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Course Goals
+ Become comfortable with the LabVIEW environment and data
flow execution
+ Use LabVIEW to solve problems
+ Learn LabVIEW concepts
- Acquiring, saving and loading data
- Finding and using math and complex analysis functions
- Working with data types, such as arrays and clusters
— Displaying and printing results
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Thiscourse prepares you to do the following:

To o To o Io

UselLabVIEW to create applications.

Understandront panels, block diagrams, and icons and connector panes.
Usebuilt-in LabVIEW functions.

Createand save programs rmbVIEW so you can use them as subroutines.
Createapplications that use pltig DAQ devices.

This course doesotdescribe any of the following:

A
A
A

Programmingheory
Everybuilt-in LabVIEW function or object
Analogto-digital (A/D) theory

NI does provide free reference materials on the above topiisom .

TheLabVIEWHelpis also veryusefut
LabVIEW»Help»Searchthe LabVIEW He | p é



The Virtual Instrumentation Approach
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Virtual Instrumentation

For more thaiB0years, National Instruments has revolutionized the way engineers and
scientists in industry, government, and academia approach measurement and
automation. Leveraging PCs and commercial technologies, virtual instrumentation
increases productivity and lowers costs for test, control, and design applications
through easyo-integrate software, such as MbVIEW, and modular measurement

and control hardware for PXI, PCI, USB, and Ethernet.

With virtual instrumentation, engineers use graphical programming software to create
userdefined solutions that meet their specific needs, which is a great alternative to
proprietary fixed-functionalitytraditional instruments. Additionally, virtual

instrumentation capitalizes on the eugereasing performance of personal computers.

For example, in test, measurement, and control, engineers have used virtual
instrumentation to downsize automated test equipment (ATE) while experiencing up to
a 10 times increase in productivity gains at a fraction of the cost of traditional
instrument solutions. Last year 25,000 companies in 90 countries invested in more than
6 million virtual instrumentation channels from National Instruments.



LabVIEW Graphical Development System

* Graphical programming environment
 Compiles code for multiple OS and devices
» Useful in a broad range of applications

LabVIEW Graphical Development Platform for Design, Control, and Test

Embedded Design Industrial Monitoring Automated Test
and Prototyping and Control and Measurement

Advanced

Data Logging Communicatons
Control HMI/SCADA

Filter Design/DSP and NVK Test
Machine Vision ATE

System Prototyping Industrial Control (PID) and Mation

Computing Targets

il i I

Desktop ndustrial Mobile Embedded

: 7 NATIONAL
ni.com a ’\INSTRUMENTS'

National Instruments LabVIEW is an industgading software tool for designing test,
measurement, and control systems. Since its introduction in 1986, engineers and
scientists worldwide who have relied on NI LabVIEW graphical development for
projects throughout the product design cycle have gained improved quality, shorter time
to market, and greater engineering and manufacturing efficiency. By using the
integrated LabVIEW environment to interface with realrld signals, analyze data for
meaningful information, and share results, you can boost productivity throughout your
organization. Because LabVIEW has the flexibility of a programming language
combined with builin tools designed specifically for test, measurement, and control,
you can create applications that range from simple temperature monitoring to
sophisticated simulation and control systems. No matter what your projectis, LabVIEW
hasthe necessary tools take you successful quickly.



Virtual Instrumentation Applications

Design
- Signal and image processing
- Embedded system programming

+ (PC,DSP, FPGA, '
microcontroller) Design (gl Prototype @ Deploy
- Simulation and prototyping

— And more ...

2 LabVIEW
- Automatic controls and dynamic systems % a

— Mechatronics and robotics

- And more ...

Measurements

- Circuits and electronics

— Measurements and instrumentation
— And more ...

yNATIONAI.

INSTRUMENTS'

Virtual Instrumentation Applications

Virtual instrumentation igffectivein many different types of applicatiorisom design to
prototypingto deployment. ThéabVIEW platform provides specific tools and modelsrteet
specificapplication challengesanging from designing signal processing algorithms to making
voltagemeasurementgnd can target any number of platforms from the desktop to embedded
devices with an intuitive, powerful graphical paradigm.

