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Introduction

Welcome to LabVIEW! These hands-on exercises are designed to help you develop a solid foundation
in LabVIEW:

¢ In Exercise 1, you will learn the basics of programming by building a simple interactive program.

o In Exercise 2, you will turn the simple program into a more practical data acquisition program.

¢ In Exercise 3, you will expand the data acquisition program to acquire data from multiple devices.

¢ In Exercise 4, you can view example programs, which are the best references for getting started
and building larger applications.

Hardware is not required for these exercises. We will simulate hardware using NI MAX.
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NI LabVIEW

LabVIEW is a graphical programming environment that provides unique productivity accelerators for
test system development, such as an intuitive approach to programming, connectivity to any
instrument, and fully integrated user interfaces.



Pre-Work: Hardware Set-Up and Configuration
Goals:

e Use Measurement & Automation Explorer to create and configure a simulated NI-DAQmx device.

Part A: Introduction to NI MAX

Estimated time: 5 minutes.
If you have not already, please download and install LabVIEW and NI-DAQmx from ni.com.

NI MAX manages all NI hardware and software. This application is installed with most NI software packages. In
Part A, you will look at the most used features of NI MAX including Software and Devices and Interfaces.

1. Open NI MAX by double-clicking the icon on the desktop or navigating to Start » Search » NI MAX.

2. After MAX launches, expand My System » Devices and Interfaces. If you have hardware connected, you
should be able to see it:

EQ Devices and Interfaces - Measurement & Automation Explorer

- o X
File Edit View Tools Help
v B My System %2 Create New.. «
@ Data Neighborhood
Vi s .
o Devices and Interfaces
2 :{:';J“-"" Devices and Interfaces Iists instalied and detected CAN, DAQ, FieldPoint Senal Controllers, GPIB, IVI, Motion, Senal, VISA Vision, and VX hardware

B8 Remote Systems

If you do not see your devices.

8 You have not refres!

 You

What do you want to do

For more information about using your Ni productin MAX refer to your product.specific help, located on the HelpsHelp Topics menu flem. You can aiso access Ni product help from within MAX
help, which you can launch from the Help menu or by pressing <F1>

7~ Submi feedback on this topic

) Visitni comsupport for technical suppont

7 Help

Figure 1. Expand the Devices and Interfaces drop-down menu to show the connected devices.

NI MAX Concept

Within MAX, you can ensure that your hardware is properly connected, check external connections, rename your
devices, and even simulate devices for developing code without attached hardware.
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3. In addition to the hardware, you can see all the software installed on the machine by expanding My System »
Software.

n Software - Measurement & Automation Explorer = a X
File Edit View Tools Help

v B My System * || il Change/Remove Software % Show Hely
> [8ll Data Neighborhood f
> @B Devices and Interfaces

2 Scoles Software
p & Software |

Software allows you to view, launch, and update your installed NI software.
0 DiAdem 2023 Q4

& FlexLogger 2023 Q4

?
VI Driver Toolset 1.5 What do you want to do?

IVl Engine 142.3 & View my software information
> LabVIEW 2023 Q3 Patch 1 (64-bit) & Launch my software
LabVIEW 2023 Q3 Patch 1 (64-bit) i Add, change, or remove software
[E LebVIEW Runtime 2019 SP1£5 % Check for software updates

2 LabVIEW Runtime 2020 SP1 f1

D LabVIEW Runtime 2021 SP1 f2

D LabVIEW Runtime 2022 Q3 Patch 1

2 LabVIEW Runtime 2022 Q3 Patch 1
LabVIEW Runtime 2022 Q3 Patch 1 (64-b
LabVIEW Runtime 2022 Q3 Patch 1 (64-b

2 LabVIEW Runtime 2023 Q3 8

n LabVIEW Runtime 2023 Q3 Visit ni.com/support for technical support.
LabVIEW Runtime 2023 Q3 Patch 1 (64-b
LabVIEW Runtime 2023 Q3 Patch 1 (64-b

