
need to use theandshake sourceandclock frequencyinputs, because the
handshaking signal source is always external.

number of updates (1000

132 I

E—m

Start]

—{Efer— 310 — 11

Dl artral 2o, CLERR
M— '°'==T== sty M Fyvy.| B

directioh=output).

Figure 17-6. Buffered Output Using DAQ Devices (Other Than DIO-32 Series Devices)

Reading information is similar to writing data when using digital
handshaking. In the example shown in Figure 17-7, the VI is reading data
into the DIO-32 devices while using external handshaking. For the DIO-32
devices, the DIO Config VI can set or change the handshaking mode, for
instance, active-high or active-low request signals.

f of updates|
132 |
device direction=input
handzhake zource
5@ @
pont list BI0 | TIo i I Y
Tabe] Jocsescncs CONFIG ] sTRRT L—| reAD Iwm& CLERR
ey =] S Ennl.nniS
direction=input,
& otz
port data read|
20a
handshaking mode parameters|

Figure 17-7. Buffered Input Using DIO-32 Devices
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Chapter 17 Shaking Hands with a Digital Partner

For the other devices that support digital handshaking, the example would
be the same as above exceptthedshaking modenput would be deleted
from the DIO Config VI and the DIO Start VI could be replaced with the
DIO Buffer Control VI. Also, you do not need thandshake source
andclock frequencyinputs for most devices, because the handshaking
signal source is always external. Figure 17-8 shows the VI used for all
DAQ devices other than the DIO-32 devices.

4 of uFdates
32}

device] direction:ini i
410 Start
I:I l
ot ligh T

1
DI 0Ig
l—lwnr&)— clEAR @
B n S

pro Euffer nIo
[abc] COHFIG o ] renn
— m:r" mmml ] J1.I'LI-‘
direction=input
[ua]
irne lirnil port data read

Figure 17-8. Buffered Input Using DAQ Devices (Other than DI0-32 Devices)

Circular-Buffered Examples

Circular-buffered handshaking is similar to simple-buffered handshaking
in that both types of handshaking place data in a buffer. However, a
circular-buffer application returns to the beginning of the buffer when it
reaches the end and fills the same buffer again.

Note Circular-buffered handshaking works only on the AT-DIO-32F and 6533
(DIO-32HS) devices.

Figure 17-9 shows an example of a circular-buffered application. In this
example, you are reading or writing digital values continually until you stop
the VI or an error occurs. You can have an internal or exteamalshake
source If yourhandshake sourcas internal, remember to specify the rate
at which you read values with thiock frequency scan backlogspecifies
how many values are left in the buffer after you read.rtmaber read

input indicates the total number of values that have been read from the
buffer because the VI started executing.
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number of scans/updates [buifer size]]
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hahdshake source| = [ =
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Figure 17-9. Digital Handshaking Using a Circular Buffer

Digital handshaking, both buffered and nonbuffered, inputs or outputs
digital patterns only after your computer receives a digital pulse. Not all
DAQ devices support digital handshaking. The DIO-32 devices

have internal as well as external handshaking signals and support
circular-buffered 1/0. Other DAQ devices that support handshaking accept
only external handshaking signals. Use digital handshaking when you need
to generate or retrieve a digital pattern after a digital event, or pulse, is
detected.
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Part V

SCXI—Getting Your Signals
in Great Condition

This section contains basic information about setting up and using
SCXI modules with your data acquisition application, special
programming considerations, common SCXI applications, and
calibration information.

Part V,SCXI—Getting Your Signals in Great Conditicontains the
following chapters:

e Chapter 18Things You Should Know about SCXtludes basic
concepts on how to use SCXI modules with LabVIEW for data
acquisition.

*  Chapter 19Hardware and Software Setup for Your SCXI System
explains how to set up your SCXI hardware to work with data
acquisition in LabVIEW.

» Chapter 20Special Programming Considerations for SCiéscribes
special programming considerations for SCXI in LabVIEW, including
channel addressing, gains (limit settings), and settling time.

e Chapter 21Common SCXI Applicationsovers example Vls for
analog input, analog output, and digital SCXI modules.

*  Chapter 22SCXI Calibration—Increasing Signal Measurement
Precision teaches you how to calibrate SCXI modules and shows you
where LabVIEW stores your calibration constants.
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Things You Should Know
about SCXI

SCXI is a highly expandable signal conditioning system. The next few
chapters describe the basic concepts of signal conditioning, the setup
procedure for SCXI hardware, the hardware operating modes, the
procedure for software installation and configuration, the special
programming considerations for SCXI in LabVIEW, and some common
SCXI applications.

@ Note For a better understanding of signal conditioning concepts, the chapters in Part V,
SCXI—Getting Your Signals in Great Conditiogfer to SCXI. However, the concepts and
techniques discussed in these chapters also apply to VME eXtension for Instrumentation
Signal Conditioning (VXI-SC).

What Is Signal Conditioning?

Transducers can generate electrical signals to measure physical
phenomena, such as temperature, force, sound, or light. Table 18-1 lists
some common transducers.

Table 18-1. Phenomena and Transducers

Phenomena Transducer

Temperature Thermocouples

Resistance temperature detectors (RTDs)
Thermistors

Integrated circuit sensor

Light Vacuum tube photosensors
Photoconductive cells

Sound Microphone

Force and pressure | Strain gauges
Piezoelectric transducers
Load cells
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Chapter 18 Things You Should Know about SCXI

Table 18-1. Phenomena and Transducers (Continued)

Phenomena Transducer
Position Potentiometers
(displacement) Linear voltage differential transformer

(LVDT)
Optical encoder

Fluid flow Head meters
Rotational flowmeters
Ultrasonic flowmeters
pH pH electrodes

To measure signals from transducers, you must convert them into a form
that a DAQ device can accept. For example, the output voltage of most
thermocouples is very small and susceptible to noise. Therefore, you may
need to amplify and/or filter the thermocouple output before digitizing it.

The manipulation of signals to prepare them for digitizing is caligeial
conditioning The following are some common types of signal
conditioning:

Amplification
Isolation
Filtering

Transducer excitation

Linearization
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Chapter 18 Things You Should Know about SCXI

Figure 18-1 shows some common types of transducers/signals and the
required signal conditioning for each.

Transducers/Signals Signal Conditioning

Amplification, Linearization, and
Cold-Junction Compensation

Thermocouples >

Current Excitation, Four Wire
RTDs P and Three Wire Configuration,
Linearization

Voltage Excitation Bridge
Configuration, and Linearization

Strain Gauges >

Common Mode - Isolation Amplifiers DAQ vice
or High Voltages (Optical Isolation)

Loads Requiring AC Switching | o | Electromechanical Relays
or Large Current Flow or Solid-State Relays

4

Signals with High
Frequency Noise

A4

Lowpass Filters

Figure 18-1. Common Types of Transducers/Signals and Signal Conditioning
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Amplification

The most common type of signal conditioningnsplification Amplifying
electrical signals improves the accuracy of the resulting digitized signal and
reduces noise.

For the highest possible accuracy, amplify the signal so the maximum
voltage swing equals the maximum input range of the ADC, or digitizer.
Your system should amplify low-level signals at the DAQ device or at the
SCXI module located nearest to the signal source, as shown in Figure 18-2.

MUX
Lead —_— — ADC

Noise

Instrumentaion
Amplifier

Wires
Low-Level
Signal External I T
Amplifier DAQ Device
Figure 18-2. Amplifying Signals near the Source to Increase
Signal-to-Noise Ratio (SNR)
@ Note You can minimize noise that lead wires pick up by using shielded cables or a twisted

pair of cables, and by minimizing wire length. Also, keeping signal wires away from AC
power cables and monitors will help reduce 50 Hz or 60 Hz noise.

If you amplify the signal at the DAQ device, the signal is measured and
digitized with noise that may have entered the lead wires. However if you
amplify the signal close to the signal source with an SCXI module, noise
has a less destructive effect on the signal. In other words, the digitized
representation is a better reflection of the original low-level signal. For
more information, consulpplication Note 025, Field Wiring and Noise
Considerations for Analog Signaléou can access this note from the
National Instruments web sit@yw.natinst.com
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Isolation

Another common way to use SCXI is to isolate the transducer signals from
the computer for safety purposes. When the signal being monitored
contains large voltage spikes that could damage the computer or harm the
operator, you should not directly connect the signal to a DAQ device
without some type of isolation.

Another reason for isolation is to make sure the measurements from the
DAQ device are not affected by differences in ground potentials. When the
DAQ device and the signal are not referenced to the same ground potential,
a ground loop may occur. Ground loops can cause an inaccurate
representation of the measured signal. If the potential difference between
the signal ground and the DAQ device ground is large, then damage may
even occur to the measuring system. Using isolated SCXI modules
eliminates the ground loop and ensures that the signals are accurately
measured.

Filtering

Signal conditioning systems can filter unwanted signals or noise from the
signal you are trying to measure. You can use a noise filter on low-rate
(or slowly changing) signals, like temperature, to eliminate
higher-frequency signals that can reduce the accuracy of the digitized
signal. A common use of a filter is to eliminate the noise from a 50 or 60 Hz
AC power line. A lowpass filter of 4 Hz, which exists on several SCXI
modules, is suitable for removing the 50 or 60 Hz AC noise from signals
sampled at low rates. A lowpass filter eliminates all signal frequency
components above the cutoff frequency. The SCXI-1141, SCXI-1142, and
SCXI-1143 modules have lowpass filters that have software-selectable
cutoff frequencies from 10 Hz to 25 kHz.

Transducer Excitation

Signal conditioning systems can generate excitation for some transducers.
Strain gauges and RTDs require external voltage and currents, respectively,
to excite their circuitry into measuring physical phenomena. This type of
excitation is similar to a radio that needs power to receive and decode audio
signals. Some plug-in DAQ devices and SCXI modules, including the
SCXI-1121 and SCXI-1122 modules, provide the necessary excitation for
transducers.
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Linearization

Many transducers, such as thermocouples, have a nonlinear response to
changes in the physical phenomena being measured. LabVIEW can
linearize the voltage levels from transducers, so the voltages can be scaled
to the measured phenomena. LabVIEW provides simple scaling functions
to convert voltages from strain gauges, RTDs, thermocouples, and
thermistors.

For specific information about the VIs you can use with your SCXI module
in LabVIEW, refer to Chapter 2@ alibration and Configuration VIsn the
LabVIEW Function and VI Reference Manualrefer to the LabVIEW
Online Referenceuy selectingdelp»Online Reference
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Hardware and Software Setup
for Your SCXI System

SCXI hardware conditions signals close to the signal source and increases
the number of analog and digital signals that a DAQ device can analyze.
With-PC compatible computers, SCXI can be configured in two ways—a
front-end signal conditioning system for plug-in DAQ devices, or an
external data acquisition and control system. Furthermore, when SCXI is
configured as an external data acquisition and control system, it can be
connected to the computer’s parallel port using an SCXI-1200, or the
computer’s serial port using either an SCXI-2000 remote chassis or an
SCXI-2400 remote communications module in an SCXbdd@assis. For
Macintosh computers, SCXI hardware can only be used as a front-end
signal conditioning system for plug-in DAQ devices. Figure 19-1
demonstrates these configurations.
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PC Plug-In
DAQ Device

Conditioned
Signals

SCXI Signal
Conditioning
Modules

SCXI Signal
Conditioning and
DAQ Modules

SCXI-1200 12-Bit Data
Acquisition and Control Module

External Data Acquisition and Control System

Figure 19-1. SCXI System

Figure 19-2 shows the components of an SCXI system. An SCXI system
consists of an SCXI chassis that houses signal conditioning modules,
terminal blocks that plug directly into the front of the modules, and a cable
assembly that connects the SCXI system to a plug-in DAQ device or the
parallel or serial port of a computer. If you are using SCXI as an external
DAQ system where there are no plug-in DAQ devices, you can use the
SCXI-1200 module, which is a multifunction analog, digital, and timing
1/0 (counters) module. The SCXI-1200 can control several SCXI signal
conditioning modules installed in the same chassis. The functionality of the
SCXI-1200 module is similar to the plug-in 1200 series devices.
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Terminal  Signal

Blocks Conditioning
and/or
DAQ Modules

SCXI SCXI Cable Plug-in Personal
Chassis Assembly DAQ Device Computer
(or Parallel (Optional)
Port Cable)

Figure 19-2. Components of an SCXI System

Refer to the SCXI tables in Appendix Bardware Capabilitiesof the
LabVIEW Function and VI Reference Manual tables containing
specifications for all the SCXI modules, or refer to the LabViewine
Referenceby selectingHelp»Online Reference This appendix also

includes a list of all the SCXI modules and the compatible terminal blocks.

@ Note Forinformation on how to set up each module and transducer, consult your hardware
user manuals and tlé&etting Started with SCXhanual.

How do you transfer data from the SCXI chassis to the DAQ device or
parallel or serial port? Figure 19-3 shows a diagram of an SCXI chassis.
When you use SCXI as a front-end signal conditioning system, the analog
and digital bus backplane, also known as the SCXlbus, transfers analog
and/or digital data to the DAQ device. Some of the analog and digital lines
on the DAQ device are reserved for SCXI chassis communication. To find
out which lines are reserved on your device, refer to the tables in
Appendix B,Hardware Capabilitiesin theLabVIEW Function and VI
Reference Manuabr refer to the LabVIEVOnline Referencéy selecting
Help»Online Reference
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Figure 19-3. SCXI Chassis

When you use SCXI as an external DAQ system, only some of the digital
1/0 lines of the DAQ device are reserved for SCXI chassis communication
when other modules are present. The DAQ device digitizes any analog
input data and transfers it back to the computer through the parallel or
serial port.

@ Note When using remote SCXI, be aware of the sampling rate limitations from the data
being sent over the serial port. To reduce delays in serial port communication, National
Instruments recommends that you use the fastest baud rate possible for your computer’s
serial port. If you have a 16550 or compatible universal asynchronous receiver-transceiver
(UART), you can use baud rates up to 57,600 baud. If you have an 8250 or compatible
UART, you can only use up to 19,200 baud.
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SCXI Operating Modes

The SCXI operating mode determines the way that DAQ devices
access signals. There are two basic operating modes for SCXI modules,
multiplexed and parallel. You designate the mode irogerating mode
input in the configuration utility or Measurement & Automation Explorer.
Also, you may have to set up jumpers on the module for the correct
operating mode. Check your SCXI module user manual for more
information.

@ Note National Instruments recommends that you use the multiplexed mode for most
purposes.

Multiplexed Mode for Analog Input Modules

When an analog input module operates in multiplexed mode, all of its
input channels are multiplexed to one module output. When you cable a
DAQ device to a multiplexed analog input module, the DAQ device has
access to that module's multiplexed output, as well as all other modules
in the chassis through the SCXIbus. The analog input VIs route the
multiplexed analog signals on the SCXIlbus for you transparently. So, if
you operate all modules in the chassis in multiplexed mode, you only need
to cable one of the modules directly to the DAQ device.

@ Note MIO/AI devices, and Lab-PC+ and 1200 devices support multiple-channel and
multiple-scan acquisitions in multiplexed mode. The Lab-NB and Lab-LC, LPM devices,
and DAQCard-700 support only single-channel or single-scan acquisitions in multiplexed
mode.

When you connect a DAQ device to a multiplexed module, the multiplexed
output of the module (and all other multiplexed modules in the chassis)
appears at analog input channel 0 of the DAQ device by default.
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Multiplexed Mode for the SCXI-1200 (Windows)

In multiplexed mode, the SCXI-1200 can access the analog signals on the
SCXI bus. The DAQ VIs can multiplex the channels of analog input
modules and send them on the SCXIlbus. This means that if you configure
the SCXI-1200 for multiplexed mode, you can read the multiplexed output
from other SCXI analog input modules in the chassis.

@ Note The SCXI-1200 only reads analog input module channels configured in multiplexed
mode, not in parallel mode.

Make sure that you change the jumper in the SCXI-1200 to the ground
position to connect the SCXI-1200 and SCXIbus grounds together. Refer to
the SCXI-1200 User Manudbr more details.

Multiplexed Mode for Analog Output Modules

Because LabVIEW communicates with the multiplexed modules over the
SCXlbus backplane, you must cable only one multiplexed module in each
chassis to a DAQ device to communicate with any multiplexed modules in
the chassis.

Multiplexed Mode for Digital and Relay Modules

Multiplexed mode is referred to aerial moden the digital and relay

module hardware manuals. When you operate your digital or relay module
in multiplexed mode, LabVIEW communicates the module channel states
serially over the SCXIbus backplane.

Parallel Mode for Analog Input Modules

When an analog input module operates in parallel mode, the module
sends each of its channels directly to a separate analog input channel of the
DAQ device cabled to the module. Yoannotmultiplex parallel outputs

of a module on the SCXIbus. You must cable a DAQ device directly to a
module in parallel mode to access its input channels. In this configuration,
the number of channels available on the DAQ device limits the total
number of analog input channels. In some cases, however, you can cable
more than one DAQ device to separate modules in an SCXI chassis. For
example, you can use two NB-MIO-16X or AT-MIO-16E-2 devices
operating in parallel mode and cable each one to a separate SCXI-1120
module in the chassis. For more information on how to configure the cabled
device, refer to the help file for Measurement & Automation Explorer by
selectingHelp»Help Topics»DAQ Helpor thelnstalling and Configuring
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Your SCXI Chassisection in Chapter 2nstalling and Configuring Your
Data Acquisition Hardwargfor the Macintosh.

By default, when a module operates in parallel mode, the module sends its
channel 0 output to differential analog input channel 0 of the DAQ device,
the channel 1 output to analog input channel 1 of the DAQ device, and

so on.

When you use the analog input VIs, specify the correct onboard channel for
each parallel SCXI channel. If you are using a range of SCXI channels,
LabVIEW assumes the onboard channel numbers match the SCXI channel
numbers. Refer to theCXI Channel Addressirggction in Chapter 20,
Special Programming Considerations for SCiI the proper SCXI

channel syntax.

Parallel Mode for the SCXI-1200 (Windows)

In parallel mode, the SCXI-1200 reads only its own analog input channels.
The SCXI-1200 does not have access to the analog bus on the SCXI
backplane in parallel mode. You should use parallel mode if you are not
using other SCXI analog input modules in the chassis with the SCXI-1200.

Parallel Mode for Digital Modules

When you operate a digital module in parallel mode, the digital lines on
your DAQ device directly drive the individual digital channels on your
SCXI module. You must cable a DAQ device directly to every module
operated in parallel mode.

You may want to use parallel mode instead of multiplexed mode for faster
updating or reading of the SCXI digital channels. For the fastest
performance in parallel mode, you can use the appropriate onboard port
numbers instead of the SCXI channel string syntax in the digital VIs. Refer
to the hardware tables in Appendixtardware Capabilitiesin the

LabVIEW Function and VI Reference Mantl the digital ports used in
parallel mode on each DAQ device, or refer to the LabViBiline
Referencgby selectingHelp»Online Reference

@ Note If you are using a 6507/6508 (DIO-96), an AT-MIO-16D, or an AT-MIO-16DE-10
device, you can also operate a digital module in parallel mode using the digital ports on the
second half of the NB5 or R1005050 ribbon cable (lines 51-100). Therefore, the DIO-96
can operate two digital modules in parallel mode, one module using the first half of the
ribbon cable (lines 1-50), and another module using the second half of the ribbon cable
(lines 51-100).
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SCXI Software Installation and Configuration

After you assemble your SCXI system, you must run Measurement &
Automation Explorer or the configuration utility to enter your SCXI
configuration. LabVIEW needs the configuration information to program
your SCXI system correctly. Refer to Chaptehtalling and

Configuring Your Data Acquisition Hardware
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Special Programming
Considerations for SCXI

When you want LabVIEW to acquire data from SCXI analog input
channels, you use the analog input VIs in the same way that you acquire
data from onboard channels. You also read and write to your SCXI relays
and digital channels using the digital VIs in the same way that you read and
write to onboard digital channels. You can write voltages to your SCXI
analog output channels using the analog output VIs. The following sections
describe special programming considerations for SCXI in LabVIEW,
including channel addressing, gains (limit settings), and settling time.

@ Note This chapter does not apply if you use the DAQ Channel Wizard to configure
your channels. In NI-DAQ 6.5 or higher, the DAQ Channel Wizard is part of
Measurement & Automation Explorer. If you use the DAQ Channel Wizard, you
address SCXI channels the same way you address onboard channels—by specifying
the channel name(s). LabVIEW configures your hardware by selecting the best input
limits and gain for the named channel based on the channel configuration. For more
information about using the DAQ Channel Wizard to configure your channels, see the
Configuring Your Channels in NI-DAQ 5.x, 8ection of Chapter 2nstalling and
Configuring Your Data Acquisition HardwarEor more information about using channel
names, refer to thehannel Name Addressisgction of Chapter Basic LabVIEW Data
Acquisition Concepts

SCXI Channel Addressing

If you operate a module in parallel mode, you can specify an SCXI channel
either by specifying the corresponding onboard channels or by using the
SCXI channel syntax described in this section. If you operate the modules
in multiplexed mode, you must use the SCXI channel syntax.

An SCXI channel number has four parts: the onboard channel (optional),
the chassis ID, the module number, and the module channel.

In the following table of examples,is any chassis IB; is any module
numbera is any module channel, abds any module channel greater
thana. z is the onboard channel from which the conditioned data is
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retrieved. If you operate in multiplexed mode, analog input channel O reads
the data from the first cabled chassis. If you use VXI-SC submodules,
LabVIEW ignores the onboard channel, because VXI-DAQ provides a
special channel for retrieving data from submodules.

Channel List Element Channel Specified

obz!scx!mdy'a Channeh on the module in slat of the
chassis with IIx is multiplexed into
onboard channel.

obz!scx!mdy'a:b Channels throughb inclusive on the
module in sloy of the chassis with IR
are multiplexed into onboard chanael

obz!scx!mdy!(a,b,c) Channels, b, andc (nonconsecutive) or
the module in slog of the chassis with
ID x are multiplexed into onboard
channek. (Only on certain SCXI
modules such as the SCXI-1125.)

Thechannelinput for DAQ Vs is either a string (with the Easy 1/0 VIs)

or an array of strings. Each string value can list only the channels for one
module. With the array structure for channel values, you can list the
channels for several modules. Therefore, for one scanning operation, you
can scan several modules. You can scan an arbitrary number of channels for
each module, but the channels of each module must be scanned in
consecutive, ascending order.

@ Note You do not need the SCXI channel string syntax to access channels on the
SCXI-1200 module. Use for channel 01 for channel 1, and so on. The SCXI-1200
module is identified by its logical device number.

@ Note When you connect any type of SCXI module to a DAQ device, certain analog input
and digital lines on the DAQ device are reserved for SCXI control. On MIO Series devices,
lines 0, 1, and 2 are unavailable for general purpose digital I/0. On MIO E Series devices,
lines 0, 1, 2, and 4 are unavailable for general purpose digital I/O. For more channel
information, refer to the LabVIEM@nline Referencky selecting
Help»Online Reference

For the fastest performance in parallel mode on digital modules, use the
appropriate onboard port numbers instead of the SCXI channel string
syntax in the digital VIs.
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SCXI Gains

SCXI modules provide higher analog input gains than those available on
most DAQ plug-in devices.

@ Note Before reading this section, you should have already reddrtiiteSettingssection
in Chapter 3Basic LabVIEW Data Acquisition Concepts

Enter the gain jumper settings in Measurement & Automation Explorer or
the NI-DAQ Configuration utility for each channel on each module with
jumpered gains. LabVIEW stores these gain settings and uses them to scale
the input data. When you use theut limits control of the analog input

VIs, LabVIEW chooses onboard gains that complement the jumpered
SCXI gains to achieve the given input limits as closely as possible.

For analog input modules with programmable gains, LabVIEW uses the
gain setting you enter in Measurement & Automation Explorer or the
NI-DAQ Configuration utility for each module as ttefault gainfor that
module. LabVIEW uses the default gain for the module whenever you leave
theinput limits terminal to the analog input VIs unwired, or if you efgter

for your upper and lower input limits.

When you use thieput limits to specify non-zero limits for a module with
programmable gains, LabVIEW chooses the most appropriate SCXI gain
for the given limits. LabVIEW selects the highest SCXI gain possible for
the given limits, and then selects additional DAQ device gain if necessary.

If your module has programmable gains and only one gain for all channels
and you are using an MIO/Al DAQ device, you can specify different input
limits for channels on the same module by splitting up your channel range
over multiple elements of the channel array, and using a different set

of input limits for each element. LabVIEW selects one module gain
suitable for all of the input limits for that module, then chooses different
MIO/AI gains to achieve the different input limits. The last three examples
in Table 20-1 illustrate this method. The last example shows a channel list
with two modules.
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Table 20-1. SCXI-1100 Channel Arrays, Input Limits Arrays, and Gains
LabVIEW LabVIEW

Array SCXI-1100 Input Limits Selected Selected
Index Channel List Array Array SCXI Gain | MIO/AI Gain

0 ob0!sc1!md1!0:7 —-0.01t0 0.01 1000 1

0 ob0!sc1!md1!0:7 —0.001 to 0.001 2000 5'

0 scl!md1!0:7 —0.001 to 0.001 2000 1

0 ob0!sc1!'md1!0:3 -0.1t00.1 100 1

1 ob0!sc1!md1!4:15 —-0.01t0 0.01 100 10

0 ob0!sc1!md110:15 -0.01t0 0.01 10 100°

1 ob0!sc1!md1!16:31 -1.0t0 1.0 10 1

0 ob0!sc1!md1!0:3 -1.0t0 1.0 10 1

1 obO!sc1!md1!4:15 -0.1t00.1 10 10

2 ob0!sc1!md2!0:7 -0.01t0 0.01 1000 1

1Applies if the MIO/AI device supports a gain of 5 (some MIO/AI devices do not).

*This case forces a smaller gain at the SCXI module than at the MIO/Al device, because the input limits for the nex|
range on the module require a small SCXI gain. This type of gain distribution is not recommended because it defg
purpose of providing amplification for small signals at the SCXI module. The small input signals are only amplified
a factor of 10 before they are sent over the ribbon cable, where they are very susceptible to noise. To use the opt
gain distribution for each set of input signals, do not mix very small input signals with larger input signals on the s
SCXI-1100 module, unless you are sampling them at different times.

channel
ats the
by
mum
ame

You can open the Al Hardware Config VI to see the gain selection. After
running this VI, thegroup channel settingscluster array at the right side

of the panel shows the settings for each channelga&imandicator
displays the total gain for the channel, which is the product of the SCXI
gain and the DAQ device gain, and the actual limit settingsgiidwe
channel settingscluster array also shows the input limits for each channel.

LabVIEW scales the input data as you specified, unless you select binary
data only. Therefore, the gains are transparent to the application. You can
specify the input signal limits and let LabVIEW do the rest.
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SCXI Settling Time

The filter and gain settings of your SCXI modules affect the settling time
of the SCXI amplifiers and multiplexers. Always enter your jumpered filter
settings and your jumpered gain settings (if applicable) in the Measurement
& Automation Explorer or the configuration utility. LabVIEW uses the

gain and filter settings to determine a safe interchannel delay that allows the
SCXI amplifiers and multiplexers to settle between channel switching
before sampling the next channel.

LabVIEW calculates the delay for you. If you set a scan rate that is too
fast to allow for the default interchannel delay, LabVIEW shrinks the
interchannel delay and returns a warning from the Al Start or

Al Control VlIs. Refer to your hardware manuals for SCXI settling times.

You can open the advanced-level Al Clock Config VI to retrieve the
channel clock selection. Set tiwbich clock control tochannel clock 1
and set thelock frequencyto -1.00 (no change). Now run the VI. The
actual clock rate specificationcluster is on the right side of the panel.

@ Note When using NI 408 devices with SCXI, you cannot use the external triggering
feature of the NI 406device.
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Now that you have your SCXI system set up and you are aware of the
special SCXI programming considerations, you should learn about some
common SCXI applications. This section covers example VIs for analog
input, analog output, and digital modules. For analog input, you will learn
how to measure temperature (with thermocouples and RTDs) and strain
(with strain gauges) using the SCXI-1100, SCXI-1101, SCXI-1102,
SCXI-1112, SCXI-1121, SCXI-1122, SCXI-1125, SCXI-1127,
SCXI-1141, SCXI-1142, and SCXI-1143 modules. If you are not
measuring temperature or pressure, you can still gain basic conceptual
information on how to measure voltages with an analog input module.

Another analog input module, the SCXI-1140, is a simultaneous sampling
module. All the channels acquire voltages at the same time, which means
you can preserve interchannel phase relationships. After all channel
voltages are sampled by going into hold mode, the software will read one
channel at a time. When a scan of channels is done, the SCXI-1140 module
returns to track mode until the next scan period. Both of these operations
are performed by the analog input VIs. You can use any of the DAQ VIs,
located in théabview\examples\dag\anlogin\anlogin.lib, or

the Getting Started Analog Input VI, foundiatview\examples\

dag\run_me.llb  , to acquire data from the SCXI-1140 module.

For analog output, you will learn how to output voltage or current values
using the SCXI-1124 module. For digital I1/0O, you will learn how to input
values on the SCXI-1162/1162HV modules and output values on the
SCXI-1160, SCXI-1161, and SCXI-1163/1163R modules.
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Analog Input Applications for
Measuring Temperature and Pressure

Two common transducers for measuring temperature are thermocouples
and RTDs. A common transducer for measuring pressure is strain gauges.
Read the following sections on special measuring considerations needed
for each transducer.

If you use the DAQ Channel Wizard to configure your analog input
channels, you can simplify the programming needed to measure your
channels. This section describes methods of measuring data using named
channels configured in the DAQ Channel Wizard and using the
conventional method.