With Version 8.6LabVIEW scales from design and development on PCs to several embedded
targetsfrom rugged toastesizeprototypes to embedded systems on chipbVIEW

streamlines system design with a single graphical development platfordm doing sojt
encompassdsetter management of distributed, networked systems because as the targets for
LabVIEW grow varied and embeddegu need to be able to more easily distribute and
communicate between thariousLabVIEW code pieces in your system.



The NI Approach - Integrated Hardware Platforms
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Integrated Hardware Platforms

A virtual instrument consists of an indusBtandard computer or workstation equipped
with powerful application software, cesftfective hardware such as plugboards, and
driver software, which together perform the functions of traditional instruments.

Virtual instruments represent a fundamental shift from traditional harevesatered
instrumentation systems to softwarentered systems that exploit the computing power,
productivity, display, and connectivity capabilities of popular desktop computers and
workstations.

Although the PC and integrated circuit technology have experienced significant
advances in the last two decades, software truly offers the flexibility to build on this
powerful hardware foundation to create virtual instruments, providing better ways to
innovate and significantly reduce cost. With virtual instruments, engineers and scientists
build measurement and automation systems that suit their needs exacttjefirs)

instead of being limited by traditional fixé¢dnction instruments (vendatefined).



Section | - LabVIEW Environment

A. Setting Up Your Hardware
Data Acquisition Devices
- NI-DAQmMx
- Simulated data acquisition
- Sound card

B. What Type of Device Should | Use?
Controls Palette
+  Tools Palette
C. Components of a LabVIEW Application
+ Creating Custom Vls
Dataflow Programming
D. Additional Help
Context Help Window
+  Tips for Working in LabVIEW
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+ Data Acquisition Device (DAQ) E yﬁ_ji
- Actual USB, PCI, or PXI device i)
- Configured in Measurement and Automation Explorer (MAX)

+ Simulated Data Acquisition Device (DAQ)
— Software simulated at the driver level

- Configured in MAX
+ Sound Card

- Built into most computers

‘\‘\\
R X273

X7 NATIONAL

INSTRUMENTS

A. Setting Up Your Hardware % == 2 ~

ThisLabVIEW course is designed for audiences with or without access to National

Instruments hardware.
Each exercise is divided into three tracks, A, B, an@

Track A is designed to be used with hardware supported b HBAQmMX driver. This

includes most USB, PCI, and PXI data acquisition devices with analog input. Some
signal conditioning andxcitation (external power) iequired to use a microphone with

a DAQdevice.

Track B is designed to be used with no hardwai®u can simulate the hardware with

NI-DAQmx Version 8.0andlater. This is done by usiritbe NFDAQmx Simulated
Device option in the Create NewmenuA X. The si mul aised

loaded, and programs using it are fully verified.

Track C is designed to be used with a standard sound card and micropabR¢EW
includes simple VIs for analog input and analog output usingdhed cardbuilt into
many PCsThisis convenientor laptops because tiseund caré@nd microphone are

usually already buiin.

devi

cebd



Setting Up Your Hardware for Your Selected Track

Track A i NI Data Acquisition with Microphone
USB-6009, Microphone andeD
SuggestedHardware

Qty [Part Number |[Description Supplier
1 |77932122 Low-Cost USB DAQ National Instruments
1 (270092 Electret Microphone RadioShack
1 100Y Resistor RadioShack
1 220Y Resistor RadioShack
1 276307 Light Emitting Diode (LED) | RadioShack

The following schematic was drawn with Multisim , a widely
and simulation tool. Visiti.com/ Multisim  for more info.

used SPICE schematic capture

4 6009 - Multisim - [6009] M=%
@ File Edt View Place Simulate Transfer Tools Reports Options Window Help @l x|
DB WER ¥ (5 BRa9| viemeEs 4 W-B0 @ s[-
e R A BB P E =0y Ll ( AR BE R ERE
BRI o i FRGATBIE SGETNE SRR BGEIIE SR SR N
............... e g e
DS @ B || i ) microphone elenent pn 30052 [ |®
= [ 6009 oo PAnc3y hare wire SERILE SUEanely bRy R &d
|5:] 6009-Breadeoard ; FMie UL R: S ; s S : o
: 2) whlteivite -
........... : ;
=
i ”
el < (B =
2 e
e s ————— Y /
_Visbity | PoectView | [arrop ¥iew - 6003 BreadBoard | R eoos | B
=
_I IMUItisim - 2005-10-06 16:46:47
Results &I Components | PCB Layers
For Help, press F1 5 C TTTTTIT
Track B 7 Simulated NI DataAcquisition
NI-DAQmMx SoftwareVersion8.0 orlater
Track C T Third -Party Sound Card
Sound carénd Microphone
SuggestedHardware
Qty [Part Number [Description Supplier