m LabWindows/CVI Runtime 2020 f3 %

EA Measurement & Automation Explorer 20

P Measurement Studio for V52010

¥ Measurement Studio for V52012

P Measurement Studio for V52013

F3, NII/O Trace 2023 Q3

ED NI PXI Platform Services Configuration 2

m NI PXI Platform Services Runtime 2023 Q

m NI Reconfigurable Oscilloscopes

ED NI System Configuration 2023 Q4

ED Ni-488.2 2023 Q3

ED NI-488.2 Runtime 2023 Q3

@ NI-DAQmx ADE Support 2023 Q3

E NI-DAQmx Device Driver 2023 Q4

53 NI-DAQmx MAX Configuration 2023 Q4

> NI-DCPower v

< - 3 7 Help

For more information about your NI product, refer to your product-specific help, located on the Help»Help Topics menu item. You can
also access NI product help from within MAX help, which you can launch from the Help menu or by pressing <Fi=.

E Submit feedback on this topic.

Figure 2. Make sure you have the right software and drivers installed by expanding the Software section.

Exercise Note:

LabVIEW and NI-DAQmx should be listed underneath the software section. NI-DAQmx is the driver that is used
for communication with NI data acquisition and signal conditioning devices.

ni.com/labview S



Part B: Creating a Simulated Device
Estimated time: 10 minutes.

You can use MAX to simulate hardware. This enables development and debugging in situations where you do not
have access to the actual hardware.

This will also help us create a consistent experience during this guide. The skills you learn will be valuable when
programming with your actual, physical hardware - programming for a simulated device and an actual device will

be the same.

1. To create a simulated device, right-click on Devices and Interfaces and select Create New....

File Edit View Tools Help
~ B3 My System %) Create New...

ces and Interfaces
and Interfaces lists installed and detected CAN, DAQ. FieldPoint Serial Controllers, GPIB, IV, Motion, Serial, VISA Vision, and VX hardware

B8 Remote Systems

If you do not see your devices...
5 You have not refreshed e configuration tree
B Yourdevice may notbe Windows Plug and Play compatible

What do you want to do?

8 Configure an exsting device

2 Add a non-Plug and Play device

For more information about using your NI productin MAX refer to your product-specific help, located on the Help»Help Topics menu item. You can also access NI product help from within MAX help, which you can
faunch from the Help menu or by pressing <F1>

= submitteedback on this opic

& wvisitni.com/support for technical support

< >| 9 Help

Figure 1. A simulated device enables you to experiment without having the actual hardware on-hand.
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2. When the Create New... screen launches, select Simulated NI-DAQmx Device or Modular Instrument and
press Finish.

EA Create New .. ? X

Choose the type of item you want to add.

=& Devices and Interfaces
a5 Network NI-DAQmx Devices
B
ot NI-RTSI Cable
@ Port(Serial or Parallel)
=5 VISA TCP/IP Resource
W NI GPIB-ENET/1000

<Back Next > | Cancel

Figure 2. Within MAX, you can simulate any NI-DAQmx device and many modular instruments.

3. Inthis exercise, we will be simulating a CompactDAQ chassis and various CompactDAQ modules. Here we
will add the chassis first. To quickly add the device, type “cDAQ-9178” and select the chassis.

n Create Simulated NI-DAQmx Device

t earch...
NI-DAQmXx Simulated Devices
[ X Series DAQ ~
- M Series DAQ
S Series DAQ
- SCExpress
- B Series DAQ
- USBDAQ
- TestScale Chassis
- CompactDAQ Chassis
. FieldDAQ
- AO Series
- Digital I/0
- TIO Series (Counter Timer)
- Dynamic Signal Acquisition
- RF Devices
- High Speed Digitizers
- Power Supplies
- Switches
- Educational Hardware

O e O OO O OO e O OO e WO O e OO O OO v O OO O O
[ C g C R R e )