Note For more information about using the DAQ Channel Wizard to configure your
channels, refer to theéonfiguring Your Channels in NI-DAQ 5.x, 8action of Chapter 2,
Installing and Configuring Your Data Acquisition HardwaFer more information about
using channel names, refer to tbleannel Name Addressisgction of Chapter Basic
LabVIEW Data Acquisition Concepts

Measuring Temperature with Thermocouples

If you want to measure the temperature of the environment, you can use the
temperature sensors in the terminal blocks. But if you want to measure the
temperature of an object away from the SCXI chassis, you must use a
transducer, like a thermocoupletifermocouplés a junction of two

dissimilar metals that gives varying voltages based on the temperature.
However, when using thermocouples, you need to compensate for the
thermocouple voltages produced at the screw terminal because the junction
with the screw terminals itself forms another thermocouple. You can use
the resulting voltage from the temperature sensor on the terminal block for
cold-junction compensation. The cold-junction compensation voltage is
used when linearizing voltage readings from thermocouples into
temperature values.

The SCXI modules used to measure temperature in this section are the
SCXI-1100, SCXI-1101, SCXI-1102, SCXI-1112, SCXI-1120,
SCXI-1120D, SCXI-1121, SCXI-1122, SCXI-1125, SCXI-1127,
SCXI-1141, SCXI-1142, and SCXI-1143. Most of the terminal blocks used
with these modules have temperature sensors that can be used as
cold-junction compensation.
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In addition, the SCXI-1100, SCXI-1112, SCXI-1122, SCXI-1125,
SCXI-1141, SCXI-1142, and SCXI-1143 offer a way for you to ground the
module amplifier inputs so you can read the amplifier offset. You can
subtract the amplifier offset value to determine the actual voltages.

Temperature Sensors for
Cold-Junction Compensation

The temperature sensors in the terminal blocks for the analog input
modules can be used for cold-junction compensation. If you are operating
your SCXI modules in multiplexed mode, leave the cold-junction sensor
jumper on the terminal block in th@emp (factory default) position. If you

are using parallel mode, you can usedfeenp jumper setting.

@ Note The SCXI-1101, SCXI-1102, SCXI-1112, and SCXI-1127 usejthmp string
only in multiplexed mode. The SCXI-1125 also usescjleenp string when the
temperature sensor is configuredvittmp mode.

To read the temperature sensor, use the standard SCXI string syntax in the
channelsarray withmtemp substituted for the channel number, as shown
in the following table.

Channel List Element Channel Specified

obO!scx!mdy!mtemp The temperature sensor configured in
mtemp mode on the multiplexed module
in sloty of the chassis with IR.

obO0!scx!mdy!cjtemp The temperature sensor configured in
citemp mode on the multiplexed
SCXI-1102 module in slot of the
chassis with Ix, or the temperature
sensor configured imtemp mode on the
multiplexed SCXI-1125 module in slgpt
of the chassis with IR.

ob0!scx!mdy!cjtempz The temperature sensor configured in
citemp mode for the analog chanmebn
the multiplexed SCXI-1112 module in
sloty of the chassis with IR.
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If you want to read the cold-junction temperature sensdteinp mode,
you can read the following onboard channels for these modules.

Modules Channel
SCXI-1100 1
SCXI-1120/SCXI-1120D 15
(use referenced single-ended mode
SCXI-1121 4
SCXI-1122 1

For example, you can run the Getting Started Analog Input VI, found in
labview\examples\dag\run_me.llb , with the channel string
obO!scl!mdl!mtemp toread the temperature sensor on the terminal block
connected to the module in slot 1 of SCXI chassis 1.

SCXI terminal blocks have two different kinds of sensors: an Integrated
Circuit (IC) sensor or a thermistor. For terminal blocks that have IC
sensors, such as the SCXI-1300 and the SCXI-1320, you can multiply

the voltage read from the IC sensor by 100 to get the ambient temperature
in degrees Centigrade at the terminal block. For terminal blocks that

have thermistors, such as the SCXI-1303, SCXI-1322, SCXI-1327,

and SCXI-1328, use the Thermistor Conversion VI, found in the
Functions»Data Acquisition»Signal Conditioningpalette, to convert

the raw voltage data into units of temperature.

You cannot sample other SCXI channels from the same module while you
are sampling thetemp sensor. However, if you are in parallel mode, you
can sample thétemp sensor along with other channels on the same
module at the same time because you are not performing any multiplexing
on the SCXI module. You also can sampledjmmp sensor along with
other channels on the SCXI-1101, SCXI-1102, SCXI-1112, SCXI-1125,
and SCXI-1127. For the SCXI-1108temp must be the first channel in

the channel list. The SCXI-1112 and SCXI-1125 can sanijtelap

channels in any order in the channel list.

For greater accuracy, take several readings from the temperature sensor and
average those readings to yield one value. If you do not want to average
several readings, take a single reading using the Easy Analog Input VI, Al
Sample Channel.
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For more information, look at the SCXI Thermocouple example VIs, found
in the appropriate module DLL Iabview\examples\dag\scxi\

These Vls use thgtemp or mtemp string to read the temperature sensor
and use the reading for thermocouple cold-junction compensation.

Amplifier Offset

The SCXI-1100, SCXI-1101, SCXI-1112, SCXI-1122, SCXI-1125,
SCXI-1141, SCXI-1142, and SCXI-1143 have a special calibration feature
that enables LabVIEW to ground the module amplifier inputs so that you
can read the amplifier offset. For the other SCXI analog input modules, you
must physically wire your terminals to ground. The measured amplifier
offset is for the entire signal path including the SCXI module and the DAQ
device.

To read the grounded amplifier on the SCXI-1100, SCXI-1101, or
SCXI-1122, use the standard SCXI string syntax icki@anelsarray with
calgnd substituted for the channel number, as shown in the following

table.
Channel List Element Channel Specified

ob0!scx!mdy!calgnd (SCXI-1100 and SCXI-1122 only)
The grounded amplifier of the module
in sloty of the chassis with IR.

ob0!scx!mdy!calgndz Wherez is the appropriate SCXI
channel needing shunting for the
SCXI-1112, SCXI-1125, SCXI-1141,
SCXI-1142, or SCXI-1143.

For example, you can run the Getting Started Analog Input VI, found

in labview\examples\dag\run_me.llb , with the channel string
obO!sc1!md1!calgnd to read the grounded amplifier of the module in
slot 1 of SCXI chassis 1. The voltage reading should be very close to 0 V.
The Al Start VI grounds the amplifier before starting the acquisition, and
the Al Clear VI removes the grounds from the amplifier after the
acquisition completes.

The SCXI-1112, SCXI-1125, SCXI-1141, SCXI-1142, and SCXI-1143
have separate amplifiers for each channel, so you must specify the channel
number when you ground the amplifier. To specify the channel number,
attach the channel number to the end of the stefmd . For example,
calgnd2 grounds the amplifier inputs for channel 2 and reads the offset.
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You can also specify a range of channels. The stdlmd0:7 grounds
the amplifier inputs for channels 0 through 7 and reads the offset for each
amplifier.

Use the Scaling Constant Tuner VI fréianctions»Data Acquisition»
Signal Conditioning to modify the scaling constants so LabVIEW
automatically compensates for the amplifier offset when scaling
binary data to voltage. The SCXI-1100 Voltage example, found in
labview\examples\dag\scxi\scxi1100.lIb , shows you a way to
use the Scaling Constant Tuner VI.

VI Examples

If you use the DAQ Channel Wizard to configure your channels, you

can simplify the programming needed to measure your signal. LabVIEW
configures the hardware with the appropriate input limits and gain, and
performs cold-junction compensation, amplifier offsets, and scaling for

you. To measure a channel using a channel name, you can use the Easy VIs
or the Continuous Transducer VI locatedainview\examples\daq\
solution\transduc.llb , as shown in Figure 21-1. Enter the name of
your configured channel in thehannelsinput. The device input value is

not used by LabVIEW when you use channel names. The acquired data is
in the physical units you specified in the DAQ Channel Wizard.

Current
Fieadings|
[561]

Chaninels
Tabe] Build &rray|  [MEASUREMENT DATA,
. CEA=1 [561]

Figure 21-1. Continuous Transducer Measurement VI

The remainder of this section describes how to measure temperature with
the SCXI-1100 and SCXI-1%2nodules using thermocouples when you do
not use the DAQ Channel Wizard. The temperature examples below use
both cold-junction measurements and amplifier offsets. In SCXI analog
input examples, you cannot set the scaling constants with the Easy Vs
(determined by the amplifier offset). With the Intermediate Vls, you can
change the scaling constants before acquisition begins, and the
Advanced ViIs include functions that are not necessary to accurately
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measure temperature with SCXI modules. The examples described in this
section use Intermediate VIs along with transducer-specific VIs.

First, you should learn how to measure temperature using the SCXI-1100
with thermocouples. You can use the example SCXI-1100

Thermocouple VI located ilabview\examples\dag\scxi\

scxill00.lb . Open the VI and continue reading this section.

To reduce the noise on the slowly varying signals produced by
thermocouples, you can average the data and then linearize it. For greater
accuracy, you can measure the amplifier offset, which helps scale the data
and lets you eliminate the offset error from your measurement. The
diagram below shows how you can program the Acquire and Average VI
to measure the amplifier offset. You can find this Witib\dag\

zdagqutil.llb . This VI acquires 100 measurements from the amplifier
offset, designated in thidfset channelinput bycalgnd , and then averages

the measurements. When you determine the amplifier offset, you must
always use the same input limits and clock rates that you will be using in
the acquisition. The Acquire and Average VI can measure the amplifier
offset of many modules at once, but in Figure 21-2, it only measures one

module.
_ input limits [ho change
devicg]  [output units hikar [=oe]
— ' binary amplifier off
oifzet charnel aire inary amplifier offzet
d H
[obi | 5211 mdl | calgnd] § uerae [so]
[abe]] CE3 =] i
I error_ out
I32 I
number of samples
to average for each data point [100) :L3GL
AN rake]

Figure 21-2. Measuring a Single Module with the Acquire and Average VI

After measuring the amplifier offset, measure the temperature sensor for
cold-junction compensation. Both the amplifier offset and cold-junction
measurements should be taken before any thermocouple measurements
are taken. Use the Acquire and Average VI to measure temperature sensors,
as shown in Figure 21-3. The main differences between the amplifier offset
measurement and temperature sensor measurement are the channel string
and the input limits. If you set the temperature sensomitémp mode

(the most common mode), you access the temperature bynisimg.

If you set the temperature sensodiamp mode, you read the
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corresponding DAQ device onboard channel. Make sure you use the
temperature sensor input limits, which are different from your acquisition
input limits. To read from a temperature sensor based on an IC sensor or
a thermistor, set the input limit range from +2 to -2 V.

The temperature sensar voltage
will range from 2 to -2,

......... e LT =

device]  |output units [volts
116 _
| zold junction voltage]

cold junction channel aguire ; T
b ! sc1 | md | mtemp] L ﬁ ni@
I:

=31 S [y 5

[132] error_out
riumber of zamples
to average for each data point (100] ;

Figure 21-3. Measuring Temperature Sensors Using the Acquire and Average VI

After determining the average amplifier offset and cold-junction
compensation, you can acquire data using the Intermediate VIs as shown in
Figure 21-4. This example continually acquires data until an error occurs or
the user stops the execution of the VI. In order to perform continuous,
hardware-timed acquisition, you need to set up a buffer. In this case, the
buffer is 10 times the number of points acquired for each channel. Before
you initiate the acquisition with the Al Start VI, you need to set up the
binary-to-voltage scaling constants by using the Scaling Constant

Tuner VI. This VI, which you can find iRunctions»Data

Acquisition»Signal Conditioning, passes the amplifier offset to the DAQ
driver so that LabVIEW accounts for the amplifier offset as the Al Read VI
retrieves the data. After the compensated voltage data from the Al Read VI
is averaged, the voltage values are converted to temperature and linearized
by using the Convert Thermocouple Reading Fimctions»Data
Acquisition»Signal Conditioning. After completing the acquisition,
remember to always clear the acquisition by using the Al Clear VI.
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- — FECan ratek -
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[=o: Semor cluzster s

< tasklD »
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Stiip Chart [Celsiug
152 . o ATE e [ 52 ) o
rumber of : A latest temperature data e
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average for B
each data
|:Il:linl [1 DD] : LB
semmar clusters
thermocouple bupe [J
cold junction voltage

Figure 21-4. Continuously Acquiring Data Using Intermediate VIs

Another temperature acquisition example using the SCXI-1100 module is
SCXI Temperature Monitor VI located iabview\examples\dag\

scxilscxi_ai.llb . This VI continually acquires thermocouple readings
and sets an alarm if the temperature readings go above a user-defined limit.

You can use the SCXI-1100 examples with the SCXI-1122 module.

Both modules have the capability to programmatically measure the
amplifier offsets and both modules need the cold-junction compensation
to linearize thermocouple measurements. The main differences between
the two modules include the type of temperature sensors available

on their terminal blocks and the way module channels are multiplexed.

The SCXI-1100 uses a CMQ8ultiplexer, which is capable of

fast-channel multiplexing, whereas the SCXI-1122 uses an
electromechanical relay to switch one of its 16 channels. Because the
SCXI-1122 uses a relay, this module imposes a minimum interchannel
delay of 10 ms, which affects the maximum possible scan rate. Scanning
multiple SCXI-1122 channels many times can quickly wear out the relay.
To avoid this, acquire data from the SCXI-1122 module a single channel
at a time. For further information on reading SCXI-1122 channels, refer to
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the SCXI-1122 User Manuabr the SCXI-1122 \oltage example VI in
labview\examples\daqg\scxi\scxi1122.lIb

If you are measuring temperature with the SCXI-1120 and SCXI-1121
modules, refer to the SCXI-1120/1121 Thermocouple example VI,

located inlabview\examples\dag\scxi\scxi1120.llb and

scxill21.lb . This VI is similar to the VI used to measure temperature
on the SCXI-1100. Both VIs average and linearize temperature data using
the Intermediate analog input VIs. The main differences between the Vs
are that the SCXI-1120/1121 VI does not measure the amplifier offset, and
the input limits for the module and the temperature sensor are different
from the input limits for the SCXI-1100.

The SCXI-1120 and SCXI-1121 modules do not have the internal switch
used to programmatically ground the amplifiers as in the SCXI-1100 for
the amplifier offset measurement. To determine the amplifier offset, you
must manually wire the amplifier terminals to ground and use a separate VI
to read the offset voltage. You can also manually calibrate the SCXI-1120
and SCXI-1121 to remove any amplifier offset on a channel-by-channel
basis. Refer to the SCXI-1120 or SCXI-1121 user manuals for specific
instructions.

If you are measuring thermocouples with the SCXI-1125 or the
SCXI-1112, refer to the examples in the appropriate LLB for the module
located inabview\examples\dag\scxi . These examples demonstrate
how to scan the cold-junction compensation charujteh{p ) while

scanning the thermocouple channels. By scanning the cold-junction sensor
with the thermocouple channels, these examples are better suited to take
temperature measurements over longer periods of time by accounting for
temperature changes at the thermocouple junction inside the terminal
block. The SCXI-1125 thermocouple example also demonstrates the ability
to shunt the inputs and take an offset reading before collecting temperature
data. This allows you to compensate for any offset drift due to operation at
elevated temperatures or for offset produced by the system along the
signal path.

Measuring Temperature with RTDs

Resistance-temperature detectors (RTDs) are temperature-sensing devices
whose resistance increase with temperature. They are known for their
accuracy over a wide temperature range. RTDs require current excitation
to produce a measurable voltage. RTDs are available in 2-wire, 3-wire, or
4-wire configuration. The lead wires in the 4-wire configuration are
resistance-matched. If you use a 2-wire or 3-wire RTD, they are
unmatched. Resistance in the lead wires that connect your RTD to the
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measuring system will add error to your readings. If you are using lead
lengths greater than 10 feet, you will need to compensate for this lead
resistance. RTDs are also classified by the type of metal they use. The most
common metal is platinum.

For more information about how the lead wires affect

RTD measurements as well as general RTD information, refer to
Application Note 046Measuring Temperature with RTDs—A Tutarial
You can find this note on the National Instruments web site,
www.natinst.com

Signal conditioning is needed to interface an RTD to a DAQ device or an
SCXI-1200 module. Signal conditioning required for RTDs include current
excitation for the RTD, amplification of the measured signal, filtering of
the signal to remove unwanted noise, and isolation of the RTD and
monitored system from the host computer. Typically, you would use the
SCXI-1121 module with RTDs because it easily performs all the signal
conditioning listed previously. You must set up the excitation level, gain,
and filter settings on the SCXI-1121 module with jumpers as well as in
your system’s configuration utility. For information on how to connect and
configure the RTD with the SCXI-1121 module, look at@edting Started
with SCXImanual or the RTD application note mentioned previously.

The SC-2042 RTD is a signal conditioning device designed specifically for
RTD measurement and can be used as an alternative to SCXI| modules. For
more information, refer to the National Instruments catalog.

You do not have to worry about cold-junction compensation with RTDs
as you do when measuring thermocouples. To build an application in
LabVIEW, you can use the Easy I/O analog input VIs. If you are measuring
multiple transducers on several different channels, you will need to scan
the necessary channels with little overhead. Because the Easy 1/0 Vs
reconfigure your SCXI module every time your application performs an
acquisition, it is recommended that you use the Intermediate analog
input Vis.

Using the DAQ Channel Wizard to configure your channels can simplify

the programming needed to measure your signal, as shown in Figure 21-5.
LabVIEW configures the hardware with appropriate input limits and gain,
measures the RTD, and scales the measurement for you. Enter the name of
your configured channel in tlehannelsinput parameter. The acquired

data is in the physical units you specify in the DAQ Channel Wizard.
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Figure 21-5. Measuring Temperature Using Information from the DAQ Channel Wizard

The VI in Figure 21-5 continually acquires data until an error occurs or you
stop the VI from executing. To perform a continuous hardware-timed
acquisition, you must set up a buffer. In this example, the buffer is 10 times
the number of points acquired for each channel. For each acquisition, your
device averages the temperature data. After completing the acquisition,
always clear the acquisition by using the Al Clear VI.

If you are not using the DAQ Channel Wizard, you must use the

RTD Conversion VI in addition to specifying additional input
parameters, as shown in Figure 21-6. The Convert RTD Reading VI, in
Functions»Data Acquisition»Signal Conditioning converts the voltage
read from the RTD to a temperature representation.

uld only use the RTD conversion function in LabVIEW for platinum RTDs.

If you do not have a platinum RTD, the voltage-temperature relation will be different, so

the LabVIEW

conversion function cannot be used.
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Figure 21-6. Measuring Temperature Using the Convert RTD Reading VI

The VI in Figure 21-6 continually acquires data until an error occurs or you
stop the VI from executing. In order to perform a continuous
hardware-timed acquisition, you need to set up a buffer. In this example, the
buffer is 10 times the number of points acquired for each channel. After
your device averages the voltage data from the Al Read VI, it converts the
voltage values to temperature. After completing the acquisition, remember
to always clear the acquisition by using the Al Clear VI.

e with Strain Gauges

Strain gauges give varying voltages in response to stress or vibrations

in materials. Strain gauges are thin conductors attached to the material

to be stressed. Resistance changes in parts of the strain gauge to indicate
deformation of the material. Strain gauges require excitation (generally
voltage excitation) and linearization of their voltage measurements.
Depending on the strain gauge configuration, another requirement for
using strain gauges with SCXI is a configuration of resistors. As shown in
Figure 21-7, the resistance from the strain gauges combined with the
SCXI hardware form a diamond-shaped configuration of resistors, known
as aWheatstone bridgaVhen you apply a voltage to the bridge, the
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differential voltage (},) varies as the resistor values in the bridge change.
The strain gauge usually supplies the resistors that change value with strain.

DC Voltage ——

Excitation ——

Supplied by signal

conditioning hardware Physical strain gauge

Rg is value at rest

Figure 21-7. Half-Bridge Strain Gauge

Strain gauges come in full-bridge, half-bridge, and quarter-bridge
configurations. For a full-bridge strain gauge, the four resistors of the
Wheatstone bridge are physically located on the strain gauge itself. For a
half-bridge strain gauge, the strain gauge supplies two resistors for the
Wheatstone bridge while the SCXI module supplies the other two resistors,
as shown above. For a quarter-bridge strain gauge, the strain gauge only
supplies one of the four resistors for a Wheatstone bridge. For more
information on how to connect your strain gauge to SCXI, refer to the
Getting Started with SCXhanual.

The SCXI-1121 and the SCXI-1122 modules are commonly used with
strain gauges because they include voltage or current excitation and internal
Wheatstone bridge completion circuits. You can also use the signal
conditioning device SC-2043SG as an alternative to SCXI modules. The
device is designed specifically for strain gauge measurements. For more
information on this device, refer to your National Instruments catalog.

You can set up your SCXI module to amplify strain gauge signals or filter
noise from signals. In order to set up the excitation level, gain, and filter
settings, consult yougetting Started with SCXhanual for the necessary
hardware configuration and Chaptetristalling and Configuring Your

Data Acquisition Hardwargfor software configuration.
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To build a strain gauge application in LabVIEW, you can use the Easy I/O
analog input VIs. If you are measuring multiple transducers on several
different channels, you need to scan the necessary channels as quickly as
possible. Because the Easy I/O VIs reconfigure your SCXI module every
time the VI is called, you should use the Intermediate analog input Vis as
well as the Strain Gauge Conversion VI, as shown in Figure 21-8. The
Convert Strain Gauge Reading VI, locatedrimctions»DAQ»DAQ

Utilities, converts the voltage read by the strain gauge to units of strain.

Using the DAQ Channel Wizard to configure your channels simplifies the
programming required to measure your signal, as shown in Figure 21-8.
LabVIEW configures the hardware with the appropriate input limits and
gain, measures the strain gauge, and scales the measurement for you. Enter
the name of your configured channel in thannelsinput. You do not need

to wire thedeviceorinput limits input. The acquired data is in the physical
units you specified in the DAQ Channel Wizard.

input limitg [no change

device(1] 0 means

} continuous ac
buffer size 1

RI Al []
b. ool COMFIG E— ETHRT
oy |

scan rate ......
rnumber of chans

number of zamples
to average for each
data point [100]

channels

Al
CLERR
T

Prezsure
Strip Chart

pressure data

Figure 21-8. Measuring Pressure Using Information from the DAQ Channel Wizard

Figure 21-8 continually acquires data until an error occurs or you stop the
VI from executing. In order to perform continuous acquisition, you need to
set up a buffer. In this example, the buffer is 10 times the number of points
acquired for each channel. After your device averages the voltage data from
the Al Read VI, it converts the voltage values to strain values. After
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completing the acquisition, remember to always clear the acquisition by
using the Al Clear VI.

When measuring strain gauge data, there are some parameters on the
Convert Strain Gauge Reading VI, shown in Figure 21-9, you should know.

Rag (120
GF [2.0]
w00 ——
Weg [0.0] — e

——— Strain

Bridge Configuration [3:Hal... = #rath
Wew [3.33] — e

YWinit [0.0]

RI0.0)

Figure 21-9. Convert Strain Gauge Reading VI

Vsg, the strain gauge value, is the only parameter wired in the previous
VI diagram. The other parameters for this VI have default values but those
values may not be correct for your strain gauge. You should check the
following parameters:

« Rg—The resistance of the strain gauge before strain is applied.
You can usually ignore the lead resistance

« Bridge Configuration
¢ \ex—The excitation voltage

« Vinit—The voltage across the strain gauge before strain is applied
(always measure at the beginning of the VI)

* RI—The lead resistance

¢ RI—For strain gauges unless the leads are several feet

For more information on any of the parameters for this VI, refer to
Chapter 30Signal Conditioning Vlsin theLabVIEW Function and VI

Reference Manuabr refer to the LabVIEVDnline Referengdoy selecting
Help»Online Reference
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Analog Output Application Example

You can output isolated analog signals using the SCXI-1124 analog output
module. If you use the DAQ Channel Wizard to configure your analog
output channels, generating signals using the SCXI-1124 is no different
from the techniques in Part IIaking Waves with Analog Output

The remainder of this section describes how to generate signals with the
SCXI-1124 when you do not use the DAQ Channel Wizard.

The SCXI-1124 can generate voltage and current signals. Refer to the
example analog output VI, SCXI-1124 Update Channels VI, located in
labview\examples\dag\scxi\scxil124.llb . This VI uses the

analog output Advanced VIs because the output mode (whether you have
voltage or current data) must be accessible in order to change the value, as
shown in Figure 21-10. The program calls the AO Group Config VI to
specify the device and output channels. The AO Hardware Config VI
specifies the output mode and the output range, or limit settings, for all the
channels specified in the channels string. This advanced-level VI is the only
place where you can specify a voltage or current output mode. If you are
going to output voltages only, you may want to use the AO Config VI

(an Intermediate V1), instead of the AO Group Config and AO Hardware
Config VIs. You can program individual output channels of the SCXI-1124
for different output ranges by using the arrays for channels, output mode,
and limit settings. The AO Single Update VI initiates the update of the
SCXI-1124 output channels. To help debug your Vls, it is always helpful to
display any errors, in this case using the Simple Error Handler VI.

@ .&Doimup Config.wi AH’I;Idtl:Irardwale Config.wi .?.Egiingle Update.vi  Simple Eror Handler
[channels [sc1 T md] | chi:5]
_m- [DBL]
== [voltagetcurent armay [0.0]]

EH s

output voltage range
5 -10 to +100W

Figure 21-10. SCXI-1124 Update Channels VI
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Digital Input Application Example

To input digital signals through an SCXI chassis, you can use the
SCXI-1162 and SCXI-1162HV modules and the Easy Digital VI,
Read from Digital Port, as shown in Figure 21-11.

pattem displayed in hex, octal, decimal

nattern dizplayed as bodlean cluster]

MWurnber to array to
cluzster corversion

SHI=]

Figure 21-11. Inputting Digital Signals through an SCXI Chassis Using Easy Digital VIs

If you configure channels using the DAQ Channel Wizdigital channel

can consist of a digital channel name. The channel name can refer to either
a port or a line in a port. You do not need to speadyice line, or port

width, as these inputs are not used by LabVIEW if a channel name is
specified indigital channel.

As an alternativeligital channel can be expressed in thex!mdy!0

format, where you are trying to input from the digital input module on slot
y of chassix. The last identifier is always port 0, because the whole
module is considered one port. In this example, you must also specify
deviceandport width . Theport width should be the number of lines in

a port on your SCXI module if you are operating in multiplexed mode.

For the SCXI-1162 and SCXI-1162HV, thert width is 32 lines. If you

are operating in parallel mode, tpert width should be the number of

lines on your DAQ device. The DIO-32F device can access all 32 lines of
the SCXI modules at once by using the SCXI-1348 cable assembly. The
DIO-24 and the DIO-96 devices can only access the first 24 lines of these
modules when configured in parallel mode. For the fastest performance in
parallel mode, you can use the appropriate onboard port numbers instead of
the SCXI channel string syntax.

Use the iteration input to optimize your digital operation. Witenation

is 0 (default), LabVIEW calls the DIO Port Config VI (an Advanced VI) to
configure the port. literation is greater than zero, LabVIEW bypasses
reconfiguration and remembers the last configuration, which improves
performance. You can wire this input to an iteration terminal of a loop. With
the DIO-24 and DIO-96 devices, every time you call the DIO Port
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Config VI, the digital line values are reset to default values. If you want to
maintain the integrity of the digital values from one loop iteration to
another, do not séeration to 0 except for the first iteration of the loop.

For an example on SCXI digital input, refer to SCXI-1162/1162HV Digital
Input VI located inabview\examples\dag\scxi\scxi1162.1lb .

Even though this VI uses Advanced Vs, it is functionally equivalent to the
Easy I/O Digital VI, Read from Digital Port.

@ Note The DIO Port Config VI resets output lines on adjacent ports on the same 8255 chip
for DIO-24, DIO-96, AT-MIO-16D, AT-MIO-16DE, and Lab and 1200 Series devices.

@ Note If you are also using SCXI analog input modules, make sure your cabling
DAQ device is cabled to one of them.

Digital Output Application Example

To output digital signals through an SCXI chassis, you can use the
SCXI-1160, SCXI-1161, SCXI-1163, and SCXI-1163R modules and the
digital Easy Digital VI, Write to Digital Port, as shown in Figure 21-12.

part width
device] [
digital channel]l | Faer
BT
atter bo wirike)
[Eziteration]
=l U3z
rrmeric: pattern
Cluster to amray to
number conyersion

Figure 21-12. OQutputting Digital Signals through
an SCXI Chassis Using Easy Digital VIs

If you configure channels using the DAQ Channel Wizdigital channel

can consist of a digital channel name. The channel name can refer to either
a port or a line in a port. You do not need to speadfyice line, or port

width, as theses inputs are not used by LabVIEW if a channel name is
specified indigital channel.

As an alternativedigital channel can be expressed in thex!mdy!0
format, where you are trying to output from the digital output module on
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sloty of chassix. The last identifier is always port 0, because the whole
module is considered one port. In this case, you must also sgevifye
andport width . Theport width should be the number of lines on your
SCXI module if you are operating in multiplexed mode. The SCXI-1160
has 16 relays, the SCXI-1161 has eight relays, and the SCXI-1163/1163R
have 32 relays. You can not use the SCXI-1160 or SCXI-1161 in parallel
mode. For the SCXI-1163/1163R tpert width in parallel mode should

be the number of lines on your DAQ device or SCXI-1200 module. The
DIO-32F device can access all 32 lines of the SCXI-1163/1163R modules
at once by using the SCXI-1348 cable assembly. The DIO-24 and the
DIO-96 devices can only access the first 24 lines of the SCXI-1163/1163R
when configured in parallel mode. For the fastest performance in parallel
mode, you can use the appropriate onboard port numbers instead of the
SCXI channel string syntax.