1

Standard Plugn PC Microphone*

RadioShack

* Laptops often have a buith microphone (no plugn microphone is required)




What Type of Device Should | Use?
e I
LLTTP i :
Sound Card* NI USB DAQ NIPCIDAQ Instruments*
Al Bandwidth | 8 to 44 kS/s | 10 kS/s to 1.25 MS/s | 20 kS/s to 10 MS/s | 100 S/s to 2 GS/s
Accuracy 12 to 16 bits 12 to 18 bits 12 to 18 bits 8 to 26 bits
Portable v v — some
Al Channels 2 810 80 210 80 1to 80
AO Channels 2 2to4 2to8 2t08
ACorDC AC AC/DC AC/DC AC/DC
Triggering — v v v
Calibrated — v v v
* The above table may not be representative of all device variations that exist in each category
ni.com 10 7I”SA'-II'-II!?J'I‘WAELN'I'S

What type of device should | use?

There are many types of data acquisition and control devices on the market. A few have been
highlighted above. The traddf usually falls between sampling rate (samples/second),
resolution (bits), number of channel s,
USB, PCI, PXland so on)Multifunction DAQ (dataacquisitior) devices are ideal because
they can be used in a wide range of applications.

and

NI USB-6008 andUSB-6009 LowCost USB
DAQ

The National InstrumentdSB-6009 device

provides basic data acquisition functionality for
applications such as simple data logging, portable
measurements, and academic lab experiments. The

USB-6009Specifications:
AEight 14bit analog inputs
A12 digital /0 lines

A2 analog outputs

TR Al counter

USB-6008andUSB-6009are ideal for students. B
Create your own measurement application by [
programming the 4
USB-6009using LabVIEW and NDAQmMXx o ons
driver software for Windows. For Mac OS X and E b Winsteoeers
Linux® users, download and use theDAQmMx [ o e s
Base driver. 4

e ~ =

-

Linux® is the registered trademark of - ’
Linus Torvaldsin the U.S. and other
countries.

ni.comdaqg



What is MAX?

+ Stands for Measurement & Automation Explorer

+ Configures and organizes all your National Instruments DAQ, PCI/PXI,
GPIB, IMAQ, IVI, motion, VISA, and VXI devices

+ Tests devices

) Devices and Interfaces - Measurement & Automation Explorer mEX]

) Croate New...

Icon Found on

Windows Desktop

S

Measurement | 2 oo
& Automation

- 7 NATIONAL
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The next level of softwaris called Measurement & Automation Explorer (MAX).

MAX is a software interface that gives you access to all of your National Instruments
DAQ, GPIB, IMAQ, IVI, Mation, VISA, and VXI devices. The shortcut to MAX

appears oour desktop after installation. A picture of the icon is shown above. MAX is
mainly used to configure and test your National Instruments hardware, but it does offer
other functionality such as checking to see if you have the latest vergip+DaQmx
installed. When you run an application usingDBQmx, the software reads the MAX
configuration to determine the devices you have configured. Therefore, you must
configure DAQ devices first with MAX.

The functionality of MAX falls into six categories:
DataNeighborhood

Devicesand Interfaces

IVl Instruments

Scales

HistoricalData

Do To o Do Do Do

Software

This course will focusn Data Neighborhood, Devices and Interfaces, Scatdtyare,
and you will learrabout thefunctionality eactone offers.



Exercise B Testing Your Device (Track A)

In thisexercise, usdeasurement and Automation Explorer (MAX) to test
your USB6009DAQ device.

1.

Launch MAX by doubleclicking the icon on the desktop or by selectBigrt»
Programs»Nationallnstruments»Measurement& Automation .