PXI Chassis | 1
PXI Slot | 2

OK Cancel

Figure 3. The NI cDAQ-9178 is just one of many options for simulated devices.
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4. The new simulated chassis will show up under Devices and Interfaces. Simulated devices are colored yellow.
Now that we have simulated our CompactDAQ Chassis we can add our modules to the system. To add
modules to our chassis select Configure Simulated cDAQ Chassis...

v BB My System H od OAQ Chassis—. o Reset [Z) Sed-Test [ Hardwace Configuration Utiliey 2 Vide Help.
&l Data Neighkorhood ]
v Devices and Inteetaces Beect -
Settis
% o CompactDAQ Cl
<DAQIMc % i 3 Basics
R eiooe @ Try the new Hardware Configuration Utility to configure your device. ST
4 Network Devices P
“d Scales Name <DAQ2
&) softwwe »rest
Vendor National Instruments communication to
8 V1 Drvess the chassis
8 Remote Systems Model NI cDAQ-9178

PRemove the

Status Simulated chassis

PAdd a C Series
Module

B} simutated Chassis Configuration PRun the NI
DAQmX Test

Pancls
Sl Modde

<None>
<None>
3 <None>
4 <None»
<Nones
6 <Hone»

<Nones

<1 KK K KRR

<None>

Figure 4. The simulated NI cDAQ-9178 shows up in Devices and Interfaces just like a real device. The
emblem of a simulated device will be yellow, while a real device will appear in natural color.

5. Select the modules below (NI 9211, NI 9237, NI 9263, NI 9472, NI 9234, and NI 9215) for the next exercises
by going through the list of options shown in the drop down. Press OK to add the module to the chassis.

n Simulated Chassis Configuration

Slot Module

1 NI 9211 v

2 NI 9237 v

3 NI 9263 v

4 NI 9472 v

5 NI 9234 v

6 NI 9215 v

7 <None> v

8 <None> v

= conc

Figure 5. You can configure your simulated chassis for any module that the NI cDAQ-9178 supports.
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6. For many applications, simply using the default assigned names is not sufficient. Within MAX, you can
rename your modules to match the module type or measurement.

a. Torename the module, right-click on the module and select Rename.

File Edit View Tools
v B My System
@ Data Neighborhood
« @ Devices snd lonertaces

m 1: NI 9211 “cDAQ2Mod1” - Measurement & Automation Explorer

Help

W oo R Refresh | 2 Reset [2 Self-Test [ Mordmare Configuration Utity (7] Test Paneli.. | (3 Creste Task...  Device Pinouts & Canfigure TEDS..

€ ASSLIINSTR “COMI* Settings
v #5 NI DAG-9174 *cDARY"
ihied]

N e
e A NI cOAG-9178 "cDAQE™ oy
[ERETE S L i
D 2mssr-co, 3 Reset
D 3N%283 "0 [ Self-Test
B & NIG472"eD: o
B S ns2se o, (8 Create Task.
& &Nans o, & Configure TEDS..
4 Netwerk Devces

] sottmere X Delete
B0 V1 Dvrvers
hemets Syems. B Hardware Configuration Utility
[ Test Panels.
& Device Pinouts
Help

CalbanooDar

'l Soles Rename

Recommended Next
Calibration

> T Settings I Device Routes

ion Utility to configure your device.

cDAQ2Mod1
Nationsl Instruments
Ni921

1

Simulated

0.0°C

N/A

= o X
»7 Hide Help
Rk 0 -

NI-
DAQmx Device
Basics

What &6 you nant s
do?