Use thdteration input to optimize your digital operation. Whig@ration

is 0 (default), LabVIEW calls the DIO Port Config VI (an Advanced VI)

to configure the port. literation is greater than zero, LabVIEW bypasses
reconfiguration and remembers the last configuration, which improves
performance. You can wire this input to an iteration terminal of a loop.
Every time you call the DIO Port Config VI the digital line values are reset
to default values. If you want to maintain the integrity of the digital values
from one loop iteration to another, do not set iteratioh eégcept for the

first iteration of the loop.

For an example on SCXI digital output, refer to SCXI-116x Digital
Output VI located irabview\examples\dag\scxi\scxi1160.llb ,
scxil161.1lb , Orscxil163.lb . Even though this VI uses
Advanced Vs, it is functionally equivalent to the Easy Digital VI,
Write to Digital Port.

If you also are using SCXI analog input modules, make sure your cabling
DAQ device is cabled to one of them.
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Multi-Chassis Applications

Multiple SCXI-1000, SCXI-1000DC, or SCXI-1001 chassis can be
daisy-chained using the SCXI-1350 or SCXI-1346 multichassis cable
adapters and an MIO Series DAQ device other than the
DAQPad-MIO-16XE-50. Every module in each of the chassis must be in
multiplexed mode. Only one of the chassis will be connected directly to the
DAQ device. Also, if you are using Remote SCXI with RS-485, you can
daisy chain up to 31 chassis on a single RS-485 port. Because you can only
configure up to 16 devices on the NI-DAQ Configuration Utility, you can
only have up to 16 SCXI-1200s in your system.

@ Note Lab Series devices, LPM devices, DAQCard-500, 516 devices, DAQCard-700, 1200
Series (other than SCXI-1200), and DIO-24 devices do not support multi-chassis
applications.

If you use the DAQ Channel Wizard to configure your analog input

channels, you simply address channels in multiple chassis by their channel
names. Channel names can be combined, separated by commas, to measure
data from multiple modules in a daisy chain configuration at the same time.
For example, if you have a named channel calegberature  on one

module in the daisy chain apeessure  on another module in the same

daisy chain, youchannelsarray could bé&emperature , pressure . You

must enter the chassis in a sequential order in the NI-DAQ Configuration
Utility, assigning the first chassis in the chain an ID number of 1, the second
chassis an ID number of 2, and so forth.

If you are not using the DAQ Channel Wizard, there are special
considerations for addressing the channels. When you daisy chain multiple
chassis to a single DAQ device (non-Remote SCXI), each chassis
multiplexes all of its analog input channels into a separate onboard analog
input channel. The first chassis in the chain uses onboard channel 0, the
second chassis in the chain uses onboard channel 1, and so on. To access
channels in the second chassis, you must select the correct onboard channel
as well as the correct chassis ID. The stdbggsc2!md1!0 means

channel 0 on the module in slot 1 of SCXI chassis 2, multiplexed into
onboard channel 1. Remember to use the correct chassis ID number from
the configuration utility and to put the jumpers from the power supply
module in the correct position for each chassis.
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When an MIO/AI Series device is cabled by a ribbon cable or shielded
cable to multiple chassis, the number of reserved analog input channels
depends on the number of chassis. On MIO Series devices, lines 0, 1,
and 2 are unavailable. On MIO-E Series devices, lines 0, 1, 2, and 4 are
unavailable. For more channel information refer to the LabVIBWine
Referencgby selectingdelp»Online Reference

When you access digital SCXI modules, you do not use onboard channels.
Therefore, if you have multiple chassis, you only have to choose the correct
SCXI chassis ID and module slot.

When you use Remote SCXI to address analog input channels, specify the
device number of the SCXI-1200 that is located in the same chassis
containing the analog input module from which you take samples.

You can perform DAQ operations on channels in multiple SCXI chassis at
the same time. For example, the first element of ghannelsarray could
beob0!sc1!md1!0:31 , and the second element of tiennelsarray

could beobl!sc2!Imd1!0:31 . Then, LabVIEW would scan 32 channels
on module 1 of SCXI chassis 1, using onboard channel O, then the

32 channels on module 1 in SCXI chassis 2, using onboard channel 1.
Remember that th&can rateyou specify is how many scans per second
LabVIEW performs. For each scan, LabVIEW reads every channel in the
channelsarray.

You can practice reading channels from different chassis by using the
channel strings explained above in the Easy VIs.
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SCXI Calibration—Increasing
Signal Measurement Precision

Your SCXI module ships to you factory-calibrated for the specified
accuracy. You need to recalibrate the module only if the precision of your
signal measurement is not acceptable because of shifts in environmental
conditions.

@ Note This chapter does not apply to the SCXI-1200. For calibration on the SCXI-1200,
you should use the 1200 Calibrate VI, which you can firfeunctions»Data
Acquisition»Calibration and Configuration . If you are using an SCXI-1200 in a remote
SCXI configuration, National Instruments recommends that you connect directly to your
parallel port to perform calibration, because it works much faster.

EEPROM—Your System’s Holding Tank for
Calibration Constants

When you calibrate your SCXI module in LabVIEW, the calibration
constants can be storedsilectronically erasable programmable read-only
memory (EEPROM)rhe EEPROM stores calibration constant
information in your module’s memory. There are three parts to the
EEPROM: the factory area, the default load area, and the user area.

@ Note Only the SCXI-1102, SCXI-1112, SCXI-1122, SCXI-1124, SCXI-1125,
SCXI-1141, SCXI-1142, and SCXI-1143 have EEPROMSs. All other SCXI modules do not
store calibration constants.

@ Note The SCXI-1125 does not have a user area in its EEPROM.
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e Thefactory areahas a set of factory calibration constants already
stored in it when you receive your SCXI module. You cannot write into
the factory area, but you can read from it, so you can always access and
use these factory constants if they are appropriate for your application.

* Thedefault load areas where LabVIEW automatically looks to load
calibration constants the first time you access the module. When the
module is shipped, the default load area contains a copy of the factory
calibration constants.

@ Note You may overwrite the constants stored in the default load area of EEPROM with a
new set of constants using the SCXI Cal Constants VI. To learn more about this VI, refer
to Chapter 29Calibration and Configuration V|sn theLabVIEW Function and VI
Reference Manuabr refer to the LabVIEWDnline Referenceby selecting
Help»Online Reference

e Theuser areads an area for you to store your own calibration constants
that you calculate using the SCXI Cal Constants VI. You can also put
a copy of your own constants in the default load area if you want
LabVIEW to automatically load your constants for subsequent
operations. You can read and write to the user area.

@ Note Use the user area in EEPROM to store any calibration constants that you may need
to use later. This safeguards you from accidentally overwriting your constants in the default
load area, because you will have two copies of your new constants and you can revert to
the factory constants by copying the factory area to the default load area without wiping
out your new constants entirely.

LabVIEW Data Acquisition Basics Manual 22-2 www.natinst.com



Chapter 22 SCX| Calibration—Increasing Signal Measurement Precision

Calibrating SCXI Modules

The SCXI Cal Constants VI in LabVIEW automatically calculates the
calibration constants for your module with the precision you need for your
particular application. You can find this VI Functions»DAQ»

Calibration and Configuration . Refer to Chapter 2@alibration and
Configuration VlIsin theLabVIEW Function and VI Reference Manfal
specifics on the SCXI Cal Constants VI and each of its parameters, or refer
to the LabVIEWOnline Referengeby selectindHelp»Online Reference

For the SCXI-1112 and SCXI-1125 modules, the SCXI Calibrate VI can be
used for easy one-point calibration (SCXI-1125) or two-point calibration
(SCXI-1112) without the separate function calls necessary with the SCXI
Cal Constants VI. One- and two-point calibration is described i8@¥
Calibration Methods for Signal Acquisitiaection later in this chapter.

The SCXI Calibrate VI also can be foundranctions»DAQ»Calibration

and Configuration.

By default, calibration constants for the SCXI-1102, SCXI-1112,
SCXI-1122, SCXI-1125, SCXI-1141, SCXI-1142, and SCXI-1143 are
loaded from the module EEPROM. The SCXI-1141, SCXI-1142, and
SCXI-1143 have only gain adjust constants in the EEPROM. They do not
have the binary zero offset. All other analog input modules do not have
calibration constants by default and do not assume any binary offset and
ideal gain settings. This means you must use one of the procedures
described in th&CXI Calibration Methods for Signal Acquisitisaction

to store calibration constants for your module if it is not an SCXI-1102,
SCXI-1112, SCXI-1122, SCXI-1125, SCXI-1141, SCXI-1142, or
SCXI-1143.

You can determine calibration constants based on your application setup,
which includes your type of DAQ device, DAQ device settings, and cable
assembly—combined with your SCXI module and its configuration
settings.

@ Note If your SCXI module has independent gains on each channel, the calibration
constants for each channel are stored at each gain setting.
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SCXI Calibration Methods for Signal Acquisition

There are two ways you can calibrate your SCXI module—through
one-point calibratioror two-point calibration The following illustration
explains why you may need to calibrate your SCXI module.

Binary Reading

Ideal Reading

.~ Actual Reading

Gain Error

- \ Actual Voltage

in Binary Representation

Binary Offset

This picture shows the difference between the ideal reading and the actual
reading. This difference is calleqdy/or thebinary offset, before the two
readings intersect. The difference in slope between the actual and ideal
readings is called thgain error.

One-point calibration removes thg;\binary offset) by measuring a 0 vV
signal and comparing the actual reading to it. Two-point calibration
removes the Y (binary offset) andcorrects gain error by first performing

a one-point calibration. Then you measure a voltagealts and compare

it to the actual reading. Themust be as close as possible to the full-scale
range. The following sections explain how to perform a one-point and
two-point calibration.
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One-Point Calibration

You should use one-point calibration when you only need to adjust the
binary offset in your module. If you need to adjust both the binary offset
and the gain error of your module, read Tie-Point Calibrationsection
later in this chapter.

@ Note If you are using an AT-MIO-16F-5, AT-MIO-64F-5, AT-MIO-16X device or
an E Series device, you should calibrate your DAQ device first using either the
MIO Calibrate VI or E-Series Calibrate VI.

To perform a one-point calibration calculation in LabVIEW, complete the
following steps:

1.
Al
COHFIG
e 2
3.
Al
5-SCAH 4.
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Make sure you set the SCXI gain to the gain you want to use in your
application. If your modules have gain jumpers or DIP switches, they
must be set appropriately. Refer to your SCXI module user manual for
jumper or switch setting information. If your modules have
software-programmable gain, use theut limits parameter in the

Al Config VI to set gain.

Program the module for a single-channel operation by using the
Al Config VI with the channel that you are calibrating asdhannels
parameter in the VI.

Ground your SCXI input channel to determine the binary zero offset.
You should ground inputs because offset can vary at different voltage
levels due to gain error. If you are using an SCXI-1100 or SCXI-1122,
you can ground your input channels without external hookups by
substituting the channel string withignd as the channel number.

For other modules, you need to wire the positive and negative channel
inputs together at the terminal block and wire them to the chassis
ground.

Use the Al Single Scan VI to take several readings and average them
for greater accuracy. Set the DAQ device gain settings to match the
settings you plan to use in your application. If you are using an
AT-MIO-16F-5, AT-MIO-64F-5, or AT-MIO-16X, use the MIO
Configure VI to enable dithering, which makes your averaged data
more accurate. The dither mode is always enabled on E-series devices.
By using the Al Start and Al Read VIs, instead of the Al Single

Scan VI, you can average over an integral number of 60 Hz or 50 Hz
power line cycles (sine waves) to eliminate line noise. You now have
your first volt/binary measurement: volt = 0.0 or the applied voltage at
your input channel, and binary is your binary reading or binary
average.
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5. Use the SCXI Cal Constants VI with your volt/binary measurement
from step 4 as theolt/Amp/Hz 1 andBinary 1 inputs in your VI,
respectively. (These input names may vary depending on your
application setup.) For example, if your volt/binary measurement from
step 4 was 0.00 V and 2, then you would enter the values into your
front panel controls as shown in the following illustration.

Yalkidmp 1 Binam 1
=T =

Two-Point Calibration

The following steps show you how to perform a two-point calibration
calculation in LabVIEW. You should use two-point calibration when you
need to correct both the binary offset and the gain error in your SCXI
module.

@ Note If you are using an AT-MIO-16F-5, AT-MIO-64F-5, or AT-MIO-16X device or
an E Series device, you should calibrate your DAQ device first using either the
MIO Calibrate VI or E-Series Calibrate VI.

To perform a two-point calibration calculation in LabVIEW, follow
steps 1 through 5 in the previous sectiOng-Point Calibrationthen
complete the following steps:

6. Now apply a known, stable, non-zero voltage to your input channel at
the terminal block. This input voltage should be close to the upper limit
of your input voltage range for the given gain setting. For example, if
your input voltage range is -5 to 5 V, you would want to apply an input
voltage that is as close to 5 V as possible, but does not exceed 5 V.

7. Take another binary reading or average of readings. If your binary
reading is the maximum binary reading for your DAQ device, try a
smaller input voltage. This is your second volt/binary measurement.

8. Use the SCXI Cal Constants VI with the first volt/binary measurement
from step 4 a¥olt/Amp/Hz 1 andBinary 1 inputs, and the second
measurement from step 7\&at/Amp/Hz 2 andBinary 2 inputs of
the VI. The following illustration shows how you should enter the
values into these inputs in LabVIEW if your volt/binary measurements
are 0 V/0 and 5 V/2045. Your input names may vary depending on your
application setup.
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WalAdmp 1 Binary 1 Yalt/amp 2 Binam 2
om0 | Heo | FEo0 | gloas |

9. Ifyou are using SCXI-1102 or SCXI-1122 inputs, you can save the
constants in the module user area in EEPROM. Store constants in the
user area as you are calibrating, and then use SCXI Cal Constants VI
again at the end of your calibration sequence to copy the calibration
table in the user area to the default load area in EEPROM. Remember,
constants stored in the default load area can be overwritten. If you want
to use a set of constants later, keep a copy of the constants stored in the
user area in EEPROM.

@ Note If you are storing calibration constants in the SCXI-1102 or SCXI-1122 EEPROM,
your binary offset and gain adjust factors must not exceed the ranges given in the respective
module user manuals.

For other analog input modules, you must store the constants in the
memory. Unfortunately, calibration constants stored in the memory are lost
at the end of a program session. You can solve this problem by creating a
file and saving the calibration constants to this file. You can load them
again in subsequent application runs by passing them into the SCXI Cal
Constants or the Scale Constant Tuner VIs.

Calibrating SCXI Modules for Signal Generation

When you output a voltage or current value to your SCXI analog output
module, LabVIEW uses the calibration constants loaded for the given
module, channel, and output range to scale the voltage or current value to
the appropriate binary value to write to the output channel. By default,
calibration constants for the SCXI-1124 are loaded into the memory from
the EEPROM default load area.

Recalibrate your SCXI analog output module by following these steps:

gl 1. Use the AO Single Update VI to output a binary value. If you are
_Jf'\ﬁ calibrating a voltage output range, erién thebinary array input
of the VI. If you are calibrating current range, er#t®$ into the

binary array input of the VI.

2. Measure the output voltage or current at the output channel with a
voltmeter or ammeter. This is your first volt/binary measurement:
Binary 1 = 0, andVolt/Amp/Hz 1 is the voltage or current you
measured at the output.
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3. Use the AO Single Update VI to output a binary value of 4,095.

4. Measure the output voltage or current at the output channel. This is
your second volt/binary measuremeBihary 2 should bet,095 and
Volt/Amp 2 is the voltage or current you measured at the output.

5. Use SCXI Cal Constants VI with the first voltage/binary measurement
from step 2 as theolt/Amp/Hz 1 andBinary 1 inputs and the second
measurement from step 4 as tfodt/Amp/Hz 2 andBinary 2 inputs
of the VI.

You can save the constants on the module in the user area in EEPROM. Use
the user area as you are calibrating, and then use SCXI Cal Constants VI
again at the end of your calibration sequence to copy the calibration table
in the user area to the default load area in EEPROM. Remember, constants
stored in the default load area can be overwritten. If you want to use a set
of constants later, keep a copy of the constants stored in the user area in
EEPROM.

Repeat the procedure above for each channel and range you want to
calibrate. Subsequent analog outputs will use your new constants to scale
voltage or current to the correct binary value.

For more information on the SCXI Cal Constants VI, refer to Chapter 29,
Calibration and Configuration Vldn theLabVIEW Function and VI
Reference Manuabr refer to the LabVIEVDnline Referengdoy selecting
Help»Online Reference
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Part VI

Counting Your Way
to High-Precision Timing

This section describes 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 VI, Counting Your Way to High-Precision Timingpntains the
following chapters:

© National Instruments Corporation

Chapter 23Things You Should Know about Countsigows you how
to add high-precision timing to your DAQ system by using counters
and explains basic counter concepts.

Chapter 24Generating a Square Pulse or Pulse Traiascribes the
ways you can generate a square pulse or multiple pulses (calte
trains) using the counters available on your DAQ device with the Easy,
Intermediate, and Advanced Counter VIs in LabVIEW.

Chapter 25Measuring Pulse Widtldescribes how you can use a
counter to measure pulse width.

Chapter 26Measuring Frequency and Peripdescribes the various
ways you can measure frequencies and periods using the counters on
your DAQ device.

Chapter 27Counting Signal Highs and Lowgaches you how to use
counters to count external events or elapsed time.

Chapter 28Dividing Frequenciesshows you how to divide the
available device frequencies to get the frequency you need for your
data acquisition application.
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Things You Should Know
about Counters

Counters add counting or high-precision timing to your DAQ system.
Counters respond to and output TTL signals—square-pulse signals that
are 0 V (low) or 5V (high) in value. The following diagram shows a TTL

signal.
Signal Transitions
or Edges —»
oV -------- —

Although counters count only the signal transitions (edges) of a
TTL source signal, you can use this counting capability in many ways:

* You can generate square TTL pulses for clock signals and triggers for
other DAQ applications.

* You can measure the pulse width of TTL signals.

* You can measure the frequency and period of TTL signals.

e You can count TTL signal transitions (edges) or elapsed time.
* You can divide the frequency of TTL signals.
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Knowing the Parts of Your Counter

The following illustration shows a basic model of a counter.

—»| GATE ouT —»

Count Register

—» SOURCE
(CLK)

A counter consists of a SOURCE (or CLK) input pin, a GATE input pin, an
OUT output pin, and a count register. In plug-in device diagrams and in the
LabVIEW Function and VI Reference Manuhkse counter parts are

called SOURCE (or CLKn), GATEn, and OUT, wheren is the number

of the counter.

Signal transitions (edges) are counted at the SOURCE input. The count
register can be preloaded with a count value, and the counter increments or
decrements the count register for each counted edge. The count register
value always reflects the current count of signal edges. Reading the count
register does not change its value. The GATE input can be used to control
when counting occurs in your application. You can also use a counter with
no gating, allowing the software to initiate the counting operation.

The OUT pin can be toggled according to available counter programming
modes to generate various TTL pulses and pulse trains.
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Use the OUT signal of a counter to generate various TTL pulse waveforms.
If you are incrementing the count register value, you can configure the
OUT signal to either toggle signal states or pulse when the count register
reaches a certain value. The highest value of a counter is called the
terminal count(TC). If you are decrementing, the count register TC value
is 0. If you chose to have pulsed output, the counter outputs a high pulse
that is equal in time to one cycle of the counter's SOURCE signal, which
can be either an internal or external signal. If you chose a toggled output,
the state of the output signal changes from high to low or low to high. For
more control over the length of high and low outputs, use a toggled output.
Refer to Chapter 245enerating a Square Pulse or Pulse Traifos more
information.

Multiple counters can be concatenated for a greater counting range on most
devices. For more information on how to concatenate counters, refer to
Chapter 27Counting Signal Highs and Lows
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Knowing Your Counter Chip

Most National Instruments DAQ devices contain one of four different
counter chips: the TIO-ASIC, the DAQ-STC, the Am9513, or the 8253/54
chip. Typically, 66& devices use the TIO-ASIC chip. E Series devices
(for example the AT-MIO-16E-1) use the DAQ-STC chip. Legacy-type
MIO devices (for example the AT-MIO-16) use the Am9513 chip.
Low-cost Lab/1200-type devices (for example the Lab-PC-1200) use the
8253/54 chip. If you are not sure which chip your device uses, refer to
your hardware documentation.

Rising-Edge Gating
SOURCE J LI LI rirnririrnri

Counter Value | 1=2+3>4—5—26—>7>8—>9—>10 count rising SOURCE edge

GATE —|_|—|_|—

Falling-Edge Gating
SOURCE _I_|_l_|_l_l_l_|_l_||_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_

Counter Value | 1—+2—+3—>4—5—>6—"=7—8 countrising SOURCE edge

GATE — | L 1

High-Level Gating
SOURCE _I_|_l_||_l_l_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_

Counter Value | 1—>2+»3———>4—+5—+6 count rising SOURCE edge

GATE _|—|—|—|_

Low-Level Gating

SOURCE _|_|_l_|_lTLl_|J_|_l_|_l_|_l_|_l_|_l_|_l_|_l_Ll_l_l_|_l_Ll_u_|_

Counter Value | 1—=2—+3—4 5—6 count risihg SOURCE edge

GATE I J L

Figure 23-1. Counter Gating Modes
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Chapter 23 Things You Should Know about Counters

You can configure the TIO-ASIC to count either low-to-high or

high-to-low transitions of the SOURCE input. The counter has a 32-bit
count register with a counting range of 0 #-2.. It can be configured to
increment or decrement for each counted edge. Furthermore, whether the
count register increments or decrements can be controlled with an external
digital line, which is useful for encoder applications. Of the gating modes
shown in Figure 23-1, the gating modes the TIO-ASIC supports depends
upon the application. You can set the configuration parameters described
above using the Advanced VI, Counter Set Attribute.

You can configure the DAQ-STC to count either low-to-high or
high-to-low transitions of the SOURCE input. The counter has a 24-bit
count register with a counting range of 0 #6-2.. It can be configured to
increment or decrement for each counted edge. Furthermore, whether the
count register increments or decrements can be controlled with an external
digital line, which is useful for encoder applications. Of the gating modes
shown in Figure 23-1, the gating modes the DAQ-STC supports depends
upon the application. You can set the configuration parameters discussed
above using the Advanced VI, Counter Set Attribute.

You can configure the Am9513 to count either low-to-high or high-to-low
transitions of the SOURCE input. The counter has a 16-bit count register
with a counting range of 0 to 65535, and can be configured to increment or
decrement for each counted edge. The Am9513 supports all of the gating
modes shown in Figure 23-1. You can set the configuration parameters
discussed above using the Advanced VI, CTR Mode Config.

The 8253/54 chip counts low-to-high transitions of the CLK input. The
counter has a 16-bit count register with a counting range of 65535 to 0
that decrements for each counted edge. Of the gating modes shown in
Figure 23-1, the 8253/54 supports only high-level gating. For single pulse
output, the 8253/54 can only create negative polarity pulses. For this
reason, some applications require the use of a 7404 inverter chip to produce
a positive pulse. The 14-pin 7404 is a common chip available from many
electronics stores, and can be powered with the 5 V available on most DAQ
devices. Figure 23-2 shows how to wire a 7404 chip to invert a signal.
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T404
o

[ +5
13} TTL signal in
E— inmerted TTL signal out

Y.
Y]

[mn] [en] [] [ee] [ra] [=]

3]

DGHD =] 7| GHD 2]

Figure 23-2. Wiring a 7404 Chip to Invert a TTL Signal

For specific information about the Counter Vls in LabVIEW, refer to
Chapter 14Introduction to the LabVIEW Data Acquisition Vis the
LabVIEW Function and VI Reference Manwalthe LabVIEWOnline
Referenceavailable by selectingelp»Online Reference
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Generating a Square Pulse
or Pulse Trains

This chapter describes the ways you can generate a square pulse or multiple
pulses (calleghulse traing using the counters available on your DAQ
device with the example VIs in LabVIEW.

Generating a Square Pulse

There are many applications where you may need to generate TTL pulses.
TTL pulses can be used as clock signals, gates, and triggers. You can use a
pulse train of known frequency to determine an unknown TTL pulse width.
You also can use a single pulse of known duration to determine an
unknown TTL signal frequency, or use a single pulse to trigger an analog
acquisition.

There are two basic types of counter signal generatioggledand

pulsed When a counter reaches a certain value, a counter configured for
toggled output changes the state of the output signal, while a counter
configured for pulsed output outputs a single pulse. The width of the pulse
is equal to one cycle of the counter's SOURCE signal.

The following is a list of terms you should know before outputting a pulse
or pulse train using LabVIEW:

« phase Irefers to the first phase or delay to the pulse.
» phase 2efers to the second phase or the pulse itself.
» periodis the sum of phase 1 and phase 2.

* Frequency is the reciprocal of the period (1/period).

» In LabVIEW, you can adjust and control the times of phase 1 and
phase 2 in your counting operation. You do this by specifyitaty
cycle The duty cycle equals

phase?
period’

whereperiod = phase 1+ phase?2
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Examples of various duty cycles are shown in Figure 24-1. The first line
shows a duty cycle @f.5 , where, phase 1 and phase 2 are the same
duration. A signal with a 0.5 duty cycle acts as a SOURCE for counter
operations. The second line shows a duty cycte &f where phase 1 has
increased and phase 2 has decreased. The final line shows a large duty cycle
of 0.9 where phase 1 is very short and the phase 2 duration is longer.

counter starts

phase 1 phase 2

Duty Cycle =0.5

) L

Duty Cycle =0.1

4] B

Duty Cycle =0.9

Figure 24-1. Pulse Duty Cycles
@ Note A high duty cycle denotes a long pulse phase relative to the delay phase.

How you generate a square pulse varies depending upon which counter
chip your DAQ hardware has. If you are unsure which chip your device
uses, refer to your hardware documentation.
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T10-ASIC, DAQ-STC, and Am9513

When generating a pulse or pulse train with the TIO-ASIC, DAQ-STC, or
Am9513 chip, you can define the polarity of the signal as positive or
negative. Figure 24-2 shows these pulse polarities. Notice that for a signal
with a positive polarity, the initial state is low, while a signal with negative
polarity has a positive initial state.

Positive Polarity Negative Polarity

Figure 24-2. Positive and Negative Pulse Polarity

Each counter-generated pulse consists of two parts—phase 1 and phase 2.
If the counter is configured to output a signal with positive polarity and
toggled output, as shown in the following diagram, the period of time

from when the counter starts counting to the first rising edge is called
phase 1. The time between the rising and the following falling edge is
called phase 2. If you configure the counter to generate a continuous pulse
train, the counter repeats this process many times as shown on the bottom
line of Figure 24-3.

counter starts

l phase 1 phase 2

Single Pulse

l phase 1 phase 2 phase 1 phase 2

Pulse Train

Figure 24-3. Pulses Created with Positive Polarity and Toggled Output
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8253/54

When generating a pulse with the 8253/54 chip, the hardware limits you
to a negative polarity pulse, as shown in Figure 24-2. The period of time
from when the counter starts counting to the falling edge is called phase 1.
The time between the falling and following rising edge is called phase 2.
Figure 24-4 shows these phases for a single negative polarity pulse. If you
need to create a positive polarity pulse, you can connect your negative
polarity pulse to an external 7404 inverter chip.

counter starts

;

phase 1 phase 2

Figure 24-4. Phases of a Single Negative Polarity Pulse

When generating a pulse train with the 8253/54 chip, the hardware limits

you to positive polarity pulses. Furthermore, the value loaded in the count
register is divided equally to create phase 1 and phase 2. This means you
will always get a 0.5 duty cycle if the count register is loaded with an even

number. If you load the count register with an odd number, phase 1 will be
longer than phase 2 by one cycle of the counter’s CLK signal.

Now that you know the terms involving generating a single square pulse or

a pulse train, you can learn about the LabVIEW VIs, and the physical
connections needed to implement your application.

Generating a Single Square Pulse

You can use a single pulse to trigger analog acquisition or to gate another
counter operation. You also can use a single pulse to stimulate a device or
circuit for which you need to acquire and test the response.
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TI0-ASIC, DAQ-STC, Am9513

Figure 24-5 shows two ways to connect your counter to generate a square
pulse. In the Basic Connection, the edges of the internal SOURCE signal
are counted to generate the output signal, the GATE is not used (software
start), and the pulse signal on the OUT pin gets connected to your device.
The Optional Connections use an external SOURCE from your device and
is gated by your device. You can use either or both of these options.

Basic Connection

SOURCE ouT >

Count Register Your Device

GATE

Optional Connections

—» SOURCE OUT |

Your Device Count Register Your Device

—» GATE

Figure 24-5. Physical Connections for Generating a Square Pulse

Figure 24-6 shows the block diagram of the Delayed Pulse-Easy
(DAQ-STC) VI located inabview\examples\dag\counter\

DAQ-STC.llb . You also can use the example Delayed Pulse-Easy
(9513) VI located iabview\examples\dag\counte\Am9513.lIb

These examples use the Easy level Generate Delayed Pulse VI.