Expand théevices and Interfacesection to view the installed National
Instruments devices. MAX displays the National Instruments hardware and software
in the computer.

Expand theNI-DAQmx Devicessection to view the installed hardware that is
compatible with NNDAQmx. The device number appears in quotes following the
device name. The data acquisition VIs use this device number to determine which
device performs DAQ operationéour hardware iéisted as NI USB5009:

fiDevil. o

Perform a seltest on the device by riglaticking it in the configuration tree and
choosingSelf-Testor clickingSelf-Testalong the top of the window. This tests the
system resources assigned to the device. The device should pass the test because it is
already configured.

Check thepinoutfor your device. Rightlick the device in the configuration tree
and selecbevicePinoutsor click DevicePinoutsalong the top of the center
window.

Open the test panels. Rigtitck the device in the configuration tree and selesst

P a n e brsliék TestPanel€ along the top of the center windoWith test

panels, you catest the available functionality of your device, analog input/output,
digital input/output, and counter input/output without doing any programming.

On theAnalog Input tab of the test panels, charidedet o fiCont iRata o us o
toA 1 0 ,H&. 0&ick Start and hum or whistle into your microphone to observe the
signal that is plotted. Clic&topwhen you are done.

On theDigital I/O tab,notice that initially the port is configured to be all input.
Observe undeBelect Statahe LEDs that represent the state of the input lines.
Click theAll Output button undefelect Direction Notice you now have switches
underSelect Statdo specify the output state of the different lines. Toggle line 0 and
watch the LED light up. ClicKloseto close the test panels.

Close MAX.



[—}@ My System

[l Data Neighborhood
o & Devices and Interfaces
: Ej (=8 NI-DAQmx Devices

S 3
& PX1 PXI System (Unidentified)
-5 Serial & Parallel

& 4d Scales

& Software

& (il v1 Drivers

* @ Remote Systems

”| <2 Show Help

Properties | X Delete ‘ [E self-Test B Test Panels... ‘
D | yaue
[:=] serial Number OXDFE7CF

{ )

Reset Device

Create Task...

Configure TEDS...

|m Device Pinouts

‘d Self-Calibrate

Attibutes | 4] Calibraton |

Displays the device pinout map

Endof Exercise 1 (Track A)




Exercise B Setting Up Your Device (Track B)

In thisexercise, usdeasurement and Automation Explorer (MAX) to configure a
simulated DAQ device.

1. Launch MAX by doubleclicking the icon on the desktop or by select8igrt»
Programs»Nationallnstruments»Measurement& Automation .

2. Expand théevices and Interfacesection to view the installed National
Instruments devices. MAX displays the National Instruments hardware and software
in the computer. The device number appears in quotes following the device name.
The data acquisition VIs use this device number to determine which device performs
DAQ operations.

3. Create a simulated DAQ device for use later in this course. Simulated devices are
apowerful tool for development without having hardware physically installed in
your computer. Rightlick Devices and Interfacesnd selec€Create Newé &
NI-DAQmx Simulated Device Click Finish. The simulated device appears yellow
in color.

4. Expand the M Series DAQ section. Sele€l-62200r any other PCI device of
your choice. CliclOK.

5. The NFDAQmx Devices foldeexpands to show a nesmtry for PCi6220:
fiD e v Youdave now created a simulathelice.

6. Perform a selest on the device by rigleticking it in the configuration tree and
choosingSelf-Testor clickingSelf-Testalong the top of the window. This tests the
system resources assigned to the device. The device should pass the test because it is
already configured.

7. Check thepinoutfor your device. Rightlick the device in the configuration tree
and selecbevicePinoutsor click DevicePinoutsalong the top of the center
window.

8. Open the test panels. Rigtitck the device in the configuration tree and selesst
P a n e breliék TestPanelg along the top of the center window. The test panels
allow you to test the available functionality of your device, anaipgt/output,
digital input/output, and counter input/output without doing any programming.

9. On theAnalog Input tab of the test panels, charigedetoi Cont i Gligkous . 0
Start and observe the signal that is plotted. Cit&p when you are done.