PRun the NI-
DAQmx Test
Pancls

PRemove the
device

Pview or change
davice

confiquration

Figure 6. Select Rename to add new descriptive names.

b. Rename each of the channel types to descriptive names:

ni.com/labview

v ) NI cDAQ-9178 "cDAQ2"
] 1: NI 9211 “Temperature”
3 2: NI 9237 "Strain"
3 3: NI 9263 "Voltage_out"
3 4: NI 9472 "Digital_out"
1] 5: NI9234 "Sound_Vibration"
13 6: NI9215 "Voltage_in"




7. Once the module is added to the simulated chassis, you can perform actions just like on a real device. To
illustrate this, right-click on the NI 9211 and select Test Panels...

p

Qo °

NI-
DAQmx Device
Basics

Figure 7. Select Test Panels... to take measurements from your simulated device.

8. When the simulated device test panel appears, press Start to begin visualizing the simulated data. It is
important to note that this data set is built into the NI-DAQmx driver and does not constitute real data;
however, you can interact with it in the same way as interacting with real data.

[T Test Panels : N1 9211: “Temperature” X

Analog Input

Amplitude vs. Samples Chart Auto-scale chart
-4500 -

-5000 -
-5500 -|
-6000 -|
-6500 -|
-7000 |
-7500-
-8000 -
-8500 |

-5000 - [N

-9500-§

-4.73k
Start . Stop

Close Help

Figure 8. The data displayed in the simulated device test panel is a simple sine wave.

a. Notice with the simulated hardware, you are seeing oscillations in either direction with the
temperatures provided. Each of the test panels are slightly different, each providing the inputs for
measurements supported by the module (e.g. thermocouple = temperature).

ni.com/labview



9. Close any open Test Panel windows by selecting Close.

10. Right-click the chassis under the Devices and Interfaces section and select Self-Test.

B3 1: 19211 “Temperature” - Measurement & Automation Explorer

File Eait View Tools Help

Settings

o DA

N CDAG91TE "DAG
008211 e e
I

<o [® Create Task.
5215 ve &8 Configure TEDS.

& Network Deveces
Rename
X Delete
rature

[ Haroware Configuration Uity
T3 Test Panels.
& Device Pincuts
Help »
T Calibeation Date
Recommended Next
Calibeation

> T Settings J Device Rouses

W Qe .....,m.,...zu..,.mm 3 e | (3 Gt 5 S Pt ke 0

@ Try the new Mardware Configuration Utility to configure your device.

Temperature
National instruments
Ni921

1

Simedated
00

NA
NA

o X
27 Hde Vg
@esa ©

NI-
DAQmx Device
Basics

What do you et to

PRun the NI-
DAQmX Test

ramove the
device

Miew or change
device
configeration

Figure 9. Self-Test is a basic utility for checking connectivity with your hardware.

NI MAX Tip:

Self-testing the chassis is always a good step after simulating or installing hardware.

ni.com/labview
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Part C: A Note on Simulated Devices
Estimated time: 5 minutes.

As mentioned, simulated devices are helpful when we do not have access to the actual equipment. The
programming and development in LabVIEW for a simulated CompactDAQ device will be exactly the same as it
would be for an actual CompactDAQ device. The difference will be the data. All NI-DAQmx simulated devices
return analog input data in the form of a full-scale sine wave with 3% full-scale noise.

In Part B, a CompactDAQ-9178 with several input and output modules was simulated. And in Exercises 2, 3, and
4, we will learn how to develop a LabVIEW application to acquire data from these simulated devices. | can
connect to an actual, physical system, without having to make any changes to my code.

This is the same application from Exercise 3 but connected to an actual CompactDAQ-9178.

<End of Exercise>

ni.com/labview 12



Goals:

Exercise 1: Build Your First Application
Estimated time: 35 minutes.

e Learn the basics of LabVIEW: Block Diagram, Front Panel, and Graphical Programming.
e  Build your first LabVIEW application.