The Generate Delayed Pulse VI, foundrimctions»Data Acquisition»
Counter, tells your device to generate a single delayed pulse. This VI is
self-contained and checks for errors automatically. With the Generate
Delayed Pulse VI, you must connect thdse delay(phase 1) and

pulse width (phase 2) controls to define the output pulse. Sometimes the
actual pulse delayandpulse width are not the same as you specified.
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timebase source|
[
actual width [

actual delay [

—{[EEL]

i + g‘zunter
i 0 6
o =t ,

|Generate Delayed Pulse.«

Figure 24-6. Diagram of Delayed Pulse-Easy (DAQ-STC) VI

To gain more control over when the counter begins generating a single
square pulse, use Intermediate Vls instead of the Easy VIs. Figure 24-7
shows the diagram of the Delayed Pulse-Int (DAQ-STC) VI located in
labview\examples\dag\countenDAQ-STC.lIb . You can also use

the example Delayed Pulse-Int (9513) VI locatddbriew\examples\
dag\counte\Am9513.llb . These examples show how to generate a
single pulse using Intermediate level Vis. The Delayed Pulse Generator
Config VI configures the counter and the Counter Start VI generates the
TTL signal. An example of this is generating a pulse after meeting certain
conditions. If you used the Easy Counter VI, the VI configures and then
immediately starts the pulse generation. With the Intermediate VIs, you can
configure the counter long before the actual pulse generation begins. As
soon as you want a pulse to be generated, the counter can immediately
begin without having to configure the counter. In this situation, using
Intermediate VIs improves performance.
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timebase gource)

actual width [

actual delay [=

I
ILZE aunter]

ik IEIDI"H'IG = [tart
enlh =Tz

1
% + g:unter
:
'ms

Figure 24-7. Diagram of Delayed Pulse-Int (DAQ-STC) VI

You must stop the counter if you want to use it for other purposes. For
more information on stopping counters, refer to$t@pping Counter
Generationssection at the end of this chapter.

8253/54

The example Delayed Pulse (8253) VI locatethliwiew\examples\
dag\counter\8253.11b shows how to generate a negative polarity
pulse. Due to the nature of the 8253/54 chip, three counters are used to
generate this pulse. Because ardyinter Ois internally connected to a
clock source, it is used to generate the timelmasmter lis used to create
the pulse delay that gatesunter 2 counter 2is used to generate the
pulse, which occurs on the OUT pin. Using multiple counters requires
external wiring, which is shown in Figure 24-8 as well as being described
on the front panel of the VI.

clk : clk : clk :
ol au O et
gate gate -I— gate

counter 0 courter 1 counter2
Ezternal Connections Diagram

your
dewice

Figure 24-8. External Connections Diagram from
the Front Panel of Delayed Pulse (8253) VI
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This example uses a sequence structure to divide the basic tasks involved.
Figure 24-9 shows frame 0 of the sequence where all of the counters

are reset. Notice that counters 1 and 2 are reset so their output states start
out high.

1000000000000 0000 ooz o o o o o o o o Y w s R w

rezet all counters

pulze width [=
pulze delay [z A
3
device]
116 I
TGk
E—Con{ml
MSE
[oreset]

Figure 24-9. Frame 0 of Delayed Pulse (8253) VI
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Figure 24-10 shows frame 1 of the sequence where the counters are set up
for different counting modesounter Ois set up to generate a timebase

using the ICTR Timebase Generator sulddunter 1is set up to toggle its
output (low-to-high) when it reaches terminal count (TC). This toggled
output is used to gatmunter 2 counter 2is set up to output a low pulse
when its gate goes high.

=N =N=NeN=N=NeN=N=N=N=N=N=R=N=N=17 E ] NN =R=N=N-N-N=R-N=N=N-N=N=N=N=1
zet modes and start counters
e width [s E5535 actual width [s actual delay [=
B
pulse delay [= |EEXREY
device]
Ti6 I
TCTR TR T CTR
I:]—: i l— Coriral l— Cortrol
e are CISE =S
|+ zetup mode 1] | setup mode 0]
[lows pulze output]  [toggle output an TC)
+ +
o O O O  w m w

Figure 24-10. Frame 1 of Delayed Pulse (8253) VI
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Figure 24-11 shows frame 2 of the sequence where a delay occurs so the
delayed pulse has time to complete before the example can be run again.
This is useful if the example is used as a subVI that is called repeatedly.

1/10 zecond dely

+ +
0000000000000 000000000000000000000000

Figure 24-11. Frame 2 of Delayed Pulse (8253) VI

While this example works well for most pulses, it has limitations when your
pulse delay gets very short (in the microsecond range), or when the ratio of
pulse delay to pulse width gets very large. For a complete description of
this example, refer to the information foundiiindows»Show VI Info.

Generating a Pulse Train

There are two types of pulse traiesntinuousandfinite. You can use a
continuous pulse train as the SOURCE (CLK) of another counter or as the
clock for analog acquisition (or generation). You can use a finite pulse train
as the clock of an analog acquisition that acquires a predetermined number
of points, or to provide a finite clock to an external circuit.

Generating a Continuous Pulse Train

How you generate a continuous pulse varies depending upon which counter
chip your DAQ hardware has. If you are not sure which chip your device
uses, refer to your hardware manual.

LabVIEW Data Acquisition Basics Manual 24-10 www.natinst.com



Chapter 24 Generating a Square Pulse or Pulse Trains

TI0-ASIC, DAQ-STC, Am9513

Figure 24-12 shows how to connect your counter and device to generate a
continuous pulse train. The edges of the internal source signal are counted
to generate the output signal. You obtain the continuous pulse train for your
external device from the counter’'s OUT pin. You can optionally gate the
operation with a signal connected to the GATE input pin. Instead of having
an internal timebase as your SOURCE, you can connect an external signal.

counter

I
your source your

device gate out device

Figure 24-12. Physical Connections for Generating a Continuous Pulse Train

Figure 24-13 shows the diagram of the Cont Pulse Train-Easy
(DAQ-STC) VI located inabview\examples\dag\counter\

DAQ-STC.llb . You can also use the example Cont Pulse Train-Easy
(9513) VI located inabview\examples\dag\counter\Am9513.1Ib

These examples show how to use the Easy Counter VI, Generate Pulse
Train, to specify the frequency, duty cycle, and pulse polarity of your pulse
train. Thenumber of pulsesparameter defaults to 0 for continuous
generation. When you click tt&TOP button, the While Loop stops, and a
second call to Generate Pulse Train with the number of pulses set to —1
stops the counter.

gate mode

D

ulze polarit

[it]

device]

T

counter

2be |F‘UI.SE
L i

frequenc

m = number of pulses [stop]]

duty cycle |

DBL ||

Figure 24-13. Diagram of Cont Pulse Train-Easy (DAQ-STC) VI
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If you are generating a pulse train and want more control over when the
counter starts, use the Intermediate VIs. Figure 24-14 shows the diagram
of the Cont Pulse Train-Int (DAQ-STC) VI locatedlabview\
examples\dag\counter\DAQ-STC.lIb . You could also use the

example Cont Pulse Train-Int (9513) VI locatethbview\examples\
dag\counte\Am9513.1lb . These examples show how to generate a
simple pulse train using Intermediate Vls.

actual frequenc
actual duty cycle
100 g.
guhil[sﬂ it Cron @

[ETH| i S =]
frequenc ;
B [ status]
duty cycle ton
]

Figure 24-14. Diagram of Cont Pulse Train-Int (DAQ-STC) VI

With this VI you can specify the frequency, duty cycle, and pulse polarity
of your pulse train. If the duty cycle is set to 0.0 or 1.0, the closest
achievable duty cycle is used to generate a train of positive or negative
pulses. The Continuous Pulse Generator Config VI configures the counter
for the operation, and the Counter Start VI controls the initiation of the
pulse train. For example, you may want to generate a continuous pulse train
as the result of meeting certain conditions. If you use the Easy VI, the pulse
train starts immediately. With the Intermediate VIs you can configure the
counter at the beginning of your application, then wait to call Counter Start
after the conditions are met. This approach will improve performance.
When you click th&TOP button, the While Loop stops, and Counter Stop

is called to stop the pulse train.

You must stop the counter if you want to use it for other purposes. For

more information on stopping counters, refer to$t@pping Counter
Generationsection at the end of this chapter.
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8253/54

Figure 24-15 shows how to connect your counter and device to generate a
continuous pulse train. If you use counter 0, an internal source is counted
to generate the output signal. If you use counter 1 or 2, you will need to
connect your own source to the CLK pin. You obtain the continuous pulse
train for your external device from the counter's OUT pin.

o aut—y 4787
ate denice
caunter 0
your | ik aurt—] wour

dewice, dewice

gate
counter 1or2

External Connections Diagram

Figure 24-15. External Connections Diagram from the Front Panel
of Cont Pulse Train (8253) VI

Figure 24-16 shows the diagram of the Cont Pulse Train (8253) VI located
in labview\examples\dag\counter\8253.1lb . This example shows
how to use the Generate Pulse Train (8253) VI to generate a continuous
pulse train. When usingpunter Owith this VI, you can specify the desired
frequency. The actual frequency shows the closest frequency to your
desired frequency that the counter was able to achieve. The actual duty
cycle will be as close to 0.5 as possible for your actual frequency. When
usingcounter 1 or counter 2, you specify the divisor factor N to be used

to divide your supplied source. You can optionally enter the user supplied
timebase if you want the VI to calculate your actual frequency and actual
duty cycle. When you click theTOP button, the While Loop stops, and a
call to ICTR Control resets the counter, stopping the generation. For a
complete description of this example, refer to the information found in
Windows»Show VI Info.
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actual frequenc

—
actual duty cypcle
device 1
1i6 ||
desired frequency [Hz] o L— ?Hf.ﬁ || cIoEtIfol
divisor factor M — 225 Bz
uzer supplied imebase

Figure 24-16. Diagram of Cont Pulse Train (8253) VI

Generating a Finite Pulse Train

How you generate a finite pulse varies depending upon which counter chip
your DAQ hardware has. If you are not sure which chip your device uses,
refer to your hardware manual.

You can use the Easy I/O VI, Generate Pulse Train, or a stream of
Intermediate VIs to generate a finite pulse train. With either technique,
you must use two counters as shown in the connection diagram in
Figure 24-17. Refer to Chapter ZZounting Signal Highs and Lowfor

more information on how to determineunter-1 and how to use the
adjacent counter VI. The maximum number of pulses in the pulse train is
2161, for Am9513 devices and“21 for DAQ-STC devices.

Figure 24-17 shows the physical connections to produce a finite pulse train
on the OUT pin of a countezounter generates the finite pulse train with
high-level gatingcounter-1 providescounter with a long enough gate

pulse to output the number of desired pulses. You must externally connect
the OUT pin of theounter-1to the GATE pin otounter. You also can
gatecounter-1.

your SO E EI your
. aut auk -
dewice gate gate device

courter-1 counter
Ezternal Connections Diagram

Figure 24-17. Physical Connections for Generating a Finite Pulse Train
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TI0-ASIC, DAQ-STC, Am9513

Figure 24-18 shows the diagram of the Finite Pulse Train-Easy
(DAQ-STC) VI located irabview\examples\dag\counter\

DAQ-STC.llb . You can also use the example Finite Pulse Train-Easy
(9513) VI located imabview\examples\dag\counter\Am9513.llb

These examples show how to use the Easy counter VI, Generate Pulse
Train, to generate a finite pulse train. With this VI you can specify the
number of pulses, frequency, duty cycle, and pulse polarity of your pulse
train. The Wait+(ms) VI is used as a delay before the counters are reset. The
Intermediate VI, Counter Stop, is called twice to stop the counters.

Eulse Eolalit% actual parameters

PLLSE [— J ] |
TRAIN — L, pulze delay ] Counier] - [Evunder
At pulse width £ B
— s =g ex [
[requenc Generate Pulze Train vi e E—
duty cycle
DL ||

Figure 24-18. Diagram of Finite Pulse Train-Easy (DAQ-STC) VI

You can also create a finite pulse train using Intermediate VIs. Figure 24-19
shows the diagram of the Finite Pulse Train-Int (DAQ-STC) VI located

in labview\examples\dag\counter\DAQ-STC.lIb . You could also
use the example Finite Pulse Train-Int (9513) VI located in
labview\examples\dag\counter\Am9513.1Ib . These examples

show how to use the Intermediate VIs Continuous Pulse Generator Config
and Delayed Pulse Generator Config.
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Figure 24-19. Diagram of Finite Pulse Train-Int (DAQ-STC) VI

In this operation, you us®unter to generate a continuous pulse train with
level gating while usingounter-1to generate a minimum delayed pulse

to gate the counter long enough to generate the desired number of pulses.
The Continuous Pulse Generator Config VI configuesnter to

generate a continuous pulse train. Then, the Delayed Pulse Generator
Config VI configurescounter-1to generate a single delayed pulse. The

first Counter Start VI in the flow begins the continuous pulse generation,
and the next Counter Start VI generates a pulse after a specified time.
The gate mode must be specified as level-gating on the Continuous Pulse
Generator Config VI in order for the counter to wait for the gate signal
from counter-1. The gate mode for the Delayed Pulse Generator Config VI
can be set to a single or multiple edges. In other words, you could produce
one finite pulse train or multiple pulse trains. The GATE signal for
counter-1 can be from an external device or from another counter on

your DAQ device.
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DAQ-STC

With the DAQ-STC chip, you can internally route the OUT of one counter
to the GATE of the next higher order counter, as shown in Figure 24-20.
You can optionally GATEounter-1. While you use two counters, you do
not need to externally wire between the OUTaidinter-1 and the GATE

of counter.

your FOUTCE FOUTCE your
. auk ouk -
denice e ice
gate gate

courter-1 counter
External Connections Diggram

Figure 24-20. External Connections Diagram from the Front Panel
of Finite Pulse Train Adv (DAQ-STC) VI

The example Finite Pulse Train-Adv (DAQ-STC) VI located in
labview\examples\dag\counte\DAQ-STC.lIb takes advantage of
internal wiring. Figure 24-21 shows the diagram of this example, which
uses the Advanced counter VIs. The top rowafnter VIs sets

up counter to output a pulse train. Notice that the gate source input to
the CTR Mode Config VI is set tutput of next lower order

counter . This sets the internal wiring such tleaunter will be gated by
counter-1. The bottom row of counter VIs sets cpunter-1to output a
single pulse. The width of the pulse is calculated so it gataster just
long enough to output the chosen number of pulses. For a complete
description of this example, refer to the information found in
Windows»Show VI Info.
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Figure 24-21. Diagram of Finite Pulse Train-Adv (DAQ-STC) VI

8253/54

Generating a finite pulse train with the 8253/54 chip uses all three counters.
Figure 24-22 shows how to externally connect your counters. Because
counter Qis internally connected to a clock sourceunter Ois used to
generate the timebase usedcbynter 1 andcounter 2. counter 1

generates a single low pulse used to gateter 2. Because&ounter 2

must be gated with a high pulse, the outputafnter 1is passed through

a 7404 inverter chip prior to being connected to the GAT&bohter 2
counter 2is set up to generate a pulse train at its OUT pin.

clk clk clk
aut out out]
gate Jate Jate

counterd  counter1 7404 counter2

External Connections Diggram

Figure 24-22. External Connections Diagram from the Front Panel
of Finite Pulse Train (8253) VI
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The example Finite Pulse Train (8253) VI locatethbiview\
examples\dag\counter\8253.lIb shows how to generate a finite

pulse train. This example uses a sequence structure to divide the basic tasks
involved. Figure 24-23 shows frame 0 of the sequence where all of the
counters are reset. Noticeunter 1is reset so its output state starts high.

1000000000000 000 00,2 OoooOoOoOooooooooocn

reset &l counters

Hurnber of pulzes|

desired frequency Hz

device,
TiG
] TR
Cortrol C ot ol
i = [
|4Preset|

Figure 24-23. Frame 0 of Finite Pulse Train (8253) VI

Figure 24-24 shows frame 1 of the sequence where the counters are set up
for different counting modesounter Ois set up to generate a timebase

using the ICTR Timebase Generator stunter 1is set up to output a

single low pulse using the ICTR Control \ébunter 2is set up to output

a pulse train using the ICTR Timebase Generator VI.
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Figure 24-24. Frame 1 of Finite Pulse Train (8253) VI

Figure 24-25 shows frame 2 of the sequence where a delay occurs so that
the finite pulse train has time to complete before the example can be run
again. This is useful if the example is used as a subVI where it may get
called over and over. For a complete description of this example, refer to
the information found itwindows»Show VI Info.
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Figure 24-25. Frame 2 of Finite Pulse Train (8253) VI

Counting Operations When All Your Counters Are Used

The DAQ-STC and Am9513 have counting operations available even
when all the counters have been used.

TIO-ASIC and DAQ-STC devices feature a FREQ_OUT pin, and Am9513
devices feature an FOUT pin. You can generate a 0.5 duty cycle square
wave on these pins without using any of the available counters.

The CTR Control VI, found ifrunctions»Data Acquisition»Counters»
Advanced Counters»9513 and Compatibilityenables and disables the
FOUT signal and sets the square wave frequency. The square wave
frequency is defined by the FOUT timebase signal divided by the FOUT
divisor. The front panel and block diagram below show an FOUT output
configured to generate a 25,000 Hz square wave.

@ Note If you are using NI-DAQ 6.5 or higher, National Instruments recommends you use
the new Advanced Counter VIs, such as Counter Group Config, Counter Get Attribute,
Counter Set Attribute, Counter Buffer Read, and Counter Control. For more information,
refer to the LabVIEWOnNline Reference
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control code Front Panel
3 lEnatle FOUT
fawit data

FOUT port FOUT timebase signal
= |FOUT part 1 | +[100000.00 |

FOUT timebase source FOUT divizar
e lintemal frequency in Hz | = |

Block Diagram

Figure 24-26. CTR Control VI Front Panel and Block Diagram

You can also refer to the Generate Pulse Train on FREQ_OUT VI located
in examples\dag\counte\DAQ-STC.lIb , or the Generate Pulse Train

on FOUT VI located irexamples\daq\counter\Am9513.1lb . These
examples generate a pulse train on these outputs.

LabVIEW Data Acquisition Basics Manual 24-22 www.natinst.com



Chapter 24 Generating a Square Pulse or Pulse Trains

Knowing the Accuracy of Your Counters

When you generate a waveform, there can be an uncertainty of up to one
timebase period between the start signal and the first counted edge of the
timebase. This is due to the uncertainty in the exact relation of the start
signal, which the software calls or the gate signal supplies to the first edge
of the timebase, as shown in Figures 24-27.

1 timebase period

i

mese_| | LU U U U UUUTUUL

starting
signal
phase 1 phase 2
- »ld »
| L} >
output
<>

uncertainty of
1 timebase period

Figure 24-27. Uncertainty of One Timebase Period

8253/54

In addition to the previously described uncertainty, the 8253/54 chip has an
additional uncertainty when used in mode 0. Mode 0 generates a low pulse
for a chosen number of clock cycles, but a software delay is involved. This
delay is because with mode 0 the counter output is set low by a software
write to the mode setting. Afterward the count can be loaded and the
counter starts counting down. The time between setting the output to low
and loading the count is included in the output pulse. This time was found
to be 20us when tested on a 200 MHz Pentium computer.
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Generating a Square Pulse or Pulse Trains

Stopping Counter Generations

DAQ-STC, Am9513

8253/54

You can stop a counting operation in several ways. You can restart a
counter for the same operation it just completed, you can reconfigure it to
do something else, or you can call a specific VI to stop it. All of these
methods allow you to use counters for different operations without
resetting the entire device.

Figure 24-28 shows how to stop a counter using the Intermediate VI,
Counter Stop. Notice that the Wait+ (ms) VI is called before Counter Stop.
The Wait+ (ms) VI allows you to wire a time delay so that the previous
counter operation has time to complete before the Counter Stop VI is
called. The Wait+ (ms) and Counter Stop VIs are located in
Functions»Data Acquisition»Counter»Intermediate Counter

| |
FULSE ' + Counter
Lk Stop
. ms E 123 =]
[Generate Delayed Pulse. v P ait+ [rnz]. vl

Figure 24-28. Using the Generate Delayed Pulse and Stopping the Counting Operation

To stop a generated pulse train, another Generate Pulse Train VI can

be used with the number of pulses input set to —1, shown in Figure 24-29.
This example expects that a pulse train is already being generated. The call
to Generate Pulse Train VI stops the counter, and the call to Generate
Delayed Pulse VI sets the counter up for a different operation.

nurnber of pulzes

FULEE
TR ULSE
L !

'
_nnn” T

[Generate Pulze Train.vi [Generate Delayed Pulze. +i

Figure 24-29. Stopping a Generated Pulse Train

Calling ICTR Control VI with a control code of 7 (reset) can stop a counter
on the 8253/54 chip. Examples are shown in Figures 24-9 and 24-23.
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Measuring Pulse Width

This chapter describes how you can use a counter to measure pulse width.
There are several reasons you may need to determine pulse width. For
example, to determine the duration of an event, set your application to
measure the width of a pulse that occurs during that event. Another
example is determining the interval between two events. In this case, you
measure the pulse width between the two events. An example of when you
might use this type of application is determining the time interval between
two boxes on a conveyor belt or the time it takes one box to be processed
through an operation. The event is an edge every time a box goes by a point,
which prompts a digital signal to change in value.

Measuring a Pulse Width

You can measure an unknown pulse width by counting the number of
pulses of a faster known frequency that occur during the pulse to be
measured. Connect the pulse you want to measure to the GATE input pin
and a signal of known frequency to the SOURCE (CLK) input pin, as
shown in Figure 25-1. The pulse of unknown widh,f gates the counter
configured to count a timebase clock of known perigy The pulse width
equals the timebase period times the counfl gr= Ts x count The

SOURCE (CLK) input can be an external or internal signal.

—»| GATE ouT —»

-«
Tow

Count Register

frequency —»| SOURCE
source (CLK)
>
TS

Figure 25-1. Counting Input Signals to Determine Pulse Width

An internal signal is based upon the type of counter chip on your

DAQ device. With TIO-ASIC devices, you can choose internal timebases
of 20 MHz, 100 kHz, and a device-specific maximum timebase. With
DAQ-STC devices, you have a choice between internal timebases of
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Chapter 25 Measuring Pulse Width

20 MHz and 100 kHz. With Am9513 devices, you can choose internal
timebases of 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz. With 8253/54
devices, the internal timebase is either 2 MHz or 1 MHz, depending on
which device you have.

Figure 25-2 shows how to physically connect the counter on your device to
measure pulse width.

counter

source
your

device | gate out

Figure 25-2. Physical Connections for Determining Pulse Width

Determining Pulse Width

How you determine a pulse width depends upon which counter chip is
on your DAQ device. If you are uncertain of which counter chip your
DAQ device has, refer to your hardware documentation.

T10-ASIC, DAQ-STC

Figure 25-3 shows the diagram of the Measure Pulse-Easy (DAQ-STC) VI
located inlabview\examples\dag\countenDAQ-STC.IIb , which
uses the Easy VI, Measure Pulse Width or Period.

device]
T16
counter | i
IE LSS WA g
E

timebase (100 kHz

[DBL]

Figure 25-3. Diagram of Measure Pulse Width (DAQ-STC) VI
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Chapter 25 Measuring Pulse Width

The Measure Pulse Width or Period VI counts the number of cycles
of the specified timebase, depending on your choice fronyfreeof
measurementmenu located on the front panel of the VI.

Thetype of measuremenmenu choices for this VI are shown in
Figure 25-4.

wpe of measurement

g  measure high pulse width of a zingle pulse
meazure low pulze width of a single pulse
meazure one high pulse width of multiple pulzes
meazure one low pulze width of multiple pulzes

Figure 25-4. Menu Choices for Type of Measurement
for the Measure Pulse Width or Period (DAQ-STC) VI

Use the first two menu choices when you want to measure the width of a
single pulse. In these cases, the GATE of the counter must start out in the
opposite phase of the pulse you want to measure. For example, if you
choosameasure high pulse width of a single puls¢he GATE must start

out low when you run the VI. If you attempt to measure a single high pulse,
and the GATE is already high (such as in the middle of a pulse train) when
you run the VI, an error will occur.

Use the last two menu choices when you want to measure the width of a
single pulse within a train of multiple pulses. In these cases, it is the
previous GATE transition that arms the counter to measure the next pulse.
For example, if you chooseeasure one high pulse width of multiple

pulses the first high-to-low GATE transition from one pulse would arm the
counter to measure the very next pulse.

The timebase you choose determines how long a pulse you can measure
with the 24-bit counter. For example, the 100 kHz timebase allows you to
measure a pulse up té*% 10us = 167 seconds long. The 20 MHz

timebase allows you to measure a pulse up to 838 ms long. For a complete
description of this example, refer to the information found in
Windows»Show VI Info.
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Am9513

Figure 25-5 shows the diagram of the Measure Pulse-Easy (9513) VI
located inlabview\examples\dag\counteAm9513.1lb , which
uses the Easy VI, Measure Pulse Width or Period.

device]

Ti6
counter|
[abc] ulze width (s

l---- FULZE .
Ferioh -

type of reasurement = o fealid?)
[u16] b
timebaze (100 kHz

DEL

Figure 25-5. Diagram of Measure Pulse Width (9513) VI

The Measure Pulse Width or Period VI counts the number of cycles of the
specified timebase, depending on your choice from the type of
measurement menu located on the front panel of the VI. The type of
measurement menu choices for this VI are shown in Figure 25-6.

twpe of measurement

g  measure high pulse width
measure low pulse width

Figure 25-6. Menu Choices for Type of Measurement for the
Measure Pulse Width or Period (9513) VI

Either menu choice can be used to measure the width of a single pulse, or
to measure a pulse within a train of multiple pulses. However, the pulse
must occur after the counter starts. Because the counter uses high-level
gating, it might be difficult to measure a pulse within a fast pulse train. If
the counter is started in the middle of a pulse, it measures the remaining
width of that pulse.

The timebase you choose determines how long a pulse you can measure
with the 16-bit counter. For example, the 100 Hz timebase allows you to
measure a pulse up tf% 10ms = 655 seconds long. The 1 MHz timebase
allows you to measure a pulse up to 65 ms long. Because a faster timebase
yields a more accurate pulse width measurement, it is best to use the fastest
timebase possible without the counter reaching terminal count (TC).
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Chapter 25 Measuring Pulse Width

Thevalid? output of the example VI indicates whether the counter
measured the pulse without overflowing (reaching TC). Howeadid?

does not tell you whether a whole pulse was measured when measuring a
pulse within a pulse train. For a complete description of this example, refer
to the information found iVindows»Show VI Info.

8253/54
Figure 25-7 shows the diagram of the Measure Short Pulse Width
(8253) VI located inabview\examples\dag\counter\8253.1lb
»» timebase period (5] »» = Width (5]
ol
device|
[Ti6]
counl
F5535 5535
C@D@CIE&[R | ICTR CIE';[R | >_ CIE*IR |
ifz I .E_l| 5[]

B8535

i

statuz

—b

=

counter overflow?

© MNational Instruments Corporation

Figure 25-7. Diagram of Measure Short Pulse Width (8253) VI

This VI counts the number of cycles of the internal timebaSmahter 0

to measure a high pulse width. You can measure a single pulse or a pulse
within a train of multiple pulses. However, the pulse must occur after the
counter starts. This means it may be difficult to measure a pulse within a
fast pulse train because the counter uses high-level gating. To measure a
low pulse width, insert a 7404 inverter chip between your pulse source and
the GATE input of counter 0.

On the example diagram, the first call to ICTR Control VI sets up
counting mode 4, which tells the counter to count down while the gate input
is high. The Get Timebase (8253) VI is used to get the timebase of your
DAQ device. A DAQ device with an 8253/54 counter has an internal
timebase of either 1 MHz or 2 MHz, depending on the device. Inside the
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While Loop, ICTR Control VI is called to continually read the count
register until one of four conditions are met:

* The count register value has decreased but is no longer changing.
It is finished measuring the pulse.

« The count register value is greater than the previously read value.
An overflow has occurred.

¢ An error has occurred.
* Your chosen time limit has been reached.

After the While Loop, the final count is subtracted from the originally
loaded count of 65535 and multiplied by the timebase period to yield the
pulse width. Finally, the last ICTR Control VI resets the counter. Notice
that this VI uses onlZounter 0. If Counter 0 has an internal timebase of

2 MHz, the maximum pulse width you can measuréds P.5us = 32 ms.

For a complete description of this example, refer to the information found
in Windows»Show VI Info.

Controlling Your Pulse Width Measurement

How you control your pulse width measurement depends upon which
counter chip is on your DAQ device. If you are uncertain of which counter
chip you DAQ device has, refer to your hardware documentation.

TI0-ASIC, DAQ-STC, or Am9513

Figure 25-8 shows one approach to measuring pulse width using the
Intermediate VlIs Pulse Width or Period Meas Config, Counter Start,
Counter Read, and Counter Stop. You can use these VIs to control when
the measurement of the pulse widths begins and ends. The Pulse Width or
Period Config VI configures a counter to count the number of cycles of a
known internal timebase. The Counter Start VI begins the measurement.
The Counter Read VI determines if the measurement is complete and
displays the count value. After the While Loop is stopped, the Counter
Stop VI stops the counter operation. Finally, the General Error Handler VI
notifies you of any errors.
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ulze width
timebase [Hz >>counl>>4’_®_
DBL

device]
counter | = . . .
= G Slart fead | [TF] Joverflow? Sy @

—!’Eﬂ! ,E“E Jﬂh_ﬁl El“
type of measurement i

e E’}“

Figure 25-8. Measuring Pulse Width with Intermediate VIs

Buffered Pulse and Period Measurement

With the TIO-ASIC and DAQ-STC chips, LabVIEW provides a buffer for
counter operations. You would typically use buffered counter operations
when you have a gate signal to trigger a counter several times. Figure 25-9
shows the diagram of the Meas Buffered Pulse-Period (DAQ-STC) VI
located inlabview\examples\dag\countenDAQ-STC.IIb

You also can refer to examples locatethiiview\examples\
dag\counter\NI-TIO.llb

ruriber resd
Counts per buffer
132 || e — t
uffered counts|
- config mode [u32]
I*’Slartl
buffered times (s
[s61]
@m—ngro#p Euf't:gr Cl"logg Coriteol]
ont1 2nf L|LontT1
aoe) S Eliee) Si)...... 8 ackln
timebase [Hz
SGL

Figure 25-9. Diagram of Meas Buffered Pulse-Period (DAQ-STC) VI
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With this example, you can perform four types of buffered measurements:

« Buffered period measurememt—Measures a number of periods in a
pulse train.

« Buffered semi-period measurement-Measures a number of high
and low pulses in a pulse train.