10. On theDigital I/O tab,notice that initially the port is configured to be all input.
Observe unde®elect Statedhe LEDs that represent the state of the input lines.
Click theAll Output button undeBelect Direction Note thatyou now have

switches undeBelect Statdo specify the output state of the different lines. Click
Closeto close the test panels.

11. Close MAX.
£ NIPCI-6220: "Dev1” - Measurement & Automation Explorer [:_JED]
File Edit View Tools Help
Configuration Properties )X Delete | [ Self-Test Test Panels... ‘ > | &2 show Help
=&Y My System ; ! 9 Reset Device
[l Data Meighborhood Mame Value \
= &' Devices and Interfaces 0x0 {mi Create Task...
= (@8 MI-DAQmx Devices 0x0
i NIPCI-6220; "Devi" 0x0 & Configure TEDS...
[#-PXI PXI System (Unidentified) \ Memory Range 1 0xB4254148 - 0xB425C1A7 |
ST e ' . g Device Pinouts
& y Serial & Parallel [ l:=| Memary Range 2 0xB5476530 - 0xBS47852F
+-4d Scales

#-5 Software
&[] 1¥1 Drivers
® @ Remote Systems

Displays the device pinout map

| EE1RQ Level OxF
; “| self-Calibrate

Endof Exercise 1 (Track B)



Exercise B Setting Up Your Device (Track C)

In this exerciseliseWindows utilities to verify your sound card and prepare it for use
with a microphone.

1.

Prepare your microphone for use. Doutliek the volume control icon on the task
bar to open up the configuration windoviou also can find theound configuration
window from the Windows Control Panebtart»Settings»ControlPanel»Sounds
and Audio Devices»Advanced

If you do not see a microphone section, g@pions»PropertiessRecordingand
place a checkmark in the box nextMarophone. Thisdisplaysthe microphone
volume control. CliclOK.

Uncheck thevute box if it is not already unchecked. Make sure that the volume is
turned up.
ticrophone
B alance:
(5 @
Walurne:
L

Uncheck Mute

\ [ kute

Closethe volume control configuration window.

Open thesound recorddry selectingStart»Programs»Accessories
Entertainment»SoundRecorder.

Click the record button and speak into your microphone. Notice how the sound
signal is displayed in th&ound recorder

Click Stop and close theound recordawithout saving changes when you are
finished.

@ Sound - Sound Recorder E] m

File Edit Effects Help

Position: Length:
0.00 sec. 0.00 sec.

|
)

Endof Exercise 1 (Track C)



Open and Run LabVIEW
Start»All Programs»National Instruments LabVIEW

"Z:*’;’:::l‘i;:ok amd Duve | ab\ACW e e
Startup Screen: 1 LabVIEW A _— |
Start from a blank VI: e
New»BlankVI — |
Or £ Browse.

Start from an example:

Getting Started with LabVIEW

Examples»Find —— = e

Examples... S
| e
LabVIEW

LabVIEW is a graphical programming language that uses icons instead of lines of
text to create applications. In contrast to4exsed programming languages, where
instructions determine program executibabVIEW uses dataflow programming,
where the flow of data determines execution order.

You can purchase several aoid software toolkits for developing specialized
applications. All the toolkits integrate seamlessli abVIEW. Refer to the
National Instruments Web site for more information about these toolkits.

LabVIEW also includes several wizards to help you quickly configure your DAQ
devices ang@omputerbased instrumentnd build applications.

LabVIEW Example Finder

LabVIEW featuredhundreds of example VIs you can use and incorporate into VIs
that you create. In addition to the example VIs #ratshipped withabVIEW,

you can accesBundreds of example VIs on the NI Developer Zone

(zone.ni.com ). You can modify an example VI to fit an application, or you can
copy and paste from one or more examples into a VI that you create.



LabVIEW Programs Are Called Virtual Instruments (Vls)
Each VI has 2 windows ~|Zretms = LIo0
Front Eanel g
* User interface (Ul) E
— Controls = inputs
- Indicators = outputs . , v
Block Diagram T
» Graphical code 3] @70 9] o 5 o -
— Data travels on wires from controls
through functions to indicators B
— Blocks execute by data flow o o =
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LabVIEW programs are called virtual instruments (VIs).
Controls are inputs and indicators are outputs.