Part A: Learn the LabVIEW Environment
Estimated time: 5 minutes

A LabVIEW application is called a VI, short for virtual instrument, because it emulates the appearance and

operation of physical instruments. There are always two components to a LabVIEW VI:

Data Acquisition Demo.vi Front Panel
File Edit View Project Operate Tools Window Help
2 & () N |15ptApplication Font ~ | §ov wov v EH~

[m] X
i

Simple Data Acquisition Demo

Channels

1

Temperature
% v

100~
Units 05
<|DegC 90
853
Thermocouple Type [y E
- v 8%
- J E e
g 7
g :
Temperature C £ 70-
0 [ :
652
603
552
507,

6:00:00 PM

0
6:00:02 PM

c<DAQ2Mod1/ai0

0
6:00:05 PI

Figure 1. Front Panel of a LabVIEW temperature measurement VI with a chart and temperature display
and controls for selecting the device, units, and thermocouple type.

The Front Panel is the user interface for your program. The Front Panel has controls and indicators, which are the

interactive input and output terminals, respectively. Controls and indicators placed on the Front Panel are

automatically placed on the Block Diagram, too.

ni.com/labview
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Data Acquisition Demo.vi Block Diagram *

File Edit View Project Operate Tools Window Help
— = == Sy

D& N g, 2 ba@ 7, |15ptApplication Font ~ Sov Tov GHv Lag ? S

~

Temperature Graph +

¥DBL

Constant Value ¥

Channels

Temperature (C)

¢+{#BL]
DAQmx Create Virtual Channelvi  DAQmx Start Task.vi DAQmx Read.vi DAQmx Stop Task.wvi  DAQmx Clear Task.vi
Units DA mx v} = L
H = []
w® L& A ¥ T

Al Temp TC ~ Analog DBL Stop
Thermocouple Type g b
= 1Chan 1Samp

v
< >

Figure 2. The Block Diagram of the same temperature measurement VI. This uses the DAQmx driver to
create a temperature measurement task, read data, and stop and clear the task. On the left, you can see
the inputs from the Front Panel. We will learn more about this throughout this guide.

The Block Diagram contains the graphical source code of your LabVIEW program. Block diagram objects include
terminals, subViIs, functions, constants, structures, and wires, which transfer data among other block diagram

objects.
Graphical Programming

LabVIEW uses graphical programming. Unlike text-based languages, you won’t develop your application by
writing lines of code. Instead, you'll develop by dragging, dropping, and connecting items onto the Front Panel
and Block Diagram. Right-click on the Front Panel or Block Diagram to open the palette and add items.

x,

Xy

23 |5
I3

Figure 3. This shows a very simple calculation developed on the Block Diagram. We have three
constants, two math functions, addition and multiplication, and an indicator to display the result on the
Front Panel. Wires connect it all. The indicator would display 18 as a result.

LabVIEW follows a dataflow model for running Vls. A block diagram node executes when it receives all required
inputs. When a node executes, it produces output data and passes the data to the next node in the dataflow path.
The movement of data through the nodes determines the execution order of the VIs and functions on the block
diagram. In Figure 3, the multiplication function cannot execute until the addition function occurs.
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Part B: Build the User Interface
Estimated time: 10 min.

In Part B, we will build the user interface of our program with the Front Panel. You will create a simple user
interface with elements to control and monitor a signal.

1.

Create a new VI by selecting File >> New VI.

LabVIEW

Operate Tools Help

Open... Ctrl+0O

Create Project...
Open Project...

Exit Ctrl+Q

Create Project

Find Drivers and Add-ons

Connectto devices and expand the
functionality of LabVIEW.

IEW" 2024 Qi

. Open Existing ‘

Community and Support

Participate in the discussion forums
or request technical support

< 1/8 > >

Get Started With LabVIEW

Access the LabVIEW tutorial and leam
the basics of graphical programming. Get
an overview of the environment,
debugging, where to find examples, and
more.

Read more

Figure 1. This step creates a new VI, which is made of the Front Panel that serves as the user interface,
and the Block Diagram that contains the program code. Every VI will have both.

ni.com/labview
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2. We have organized our screen so the Front Panel is on the left and the Block Diagram is on the right. Right-

click the Front Panel to view the Controls Palette. This contains the various items that you can place on the
Front Panel. It is organized by theme, Modern, Silver, Fuse Design System.