» Buffered pulse width measurement—Measures a number of high or
low pulses in a pulse train.

« Buffered counting—Each rising edge loads the current count into a
finite buffer.

This example uses a single buffer. The block diagram uses the following
Advanced VIs: CTR Group Config, CTR Buffer Config, CTR Mode
Config, CTR Control, and CTR Buffer Read. CTR Group Config takes the
counter and device and sets upskiD. CTR Buffer Config sets up a finite
buffer whose size is determined by the value you entestints per

buffer. CTR Mode Config determines what type of counting operation to
perform based on your choices ffate parametersandconfig mode

CTR Control starts the counting operation, but does not return until the
counting has completed. CTR Buffer Read reads the buffer of data and
returns the values tauffered counts Thebuffered timesare determined

by dividing the counts by your chostémebase For a complete

description of this example, refer to the information found in
Windows»Show VI Info.

&

Note Continuous buffered operations are supported by the new Advanced Counter VIs in
NI-DAQ 6.5 and higher.

&

Note If you are using NI-DAQ 6.5 or higher, National Instruments recommends you use
the new Advanced Counter VIs, such as Counter Group Config, Counter Get Attribute,
Counter Set Attribute, Counter Buffer Read, and Counter Control. For more information,
refer to the LabVIEWOnNline Reference
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Increasing Your Measurable Width Range

The maximum counting range of a counter and the chosen internal
timebase determine how long of a pulse width can be measured. The
internal timebase acts as the SOURCE. When measuring the pulse width of
a signal, you count the number of source edges that occur during the pulse
being measured. The counted number of SOURCE edges cannot exceed the
counting range of the counter. Slower internal timebases allow you to
measure longer pulse widths, but faster timebases give you a more accurate
pulse width measurement. If you need a slower timebase than is available
on your counter as shown in Table 25-1, set up an additional counter for
pulse train generation and use the OUT of that counter as the SOURCE of
the counter measuring pulse width.

Table 25-1. Internal Counter Timebases and Their Corresponding Maximum
Pulse Width, Period, or Time Measurements

Internal
Counter Type Timebases Maximum Measurement
TIO-ASIC Maximum* —
(depends on device|
20 MHz 214.748 s
100 kHz 11 h55m49.67 s
DAQ-STC 20 MHz 838 ms
100 kHz 167 s
Am9513 1 MHz 65 ms
100 kHz 655 ms
10 kHz 6.5s
1 kHz 65s
100 Hz 655 s
8253/54 2 MHz** 32 ms
1 MHz** 65 ms
* You can obtain this timebase by calling the Counter Get Attribute VI.
** A DAQ device with an 8253/54 counter has one of these internal timebases avallable
on counter 0, but not both.
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Measuring
and Period

Frequency

This chapter describes the various ways you can measure frequencies and
periods of TTL signals using the counters on your DAQ device. One cycle
of a signal, known as the period, is measured in units of time, usually
seconds. The inverse of period is frequency, which is measured in cycles
per second or hertz (Hz). The rate of your signal and the type of counter on
your DAQ device determine whether you use frequency or period
measurement. An example of when you would want to know the frequency
of a signal is if you need to monitor the shaft speed of a motor.

Knowing How and When to Measure
Frequency and Period

A common way to measure the frequency of a signal is to measure the
number of pulses that occur during a known time period. Figure 26-1
illustrates the measurement of a pulse train of an unknown frequigncy (
by using a pulse of a known widthid). The frequency of the waveform
equals the count divided by the known pulse width (frequency = dejint/

The period is the reciprocal of the measured frequency (peridg.=Ybu
typically use frequency measurement for high frequency signals where the
signal to be measured is approaching or faster than the chosen internal
timebase.

—»| GATE ouT —»

M ——»{ SOURCE

«—»
Te

Count Register

input of known
frequency, fs

Figure 26-1. Measuring Square Wave Frequency
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Measuring Frequency and Period

T10-ASIC, DAQ-STC, Am9513

8253/54

For period measurement, you count the number of pulses of a known
frequency fy during one period of the signal to be measured. As shown in
Figure 26-2, the signal of a known frequency is connected to the SOURCE,
and the signal to be measured is connected to the GATE. The period is the
count divided by the known frequencl(= countf,).

—»| GATE ouT ——»

—»| SOURCE

-«
Te

Count Register

input of known
frequency, fs

Figure 26-2. Measuring a Square Wave Period

You typically use period measurement for low frequency signals where

the signal to be measured is significantly slower than the chosen internal
timebase. The internal timebases for the TIO-ASIC are 20 MHz, 100 kHz,
and a device-specific maximum timebase. The internal timebases for the
DAQ-STC are 20 MHz and 100 kHz. The internal timebases for the
Am9513 are 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz. Whether you
use period measurement or frequency measurement, you can always obtain
the other measurement by taking the inverse of the current one as shown in
the following equations.

1
frequency measurement

period measuremers

1
period measurement

frequency measurement

The 8253/54 chip does not support period measurement, but you can use
frequency measurement for a pulse train and take the inverse to get the
period. The frequency examples discussed in this chapter calculate the
period for you.
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Chapter 26 Measuring Frequency and Period

Connecting Counters to Measure Frequency and Period

Figure 26-3 shows typical external connections for measuring frequency.
In the figure, your device provides the signal with the frequency to be
measured to the SOURCE (CLK)aijunter. It can optionally control the
GATE ofcounter-1. The OUT ofcounter-1 supplies a known pulse to the
GATE of counter. Finally, counter counts the number of cycles of the
unknown pulse during the known GATE pulse.

B EONTCE
your
- out] out
dewvice
gate qate

counter-1  counter

External Connections Diagram

Figure 26-3. External Connections for Frequency Measurement

TI0-ASIC, DAQ-STC, Am9513

Figure 26-4 shows typical external connections for measuring period.

In the figure, your device provides the signal with the period to be
measured to the GATE abunter. A timebase of known frequency is
supplied to the SOURCE. This is usually an internal timebase, but it can be
externally supplied. The counting range of your counter must not be
exceeded during the period measurement. The range of the Am9513 is
65,335, the range of the DAQ-STC is 16,777,216, and the range of the
TIO-ASIC is 22-1. If the counting range is exceeded, select a slower
internal timebase.

ZOUGe

out
gate

counter

your
dewice

External Connections Diagram

Figure 26-4. External Connections for Period Measurement
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Measuring the Frequency and Period
of High Frequency Signals

How you measure the frequency and period of high frequency signals
depends on the counter chip on your DAQ device. If you are unsure of
which chip your DAQ device has, refer to your hardware documentation.

TI0-ASIC, DAQ-STC

Figure 26-5 shows the Measure Frequency-Easy (DAQ-STC) VI located
in labview\examples\dag\counte\DAQ-STC.lIb . This example

uses the Easy VI, Measure Frequency, which can be fourghictions»
Data Acquisition»Counter.

device| f
Tequency (Hz
i eriod [
counter r eazure Frequency vi
—[FrRE @
abc 123 8
o j timeout?
gate width 3 f Ttimeout?]

Figure 26-5. Diagram of Measure Frequency-Easy (DAQ-STC) VI

This VI initiates the counter to count the number of rising edges of a
TTL signal at the SOURCE of counter during a known pulse at the GATE
of counter. The width of that known pulse is determinedglaye width.
Freqguencyis the output for this example, apdriod is calculated by

taking the inverse of the frequency. Remember, you must externally wire
your signal to be measured to the SOURCEainter, and the OUT

of counter-1 must be wired to the GATE abunter. For a complete
description of this example, refer to the information found in
Windows»Show VI Info.
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Am9513

Figure 26-6 shows the Measure Frequency-Easy (9513) VI located in
labview\examples\dag\counter\Am9513.1Ib . This example uses
the Easy VI, Measure Frequency, which can be fourkelirctions»

Data Acquisition»Counter.

device]
frequency (Hz

; iod [z
ounter I easure Frequency.vi . 2o
e [ : P
o walid?]

oveflow’?

counter overflow? |-

nL:lnl'lsber of counters to use b — [—

Figure 26-6. Diagram of Measure Frequency-Easy (9513) VI

This VI initiates the counter to count the number of rising edges of a

TTL signal at the SOURCE of counter during a known pulse at the GATE
of counter. The width of that known pulse is determined by gate width.
Freqguency is the output for this example, and period is calculated by
taking the inverse of the frequency. TWadid? output lets you know if

the measurement completed without an overflow. The number of counters
to use input lets you choose one counter for 16-bit measurement or two
counters for 32-bit measurement. Remember that you must externally
wire your signal to be measured to the SOURCE of counter, and the OUT
of counter-1 must be wired to the GATE of counter. For a complete
description of this example, refer to the information found in
Windows»Show VI Info.
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T10-ASIC, DAQ-STC, Am9513

If you need more control over when your frequency measurement begins
and ends, use the Intermediate Vls instead of the Easy VIs. Figure 26-7
shows one approach for this that uses the Event or Time Counter Config,
Adjacent Counters, Delayed Pulse Generator Config, Counter Start,
CTR Control, Counter Read, and Counter Stop VlIs. The Delayed Pulse
Generator Config VI configuresounter to count the number of pulses
while its GATE is high. The Adjacent Counters VI is used to determine the
correctcounter-1. The Delayed Pulse Generator Config VI then configures
counter-1to generate a single pulse for the GATE signal. The Counter
Start VI begins the counting operation émunter first, thencounter-1

The CTR Control VI is an Advanced VI that is used to check if the GATE
pulse has completed. The Counter Read VI returns the count value from
counter, which is used to determine the frequency and pulse width. Finally,
the Counter Stop VI stops the counter operation.

device] ;
= »ractual pulse widths > —
jgls" Iﬂread outéut state onlgl
counter 5124 .
e widhz o o = =0T 70 -
[DBL]

g2 o
has the GATE

m pulze finizhed? p ED _____

zmall loop delay

Figure 26-7. Frequency Measurement Example Using Intermediate VIs
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8253/54

Figure 26-8 shows the Measure Frequency > 1 kHz (8253) VI located in
labview\examples\dag\counter\8253.1lb

gate width [z ctual gate pulse [z
e
B
[mLtpLt st
- 5535 0
116
TCTR TCTR TCIR
[ . ool
B ] freest i
counter [ setup mode 0

Figure 26-8. Diagram of Measure Frequency > 1 kHz (8253) VI

This VI initiates the counter to count the number of rising edges of a

TTL signal at the CLK otounter during a known pulse at the GATE of
counter. The known pulse is created byunter 0, and its width is

determined byate width. The maximum width of the pulse is 32 ms if

your DAQ device has a 2 MHz internal timebase, and 65 ms if your DAQ
device has a 1 MHz internal timebase. This maximum pulse is why this
example only reads frequencies higher than 1 kHz. A frequency of 1 kHz
generates 32 cycles during the 32 ms pulse. As this cycle count decreases
(as with lower frequencies), the frequency measurement becomes less
accurate. Frequency is the output for this example, and period is determined
by taking the inverse of the frequency. You must externally wire the signal
to be measured to the CLK adunter, and the OUT o€ounter 0 must be

wired through a 7404 inverter chip to the GATEcotinter.

The diagram of the previous example uses the ICTR Control, Get
Timebase (8253), and Wait + (ms) VIs. The first two ICTR Control Vis
resetcounter andcounter 0. The next ICTR Control sets @wounter to

count down while its GATE input is high. The Get Timebase (8253) VI
returns the internal timebase period dounter 0 of device. This value is
multiplied by the gate width to yield the count to be loaded into the count
register ofcounter 0. The next ICTR Control VI loads this count and sets
up counter 0to output a low pulse, during which cycles of the signal to be
measured are counted.
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Measuring Frequency and Period

One advantage of this example is that it only uses two counters. However,
this example has two notable limitations. One limitation is that it cannot
accurately measure low frequencies. If you need to measure lower
frequencies, use the Measure Frequency < 1 kHz (8253) VI located in
labview\examples\dag\counter\8253.llb . This VI uses three
counters. The other limitation is that there is a software dependency, which
causegounter 0to output a pulse slightly longer than the count it is given.
This is the nature of the 8253 chip, and it can increase the readings of high
frequencies. To avoid this software delay, use the Measure Frequency-Dig
Start > 1 kHz (8253) located labview\examples\dag\counter\

8253.llb . For a complete description of each example, refer to the
information found inWindows»Show VI Info.

Measuring the Period and
Frequency of Low Frequency Signals

How you measure the period and frequency of low frequency signals
depends on which counter chip is on your DAQ device. If you are uncertain
which chip your DAQ device has, refer to your hardware documentation.

TI0-ASIC, DAQ-STC

Figure 26-9 shows the Measure Period-Easy (DAQ-STC) VI located in
labview\examples\dag\counter\DAQ-STC.llb . This example uses
the Easy VI, Measure Pulse Width or Period, locatdelimctions»Data
Acquisition»Counter.

device]
TiG6
coLtker] t
ibc FULIE
]
[measure rising to rising edge|2|—|
o erflow?
timebase [Hz : e
DBL || E -.
tirneout?

Figure 26-9. Diagram of Measure Period-Easy (DAQ-STC) VI

LabVIEW Data Acquisition Basics Manual 26-8 www.natinst.com



Am9513

Chapter 26 Measuring Frequency and Period

You connect your signal of unknown period to the GATEamfnter.

The counter measures the period between successive rising edges of your
TTL signal by counting the number of intertishebasecycles that occur
during the period. Thperiod is the count divided by the timebase. The
frequency is determined by taking the inverse of gexiod. You must
choosdimebasesuch that the counter does not reach its highest value,

or terminal count (TC). Refer to Table 25titernal Counter Timebases

and Their Corresponding Maximum Pulse Width, Period, or Time
Measurementdor maximum measurable periods for TIO-ASIC and
DAQ-STC devices.

Figure 26-10 shows the example Measure Period-Easy (9513) VI
located inlabview\examples\dag\counte\Am9513.1lb . This
example uses the Easy VI, Measure Pulse Width or Period, located in
Functions»Data Acquisition»Counter.

device] eniod [z
116
— t o frequency (Hz
IE FULZE X I&"’ -
== valid?
|measure ioing 1o fisng edgel2
i o erflow?
:
DEL
; tirneout?

Figure 26-10. Diagram of Measure Period-Easy (9513) VI

You connect your signal of unknown period to the GATEaifnter. The
counter measures the period between successive rising edges of your TTL
signal by counting the number of intertimlebasecycles that occur during

the period. Theeriod is the count divided by the timebase. Tiegjuency

is determined by taking the inverse of gegiod. Thevalid? output

indicates if the period was measured without overflow. Overflow occurs
when the counter reaches its highest value, or terminal count (TC). You
must chooséimebasesuch that it does not reach TC. With a timebase of

1 MHz, the Am9513 can measure a period up to 65 ms. With a timebase of
100 Hz, you can measure a period up to 655 seconds.
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Chapter 26 Measuring Frequency and Period

T10-ASIC, DAQ-STC, Am9513

If you need more control over when period measurement begins and ends,
use the Intermediate Vls instead of the Easy VIs. Figure 26-11 shows how
to measure period and frequency.

eriod [¢
DEL e
frequency [Hz
device]
116 J\PULSE g:::ter
o i
status [
o | status}
[measure rising to rising edgel2]
]

8253/54

LabVIEW Data Acquisition Basics Manual 26-10

Figure 26-11. Measuring Period Using Intermediate Counter VIs

The Intermediate Vls used in Figure 26-11 include Pulse Width or Period
Meas Config, Counter Start, Counter Read, and Counter Stop. The Pulse
Width or Period Meas Config VI configures the counter for period
measurement. The Counter Start VI begins the counting operation. The
Counter Read VI returns the count value from the counter, which is used to
determine the period and frequency. The Counter Stop VI stops the counter

operation.

The 8253/54 chip does not support period measurement, but you can
use frequency measurement for a pulse train and take the inverse to get
the period. The Measure Frequency < 1 kHz (8253) VI located in
labview\examples\dag\counter\8253.11b measures frequency and
calculates the period for you.
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Counting Signal Highs and Lows

This chapter describes the various ways you can count TTL signals using
the counters on your DAQ device. Counters can count external events such
as rising and falling edges on the SOURCE (CLK) input pin. They can also
count elapsed time using the rising and falling edges of an internal
timebase. An example of counting events is calculating the output of a
production line. An example of counting time is calculating how long it
takes to produce one item on a production line.

Connecting Counters to Count Events and Time

Figure 27-1 shows typical external connections for counting events. In the
figure, your deviceprovides the TTL signhal to be counted, and it is
connected to the SOURCE (CLK) obunter. The number of events
counted is determined by reading the count registeowifiter.

EIE)
out
gate

counter

your
dewice

External Connections Diagram

Figure 27-1. External Connections for Counting Events

Figure 27-2 shows typical external connections for counting elapsed
time. In the figure, your device provides a pulse to the GATéohter.
While the gate pulse is higbounter counts a known internal timebase.
Dividing the count by the internal timebase determines the elapsed time.

FONTGE
out
gate

counter

your
dewice

External Connections Diagram

Figure 27-2. External Connections for Counting Elapsed Time
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Am9513

With the Am9513, you can extend the counting range of a counter by
connecting the OUT of one counter to the SOURCE of the next higher
order counter (counter+1). This is calt@bscadingcounters. By cascading
counters you can increase your counting range from a 16-bit counting range
of 65,535 to a 32-bit counting range of 4,294,967,295. The Am9513 chip
has a set of five counters where higher order counters can be cascaded. The
TIO-10 device has two Am9513 chips for a total of 10 counters. Table 27-1
identifies adjacent counters on the Am9513 (one and two chips). This
information is useful when cascading counters.

Table 27-1. Adjacent Counters for Counter Chips

Next Lower Counter Counter Next Higher Counter
5 1 2
1 2 3
2 3 4
3 4 5
4 5 1

10 6 7
6 7 8
7 8 9
8 9 10
9 10 6

Figure 27-3 shows typical external connections for cascading counters
when counting events. Notice that the OUTafinter is connected to the
SOURCE ofcounter+1

BT I
our
dlivice out out
gate gate

counter  courter+1

Ezternal Connections Diggram

Figure 27-3. External Connections to Cascade Counters for Counting Events
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Chapter 27 Counting Signal Highs and Lows

Figure 27-4 shows typical external connections for cascading counters
when counting elapsed time. Notice that the OUGaainter is connected
to the SOURCE ofounter+1.

BT FOUTGE
d%?rl;ge autk auk
gate gate

counter  courter+1

External Connections Diagram

Figure 27-4. External Connections to Cascade Counters for Counting Elapsed Time

Counting Events

How you count events depends upon which counter chip is on your
DAQ device. If you are uncertain which counter your DAQ device has,
refer to your hardware documentation.

TI0-ASIC, DAQ-STC

Figure 27-5 shows the Count Events-Easy (DAQ-STC) VI located
in labview\examples\dag\counter\DAQ-STC.lIb . This example
uses the Easy VI, Count Events or Time, which can be found in
Functions»Data Acquisition»Counter.

device ; eh
Tiie] event sourcetimebase
116 ] [counter's SOURCE:<=0.0]
0.00 oLk
counter
p— =
34 5

Slaﬂ 100

small loop delay

Figure 27-5. Diagram of Count Events-Easy (DAQ-STC) VI

This VI initiates the counter to count the number of rising edges of a
TTL signal at the SOURCE afounter. The counter continues counting
until you click theSTOP button. You must externally wire your signal to
be counted to the SOURCE @dunter. For a description of this example,
refer to the information found Windows»Show VI Info.
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If you need more control over when your event counting begins and ends,
use the Intermediate VIs instead of the Easy VIs. Figure 27-6 shows the
Count Events-Int (DAQ-STC) VI located abview\examples\
dag\counter\DAQ-STC.lIb

[N

e

ot limik
[ count continuous|

counter]

Ceunter Counter
Ftart Read

S
=Yl S =g |

100 = E'?”

[

small loop delay

Figure 27-6. Diagram of Count Events-Int (DAQ-STC) VI

This example uses the Intermediate VIs Event or Time Counter Config,
Counter Start, Counter Read, and Counter Stop. The Event or Time Counter
Config VI configuresounter to count the number of rising edges ofa TTL
signal at its SOURCE input pin. The Counter Start VI begins the counting
operation forcounter. The Counter Read VI returns the count until you
click the STOP button or an error occurs. Finally, the Counter Stop VI
stops the counter operation. Remember that you must externally wire your
signal to be counted to the SOURCEcofinter. You can optionally gate
counterwith a pulse to control when it starts and stops counting. To do this,
wire your pulse to the GATE of counter, and choose the appropgetae

mode from the front panel menu. For a complete description of this
example, refer to the information foundWindows»Show VI Info.
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Am9513

Figure 27-7 shows the Count Events-Easy (9513) VI located in
labview\examples\dag\counter\Am9513.1Ib . This example uses
the Easy VI, Count Events or Time, which can be fourfeunctions»
Data Acquisition»Counter.

event source/timebase
[counter's SOURCE: <=0.0]

0.00

[=]
=}
=4
=

ol

|

start 100

small loop delay

Figure 27-7. Diagram of Count Events-Easy (9513) VI

This VI initiates the counter to count the number of rising edges of a

TTL signal at the SOURCE of counter. The counter continues counting
until you click theSTOP button. You must externally wire your signal to

be counted to the SOURCEadunter. Additionally, you can cascade two
counters by choosirtgvo counters (32-bits)in thenumber of counters to
usemenu. This will extend your counting range to over 4 billion. You must
also wire the OUT ofounter to the SOURCE ofounter+1 for this

increased counting range. For a complete description of this example, refer
to the information found iVindows»Show VI Info.

If you need more control over when your event counting begins and

ends, use the Intermediate VIs instead of the Easy VIs. Figure 27-8 shows
the Count Events-Int (9513) VI locatedlabview\examples\
dag\counter\Am9513.1Ib
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[zount limib
| count continuous! oLt
counter

" 1 ey
(EERE - (S| = =
umber of counters bo use :

{Ii (G

zmall loop delay

Figure 27-8. Diagram of Count Events-Int (9513) VI

This example uses the Intermediate VIs Event or Time Counter Config,
Counter Start, Counter Read, and Counter Stop. The Event or Time Counter
Config VI configuresounter to count the number of rising edges ofa TTL
signal at its SOURCE input pin. The Counter Start VI begins the counting
operation forcounter. The Counter Read VI returns the count until you
click the STOP button or an error occurs. Finally, the Counter Stop VI
stops the counter operation. You must externally wire your signal to be
counted to the SOURCE obunter. You can optionally gate counter with

a pulse to control when it starts and stops counting. To do this, wire your
pulse to the GATE ofounter, and choose the approprig@te modefrom

the front panel menu. Additionally, you can cascade two counters by
choosingwo counters (32-bits)in thenumber of counters to usemenu.

This will extend your counting range to over 4 billion. You must also wire
the OUT ofcounter to the SOURCE ofounter+1 for this increased
counting range. For a complete description of this example, read the
information found inWindow»Show VI Info.
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8253/54
Figure 27-9 shows the Count Events (8253) VI located in
labview\examples\dag\counter\8253.1lb . This example uses
the Intermediate VI, ICTR Control, found Kunctions»
Data Acquisition»Counter»Intermediate Counter.
1 0000000000000 oggecr
} [ False t]
oLt

devicel e read the count

counter @

[1i6]

I
|I [ L TR Llr TR count TR
Cortral|  Cordra Cartrol | = ﬁb Cortrol

|+ setup mode 0] [ read|

(SliFE| lr.E.lles q - 20 - E |
| i
|rread] B Jstatu B+ [status

A VA SEE
T00 i
0 small loop delay A small lnop delay

Figure 27-9. Diagram of Count Events (8253) VI

This VI initiates the counter to count the number of rising edges of a

TTL signal at the CLK otounter. Looking at the diagram, the first call to
ICTR Control loads the count register and setsaymter to count down.

The second call to ICTR Control reads the count register. Inside the first
While Loop, the count is read until it changes. While the count register has
been previously loaded, the new value is not active until the first edge is
counted on the CLK pin. Once the first edge comes in, the second While
Loop takes over and continually reads the count until you clicETi@P
button or an error occurs. You must externally wire your signal to be
counted to the CLK of counter. For a complete description of this example,
refer to the information found Windows»Show VI Info.
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Counting Elapsed Time

How you count elapsed time depends upon which counter chip is on your
DAQ device. If you are unsure of which chip your DAQ device has, refer
to your hardware documentation.

T10-ASIC, DAQ-STC

Figure 27-10 shows the Count Time-Easy (DAQ-STC) VI located in
labview\examples\dag\counte\DAQ-STC.llIb . This example uses
the Easy VI, Count Events or Time, which can be fouriéunctions»
Data Acquisition»Counter.

timebase [Hz
device -
elapzed time [g)
116 e

Ty CoEL |

1231 5
counter
-t

small loop delay

Figure 27-10. Diagram of Count Time-Easy (DAQ-STC) VI

This Vlinitiates the counter to count the number of rising edges of a known
internal timebase at the SOURCEcoiunter. The Count Events or

Time VI takes care of dividing the count by the timebase frequency to
determine thelapsed time The counter continues timing until you click
the STOP button. You do not need to make any external connections. The
length of time that can be counted depends on the maximum count of the
counter and the choséimebase Refer to Table 25-1nternal Counter
Timebases and Their Corresponding Maximum Pulse Width, Period, or
Time Measurementfr maximum measurable time information.
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If you need more control over when your elapsed timing begins and ends,
use the Intermediate VIs instead of the Easy VIs. Figure 27-11 shows the
Count Time-Int (DAQ-STC) VI located ilabview\examples\
dag\counter\DAQ-STC.IIb

gate mods ot fimit]
(16 ] Ot ComtinLous] -
Lute] I elapzed time [z
device _,r>_
[116 ] —{Count —Count +
- ::nﬂer g\g.der_ %:: Lt @
3 [123 3 [123] 2]
counter = ) ! =
P [status]
timebase [Hz E}
DBL || -
)
TN,
small loop delay

Figure 27-11. Diagram of Count Time-Int (DAQ-STC) VI

This example uses the Intermediate VIs Event or Time Counter Config,
Counter Start, Counter Read, and Counter Stop. The Event or Time Counter
Config VI configurescounter to count the number of rising edges of a
known internal timebase. The Counter Start VI begins the counting
operation forcounter. The Counter Read VI returns the count until you
click theSTOP button or an error occurs. The count value is divided by the
timebaseto determine thelapsed time Finally, the Counter Stop VI stops

the counter operation. You do not need to make any external connections,
but you can optionally gatounter with a pulse to control when it starts

and stops timing. To do this, wire your pulse to the GATEoofter, and
choose the appropriatate modefrom the front panel menu. For a
complete description of this example, refer to the information found in
Windows»Show VI Info.
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Am9513

Counting Signal Highs and Lows

Figure 27-12 shows the Count Time-Easy (9513) VI located in
labview\examples\dag\counter\Am9513.1lb . This example uses
the Easy VI, Count Events or Time, which can be found in
Functions»Data Acquisition»Counter

elapzed time [z

I
[
g

Slart

zmall loop delay

O A “l:_>

Figure 27-12. Diagram of Count Time-Easy (9315) VI

This Vlinitiates the counter to count the number of rising edges of a known
internal timebase at the SOURCEcoiunter. The Count Events or

Time VI takes care of dividing the count by the timebase frequency to
determine thelapsed time The counter continues timing until you click
the STOP button. You do not need to make any external connections if the
number of counters to usanenu is set tone counter (16-bits) If you set

the number of counters to usenenu tawo counters (32-hits) you must
externally wire the OUT ofounter to the SOURCE ofounter+1. The

length of time that can be counted depends on the maximum count of the
counter(s) and the chosttmebase For example, the 65,535 (16-bit) count

of the Am9513 and a timebase of 1 MHz can count time for 65 ms. Using
the 100 Hz timebase and two counters (32-bits), you can count time for over
a year. For a complete description of this example, refer to the information
found inWindows»Show VI Info.
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If you need more control over when your elapsed timing begins and
ends, use the Intermediate VIs instead of the Easy VIs. Figure 27-13
shows the Count Time-Int (9513) VI locatedahview\examples\
dag\counte\Am9513.1Ib

device .
elapsed time (3
e
conite e, |—Counter] —Counter Counter|
abc [ Ttart Read —— Ztap
EE S ] | .
hurnbeer of counters bo uze |
B [ status ]
timebase [Hz D
oL
(N
m zmall loop delay
-]

Figure 27-13. Diagram of Count Time-Int (9513) VI

This example uses the Intermediate VIs Event or Time Counter Config,
Counter Start, Counter Read, and Counter Stop. The Event or Time Counter
Config VI configurescounter to count the number of rising edges of a
known internal timebase. The Counter Start VI begins the counting
operation forcounter. The Counter Read VI returns the count until you
click theSTOP button or an error occurs. The count value is divided by the
timebaseto determine thelapsed time Finally, the Counter Stop VI stops
the counter operation. You can optionally gatenter with a pulse to

control when it starts and stops timing. To do this, wire your pulse to

the GATE ofcounter, and choose the approprigige modefrom the

front panel menu. Additionally, you can cascade two counters by choosing
two counters (32-bits)in thenumber of counters to usemenu. This

extends your elapsed time range. You must also wire the Ocduoter

to the SOURCE ofounter+1 for this increased range. For a complete
description of this example, refer to the information found in
Windows»Show VI Info.
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Figure 27-14 shows the Count Time (8253) VI located in
labview\examples\dag\counter\8253.llb . This example uses
the ICTR Control-Int VI, which can be found unctions»
Data Acquisition»Counter»Intermediate Counter.
lcnunt
device S | d ki counter|
elapeed hme | = 1
;F
Ccounter
TG ||
|counter
g U Ry L e Lz
GENERATE S m L] S EL LS E
timebase [Hz i
|+ setup mode 0] [+ read| I*Hesetl
N,
zmall loop delay

Figure 27-14. Diagram of Count Time (8253) VI

This VI initiates the counter to count the number of rising edges of a
TTL timebase at the CLK afounter. Counter O creates the timebase.
Looking at the diagram, the Timebase Generator (8253) VI sets up
Counter 0to generate a timebase by dividing down its internal timebase.
The first call to ICTR Control loads the count register and seteupter

to count down. Inside the While Loop, ICTR Control reads the count,
which is divided by the actual timebase frequency to determiredapsed
time. The elapsed time increments until you click 81€@P button or an
error occurs. The last two calls to ICTR Control r&Setinter O and

counter. Remember that you must externally wire the OUTadinter O

to the CLK ofcounter. You can optionally gateounter with a pulse to
control when it starts and stops timing. To do this, wire your pulse to the
GATE of counter. For a complete description of this example, refer to the
information found inWindows»Show VI Info.
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Dividing Frequencies

Dividing TTL frequencies is useful if you want to use an internal timebase
and the frequency you need does not exist. You can divide an existing
internal frequency to get what you need. You can also divide the frequency
of an external TTL signal. Frequency division results in a pulse or pulse
train from a counter for evemy cycles of an internal or external source.
Counters can only decrease (divide down) the frequency of the source
signal. The resulting frequency is equal to the input frequency divided

by N (timebase divisor)N must be an integer number greater than 1.
Performing frequency division on an internal signal is callddven

counter Frequency division on an external signal is callsigiaal divider
Figure 28-1 shows typical wiring for frequency division.

counter
source
ot H - ou— o
L 1gate

Frequency Division for a Signal Divider

counter

source

your YY) —

device

your

| lgate device

Frequency Division for a Down Counter

Figure 28-1. Wiring Your Counters for Frequency Division
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T10-ASIC, DAQ-STC, Am9513

Figure 28-2 shows an example of a signal divider. It uses the Intermediate
counter VIs Down Counter or Divide Config, Counter Start, and
Counter Stop.

device) [Dovam Counter or Divider Config.wi

counter TR
abell Ll IDER:
LTI

Counter]

ain et ,
Stop @
= E

I

1
output (high pulsed 0.0} ]
TT5z] uze counter's SOURCE

Figure 28-2. Programming a Single Divider for Frequency Division

The Down Counter or Divide Config VI configures the specified counter to
divide the SOURCE signal by thienebase divisorvalue and output a

signal when the counter reaches its terminal count (TC). Using Down
Counter or Divide Config VI, you can configure the type of output to be
pulse or toggled. The diagram above outputs a high pulse lasting one cycle
of the source signal once the counter reaches its TC. For more information
on the different types of signal outputs, refer to the Down Counter or Divide
Config VI description in Chapter 2lhtermediate Counter V]®f the
LabVIEW Function and VI Reference Manual the LabVIEWOnNIline
Referencgavailable by selectingelp»Online Reference The previous

block diagram counts the rising edges of the SOURCE signal, the default
value of thesource edgénput. To locate the inputs and outputs on this VI,
use theHelp window. Open this window by choosiktelp»Show Help

The Counter Start VI tells the counter to start counting the SOURCE signal
edges. The counter stops the frequency division only when you click the
STOP button. The Counter Stop VI stops the counter immediately and
clears the count register. It is a good idea to always check your errors at the
end of an operation to see if the operation was successful.