Each VI contains three main parts:

A Frontpaneli How the user interacts with thé

A Blockdiagrami The code that controls tipgogram

A lcon/connectoi The meansf connecting a VI to othérls

In LabVIEW, you build a user interface by using a set of tools and objects. The user
interface is known as the front panel. You then add code using graphical representations
of functions to control the front panel objects. The block diagram contains this code. In
some ways, the block diagram resembles a flowchart.

You interact with theéront panelwhen the program is runningou can control the

program, change inputs, and see data updated in real time. Controls are used for inputs
suchasadjusting a slide control to set an alarm value, turning a switch on or off, or
stoppinga program. Indicators are used as outputs. Thermometers, lights, and other
indicators display output values from the program. These may include data, program
states, and other information.

Every front panel control or indicator has a corresponding terminal on the block
diagram. Wheltyou run a Vlvalues from controls flow through the block diagram,
where they are used in the functions on the diagram, and the results are passed into
other functions or indicators through wires.



C OntrOIS P al ette (Place items on the front panel window)
‘Q‘S‘e;:h 3 View~ =
» Modern
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Use theControls palette to place controls and indicators on the front panel. The
Controls palette is available only on the front panel. To view the palette, select
Window»ShowControls Palette You also can display tHeontrols palette by right
clicking an open area on the front panel. Tack dowrCihratrols palette by clicking the
pushpin on the top left corner of the palette.



Functions (and Structures) Palette
‘C‘k‘s“;n] ;:v.uw-’ —E] =
E*ZZ (Place items on the
T block diagram window)
e 13 Slide Example.vi Block Diagram mEx]
ﬁ] i“uj % File Edt View Project Operate Tools Window Help
= & » (2] @n][Q][] o 7 o2
SoMenp  ExecControl Arkth & Cony &
e — N E
Structure: M -
While Loop > 2P
B (iR

Use the~unctions palette to build the block diagram. TRanctions palette is available
only on the block diagram. To view the palette, saléictdow»ShowFunctions

Palette You also can display tHeunctions palette by rightlicking an open area on
the block diagram. Tack down tRenctionspalette by clicking the pushpin on the top
left corner of the palette.



[
Tools Palette

* Recommended: Automatic Selection Tool
+ Tools to operate and modify both front panel and block
diagram objects

25 & | Automatic Selection Tool

Automatically chooses among the following tools:

AL Operating Tool

R Positioning/Resizing Tool
A Labeling Tool

& Wiring Tool

"7 NATIONAL

INSTRUMENTS'

If you enable the automatic selection tool god move the cursor over objects on the
front panel or block diagram, LabVIEW automatically selects the corresponding tool
from theTools palette. Toggleautomaticselectiortool by clicking theAutomatic
Selection Toolbutton in theTools palette.

Use theOperating Tool to change the values of a control or select the text within a
control.

Use thePositioning/Resizing Toolo select, move, or resize objects. The Positioning
Tool changes shape when it moves over a corner of a resizable object.

Use theLabeling Tool to edit text and create free labels. The Labeliagl changes to
a cursor when you create free labels.

Use theWiring Tool to wire objects together on the block diagram.
Other important tools:

M Scrolling Tool

® Breakpoint Tool

“E Probe Tool

# Color Copy Tool
th#Coloring Tool

A= Shortcut Menu Tool




A

A

Status Toolbar

o | & ‘O [ﬂl l 13pt Application Font v ngv ”‘:[']:v ‘|"£v ‘ Ie”v ‘

-i)i Run Button
|§| Continuous Run Button
Abort Execution

Additional Buttons on
the Diagram Toolbar

@ Execution Highlighting Button
Retain Wire Values Button

Step Function Buttons
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Click theRun button to run the VI. While the VI runs, thaun button appears with a
black arrow if the VI is a togevel VI, meaning it has no callers and therefore is not a
subVI.

Click theContinuous Run button to run the VI until you abort or pause it. You also can
click the button again to disable continuous running.

While the VI runs, thébort Execution button appears. Click this button to stop the VI
immediately.

Note: Avoid using theAbort Execution button to stop a VI. Either let the VI complete its data
flow or design a method to stop the VI programmatically. By doing so, the VI is at a known
state. For example, place a button on the front panel that stops the VI when you click it.