LabVIEW Hands On Exercise 14 Front Panel
File Edt View Project Operate Tools Window Help

> @ © I | TptApphcationFont ~ | §ov Tov - e

File Edit View Project Opeate Tools Window Help

D@ BN G % w0 | 15ptApplicationfont + | fov oy GHv Sl

2 [

41 Controls Q Search
Modem ¥
~ = =
ls|  [te =l
Numeric Boolean String & Path
@ m W
=] [ (|
Data Containers  List Table & Tree. Graph
(=3 gcf‘ a2
=] o feoc]
Ring & Enum Layout vo
- 'EAJ —
sl sl |8 |
Variant & Class Decorations. Refnum
Fuse Design System »
Sitver ¥
System »
Classic ¥
Express »
v

Figure 2. The Controls Palette includes numerous styles of front panel controls and indicators.

3. Click on Numeric. You will notice numeric-based objects, like sliders, gauges, dials, and more. Explore the

other palettes to find charts, graphs, buttons, and knobs that you can place, as well.

x

File Edit View Project Opente Tooks Window Help
& BN G, 9% % o[ etAplicationfont ~ | Tor Tor GD- 2

» 5

LabVIEW Hands On Exercse TviFront Panel
Fie Edt View Project Opente Took Window Help
S ® @ N [TopthpplcstionFont + | fov o i+ Gh-
1 Controls Q Search
Modem
P []
jumeric.
il 5= (] S
L] [Teoa Humeric TeE S
Data Containers Control Indicstor Control
& i1 i
l@ Vertical Fill Slide  Verticel Pointer  Vertical Progress
Ring & Enum Slide Bar
£ T o -
a
Horzontal il Horzontal Horizontal
Variant & Class Side PimaSite.  Projes
Fuse Design Systen : e ]
- A | @
Siver
Knob Dial Meter
System
Classic " -
s B B | sty
Tank Theometes  Hodzonta
Scrollar
Framed Color
Box

=
s
Time Stamp
Indicator

Vestical
Gradusted Bar

-

Horizontal
Grachuated Bar

Gauge

]

|

Vertical
Scrollbar

Figure 3. The Controls Palette appears when you right-click the Front Panel and includes all the elements
to build your user interface. Take some time to explore the different controls and indicators available.

ni.com/labview
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LabVIEW Hands On Exercise 1.vi Front Panel
File Edit View Project Operate Tools Window Help

$ & @ I | 15ptApplicationFont ~ | §ov av v @+

| 4 Controls Q Search
Modem »
1 1 )
= -
Numeric Boolean String & Path
] ‘
ol fe.
Data Containers  List, Table & Tree
= (B %
e | &)
Ring & Enum Layout Vo
—_ — —
°s] oo @
Vanant & Class Decorations Refnum
{ !i!! i 421 Fuse Design System
System I‘ Numeric
oo » I —
Expresy 4 <431 Numeric
¥ Knob (Fuse Design System)

(o

Numeric

Data Containers | Control (Fuse ...

Numeric

Indicator (Fuse...

Time Stamp

Control (Fuse ...

L = l:ﬂ ;—:D
] o 1 0= =
Horizontal Vertical Pointer Tank (Fuse
Ring & Enum Pointer Slide ... Slide (Fuse ... Design System)
| g @
| Knob (Fuse Meter (Fuse Gauge (Fuse
} Design System) M Design System)  Design System)

[

Color Box (Fuse
Design System)

ni.com/labview

Figure 4. Add a Knob to the Front Panel.

4. Right-click to open the Controls Palette. Go to the Fuse Design System theme, select Numeric and click on
Knob. After you click, you will see an outline of the object.