You can alter the Down Counter or Divide Config VI to create a

down counter. To do this, change the timebase value Grom

(external SOURCE) to a frequency available on your counter. With the
Am9513 chip, you can choose timebases of 1 MHz, 100 kHz, 10 kHz,

1 kHz, and 100 Hz. With the DAQ-STC chip, you can choose timebases
of 20 MHz and 100 kHz.
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Instead of triggering frequency division for signal dividers and down
counters by software, as previously described, you can trigger using the
GATE signal. You can trigger while the GATE signal is high, low, or on the
rising or falling edge. For more information, refer to the Down Counter or
Divide Config VI description in Chapter 2lhtermediate Counter V]®f
theLabVIEW Function and VI Reference Manualthe LabVIEWOnline
Referenceavailable by selectingelp»Online Reference

8253/54

To divide a frequency with the 8253/54 counter chip, use the example Cont
Pulse Train (8253) VI located labview\examples\daq\8253.1lb

This example is explained in Chapter &gnerating a Square Pulse

or Pulse Trainsin theGenerating a Pulse Traisection. For a complete
description of this example, refer to the information found in

Windows»VI Info .
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Part Vii

Debugging Your Data
Acquisition Application

This section contains an explanation of ways you can debug your data
acquisition application to make sure your application is accurate and
runs smoothly.

Part VII, Debugging Your Data Acquisition Applicatiocontains
Chapter 29Debugging Techniquewhich describes some tips to help
determine why your VI is not working.
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Debugging Techniques

Is your VI not working as you expected? This chapter shows you some tips
to help learn why your VI is not working. With LabVIEW DAQ
applications, you might find errors in hardware connections, software
configuration, or VI construction. The goal of this chapter is to help you
narrow down where the problem is in your program flow.

Hardware Connection Errors

When no error occurs but the data is not what you expected, you
might want to check your hardware connections and jumper settings.
For example, if you have an analog input application, make sure your
signals are properly grounded. For more information on analog input
configuration issues, refer to Chapteifajngs You Should Know

about Analog Input

For SCXI modules, verify that gain jumpers are set up properly. To verify
how a DAQ device gets set to a certain gain (or limit setting as noted in the
software), refer to Chapter Basic LabVIEW Data Acquisition Concepts
Another common SCXI hardware error is using digital lines on your DAQ
device that are reserved for communication with the SCXI modules.

To test that your hardware has not been damaged, connect a known voltage
to the channels you are using. To check the location of any hardware
connections, refer to your hardware user manual.

Software Configuration Errors

As you check hardware connections, verify that the NI-DAQ software
configuration reflects your hardware setup. For possible difficulties with
software configuration, read Chaptedr@stalling and Configuring Your
Data Acquisition Hardwarghe chapter of this manual that describes your
specific application, or thEI-DAQ User Manual
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(Windows) In the NI-DAQ Configuration Utility, you can use the NI-DAQ
Test Panels to verify that your device is operating properly. Refer to the
NI-DAQ Configuration Utility online help or Measurement & Automation
Explorer online help for more details.

VI Construction Errors

Error Handling

The various sections below describe methods to find problems with VI
construction. All the techniques described can be used by themselves or in
conjunction with one another.

The best way to determine if your application executed without an error is
to use one of the error handler VIs in your application. The Error

Handler Vis are located iRunctions»Time & Dialog. You can only use
these VIs with Intermediate and Advanced VIs. Easy I/O Vls already
include error handling capabilities within each VI. Each Intermediate and
Advanced VI has an error input and output clusters (namedin and

error out, respectively). The error clusters contain a Boolean that indicates
whether an error occurred, the error code for the error, and the name of the
VI that returned the error. #rror in indicates an error, the VI returns the
same error information iarror out, and does not perform any DAQ
operations.

ernmor in [no enor) error out
code code
10 Eror I 3‘1 0 | o error I 0 |
FOLIMCe Faurce

When you use any of the Intermediate or Advanced VIs in a While Loop,

you should stop the loop if the status in ¢ner out cluster reads TRUE.

If you wire the error cluster to the General Error Handler VI or the Simple
Error Handler VI, the VI deciphers the error information and describes the
error to you. Figures 29-1 and 29-2 show how to wire a typical DAQ VI to

an error handler.

Al
CLEAR
e

Figure 29-1. Error Checking Using the General Error Handler VI
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Al
CLEAR

Figure 29-2. Error Checking Using the Simple Error Handler VI

The following figure shows an example of the dialog box the Error Handler
VIs display if an error occurs.

Error -10694 occurred at &l Contral.
Poszible reazons:
MI-DAL LY: The zample frequency exceeds

the safe marimurm rate for the hardware, gains,
and filkers used.

x|

Refer to thé_.abVIEW Function and VI Reference Manaathe LabVIEW
Online Referenceavailable by selectingelp»Online Reference for
more information on the error handler Vis.

Single-Stepping through a VI

Single-stepping through a VI allows you to execute one node at a time in
the block diagram. A node can be subVIs, functions, structures, formula
nodes, and attribute nodes. Refer to Chapt€r&ating VIs in the

LabVIEW User Manuakhnd Chapter £xecuting and Debugging VIs and
SubVlsin theG Programming Reference Mantufal more information
about single-stepping.

Execution Highlighting

Execution highlighting (the light bulb button on the diagram) shows you
how data passes from one node to another in your program. When you turn
execution highlighting on, data movement is marked by bubbles moving
along the wires. Refer to ChapteiCGgating VIs in theLabVIEW User
Manual,and Chapter & xecuting and Debugging VIs and Suh\tishe

G Programming Reference Manual more information about execution
highlighting.
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Using the Probe Tool

If your VI is producing questionable results, you may want to use the Probe
tool to check intermediate values in a VI. The Probe tool will help you
narrow down where the incorrect results are occurring. Refer to Chapter 2,
Creating Vlsin theLabVIEW User Manuand Chapter & xecuting and
Debugging VIs and SubVIi& theG Programming Reference Mandal

more information on using the probe.

Setting Breakpoints and Showing Advanced DAQ Vls

Once you have narrowed down the location of an error to a subVl,

you can set a breakpoint on that subVI to cause VI execution to pause
before executing the subVI. You can now see what values get passed

in or are generated by the Advanced VIs, single-step through the subVI's
execution, probe wires to see data, or change values of front panel
controls. Refer to Chapter €reating VIs in theLabVIEW User Manual

and Chapter & xecuting and Debugging VIs and SuhVisthe

G Programming Reference Manual more information on how to set a
breakpoint.
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LabVIEW Data Acquisition
Common Questions

This appendix lists answers to questions frequently asked by
LabVIEW users.

Where is the best place to get up to speed quickly with data acquisition
and LabVIEW?

Read this manual and look at tlk@_me.llb  examples, in
labview\examples\dag\run_me.llb , included with LabVIEW. In
Windows, run Measurement & Automation Explorer or the DAQ Channel
Wizard and the DAQ Solution Wizard.

What is the easiest way to address my AMUX-64T device with my
MIO device?

Set the number of AMUX devices used in Measurement & Automation
Explorer (indows) or NI-DAQ control panellNlacintosh). Then in the

channel string inputs, specify the onboard channel. For example, with one
AMUX-64T device, the channel stririgl  will acquire data from AMUX
channels 0 through 7, and so on.

What are the advantages/disadvantages of reading Al Read’s backlog
rather than a fixed amount of data?

Reading the backlog is guaranteed not to cause a synchronous wait for the
data to arrive. However, it adds more delay until the data is processed
(because the data was available on the last call) and it can require constant
reallocation or size adjustments of the data acquisition read buffer in
LabVIEW.

What is the easiest way to verify that my device works and is acquiring
data from my signals?

Run one of the examples in theview\examples\daq folder or run the
test panel for your device in Measurement & Automation Explorer.
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Appendix A

LabVIEW Data Acquisition Common Questions

How can | tell when a continuous data acquisition operation does not
have enough buffer capacity?

The scan backlog rises with time, either steadily or in jumps, or takes a long
time to drop to normal after an interrupting activity like mouse movement.
If you can open another VI during the operation without receiving an
overrun error you should have adequate buffer capacity.

| want to group two or more ports using my DIO32, DIO24, or
DIO-96 device, but | do not want to use handshaking. | just want to
read one group of ports just once. How can | set it up in software?

Use Easy I/0O VIs (Write to Digital Port or Read from Digital Port) or
Advanced Digital VIs (DIO Port Config, DIO Port Write or DIO Port
Read), and set multiple ports in the port list. For Easy 1/O Vls, you can
specify up to four ports in the port list. Whatever data you try to output to
each port of your “group” will correspond to each element of the data array.
This also applies for input.

| want to use the OUT1, OUT2, OUT3 and IN1, IN2, IN3 pins on my
DIO-32F device. How do | address those pins using the Easy 1/0
Digital VIs in LabVIEW?

These output and inputs pins are addressed together as port 4. OUT1 and
IN1 are referred to as bit 0, OUT2 and IN2 are referred to as bit 1, and
OUT3 and IN3 are referred to as bit 2. Only the NB-DIO-32F has three pins
for each direction. If you use the Write To Digital Port VI, you will output

on the OUT pins. If you use the Read From Digital Port VI, you will input
from the IN pins.

| want to be able to write up to four lines on the digital port on my
jumpered MIO (non E Series) device while also reading in four lines of
digital data on the remaining free digital lines. How do | do this?

Use the DIO Port Config VI twice—once to configure four lines for output
and once more to configure four lines for input. Now call the DIO Port
Write VI or the DIO Port Read VI for the appropriate lines. Avoid calling
the Easy I/0 VIs for digital I/O, as they reconfigure the port direction each
time the VI is called.
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Appendix A LabVIEW Data Acquisition Common Questions

| want to use a TTL digital trigger pulse to start data acquisition on
my DAQ device. | noticed there are two types of triggers: Digital
Trigger A and Digital Trigger A&B. Which digital trigger setting
should | use and where should | connect the signal?

You should use Digital Trigger A, which stands for “first trigger,” to start a
data acquisition. Digital Trigger B, which stands for “second trigger,”
should only be used if you are doing both a stada stop trigger for your
data acquisition. Connect your trigger signal to either STARTTRIG* (pin
38) if you are using an AT-MIO-16, AT-MIO-16D, NB-MIO-16X, or
EXTTRIG* or DTRIG for any other device that has that pin. If you are
using an E-series device, you can select which PFI pin to connect to. If you
do not specify the PFI pin, it uses the defaults as the PFI pin names suggest,
for example, PFIO/TRIG1. The only analog input devices on which you
cannot do a digital trigger are the LPM devices, DAQCard-700,
DAQCard-500, and the 516 devices. Refer to the Al Trigger Config
description in Chapter 1&dvanced Analog Input V& theLabVIEW
Function and VI Reference Manual the LabVIEWOnNline Referenge
available by selectinglelp»Online Reference for more information on

the use of digital triggers on your DAQ device.

@ Note The NB-MIO-16 has an EXTTRIG* pin but cannot support start and stop triggering.

When are the data acquisition devices initialized?

All data acquisition devices are initialized automatically when the first
DAQ VI is loaded in on a diagram when you start LabVIEW. You can also
initialize a particular device by calling the Device Reset VI.
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Technical Support Resources

This appendix describes the comprehensive resources available to you in
the Technical Support section of the National Instruments Web site and
provides technical support telephone numbers for you to use if you have
trouble connecting to our Web site or if you do not have internet access.

NI Web Support

To provide you with immediate answers and solutions 24 hours a day,

365 days a year, National Instruments maintains extensive online technical
support resources. They are available to you at no cost, are updated daily,
and can be found in the Technical Support section of our Web site at
www.natinst.com/support

Online Problem-Solving and Diagnostic Resources

© National Instruments Corporation

KnowledgeBase—A searchable database containing thousands of
frequently asked questions (FAQs) and their corresponding answers or
solutions, including special sections devoted to our newest products.
The database is updated daily in response to new customer experiences
and feedback.

Troubleshooting Wizards—Step-by-step guides lead you through
common problems and answer questions about our entire product line.
Wizards include screen shots that illustrate the steps being described
and provide detailed information ranging from simple getting started
instructions to advanced topics.

Product Manuals—A comprehensive, searchable library of the latest
editions of National Instruments hardware and software product
manuals.

Hardware Reference Database-A searchable database containing
brief hardware descriptions, mechanical drawings, and helpful images
of jumper settings and connector pinouts.

Application Notes—A library with more than 100 short papers
addressing specific topics such as creating and calling DLLs,
developing your own instrument driver software, and porting
applications between platforms and operating systems.
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Appendix B

Technical Support Resources

Software-Related Resources

¢ Instrument Driver Network —A library with hundreds of instrument
drivers for control of standalone instruments via GPIB, VXI, or serial
interfaces. You also can submit a request for a particular instrument
driver if it does not already appear in the library.

« Example Programs Database-A database with numerous,
non-shipping example programs for National Instruments
programming environments. You can use them to complement the
example programs that are already included with National Instruments
products.

« Software Library —A library with updates and patches to application
software, links to the latest versions of driver software for National
Instruments hardware products, and utility routines.

Worldwide Support

National Instruments has offices located around the globe. Many branch
offices maintain a Web site to provide information on local services. You
can access these Web sites fraww.natinst.com/worldwide

If you have trouble connecting to our Web site, please contact your local
National Instruments office or the source from which you purchased your
National Instruments product(s) to obtain support.

For telephone support in the United States, dial 512 795 8248. For
telephone support outside the United States, contact your local branch
office:

Australia 03 9879 5166, Austria 0662 45 79 90 0, Belgium 02 757 00 20,
Brazil 011 284 5011, Canada (Calgary) 403 274 9391,

Canada (Ontario) 905 785 0085, Canada (Québec) 514 694 8521,
China 0755 3904939, Denmark 45 76 26 00, Finland 09 725 725 11,
France 01 48 14 24 24, Germany 089 741 31 30, Greece 30 1 42 96 427
Hong Kong 2645 3186, India 91805275406, Israel 03 6120092,

Italy 02 413091, Japan 03 5472 2970, Korea 02 596 7456,

Mexico (D.F.) 5 280 7625, Mexico (Monterrey) 8 357 7695,

Netherlands 0348 433466, Norway 32 27 73 00, Singapore 2265886,
Spain (Barcelona) 93 582 0251, Spain (Madrid) 91 640 0085,

Sweden 08 587 895 00, Switzerland 056 200 51 51,

Taiwan 02 2377 1200, United Kingdom 01635 523545
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Glossary

Prefix Meaning Value
k- kilo- 108
M- mega- 16
m- milli- 10-3
- micro- 108
n- nano- 1060
Numbers/Symbols
1D One-dimensional.
2D Two-dimensional.
A
A Amperes.
AC Alternating current.
A/D Analog-to-digital.
ADC Analog-to-digital converter. An electronic device, often an integrated
circuit, that converts an analog voltage to a digital number.
ADC resolution The resolution of the ADC, which is measured in bits. An ADC with
16 bits has a higher resolution, and thus a higher degree of accuracy than
a 12-bit ADC.
Al Analog input.
Al device An analog input device that has Al in its name, such as the NEC-AI-16E-4.
AIGND The analog input ground pin on a DAQ device.
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Glossary

amplification

Am9513-based devices

AMUX devices

analog input group

analog multiplexer

analog output group

analog trigger

AO

array

B
BCD

bipolar

buffer

LabVIEW Data Acquisition Basics Manual G-2

A type of signal conditioning that improves accuracy in the resulting
digitized signal and reduces noise.

Devices with an Am9513 counter/timer chip. These devices include the
NB-MIO-16, NB-MIO-16X, NB-A2000, NB-TIO-10, and NB-DMA2800
on the Macintosh; and the AT-MIO-16, AT-MIO-16F-5, AT-MIO-16X,
AT-MIO-16D, and AT-MIO-64F-5, and PC-TIO-10 in Windows.

Seeanalog multiplexers.

A collection of analog input channels. You can associate each group with
its own clock rates, trigger and buffer configurations, and so on. A channel
cannot belong to more than one group.

Because each device has one ADC, only one group can be active at any
given time. That is, once a control VI starts a timed acquisition with
groupn, subsequent control and read calls must also refer to group

You use the task ID to refer to the group.

Devices that increase the number of measurement channels while still using
a single instrumentation amplifigklso calledAMUX devices.

A collection of analog output channels. You can associate each group with
its own clock rates, buffer configurations, and so on. A channel cannot
belong to more than one group.

A trigger that occurs at a user-selected level and slope on an incoming
analog signal. Triggering can be set to occur at a specified voltage on either
an increasing or a decreasing signal (positive or negative slope).

Analog output.

Ordered, indexed set of data elements of the same type.

Binary-coded decimal.

A signal range that includes both positive and negative values (for example,
-5to5V).

Temporary storage for acquired or generated data.
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C

cascading

channel

channel clock

channel name

circular-buffered 1/0

clock

cluster

code width

column-major order

common-mode voltage

conditional retrieval

configuration utility

conversion device

Glossary

Process of extending the counting range of a counter chip by connecting to
the next higher counter.

Pin or wire lead to which you apply or from which you read the analog or
digital signal. Analog signals can be single-ended or differential. For digital
signals, you group channels to form ports. Ports usually consist of either
four or eight digital channels.

The clock controlling the time interval between individual channel
sampling within a scan. Boards with simultaneous sampling do not have
this clock.

A unique name given to a channel configuration in the Data Neighborhood
in the Measurement and Automation Explorer

Input/output operation that reads or writes more data points than can fit in
the buffer. When LabVIEW reaches the end of the buffer, LabVIEW returns
to the beginning of the buffer and continues to transfer data.

Hardware component that controls timing for reading from or writing to
groups.

A set of ordered, unindexed data elements of any data type including
numeric, Boolean, string, array, or cluster. The elements must be all
controls or all indicators.

The smallest detectable change in an input voltage of a DAQ device.
A way to organize the data in a 2D array by columns.

Any voltage present at the instrumentation amplifier inputs with respect to
amplifier ground.

A method of triggering in which you to simulate an analog trigger using
software Also calledsoftware triggering.

Refers to a utility that allows you to configure your hardware.

Device that transforms a signal from one form to another. For example,
analog-to-digital converters (ADCs) for analog input, digital-to-analog
converters (DACSs) for analog output, digital input or output ports, and
counter/timers are conversion devices.
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counter/timer group

coupling

D

D/IA

DAC

DAQ Channel Wizard

DAQ Solution Wizard

DAQ-STC

data acquisition

data flow

default input

default load area

default setting

A collection of counter/timer channels. You can use this type of group for
simultaneous operation of multiple counter/timers.

The manner in which a signal is connected from one location to another.

Digital-to-analog.

Digital-to-analog converter. An electronic device, often an integrated
circuit, that converts a digital number into a corresponding analog voltage
or current.

Utility that guides you through naming and configuring your DAQ analog
and digital channels.

Utility that guides you through specifying your DAQ application, from
which it provides a custom DAQ solution.

Data Acquisition System Timing Controller.

Process of acquiring data, typically from A/D or digital input plug-in
boards.

Programming system consisting of executable nodes in which nodes
execute only when they have received all required input data and produce
output automatically when they have executed. LabVIEW is a dataflow
system.

The default value of a front panel control.

One of three parts of the SCXI EEPROM. The default load area is where
LabVIEW automatically looks to load calibration constants the first time
you access an SCXI module. When the module is shipped, this area
contains a copy of the factory calibration constants. The other EEPROM
areas are the factory area and the user area.

A default parameter value recorded in the driver. In many cases, the
default input of a control is a certain value (often 0) that maasaghe
current default setting=or example, the default input for a parameter
may bedo not change current settingnd the default setting may be
no AMUX-64T boarddf you do change the value of such a parameter,
the new value becomes the new setting. You can set default settings for
some parameters in the configuration utility.
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device

device number

DIFF

Glossary

A DAQ device inside your computer or attached directly to your computer
through a parallel port. Plug-in boards, PC cards, and devices such as the
DAQPad-1200, which connects to your computer’s parallel port, are all
examples of DAQ devices. SCXI modules are distinct from devices, with
the exception of the SCXI-1200, which is a hybrid.

The slot number or device ID number assigned to the device when you
configured it.

Differential. A differential input is an analog input consisting of two
terminals, both of which are isolated from computer ground and whose
difference you measure.

differential measurementA way you can configure your device to read signals, in which you do not

system

digital input group

digital output group

digital trigger

DIO devices

DIP

dithering

DLL

DMA

down counter

need to connect either input to a fixed reference, such as earth or a building
ground.

A collection of digital input ports. You can associate each group with its
own clock rates, handshaking modes, buffer configurations, and so on.
A port cannot belong to more than one group.

A collection of digital output ports. You can associate each group with its
own clock rates, handshaking modes, buffer configurations, and so forth.
A port cannot belong to more than one group.

A TTL signal that you can use to start or stop a buffered data acquisition
operation, such as buffered analog input or buffered analog output.

Refers to all devices with the letters DIO in their name, unless otherwise
noted.

Dual Inline Package.

The addition of Gaussian noise to an analog input signal. By applying
dithering and then averaging the input data, you can effectively increase the
resolution by another one-half bit.

Dynamic Link Library.

Direct Memory Access. A method by which you can transfer data to
computer memory from a device or memory on the bus (or from computer
memory to a device) while the processor does something else. DMA is the
fastest method of transferring data to or from computer memory.

Performing frequency division on an internal signal.
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Glossary

driver

E

E Series MIO device

EEPROM

EISA
event

external trigger

F

factory area

FIFO

filtering

floating signal sources

G
gain

GATE input pin

Software that controls a specific hardware device, such as a DAQ device.

Boards, such as the PCI-MIO-16E-1 and the AT-MIO-16E-2 that use
the MITE chip (on PCI boards for bus mastering), the DAQ-PnP chip for
Plug and Play configuration, the DAQ-STC chip for instrumentation class
counting and timing, and the NI-PGIA for high accuracy analog input
measurements.

Electrically erasable programmable read-only memory. Read-only memory
that you can erase with an electrical signal and reprogram.

Extended Industry Standard Architecture.
The condition or state of an analog or digital signal.

A voltage pulse from an external source that triggers an event such as
A/D conversion.

One of three parts of the SCXI EEPROM. The factory area contains
factory-set calibration constants. This area is read-only. The other
EEPROM areas are the default load area and the user area.

A first-in-first-out memory buffer. In a FIFO, the first data stored is the first
data sent to the acceptor.

A type of signal conditioning that allows you to filter unwanted signals
from the signal you are trying to measure.

Signal sources with voltage signals that are not connected to an absolute
reference or system ground. Some common example of floating signal
sources are batteries, transformers, or thermocoulliss called
nonreferenced signal sources.

The amplification or attenuation of a signal.

A counter input pin that controls when counting in your application occurs.
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Glossary

grounded measurement Seereferenced single-ended measurement system.
system

grounded signal sources Signal sources with voltage signals that are referenced to a system
ground, such as earth or a building grouldo calledreferenced signal
sources.

group A collection of input or output channels or ports that you define. Groups
can contain analog input, analog output, digital input, digital output, or
counter/timer channels. A group can contain only one type of channel,
however. You use a task ID number to refer to a group after you create it.
You can define up to 16 groups at one time.

H

handshaked digital /O A type of digital acquisition/generation where a device or module accepts
or transfers data after a digital pulse has been recéilsmicalledatched
digital /0.

hardware triggering A form of triggering where you set the start time of an acquisition and
gather data at a known position in time relative to a trigger signal.

hex Hexadecimal.

Hz Hertz. The number of scans read or updates written per second.
I

IEEE Institute of Electrical and Electronic Engineers.

immediate digital /0 A type of digital acquisition/generation where LabVIEW updates the
digital lines or port states immediately or returns the digital value of an
input line.Also callednonlatched digital 1/0.

input limits The upper and lower voltage inputs for a channel. You must use a pair of
numbers to express the input limits. The VIs can infer the input limits from
the input range, input polarity, and input gain(s). Similarly, if you wire the
input limits, range, and polarity, the Vs can infer the onboard gains when
you do not use SCXI.
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Glossary

input range

interrupt

interval scanning

1/0

ISA

isolation

Kwords

L

Lab/1200 devices

LabVIEW

The difference between the maximum and minimum voltages an analog
input channel can measure at a gain of 1. The input range is a scalar value,
not a pair of numbers. By itself the input range does not uniquely determine
the upper and lower voltage limits. An input range of 10 V could mean an
upper limit of +10 V and a lower of 0 V or an upper limit of +5V and a
lower limit of -5 V.

The combination of input range, polarity, and gain determines the input
limits of an analog input channel. For some boards, jumpers set the input
range and polarity, while you can program them for other boards. Most
boards have programmable gains. When you use SCXI modules, you also
need their gains to determine the input limits.

A signal indicating that the central processing unit should suspend its
current task to service a designated activity.

Scanning method where there is a longer interval between scans than there
is between individual channels comprising a scan.

Input/output. The transfer of data to or from a computer system involving
communications channels, operator interface devices, and/or data
acquisition and control interfaces.

Industry Standard Architecture.

A type of signal conditioning in which you isolate the transducer signals
from the computer for safety purposes. This protects you and your
computer from large voltage spikes and makes sure the measurements from
the DAQ device are not affected by differences in ground potentials.

1,024 words of memory.

Boards, such as the Lab-PC-1200 and the DAQCard-1200, which use the
8253 type counter/timer chip.

Laboratory Virtual Instrument Engineering Workbench.
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latched digital 1/0

Legacy MIO device

limit settings

linearization

LSB

M
MB
memory buffer

Measurement &
Automation Explorer

multibuffered 1/O

multiplexed mode

multiplexer

Glossary

A type of digital acquisition/generation where a device or module accepts
or transfers data after a digital pulse has been recésalcalled
handshaked digital I/0.

Boards, such as the AT-MIO-16, which typically are configured with
jumpers and switches and are not Plug and Play compatible. They also use
the 9513 type counter/timer chip.

The maximum and minimum voltages of the analog signals you are
measuring or generating.

A type of signal conditioning in which LabVIEW linearizes the voltage
levels from transducers, so the voltages can be scaled to measure physical
phenomena.

Least Significant Bit.

Megabytes of memory. 1 MB is equal to 1,024 KB.
Seebuffer.

The standard National Instruments hardware configuration and diagnostic
environment for Windows.

Input operation for which you allocate more than one memory buffer so you
can read and process data from one buffer while the acquisition fills
another.

An SCXI operating mode in which analog input channels are multiplexed
into one module output so that your cabled DAQ device has access to the
module’s multiplexed output as well as the outputs on all other multiplexed
modules in the chassis through the SCXIlAso calledserial mode.