A

Click thePausebutton to pause a running VI. When you click Bausebutton,
LabVIEW highlights on the block diagram the location where you paused execution. Click
the Pausebutton again to continue running the VI.

Select theText Settingspull-down menu to change the font settings for the VI, including
size, style, and color.

Select theAlign Objects pull-down menu to align objects along axes, including vertical,
top edge, left, and so on.

Select théDistribute Objects pull-down menu to space objects evenly, including gaps,
compression, and so on.

Select theResize Objectgpull-down menu to change the width and height of front panel
objects.



A Select theReorder pull-down menu when you have objects that overlap each other
and you want to define which one is in front or back of another. Select one of the
objects with the Positioningool and then select frofove Forward, Move
Backward, Move To Front, andMove To Back

Note: The following items only appear on the block diagram toolbar.

A Click theExecution Highlighting buttonto see the flow of data through the block
diagram. Click the button again to disable execution highlighting.

A Click theRetain Wire Values button to save the wire values at each point in the
flow of execution so that when you place a probe on a wire, you can immediately
obtain the most recent value of the data that passed through the wire.

A Click theStep Into button to singlestep into a loopsubVI, and so on. Single
stepping through a VI steps through the VI node to node. Each node blinks to denote
when it is ready to execute. By stepping into the node, you are ready testeqle
inside the node.

A Click theStep Overbutton to step over a loogubVI, and so on. By stepping over
the node, you execute the node without sistdgpping through the node.

A Click theStep Outbutton to step out of a loopubV|, and so on. By stepping out of
a node, you complete singdtepping through the node and go to the next node.

Additional Tools
@ | Run Button

@ Continuous Run Button Additional Buttons on

the Diagram Toolbar
Abort Execution

i PauseiContinue Button 5% Efl‘:t"-:'#i““ Highlighting

| 13pk dpplication Fort. |~ | Text Settings
Align Objects
Distribute Objects
Reorder
Resize front panel objects

El Step Into Button
E Step Over Button
@ Step Out Button

Qo Retain Wire
Values



Demonstration 1: Creating a VI

Front Panel Window
[150AQ Example vi Front Panet * Lo
Ble Edt Yiew Project Operate Tooks Window Help

Wavefom Graph voraoe FAM = Graph
i Indicator
. . [T
i o Block Diagram Window
HENENERER [150AQ Example.vi Block Diagram =) %]

Fle Edt View Project Qperate JTools Window Help
6 a1 02 03 o4 oS 2
Time:

Output
= Terminal
Boolean
Control =l
i
Input 0]
Terminals < i
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When you create an object on fhent panel a terminals createan theblock
diagram These terminals give you access toftbat panelobjects from thdlock
diagramcode.

Each terminal contains useful information aboutftbat panelobject it corresponds,
anduses coloand symbols$o provideinformation about the data type. Ftample, the
dynamic data type is a polymorphic data type represented by dark blue terminals.
Boolean terminals are green with TF lettering.

In general, blue terminals should wire to blue terminals, green to green, and so on. This
is not a harehndfast rule;you can uséabVIEW to connect a blue terminal (dynamic

data) to an orange terminal (fractional value), for example. But in most cases, look for a
match in colors.

Controls have thick border and an arramn the righside.Indicators have thin

border and aarrow on the lefside.Logic rules apply to wiring in LabVIEW: Each

wire must have one (but only one) source (or control), and each wire may have multiple
destinations (or indicators).



Common Data Types Found in LabVIEW
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LabVIEW usesmany commordata type$ Boolean numerig strings, clusters, and

soon.

The color and symbol of each terminal indicate the data type of the control or indicator.
Control terminals have a thicker border than indicator terminals. Also, arrows appear on
front panel terminals to indicate whether the terminal is a control or an indicator. An
arrow appears on the right if the terminal soatrolandonthe left if the terminal is an
indicator.

Definitions

A Array: Arrays group data elements of the same type. An array consists of elements
and dimensions. Elements are the data that make up the array. A dimension is the
length, height, or depth of an array. An array can have one or more dimensions and
as many as €)1 1 elements per dimension, memory permitting.