A set of semiconductor or electromechanical switches with a common
output that can select one of a number of input signals and that you
commonly use to increase the number of signals measured by one ADC.
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NB

NI-DAQ

nodes

nonlatched digital 1/10

nonreferenced signal
sources

Nonreferenced
single-ended (NRSE)
measurement system

NRSE

0

onboard channels

OUT pin

output limits

NuBus.

The NI-DAQ software system, which contains a driver, a configuration
utility, a suite of electronic documentation, and a rich set of examples.

Execution elements of a block diagram consisting of functions, structures,
and subVils.

A type of digital acquisition/generation where LabVIEW updates the
digital lines or port states immediately or returns the digital value of an
input line.Also calledimmediate digital 1/O.

Signal sources with voltage signals that are not connected to an absolute
reference or system grounilso calledfloating signal sources. Some
common examples of nonreferenced signal sources are batteries,
transformers, or thermocouples.

All measurements are made with respect to a common reference, but the
voltage at this reference can vary with respect to the measurement system
ground.

Nonreferenced single-ended.

Channels provided by the plug-in data acquisition device.

A counter output pin where the counter can generate various TTL pulse
waveforms.

The upper and lower voltage or current outputs for an analog output
channel. The output limits determine the polarity and voltage reference
settings for a device.
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P

parallel mode A type of SCXI operating mode in which the module sends each of its input
channels directly to a separate analog input channel of the device to the
module.

pattern generation A type of handshaked (latched) digital I/O in which internal counters
generate the handshaked signal, which in turn initiates a digital transfer.
Because counters output digital pulses at a constant rate, this means you
can generate and retrieve patterns at a constant rate because the handshaked
signal is produced at a constant rate.

PCI Peripheral Component Interconnect. An industry-standard, high-speed
databus.

PGIA Programmable Gain Instrumentation Amplifier.

Plug and Play devices Devices that do not require DIP switches or jumpers to configure resources
on the devicesAlso calledswitchless devices.

postriggering The technique you use on a DAQ device to acquire a programmed number
of samples after trigger conditions are met.

pretriggering The technique you use on a DAQ device to keep a continuous buffer filled
with data, so that when the trigger conditions are met, the sample includes
the data leading up to the trigger condition.

pulse trains Multiple pulses.

pulsed output A form of counter signal generation by which a pulse is outputted when a
counter reaches a certain value.

PXI PCI eXtensions for Instrumentation. A modular, computer-based
instrumentation platform.
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R

read mark Points to the scan at which a read operation begins. Analogous to a file
I/0O pointer, the read mark moves every time you read data from an input
buffer. After the read is finished, the read mark points to the next unread
scan. Because multiple buffers are possible, you need both the buffer
number and the scan number to express the position of the read mark.

read mode Indicates one of the four reference marks within an input buffer that

provides the reference point for the read. This reference can be the read
mark, the beginning of the buffer, the most recently acquired data, or the
trigger position.

referenced signal sources Signal sources with voltage signals that are referenced to a system ground,
such as earth or a building grourdso calledgrounded signal sources.

referenced single-endedAll measurements are made with respect to a common reference or a
(RSE) measurement  ground.Also calleda grounded measurement system.

system

RMS Root Mean Square.

row-major order A way to organize the data in a 2D array by rows.

RSE Referenced Single-Ended.

RTD Resistance Temperature Detector. A temperature-sensing device whose
resistance increases with increases in temperature.

RTSI Real-Time System Integration bus. The National Instruments timing bus
that interconnects data acquisition boards directly, by means of connectors
on top of the boards, for precise synchronization of functions.

S Seconds.

sample A single analog or digital input or output data point.

sample counter The clock that counts the output of the channel clock, in other words, the

number of samples taken. On boards with simultaneous sampling, this
counter counts the output of the scan clock and hence the number of scans.
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scan

scan clock

scan rate

scan width

SCXI

settling time

signal conditioning
signal divider

simple-buffered 110

single-ended inputs
software trigger

software triggering

SOURCE input pin
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Glossary

One or more analog or digital input samples. Typically, the number of input
samples in a scan is equal to the number of channels in the input group. For
example, one pulse from the scan clock produces one scan that acquires one
new sample from every analog input channel in the group.

The clock controlling the time interval between scans. On boards with
interval scanning support (for example, the AT-MIO-16F-5), this clock
gates the channel clock on and off. On boards with simultaneous sampling
(for example, the EISA-A2000), this clock clocks the track-and-hold
circuitry.

The number of times (or scans) per second that LabVIEW acquires data
from channels. For example, at a scan rate of 10Hz, LabVIEW samples
each channel in a group 10 times per second.

The number of channels in the channel list or number of ports in the port
list you use to configure an analog or digital input group.

Signal Conditioning eXtensions for Instrumentation. The National
Instruments product line for conditioning low-level signals within an
external chassis near sensors, so only high-level signals in a noisy
environment are sent to data acquisition boards.

The amount of time required for a voltage to reach its final value within
specified limits.

The manipulation of signals to prepare them for digitizing.
Performing frequency division on an external signal.

Input/output operation that uses a single memory buffer big enough for all
of your data. LabVIEW transfers data into or out of this buffer at the
specified rate, beginning at the start of the buffer and stopping at the end of
the buffer. You use simple buffered 1/0O when you acquire small amounts of
data relative to memory constraints.

Analog inputs that you measure with respect to a common ground.
A programmed event that triggers an event such as data acquisition.

A method of triggering in which you to simulate an analog trigger using
software Also calledconditional retrieval.

An counter input pin where the counter counts the signal transitions.
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Glossary

STC

strain gauge

subVI

switchless device

syntax

T

task

task ID

TC
TIO-ASIC

toggled output

top-level VI

LabVIEW Data Acquisition Basics Manual G-14

System Timing Controller.

A thin conductor, which is attached to a material, that detects stress or
vibrations in that material.

VI used in the block diagram of another VI; comparable to a subroutine.

Devices that do not require DIP switches or jumpers to configure resources
on the devicesAlso calledPlug and Play devices.

The set of rules to which statements must conform in a particular
programming language.

A timed I/O operation using a particular grobpetask ID.

A number generated by LabVIEW, which identifies to the NI-DAQ drive
the task at hand.

The following table gives the function code definitions.

Function Code I/0O Operation
1 analog input
2 analog output
3 digital port 1/0O
4 digital group 1/O
5 counter/timer /O

Terminal count. The highest value of a counter.
Timing 1/O Application Specific Integrated Circuit. Found onx686vices.

A form of counter signal generation by which the output changes the state
of the output signal from high to low, or low to high when the counter
reaches a certain value.

VI at the top of the VI hierarchy. This term is used to distinguish the VI
from its subVis.
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track-and-hold

transducer excitation

trigger

TTL

U

unipolar

update

update rate

update width

user area

vDC

Vi

ref

© MNational Instruments Corporation

Glossary

A circuit that tracks an analog voltage and holds the value on command.

A type of signal conditioning that uses external voltages and currents to
excite the circuitry of a signal conditioning system into measuring physical
phenomena.

Any event that causes or starts some form of data capture.

Transistor-Transistor Logic

A signal range that is either always positive or negative, but never both
(for example 0 to 10 Whot—10to 10 V).

One or more analog or digital output samples. Typically, the number of
output samples in an update is equal to the number of channels in the output
group. For example, one pulse from the update clock produces one update
that sends one new sample to every analog output channel in the group.

The number of output updates per second.

The number of channels in the channel list or number of ports in the port
list you use to configure an analog or digital output group.

One of three parts of the SCXI EEPROM. The user area is where you store
calibration constants that you calculate using the SCXI Cal Constants VI.
If you want LabVIEW to load your constants automatically, you can put a
copy of your constants in the default load area. The other EEPROM areas
are the factory area and the default load area.

\olts.
\olts, Direct Current.

Virtual Instrument. A LabVIEW program; so-called because it models the
appearance and function of a physical instrument.

\oltage reference.
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Glossary

W

waveform
wire

write mark

Multiple voltage readings taken at a specific sampling rate.
Data path between nodes.

Points to the update at which a write operation begins. Analogous to a
file I/O pointer, the write mark moves every time you write data into an
output buffer. After the write is finished, the write mark points to the next
update to be written. Because multiple buffers are possible, you need both
the buffer number and the update number to express the position of the
write mark.

LabVIEW Data Acquisition Basics Manual G-16 www.natinst.com



Index

Numbers

2D arrays, 3-14 to 3-16
8253/54 counter
accuracy, 24-23
continuous pulse train generation,
24-1310 24-14
description, 23-5 to 23-6
determining pulse width, 25-5 to 25-6
dividing frequencies, 28-3
elapsed time counting, 27-12
event counting, 27-7

Acquire N Scans Digital External Sample
Trigger VI, 9-6

Acquire N Scans Digital Trig example VI,
8-41t0 8-5

Acquire N Scans example VI, 7-4, 7-6

Acquire N Scans-ExtChanClk example VI,
9-4,9-7

Acquire N-Multi-Analog Hardware Trig
example VI, 8-9

Acquire N-Multi-Digital Trig example VI, 8-5

Acquire N-Multi-Start example VI, 7-6 to 7-7

acquisition rateSeeexternal control.

finite pulse train generation, 24-18 to 24-21 ADC

frequency and period measurement
high frequency signals, 26-7 to 26-8
how and when to measure, 26-2
low frequency signals, 26-10
internal timebases with maximum pulse
width measurements (table), 25-9
single square pulse generation,
24-7 10 24-10
square pulse generation, 24-4
stopping counter generations, 24-24

A

accessories, LabVIEW support for (table), 2-12
accessories folder, for DAQ examples, 3-2
ACK (Acknowledge Input) line, 17-2
Acquire & Proc N Scans-Trig example VI,
8-5, 8-9
Acquire & Process N Scans VI, 7-10
Acquire 1 Point from 1 Channel VI, 6-2
Acquire and Average VI, 21-7 to 21-8
Acquire N Scans Analog Hardware Trig
example VI, 8-8 to 8-9

Acquire N Scans Analog Software Trig example

VI, 8-12

© National Instruments Corporation

limit settings effects (figure), 5-6
measurement precision for various device
ranges and limit settings (table), 5-8
range effects (figure), 5-5
resolution effects, 5-4
adjacent counters for counter chips (table), 27-2
Adjacent Counters VI, 26-6
Advanced VIsSee also/Is.
analog output SCXI example, 21-17
buffered pulse and period
measurement, 25-8
external control of channel clock, 9-4
finite pulse train generation, 24-17
non-buffered handshaking, 17-5
overview, 3-5
simple buffered handshaking, 17-8 to 17-9
Al Acquire Waveform VI, 7-2 to 7-3
Al Acquire Waveforms VI
multiple-waveform acquisition, 7-3
simple-buffered analog input with graphing,
7-5t0 7-6
Al Clear VI
amplifier offset, 21-5
hardware-timed analog 1/0O control
loops, 6-9
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Index

multiple-waveform acquisition, 7-4
SCXI temperature measurement, 21-8
simultaneous buffered waveform
acquisition and generation, 14-2
Al Clock Config VI
external control of channel clock, 9-4
external conversions, 9-4
retrieving channel clock setting, 20-5
scan clock control, 9-5 to 9-6, 9-8
Al Config VI
basic non-buffered application, 6-4
hardware-timed analog I/O control
loops, 6-8
interchannel delay, 9-2
multiple-channel single-point analog
input, 6-5
multiple-waveform acquisition, 7-4
one-point calibration, 22-5
simultaneous buffered waveform
acquisition and generation, 14-2
Al Control VI, 9-7
Al Hardware Config VI, 20-4
Al Read One Scan VI, 6-7
Al Read VI
advantages and disadvantages of reading
backlog, A-1
asynchronous continuous acquisition
using DAQ Occurrences, 7-11 to 7-12
conditional retrieval example, 8-12
conditional retrieval input cluster, 8-11
controlling startup times (note), 7-7
forcing time limit for, 9-5, 9-8
multiple-waveform acquisition, 7-4
one-point calibration, 22-5
SCXI temperature measurement, 21-8
simple-buffered analog input with
multiple starts, 7-7
simultaneous buffered waveform
acquisition and generation, 14-2
software triggering, 8-11
Al Sample Channel VI, 6-1 to 6-2
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Al Sample Channels VI, 6-3

Al Single Scan VI
basic non-buffered application, 6-4
hardware-timed analog I/O control loops,

6-8 to 6-9

improving control loop performance,
6-9 to 6-10

multiple-channel single-point analog
input, 6-4

one-point calibration, 22-5
software-timed analog /O control
loops, 6-6
Al Start VI
amplifier offset, 21-5
hardware-timed analog I/O control loops,
6-8 to 6-9
multiple-waveform acquisition, 7-4
one-point calibration, 22-5
scan clock control, 9-7
SCXI temperature measurement, 21-8
simple-buffered analog input with
multiple starts, 7-7
simultaneous buffered waveform
acquisition and generation
hardware triggered, 14-3
software triggered, 14-2
Am9513 counter
continuous pulse train generation,
24-11to 24-12
controlling pulse width measurement,
25-6 to 25-7
counting operations with no counters
available, 24-21 to 24-22
description, 23-5
determining pulse width, 25-4 to 25-5
dividing frequencies, 28-2 to 28-3
events or elapsed time counting
connecting counters, 27-2 to 27-3
elapsed time, 27-9 to 27-10
events, 27-5to 27-6
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finite pulse train generation,
24-1510 24-16
frequency and period measurement
connecting counters, 26-3
high frequency signals, 26-5, 26-6
how and when to measure, 26-2
low frequency signals, 26-9 to 26-10
internal timebases with maximum pulse
width measurements (table), 25-9
single square pulse generation,
24-5to 24-7
square pulse generation, 24-3
stopping counter generations, 24-24
amplification
increasing signal-to-noise ratio
(figure), 18-4
methods for minimizing noise
(note), 18-4
amplifier offset, reading, 21-5 to 21-6
AMUX-64T devices
addressing with MIO boards, A-1
analog input channel range (table), 5-13
channel addressing, 5-13 to 5-17
scanning order for DAQ devices,
5-14 to 5-17
four AMUX-64Ts (table), 5-16
one or two AMUX-64Ts (table), 5-15
specifying number for AMUX-64T
device (table), 5-17
analog inputSee alsduffered waveform
acquisition.
AMUX-64T external multiplexer device,
5-13 to 5-17
analog input/output control loops,
6-6 to 6-10
channel clock control, 9-3 to 9-6, 9-9

circular-buffered analog input examples,
7-13to 7-14

continuous acquisition from multiple
channels, 7-10 to 7-11

defining signals, 5-1 to 5-2
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digital triggering, 8-2 to 8-5
external control of acquisition rate,
9-1t0 9-3
hardware triggering, 8-1 to 8-9
measurement systems, 5-4 to 5-6
multiple waveform acquisition, 7-3 to 7-5
multiple-channel single point analog
input, 6-3 to 6-5
scan clock control, 9-6 to 9-8, 9-9
SCXI applications for measuring
temperature (example), 21-2 to 21-13
selecting input settings, 5-7 to 5-12
calculating code width, 5-7
considerations for selecting,
5-7 to 5-8
differential measurement system,
5-9 to 5-10
measurement precision for various
device ranges and limit settings
(table), 5-8
nonreferenced single-ended
measurement system, 5-12 to 5-13
referenced single-ended
measurement system, 5-11
signals, 4-3, 5-1 to 5-6
simultaneous scan and channel clock
control, 9-9
single waveform acquisition, 7-2 to 7-3
single-buffered analog input examples,
7-5t0 7-8
single-channel single point analog input,
6-1 to 6-2
software triggering, 8-9 to 8-12
terminology, 5-17
triggering, 8-6 to 8-9
Analog Input palette, 6-1
analog input SCXI modules
applications for measuring temperature
(example), 21-2 to 21-13
multiplexed mode, 19-5 to 19-6
parallel mode, 19-6 to 19-7
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analog input signals
choosing a measurement system,
5-4to0 5-6
choosing between analog and digital
signals, 4-3
defining signals, 5-1 to 5-2
device range, 5-5
floating signal sources, 5-3
grounded signal sources, 5-2
referenced and non-referenced, 5-2
resolution of ADC, 5-4
signal limit settings, 5-6
types of analog signals (figure), 5-1
analog input/output control loops, 6-6 to 6-10
hardware-timed control loops, 6-7 to 6-9
improving performance, 6-9 to 6-10
overview, 6-6
software-timed control loops, 6-6 to 6-7
Analog IO Control Loop (HW timed) VI, 6-7
Analog IO Control Loop VI, 6-6 to 6-7
analog multiplexers (AMUX), 5-%ee also
AMUX-64T devices.
analog output
buffered
overview, 10-1 to 10-2
stored in 2D arrays, 3-15 to 3-16
waveform generation, 12-1 to 12-3
circular buffered, 12-3 to 12-5
eliminating errors, 12-5
multiple-immediate updates, 11-3
SCXI analog output application example,
21-17
single-immediate updates, 11-1 to 11-2
single-point output
choosing between single-point or
multiple-point generation, 4-4
overview, 10-1
analog output SCXI modules
application example, 21-17
multiplexed mode, 19-5
analog triggering
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description, 8-6 to 8-7
diagram, 8-6
examples, 8-8 to 8-9
timeline for post-triggered data
acquisition (figure), 8-7
analog-to-digital converter (ADCpeeADC.
anlog_io folder, for DAQ examples, 3-2
anlogin folder, for DAQ examples, 3-2
anlogout folder, for DAQ examples, 3-2
AO Clear VI
circular-buffered output, 12-5
simultaneous buffered waveform
acquisition and generation, 14-2
waveform generation, 12-3
AO Config VI
analog output SCXI example, 21-17
circular-buffered output, 12-4
simultaneous buffered waveform
acquisition and generation, 14-2
waveform generation, 12-3
AO Continuous Gen VI, 12-4
AO Generate Waveforms VI, 12-1
AO Group Config VI, 21-17
AO Hardware Config VI, 21-17
AO Single Update VI
analog output SCXI example, 21-17
calibrating SCXI modules for signal
generation, 22-7
AO Start VI
circular-buffered output, 12-5
external control of update clock, 13-2
simultaneous buffered waveform
acquisition and generation, 14-2
waveform generation, 12-3
AO Trigger and Gate Config VI, 14-3
AO Update Channel VI, 11-2
AO Update Channels VI, 11-1
AO Wait VI, 12-3
AO Waveform Gen VI, 12-2
AO Write One Update VI
analog I/O control loops, 6-7
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multiple-immediate updates, 11-3
single-immediate updates, 11-2
AO Write VI
circular-buffered output, 12-5
simultaneous buffered waveform
acquisition and generation, 14-2
waveform generation, 12-3
Array & Cluster option, 3-15
arrays
transposing, 3-15, 7-6
two-dimensional (2D) arrays,
3-14 to 3-16
AT bus devices, LabVIEW support for
(table), 2-8

B
bipolar range, 3-13, 5-7
breakpoints, setting, 29-4
buffered handshaking, 17-6 to 17-10
circular buffered examples, 17-9 to 17-10
simple buffered examples, 17-7 to 17-9
buffered pulse and period measurement,
25-7 to 25-8
buffered waveform acquisition, 7-1 to 7-14
circular-buffered analog input, 7-8 to 7-14
asynchronous continuous acquisition
using DAQ occurrences,
7-11to 7-12
continuous acquisition from multiple
channels, 7-10 to 7-11
determining adequate buffer
capacity, A-2
examples, 7-13 to 7-14
how circular buffers work,
7-9to 7-10
overview, 7-8 to 7-10
simple-buffered analog input
displaying waveforms on graphs
(example), 7-5to 7-6
how buffers work, 7-2
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multiple-waveform acquisition,
7-3t0 7-5
overview, 7-1
sampling with multiple starts
(example), 7-6 to 7-7
single-waveform acquisition,
7-2t0 7-3
waiting to analyze data, 7-1to 7-2
simultaneous acquisition and generation,
14-1to 14-6
E-series MIO boards, 14-1 to 14-4
Lab/1200 boards, 14-6
legacy MIO boards, 14-4 to 14-6
buffered waveform generation
buffered analog output, 12-1 to 12-3
choosing between single-point or
multiple-point generation, 4-4
circular-buffered output, 12-3 to 12-5
eliminating errors, 12-5
overview, 10-1 to 10-2
stored in 2D arrays, 3-15

C

calibration.SeeSCXI calibration.
cascading counters
defined, 27-2
external connections (figure), 27-2, 27-3
channel addressing, 3-8 to 3-11
AMUX-64T devices, 5-13 to 5-17
analog input channel range
(table), 5-13
scanning order, 5-14 to 5-17
channel name addressing, 3-9
channel number addressing, 3-10 to 3-11
SCXI modules, 20-1 to 20-2
channel clock, 9-3 to 9-6
channel and scan intervals using channel
clock (figure), 9-1
considerations for specific devices
(notes), 9-5
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controlling externally, 9-3 to 9-6
rate parameter, 5-17
setting channel clock rate, 9-3
simultaneous control of scan and channel
clocks, 9-9
TTL signal (example), 9-3
channel configuration, in NI-DAQ %or
6.x,2-21
Channel to Index VI (note), 8-11

circular buffered digital I/O examples,
17-9t0 17-10
circular-buffered analog input
asynchronous continuous acquisition
using DAQ occurrences, 7-11 to 7-12
continuous acquisition from multiple
channels, 7-10 to 7-11
examples
basic circular-buffered analog
input, 7-13
Cont Acq to File (binary) VI, 7-14
Cont Acq to File (scaled) VI, 7-14
Cont Acq to Spreadsheet File
VI, 7-14
Cont Acqg&Chart (buffered) VI, 7-14
Cont Acg&Graph (buffered) VI, 7-14
how circular buffers work (figure), 7-9
overview, 7-8 to 7-10
circular-buffered analog output
changing waveform during generation,
12-3to 12-5
eliminating errors, 12-5
clocks.Seechannel clock; scan clock; update
clock.
code width, calculating, 5-7
cold junction compensation, 21-3 to 21-5
column major order, 3-14 to 3-15
common questions about LabVIEW data
acquisition, A-1 to A-3
common-mode voltage
defined, 5-10
illustration, 5-10
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conditional retrieval, 8-%See alssoftware
triggering.
configuration.Seeinstallation and
configuration.
Cont Acq to File (binary) VI, 7-14
Cont Acq to File (scaled) VI, 7-14, 12-6
Cont Acq to Spreadsheet File VI, 7-14
Cont Acg&Chart (Async Occurrence) VI,
7-11to 7-12
Cont Acg&Chart (buffered) VI, 7-14
Cont Acq&Graph (buffered) VI, 7-14
Cont Acquire&Chart (immediate) VI, 6-5
Cont Pulse Train (8253) VI, 24-13 to
24-14, 28-3
Cont Pulse Train-Easy (9513) VI, 24-11
Cont Pulse Train-Easy (DAQ-STC) VI, 24-11
Cont Pulse Train-Int (9513) VI, 24-12
Cont Pulse Train-Int (DAQ-STC) VI, 24-12
continuous acquisition from multiple
channels, 7-10 to 7-11
Continuous Generation example VI, 12-4
Continuous Pulse Generator Config VI
continuous pulse train generation, 24-12
finite pulse train generation, 24-16
continuous pulse train generation,
24-10to 24-14
8253/54, 24-13 to 24-14
TIO-ASIC, DAQ-STC, and Am9513,
24-11 to 24-12
Continuous Transducer VI, 21-6
control loops Seeanalog input/output control
loops.
Convert RTD Reading VI, 21-12 to 21-13

Convert Strain Gauge Reading VI,
21-15t0 21-16

Convert Thermocouple Reading VI, 21-8
Count Events (8253) VI, 27-7
Count Events or Time Easy VI

events, 27-3

time

Am9513, 27-10
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TIO-ASIC and DAQ-STC, 27-8
Count Events-Easy (9513) VI, 27-5
Count Events-Easy (DAQ-STC) VI, 27-3
Count Events-Int (9513) VI, 27-5 to 27-6
Count Events-Int (DAQ-STC) VI, 27-4
Count Time (8253) VI, 27-12
Count Time-Easy (9513) VI, 27-10
Count Time-Easy (DAQ-STC) VI, 27-8
Count Time-Int (9513) VI, 27-11
Count Time-Int (DAQ-STC) VI, 27-9
counter addressing for VIs, 3-8 to 3-11
counter chips used in National Instruments
devices, 23-4 to 23-&ee als®253/54
counter; AM9513 counter; DAQ-STC
counter.
counter folder, for DAQ examples, 3-2
Counter Read VI
controlling pulse width measurement,
25-6
counting events
Am9513, 27-6
DAQ-STC, 27-4
counting time
Am9513, 27-11
DAQ-STC, 27-9
measuring frequency and period
high frequency signals, 26-6
low frequency signals, 26-10
Counter Start VI
continuous pulse train generation, 24-12
controlling pulse width
measurement, 25-6
counting events
Am9513, 27-6
DAQ-STC, 27-4
counting time
Am9513, 27-11
DAQ-STC, 27-9
dividing frequencies, 28-2
finite pulse train generation, 24-16
measuring frequency and period
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high frequency signals, 26-6
low frequency signals, 26-10
single square pulse generation, 24-6
Counter Stop VI
controlling pulse width
measurement, 25-6
counting events
Am9513, 27-6
DAQ-STC, 27-4
counting time
Am9513, 27-11
DAQ-STC, 27-9
dividing frequencies, 28-2
finite pulse train generation, 24-15
measuring frequency and period
high frequency signals, 26-6
low frequency signals, 26-10
stopping counter generations, 24-24
counters
accuracy of counters, 24-23
basic functions, 23-1 to 23-6
capabilities, 23-1
choosing between counting methods, 4-5

counting events or elapsed time,
27-1to 27-12
connecting counters, 27-1 to 27-3
elapsed time, 27-8 to 27-12
events, 27-3 to 27-7

counting operations with no counters
available, 24-21 to 24-22
digital vs. counter interfacing, 4-4
dividing frequencies, 28-1 to 28-3
frequency and period measurement,
26-1to 26-10
connecting counters for
measuring, 26-3
high frequency signals, 26-4 to 26-8
how and when to measure,
26-1to 26-2
low frequency signals, 26-8 to 26-10
gating modes (figure), 23-4
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pulse train generation, 24-10 to 24-21
continuous pulse train,
24-10to 24-14
finite pulse train, 24-14 to 24-21
pulse width measurement, 25-1 to 25-9
controlling pulse width
measurement, 25-6 to 25-7
determining pulse width, 25-2 to 25-6
increasing measurable width
range, 25-9
square pulse generation, 24-1 to 24-10
8253/54, 24-4
single square pulse generation,
24-4 to 24-10

TIO-ASIC, DAQ-STC, and
Am9513, 24-3
stopping counter generations, 24-24
timebase uncertainty, 24-23
CTR Buffer Config VI, 25-8
CTR Buffer Read VI, 25-8
CTR Control VI

buffered pulse and period
measurement, 25-8
enabling and disabling FOUT
signal, 24-21
measuring frequency and period, 26-6
CTR Group Config VI, 25-8
CTR Mode Config VI
buffered pulse and period
measurement, 25-8
finite pulse train generation, 24-17
current setting for Vls, 3-6
current value conventions for VIs, 3-6

D

daisy chaining SCXI chassis, 21-21 to 21-22
DAQ Channel Wizard

channel name addressing, 3-9

limit settings, 3-11
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SCXI programming considerations
(note), 20-1
DAQ devicesvs.SCXI devices, 4-3
DAQ examples
location of example files, 3-2
locations, 3-1 to 3-2
DAQ hardwareSeehardware; installation and
configuration.
DAQ Occurrence Config VI, 7-11 to 7-12
DAQ Solution Wizard, 3-1
DAQ Vils. SeeVis.
DAQ-STC counter
continuous pulse train generation,
24-11to 24-12

controlling pulse width measurement,
25-6 to 25-7
counting operations with no counters
available, 24-21 to 24-22
description, 23-5
determining pulse width, 25-2 to 25-3
dividing frequencies, 28-2 to 28-3
events or elapsed time counting
events, 27-3 to 27-4
time, 27-8 to 27-12
finite pulse train generation
using Advanced VIs, 24-17
using Easy and Intermediate Vs,
24-15 to 24-16
frequency and period measurement
connecting counters, 26-3
high frequency signals, 26-4, 26-6
how and when to measure, 26-2
low frequency signals,
26-8 to 26-9, 26-10
internal timebases with maximum pulse
width measurements (table), 25-9
single square pulse generation,
24-5 to 24-7

square pulse generation, 24-3
stopping counter generations, 24-24
data acquisitionSee als@nalog input; VIs.
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analog input/output control loops,
6-6 to 6-10
basic LabVIEW data acquisition
concepts, 3-1 to 3-16
data organization for analog
applications, 3-14 to 3-16
limit settings, 3-11 to 3-13
location of common DAQ examples,
3-1to 3-2
buffered.Seebuffered waveform
acquisition.
common questions about LabVIEW data
acquisition, A-1 to A-3
important terms, 5-17
multiple-channel single-point, 6-3 to 6-5
single-channel single-point, 6-1 to 6-2
triggered.Seetriggered data acquisition.
data acquisition hardwar8eehardware.
Data Acquisition palette, 3-4
data organization for analog applications,
3-14 to 3-16
column major order, 3-14 to 3-15
row major order, 3-14
two-dimensional (2D) arrays,
3-14 to 3-16
data types for LabVIEWxXiii
debugging Vls, 29-1 to 29-4
error handling, 29-2 to 29-3
execution highlighting, 29-3
hardware connection errors, 29-1
setting breakpoints and showing
advanced DAQ Vls, 29-4
single-stepping through Vls, 29-3
software configuration errors,
29-1to0 29-2
using Probe tool, 29-4
VI construction errors, 29-2 to 29-4
default input for Vls, 3-6
default setting for VIs, 3-6
Delayed Pulse (8253) VI, 24-7 to 24-10
Delayed Pulse Generator Config VI
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finite pulse train generation, 24-16
measuring frequency and period, 26-6
single square pulse generation, 24-6
Delayed Pulse-Easy (9513) VI, 24-5
Delayed Pulse-Easy (DAQ-STC) VI, 24-5
Delayed Pulse-Int (9513) VI, 24-6
Delayed Pulse-Int (DAQ-STC) VI, 24-6
delays for improving control loop
performance, 6-9 to 6-10
device range
considerations for selecting analog input
settings, 5-7 to 5-8
description, 5-5
effect on ADC precision (figure), 5-5
measurement precision for various ranges
and limit settings (table), 5-8
setting range and polarity, 3-13
diagnostic resources, online, B-1
differential measurement system, 5-9 to 5-10
8-channel differential system (figure), 5-9
common mode voltage (figure), 5-10
when to use, 5-10
digital and relay SCXI modules, 19-6
Digital Clock Config VI, 17-8
digital folder, for DAQ examples, 3-2
digital /0
buffered handshaking, 17-6 to 17-10
circular buffered examples,
17-9to 17-10
simple buffered examples,
17-7t0 17-9
choosing between non-latched or latched
digital I/O, 4-5
digital vs. counter interfacing, 4-4
handshaking (latched) digital 1/O,
17-1t0 17-2
immediate (non-latched) digital 1/0,
16-1to 16-3
non-buffered handshaking, 17-5 to 17-6
overview, 15-1
SCXI application examples
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digital input, 21-18 to 21-19
digital output, 21-19 to 21-20

sending out multiple digital values,
17-3to 17-5
Digital Mode Config VI, 17-8
digital ports and lines, 15-1
digital SCXI application examples
digital input, 21-18 to 21-19
digital output, 21-19 to 21-20
digital SCXI modules
multiplexed mode for digital and relay
modules, 19-6
parallel mode, 19-7
digital signalsvs.analog signals, 4-3
digital triggering
defined, 8-2
description, 8-2 to 8-3
diagram of signal connections, 8-2
examples, 8-4 to 8-5
timeline for post-triggered data
acquisition (figure), 8-3
DIO Buffer Control VI, 17-8 to 17-9
DIO Clear VI, 17-7
DIO Config VI, 17-8 to 17-9
DIO Group Config VI, 17-5
DIO Port Config VI
digital input application example,
21-18t0 21-19
immediate digital 1/0, 16-3
DIO Single Read/Write VI, 17-5
DIO Start VI, 17-8
DIO Wait VI, 17-7
Disable Indexing option, 3-15
Display and Output Acq'd File (scaled)
VI, 12-6
dividing frequencies, 28-1 to 28-3
documentation
about the manuakxi
conventions used in manuaki-xxiii
flowchart for finding information, 4-2
how to use this book, 1-1 to 1-4
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related documentatiorxiv
down counter, 28-1
Down Counter or Divide Config VI, 28-2

E

E-series MIO boards
hardware triggered, 14-3 to 14-4
simultaneous buffered waveform
acquisition and generation, 14-1 to 14-4
software triggered, 14-2 to 14-3
Easy Counter VI
continuous pulse train generation, 24-11
finite pulse train generation, 24-15
single square pulse generation, 24-6
Easy Vis.See also/Is.
addressing OUT and IN pins on DIO-32F
board, A-2
continuous pulse train generation, 24-11
counting elapsed time
Am9513, 27-10
DAQ-STC, 27-8
counting events, 27-3 to 27-7
digital input application, 21-18
digital output application, 21-19
finite pulse train generation, 24-15
grouping two or more ports, A-2
immediate digital I/0, 16-1 to 16-2
limitations, 6-3
measuring frequency and period
high frequency signals, 26-4 to 26-5
low frequency signals, 26-8 to 26-9
multiple-channel single-point analog
input, 6-3
multiple-immediate updates, 11-3
multiple-waveform acquisition, 7-3
overview, 3-4 to 3-5
single square pulse generation, 24-6
single-channel single-point analog
input, 6-1
single-immediate updates, 11-1 to 11-2
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single-waveform acquisition, 7-2 to 7-3
strain gauge application, 21-15
waveform generation, 12-1 to 12-2
edges of signals, 23-2
EEPROM, for storing calibration constants,
22-1t0 22-2
default load area, 22-2
factory area, 22-2
user area, 22-2
elapsed time countin@geeevents or elapsed
time counting.
Error Handler Vls, 29-2
error handling
debugging Vls, 29-2 to 29-3
error in and error out output clusters, 3-8
Event or Time Counter Config VI
counting events
Am9513, 27-6
DAQ-STC, 27-4
counting time
Am9513, 27-11
DAQ-STC, 27-9
measuring frequency and period, 26-6
events or elapsed time counting, 27-1 to 27-12
adjacent counters for counter chips
(table), 27-2
connecting counters, 27-1 to 27-3
Am9513, 27-2 to 27-3
cascading counters (figure), 27-2
external connections (figures), 27-1
elapsed time, 27-8 to 27-12
8253/54, 27-12
Am9513, 27-9 to 27-10
TIO-ASIC and DAQ-STC,
27-810 27-9
events, 27-3 to 27-7
8253/54, 27-7
Am9513, 27-5 to 27-6

TIO-ASIC and DAQ-STC,
27-3t027-4

execution highlighting, 29-3
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external control
acquisition rate, 9-1 to 9-9
channel and scan intervals using
channel clock (figure), 9-1
channel clock control, 9-3 to 9-6

choosing between triggering and
external clock control, 4-4
description, 9-1 to 9-3
round-robin scanning (figure), 9-2
scan clock control, 9-6 to 9-8
simultaneous control of scan and
channel clocks, 9-9
update clock, 13-1 to 13-3
Generate N Updates-ExtUpdateClk
VI, 13-1to 13-2
input pins (table), 13-2
supplying test clock from DAQ
device, 13-3
external conversions, 9-4 to 9-5
external devices, LabVIEW support for
(table), 2-7
EXTUPDATE* signal (table), 13-2

F

filtering, 18-5
Finite Pulse Train (8253) VI, 24-18 to 24-21
finite pulse train generation, 24-14 to 24-21
8253/54, 24-18 to 24-21
DAQ-STC, 24-17 to 24-18
physical connections (figure), 24-14
TIO-ASIC, DAQ-STC, and Am9513,
24-15to 24-16
Finite Pulse Train-Adv (DAQ-STC) VI, 24-17
Finite Pulse Train-Easy (9513) VI, 24-15
Finite Pulse Train-Easy (DAQ-STC)
VI, 24-15
Finite Pulse Train-Int (9513) VI, 24-15
Finite Pulse Train-Int (DAQ-STC) VI, 24-15
floating signal sources, 5-3
FOUT pin, 13-3, 24-21
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FREQ_OUT pin, 13-3, 24-21
frequency and period measurement,
26-1to 26-10
connecting counters for measuring, 26-3
equation for obtaining
measurements, 26-2
high frequency signals, 26-4 to 26-8
how and when to measure, 26-1 to 26-2
low frequency signals, 26-8 to 26-10
square wave frequency measurement
(figure), 26-1
square wave period measurement
(figure), 26-2
frequency division, 28-1 to 28-3
8253/54, 28-3

TIO-ASIC, DAQ-STC, and Am9513,
28-2 to 28-3
wiring (figure), 28-1
Function Generator VI, 12-5
Functions palette
Array & Cluster, 3-15
DAQ, 6-1
illustration, 3-3
locating VIs, 3-3

G
gain, defined, 3-13
gains (SCXI)
default gain, 20-3
description, 20-3 to 20-4
SCXI-1100 channel arrays, input limits
array, and gains (table), 20-4
GATE input, for counters, 23-2
General Error Handler VI
debugging Vls, 29-2
pulse width measurement, 25-6
Generate Continuous Sinewave VI, 12-3
Generate Delayed Pulse VI
single square pulse generation, 24-5
stopping counter generations, 24-24
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Generate N Updates example VI, 12-2

Generate N Updates-ExtUpdateClk VI,
13-1to 13-2
Generate Pulse Train on FOUT VI,
13-3, 24-22
Generate Pulse Train on FREQ_OUT VI,
13-3, 24-22
Generate Pulse Train VI
continuous pulse train generation
8253/54, 24-13 to 24-14
TIO-ASIC, DAQ-STC, and
Am9513, 24-11
finite pulse train generation, DAQ-STC
and Am9513, 24-15
stopping counter generations, 24-24
supplying external test clock, 13-3
Get DAQ Device Information VI, 2-1
Get Timebase (8253) VI, 25-5, 26-7
Getting Started Analog Input example VI
channel clock control (figure), 9-4
reading amplifier offset, 21-5
scan clock control (figure), 9-8
temperature sensor, 21-4
graphing simple-buffered analog input
(example), 7-5to 7-6
grounded signal sources, 5-2

H

handshaking (latched) digital 1/0,
17-1t0 17-10
buffered handshaking, 17-6 to 17-10
circular buffered examples,
17-9t0 17-10
simple buffered examples,
17-7t0 17-9
connecting signal lines
digital input (figure), 17-3
digital output (figure), 17-4
DAQ devices supporting digital
handshaking, 17-1
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defined, 15-2

grouping ports for DIO-32 devices
(note), 17-4

non-buffered handshaking, 17-5 to 17-6

overview, 17-1 to 17-2

sending out multiple digital values,
17-3t0 17-5
hardwareSee alsanstallation and
configuration.
debugging connection errors, 29-1
LabVIEW data acquisition hardware
support (table), 2-4 to 2-13
relationship between LabVIEW,
NI-DAQ, and DAQ hardware
(figure), 2-3
hardware triggering, 8-1 to 8-9
analog
description, 8-6 to 8-7
examples, 8-8 to 8-9
digital
description, 8-2 to 8-3
examples, 8-4 to 8-5
overview, 8-1
hardware-timed analog input/output control
loops, 6-7 to 6-9

IBF (Input Buffer Full) line, 17-2
ICTR Control VI
counting events, 27-7
determining pulse width, 25-5 to 25-6
measuring frequency and period, 26-7
stopping counter generations, 24-24
ICTR Control-Int VI, 27-12

ICTR Timebase Generator VI, 24-19 to 24-20

immediate digital I/OSeenonlatched
digital 1/0O.
immediate updates
multiple, 11-3
single, 11-1 to 11-2
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Index Array function, 3-15
initialization of data acquisition devices, A-3
Input Buffer Full (IBF) line, 17-2
input range, and input setting selection,
5-7 to 5-8
installation and configuration
channel configuration in NI-DAQ %or
6.x,2-21
DAQ devices
installing and configuring
(figure), 2-2
using NI-DAQ 4.8x on Macintosh,
2-14 to 2-16
using NI-DAQ 5x or 6x, 2-14
debugging software configuration errors,
29-1to0 29-2
LabVIEW data acquisition hardware
support (table), 2-4 to 2-13
relationship between LabVIEW,
NI-DAQ, and DAQ hardware
(figure), 2-3
SCXI chassis
hardware configuration, 2-16 to 2-17
software configuration, 2-18 to 2-20
Intermediate VIsSee alsod/Is.
advantages, 6-5
asynchronous continuous acquisition
using DAQ occurrences, 7-11 to 7-12
circular-buffered output, 12-4 to 12-5
continuous acquisition from multiple
channels, 7-10 to 7-11
continuous pulse train generation, 24-12
controlling pulse width measurement,
25-6 to 25-7
counting elapsed time
8253/54, 27-12
Am9513, 27-11
DAQ-STC, 27-9
counting events
8253/54, 27-7
Am9513, 27-5 to 27-6
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DAQ-STC, 27-4
dividing frequencies, 28-2 to 28-3
finite pulse train generation,
24-15to 24-16
measuring frequency and period
high frequency signals, 26-6
low frequency signals, 26-10
multiple-channel single-point analog
input, 6-4 to 6-5
multiple-waveform acquisition, 7-4 to 7-5
non-buffered handshaking, 17-5
overview, 3-5
SCXI temperature measurement
examples, 21-6 to 21-8
simple buffered handshaking, 17-7
simultaneous buffered waveform
acquisition and generation, 14-2
single square pulse generation, 24-6
single-immediate updates, 11-2
stopping counter generations, 24-24
strain gauge application, 21-15
waveform generation, 12-3
interval scanning, 5-17
isolation of transducer signals, 18-5

L

Lab Series devices, LabVIEW support for
(table), 2-9
Lab/1200 boards, simultaneous buffered
waveform acquisition and generation, 14-6
LabVIEW software
basic LabVIEW data acquisition
concepts, 3-1 to 3-1&ee also/Is.
data organization for analog
applications, 3-14 to 3-16
location of common DAQ examples,
3-1to0 3-2
common questions about LabVIEW,
A-1to A-3
data typesxxiii
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relationship between LabVIEW,
NI-DAQ, and DAQ hardware
(figure), 2-3
latched digital /0O Seehandshaking (latched)
digital 1/0.
legacy MIO boards
hardware triggered, 14-5 to 14-6
simultaneous buffered waveform
acquisition and generation, 14-4 to 14-6
software triggered, 14-4 to 14-5
limit settings
considerations for selecting analog input
settings, 5-7 to 5-8
description, 5-6
effect on ADC precision (figure), 5-6
measurement precision for various device
ranges and limit settings (table), 5-8
SCXI gains, 20-3 to 20-4
VI limit settings, 3-11 to 3-13
linearizing voltage levels, 18-6

Macintosh systems
configuring DAQ devices, 2-14 to 2-16
LabVIEW data acquisition hardware
support (table), 2-4 to 2-13
NI-DAQ driver files, 2-3
SCXI chassis
hardware configuration, 2-16 to 2-17
software configuration, 2-18 to 2-20
manual.Seedocumentation.
maximum sampling rate per channel, 7-5
Meas Buffered Pulse-Period (DAQ-STC)
VI, 25-7
Measure Frequency VI, 26-4, 26-5
Measure Frequency < 1kHz (8253) VI,
26-8, 26-10
Measure Frequency > 1kHz (8253) VI, 26-7
Measure Frequency - Dig Start > 1kHz (8253)
VI, 26-8
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Measure Frequency-Easy (9513) VI, 26-5
Measure Frequency-Easy (DAQ-STC)
VI, 26-4
Measure Period-Easy (9513) VI, 26-8, 26-9
Measure Period-Easy (DAQ-STC) VI, 26-8
Measure Pulse -Easy (9513) VI, 25-4
Measure Pulse-Easy (DAQ-STC) VI, 25-2
Measure Pulse Width or Period VI
determining pulse width
Am9513, 25-4 to 25-5
DAQ-STC, 25-2 to 25-3
measuring low frequency signals, 26-9
Measure Short Pulse Width (8253) VI, 25-5
measurement system
choosing, 5-4 to 5-6
differential measurement system,
5-9to 5-10
nonreferenced single-ended measurement
system, 5-12 to 5-13
referenced single-ended measurement
system, 5-11
Microsoft Windows.SeeWindows
environment.
MIO boards
E-series MIO boards, 14-1 to 14-4
legacy MIO boards, 14-4 to 14-6
multiple-channel single-point analog input,
6-3 10 6-5
multiple-immediate updates, 11-3
multiple-waveform acquisition
choosing between single-point and
multi-point acquisition, 4-4
procedure for acquiring, 7-3to 7-5
multiplexed mode (SCXI)
analog input modules, 19-5
analog output modules, 19-6
channel addressing, 20-1 to 20-2
digital and relay modules, 19-6
SCXI-1200 (Windows), 19-6
My Single Scan Processing VI, 6-5
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Index

National Instruments Web support, B-1 to B-2
NEC devices, LabVIEW support for
(table), 2-9
NI-DAQ driver for Macintosh, 2-3
NI-DAQ software
channel configuration in NI-DAQ %,
6.x,2-21
configuring for SCXI modules
NI-DAQ 4.8x for Macintosh,
2-18to 2-20
NI-DAQ 5.x, 6 x for Windows, 2-18
driver files
Macintosh versions, 2-3
versions of NI-DAQ drivers
(note), 2-1
Windows versions, 2-3
installing
NI-DAQ 4.8x on Macintosh,
2-14to 2-16
NI-DAQ 5.x or 6x, 2-14
relationship between LabVIEW,
NI-DAQ, and DAQ hardware
(figure), 2-3
NIDAQ32.DLL file, 2-3
non-buffered handshaking, 17-5 to 17-6
nonlatched digital I/O
defined, 15-2
overview, 16-1 to 16-3
using Easy Digital VIs, 16-1 to 16-2
non-referenced signal sources, 5-2
nonreferenced single-ended (NRSE)
measurement system, 5-12 to 5-13
16-channel NRSE system (figure), 5-12
when to use, 5-12
NuBus devices, LabVIEW support for
(table), 2-10
Nyquist frequency, 5-2
Nyquist Theorem, 5-2
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0

OBF (Output Buffer Full) line, 17-2

one-point calibration, 22-5 to 22-6

online problem-solving and diagnostic
resources, B-1

OUT output pin, 23-2

OUT?2 signal (table), 13-2

Output Buffer Full (OBF) line, 17-2

P

parallel mode (SCXI)
analog input modules, 19-6 to 19-7
channel addressing, 20-1 to 20-2
digital modules, 19-7
SCXI-1200 (Windows), 19-7
parameters for VIs
common DAQ VI parameters, 3-7
conventions, 3-5 to 3-6
pattern generation, 17-2
PC Card devices, LabVIEW support for
(table), 2-7
PCI bus devices, LabVIEW support for
(table), 2-4 to 2-5
PC/XT bus devices, LabVIEW support for
(table), 2-9
Period Meas Config VI, 25-6 to 25-7
period measuremergedrequency and period
measurement.
PFI5/UPDATE* signal (table), 13-2
polling for analog input, 6-9 to 6-10
ports
digital ports and lines, 15-1
grouping ports without handshaking, A-2
port addressing, 3-8 to 3-11
writing to digital port while reading
digital data, A-2
pressure measurement with strain gauges
(example), 21-13 to 21-16
Probe tool, 29-4
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problem-solving and diagnostic resources,
online, B-1
pulse generation, squafgeesquare pulse
generation.
pulse train generation, 24-10 to 24-21
8253/54, 24-4
continuous pulse train, 24-10 to 24-14
8253/54, 24-13 to 24-14
TIO-ASIC, DAQ-STC, and
Am9513, 24-11 to 24-12
duty cycles (figure), 24-2
finite pulse train, 24-14 to 24-21
8253/54, 24-18 to 24-21
DAQ-STC, 24-17 to 24-18
physical connections (figure), 24-14
TIO-ASIC, DAQ-STC, and
Am9513, 24-15 to 24-16
TIO-ASIC, DAQ-STC, and Am9513,
24-3
pulse width measurement, 25-1 to 25-9
buffered pulse and period measurement,
25-7 to 25-8
controlling pulse width measurement,
25-6 to 25-7
counting input signals (figure), 25-1
determining pulse width, 25-2 to 25-6
increasing measurable width range, 25-9
measuring pulse width, 25-1 to 25-2
overview, 25-1
physical connections for determining
pulse width (figure), 25-2
Pulse Width VI, 25-6 to 25-7
Pulse Width or Period Meas Config VI, 26-10
pulsed counter signal generation, 24-1
PXI bus devices, LabVIEW support for
(table), 2-6
PXI Combo chassis, LabVIEW support for
(table), 2-5

www.natinst.com



Q

guestions
about using DAQ devices, 4-3 to 4-5
LabVIEW data acquisition questions,
A-1to A-3

R

range.Seedevice range.
Read from Digital Line VI, 16-2
Read from Digital Port VI
digital input application, 21-19
immediate digital I/0, 16-2
referenced signal sources, 5-2
referenced single-ended (RSE) measurement
system, 5-11
relay SCXI modules, 19-6
Remote SCXI, sampling rate limits
(note), 19-4
REQ (Request) line, 17-2
Resistance-Temperature Detectors (RTDs),
21-10to 21-13
resolution of ADC, 5-4
round-robin scanning (figure), 9-2
row major order, 3-14
RSE (referenced single-ended) measurement
system, 5-11
RTD Conversion VI, 21-12

RTDs for measuring temperature,
21-10t0 21-13

run_me.llb library of DAQ examples, 3-2

S

SC-2042 RTD device, 21-11
Scale Constant Tuner Vls, 22-7
Scaling Constant Tuner VI, 21-6, 21-8
scan clock, 9-6 to 9-8
channel and scan intervals using channel
clock (figure), 9-1
devices without scan clocks (note), 9-7
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input pins (table), 9-7
MIO devices without scan clocks
(note), 9-7
scan-clock orientation of LabVIEW, 9-2
simultaneous control of scan and channel
clocks, 9-9
scans
channel clock rate parameter, 5-17
defined, 5-17
interval scanning, 5-17
maximum scan rate, calculating, 7-5
number of samples parameter, 5-17
number of scans to acquire
parameter, 5-17
round-robin scanning (figure), 9-2
scan rate parameter, 5-17
SCXI 1124 Update Channels VI, 21-17
SCXI application examples, 21-1 to 21-22
analog input application for measuring
temperature, 21-2 to 21-13
analog output application, 21-17
DAQ example files, 3-2
digital input application, 21-18 to 21-19
digital output application, 21-19 to 21-20
multi-chassis applications, 21-21 to 21-22
overview, 21-1
pressure measurement with strain gauges,
21-13to0 21-16
temperature measurement applications
amplifier offset, 21-5 to 21-6
sensors for cold-junction
compensation, 21-3 to 21-5
using RTDs, 21-10 to 21-13
using thermocouples, 21-2 to 21-3
VI examples, 21-6 to 21-10
SCXI Cal Constants VI
calculation of calibration constants, 22-2
calibrating SCXI modules for signal
generation, 22-8
loading saved calibration constants,
22-7,22-8
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one-point calibration, 22-6
overwriting default constants in
EEPROM (note), 22-2
two-point calibration, 22-6
SCXI calibration, 22-1 to 22-8
EEPROM for storing calibration
constants, 22-1 to 22-2
default load area, 22-2
factory area, 22-2
user area, 22-2
one-point calibration, 22-5 to 22-6
overview, 22-3
signal acquisition, 22-4 to 22-7
signal generation, 22-7 to 22-8
two-point calibration, 22-6 to 22-7
SCXI chassis
illustration, 19-4
LabVIEW support for (table), 2-10
SCXI modules
components
chassis (figure), 19-4
illustration, 19-3
overview, 19-2 to 19-3
hardware configurations
illustration, 19-2
overview, 19-1
procedure, 2-16 to 2-17
LabVIEW support for (table), 2-11
sampling rate limits for Remote SCXI
(note), 19-4
software configuration
Macintosh systems, 2-18 to 2-20
Windows environment, 2-18
when to use, 4-3
SCXI operating modes, 19-5 to 19-7
multiplexed mode
analog input modules, 19-5
analog output modules, 19-6
channel addressing, 20-1 to 20-2
digital and relay modules, 19-6
SCXI-1200 (Windows), 19-6
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parallel mode
analog input modules, 19-6 to 19-7
channel addressing, 20-1 to 20-2
digital modules, 19-7
SCXI-1200 (Windows), 19-7
SCXI programming considerations,
20-1to 20-5
channel addressing, 20-1 to 20-2
gains, 20-3 to 20-5
SCXI-1100 channel arrays, input limits
array, and gains (table), 20-4
settling time, 20-5
SCXI Temperature Monitor VI, 21-9
SCXI thermocouple example Vs
overview, 21-4 to 21-5
SCXI-1100 Thermocouple VI, 21-7
SCXI-1120/1121 Thermocouple example
VI, 21-10
SCXI-1100 Thermocouple VI, 21-7
SCXI-1100 Voltage example, 21-6
SCXI-1120/1121 Thermocouple example
VI, 21-10
SCXI-116x Digital Output VI, 21-20
SCXI-1162/1162HV Digital Input VI, 21-19
SCXI-1200 module
multiplexed mode (Windows), 19-6
parallel mode (Windows), 19-7
settling time (SCXI), 20-5
Show Help option, 3-2
Show VI Info option, 3-2
signal conditioning
amplification, 18-4
common transducers (table), 18-1 to 18-2
common types of signal
conditioning, 18-2
conditioning for common types of
transducers/signals (figure), 18-3
defined, 18-2
filtering, 18-5
isolation, 18-5
linearization, 18-6
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transducer excitation, 18-5
Signal Conditioning Components (SCC),

LabVIEW support for (table), 2-12 to 2-13

signal divider, 28-1
signal edges, 23-2
signal voltage rang&eelimit settings.
signals.See als@nalog input signals.
choosing between analog and digital
signals, 4-3
simple-buffered analog input
examples
displaying waveforms on graphs,
7-5t0 7-6
sampling with multiple starts,
7-6to 7-7

multiple-waveform acquisition, 7-3 to 7-5

overview, 7-1
single-waveform acquisition, 7-2 to 7-3
waiting to analyze data, 7-1 to 7-2
Simple Error Handler VI
analog output SCXI example, 21-17
debugging Vls, 29-2 to 29-3
multiple-channel single-point analog
input, 6-5
single-immediate updates, 11-2
Simul AI/AO Buffered (E-series MIO) VI,
14-2 to 14-3
Simul AI/AO Buffered (Lab/1200) VI, 14-6
Simul AI/AO Buffered (legacy MIO) VI,
14-4 to 14-5
Simul AI/AO Buffered Trigger (E-series
MIO) VI, 14-3 to 14-4
Simul AI/AO Buffered Trigger (Lab/1200)
VI, 14-6
Simul AI/AO Buffered Trigger (legacy MIO)
VI, 14-5

simultaneous buffered waveform acquisition

and generatiorSeebuffered waveform
acquisition.
single-channel single-point analog input
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choosing between single-point and
multi-point acquisition, 4-4
description, 6-1 to 6-2
single-ended measurement system
nonreferenced, 5-12 to 5-13
referenced, 5-11
single-immediate updates, 11-1 to 11-2
single-point analog output
choosing between single-point or
multiple-point generation, 4-4
overview, 10-1
single-stepping through Vls, 29-3
single-waveform acquisition, 7-2 to 7-3
software configuration errors, debugging,
29-1to 29-2
software-related resources, B-2
software-timed analog input/output control
loops, 6-6 to 6-7
software timing, 10-1
software triggering
conditional retrieval examples, 8-12
description, 8-9 to 8-12
timeline of conditional retrieval
(figure), 8-10
solution folder, for DAQ examples, 3-2
SOURCE input, for counters, 23-2
spreadsheet files
Cont Acq to Spreadsheet File VI, 7-14
simple buffered-analog input
example, 7-8
square pulse generation, 24-1 to 24-10
8253/54, 24-4
duty cycle (figure), 24-2
overview, 24-1 to 24-2

single square pulse generation,
24-4 10 24-10
8253/54, 24-7 to 24-10
TIO-ASIC, DAQ-STC, and
Am9513, 24-5 to 24-7
terminology related to, 24-1
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TIO-ASIC, DAQ-STC, and
Am9513, 24-3
square wave frequency, measuring
(figure), 26-1
STB (Strobe Input) line, 17-2
Strain Gauge Conversion VI, 21-15
strain gauges for measuring pressure
(example), 21-13 to 21-16
Strobe Input (STB) line, 17-2

finite pulse train generation,
24-1510 24-16
frequency and period measurement
high frequency signals, 26-4, 26-6
how and when to measure, 26-2
low frequency signals, 26-8 to 26-9
internal timebases with maximum pulse
width measurements (table), 25-9
single square pulse generation,
24-510 24-7
square pulse generation, 24-3

T toggled counter signal generation, 24-1
technical support resources, B-1 to B-2 transducers
temperature measurement applications (SCXI) common transducers (table), 18-1 to 18-2

amplifier offset, 21-5 to 21-6

sensors for cold-junction compensation,

21-3to0 21-5
using RTDs, 21-10 to 21-13
using thermocouples, 21-2 to 21-3
VI examples, 21-6 to 21-10
terminal count (TC), 23-3
Thermistor Conversion VI, 21-4
thermocouples
measuring temperature (example),
21-2t021-3

SCXI Thermocouple example Vls, 21-4
SCXI-1100 Thermocouple VI, 21-6

excitation, 18-5
linearization, 18-6
signal conditioning for common types of
transducers/signals (figure), 18-3
Transpose 2D Array option (note), 3-15
transposing arrays, 3-15, 7-6
triggered data acquisition, 8-1 to 8-12
analog hardware triggering
description, 8-6 to 8-7
examples, 8-8 to 8-9
deciding which digital trigger setting to
use, A-3
digital hardware triggering

SCXI-1120/1121 Thermocouple example description, 8-2 to 8-3

VI, 21-10
timebase period uncertainty, 24-23
TIO-ASIC counter
continuous pulse train generation,
24-11to 24-12
controlling pulse width measurement,
25-6 to 25-7
counting operations with no counters
available, 24-21 to 24-22
description, 23-5
determining pulse width, 25-2 to 25-3
dividing frequencies, 28-2 to 28-3
event counting, 27-3 to 27-4
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hardware triggering, 8-1 to 8-9
overview, 8-1
software triggering
conditional retrieval examples, 8-12
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triggering, defined, 8-1
triggers, defined, 8-1
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extracting single channel, 3-15
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illustration, 3-14
row major order, 3-14
two-point calibration, 22-6 to 22-7
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update clock, controlling externally,
13-1t0 13-3
Generate N Updates-ExtUpdateCIk VI,
13-1to 13-2
input pins (table), 13-2
overview, 13-1
supplying test clock from DAQ
device, 13-3
Utility Vs, 3-5

v

Vis. See alsAdvanced VIs; Easy Vils;
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channel, port, and counter addressing,
3-8to0 3-11
common DAQ VI parameters, 3-7
data organization for analog applications,
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debugging, 29-1 to 29-4
default and current value conventions, 3-6
error handling, 3-8
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limit settings, 3-11 to 3-13
organization, 3-4 to 3-5
parameter conventions, 3-5 to 3-6
SCXI examples, 21-6 to 21-10
Utility Vs, 3-5
VXI carriers and modules, LabVIEW support
for (table), 2-10
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