A Cluster: Clusters group data elements of mixed typassh like abundle of wires
in a telephone cable, where each wire in the cable represents a different element of
the cluster.

SeeHelp»Searchthe LabVIEW H e | goé more information. ThéabVIEWUser
Manualonni.com provides additionaleferences fodata types found ihabVIEW.



Dataflow Programming

* Block diagram execution
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LabVIEW follows a dataflow model for runningls. A block diagram node executes
when all its inputs are available. When a node completes execution, it supplies data to
its output terminals and passes the output data to the next node in the dataflow path.
Visual Basic, C++, JAVA, and most other tddsed programming languages follow a
control flow model of program execution. In control flow, the sequential order of
program elements determines the execution order of a program.

Consider the block diagram above. It adds two numbers and then multiplies by 2 from
the result of the addition. In this case, the block diagram executes from left to right, not
because the objects are placed in thdérbut because one of the inputs of the Multiply
function is not valid until the Add function has finished executing and passed the data to
the Multiply function. Remember that a node executes only when data are available at
all of its input terminals, and it supplies data to its output terminals only when it finishes
execution. In the second piece of code, the Simulate Signal Express VI receives input
from the controls and passes its result togttagh

You may consider the addultiply and the simulate signal codedmexiston the same
block diagram in parallel. This means tttsty begin executing at the same time and run
independentlypf one another. If the computer running this code had multiple
processors, these two pieces of code couldndependently obne another (each on its
own processor) without any additional coding.



Debugging Techniques

* Finding Errors

- Click on broken Run button.
Window showing error appears.

+ Execution Highlighting

I_i_l Click on Execution Highlighting button; data flow is
' animated using bubbles. Values are
displayed on wires.

* Probes
> IO Right-click on wire to display probe; it shows data as it flows
— through wire segment.

© You can also select Probe tool from Tools palette and click

on wire.
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When your VI is not executable, a broken arrow is displayed iRtimebutton in the
palette.

A

A

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

Execution Highlighting: Animates the diagram and traces the flow of the data,
allowing you to view intermediate values. Click on light bulb on the toolbar.

Probe: Used to view values in arrays and clusters. Click on wires witR1thiee tool
or rightclick on the wire to set probes.

Retain Wire Values Usedwith probes to view the values from the last iteration of
the program.

Breakpoint: Setspauses at different locations on the diagram. Click on wires
objects with thdBreakpoint tool to set breakpoints.



Exercise dAcquiring a Signal with DAQ (Track A)

Completethe following steps to create a VI that acquires data continuously from your
DAQ device.

LaunchLabVIEW.

In theGetting Started window, click theFile»Newor Mo r e linkto display
theNew dialog box.

Open a data acquisition template. From the Create New list, $élgaiom
Template»DAQ»DataAcquisition with NI -DAQmx.vi and clickOK.

Display the block diagram by clicking it or by selectifindow»ShowBlock
Diagram. Read the instructions written there about how to complete the program.

Doubleclick the DAQ Assistant to launch the configuration wizard.
Configure an analog input operation.

a. ChooseAcquire Signals»Analoginput»Voltage.

b. ChooseDevl (USB6009)»aidto acquire data on analog input channedrd

1.
2.

click Finish.

c. Inthe nextwindow,definethe parametersf your analog inpubperation.
To choose an input range that works well with yoicrophone on theSettings

tab entep vV

for the maximum and2 Vv for the minimum. Under timing

settingsc hoose fAConti nuouso f orl0Q0brthec qui si t
rate. Leavall otherchoices set to thettefaultvalues.Click OK to exit the

wizard.

Place the Filter Express VI to the right of the DAQ Assistant on the block diagram.
From theFunctiongpalette, seledExpress»SignalAnalysis»sFilter and place it on

the block diagram inside ttWhile Loop. When you bring up thEunctiongpalette,
press the smaflushpinin the uppeteft-handcorner of the palette. Thiacksdown

the palette so thatiemains visibleThis steds omittedin the following exercises,
butyou should repeat itn the configuration window undéiiltering Type, choose

fiHighpass 0

UCutbfé Arequency, use a value d300 Hz."Click OK.