17



5. Click anywhere on the Front Panel to place the item. Try placing this towards the top left of the Front Panel.

Lan\IEW Hands On Exercise 1. Fromt Panel *
Fle K8t View Project Opeste Took Window Help
> @ @ N [T5pthpphcatonfont v | fov @By Hiv 49w

(=}

x

» F]

File Edt View Project Cperste Took Window Melp

D@ @ N G, 2 wo B | 15tAspikationfeat v

| tov Sar

v

d

o/

¥ach
a3s
FRBIZE)

L 4 -9

Knob

i

Figure 5. You have placed a Knob on the Front Panel. On the Block Diagram, a Knob element has also

been placed. Controls and indicators placed on one are automatically added to the other.

6. Resize the Knob using the blue handles that appear when you hover over it or click on it.

Figure 6. You can move and resize controls and indicators when your cursor is on the object. Resizing
handles appear at the points from which you can resize. Use these handles to resize the control to your

ni.com/labview
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7. Right-click the Knob control and select Properties. Once the Properties window appears, go to the Scale

tab. Change the Scale Range Maximum to 50 and click OK.

Fie Kdt View Project Cperste Took Window Help

T fie
> @ @ N [15pthppicatonfort v | fov Tav v 4D /H‘Ha >®

s C ey L2

3 7 -9

Kot Properties: Knob X

Aspeance Osatype Dutalntry Scdle  Daplayformat  Textlabel * |+

Invested

vvvvvvvv

oK Cancel Help

€dt View Project Operate Took Window MHelp

I g, B2 o @ 7, | 15t Agpiication Font v

Iov

=

o

o

Figure 7. Take some time to explore the different properties you can modify.

LabVIEW Tip:

You can change the maximum range of controls or indicators by double-clicking on the last number on the
element. If you double-click on 50, you will be able to change it again without entering the Properties window.
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8. Right-click the Knob and select Visible Items >> Digital Display.

9. Move the Digital Display below the knob. To do this, hover over the object, avoid the resizing handles, click
and hold on the bottom right corner. Drag the item to the desired location.

LabVIEW Hands On Exercise 1.vi Front Panel * = (m} X
File Edit View Project Operate Tools Window Help Hﬁ@l
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Figure 8. To move an object on the Front Panel. Click and drag the item to the desired location.

10. Double-click the label “Knob” and type the new label “Frequency”. This will control the frequency of a
generated signal.
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11. Right-click to open the Controls Palette. Go to the Fuse Design System >> Graph and click on Waveform
Graph. Click to place this item on the Front Panel. This will be used to display the generated signal.

LabVIEW Hands On Exercise 1vi Front Panel 7
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Figure 9. Add a Waveform Graph to the Front Panel.
12. Double-click the label “Waveform Graph” and type the new label “Time-Domain Signal”.

13. Resize the Time-Domain Signal graph as desired.
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14. Right-click to open the Controls Palette. Go to the Fuse Design System >> Boolean and click on Stop
Button. This will be used to stop the execution of our program. Click to place the item.

LabVIEW Hands On Exercise 1vi Front Panel *
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Figure 10. Add a Stop Button to the Front Panel.

15. Resize the Stop button as desired.
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Figure 11. At this point, you will have a knob, a waveform graph, and a stop button on the Front Panel.
They are on the Block Diagram, too.
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Part C: Building the Block Diagram
Estimated time: 10 min.

In Part C, we will build the functional back end of our application using the Block Diagram. Currently, the Block
Diagram has three terminals corresponding to the knob, graph, and stop button we placed in Part B.

1. Right-click the Block Diagram and view the Functions Palette.
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Figure 1. When you right-click the Block Diagram, the Functions palette appears. Here you will find all the
necessary elements and functions to create the logic of your program. Take some time to explore the
different functions available.
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2.

In the Functions Palette. Go to Signal Processing >> Wfm Generation and click on Basic Function. Click
anywhere on the Block Diagram to place this object.

File Edit View Project Openate Tools Window Help
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Figure 2. Add a Basic Waveform Function Generator to the Block Diagram
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3. Type Ctri+H to activate Context Help. With Context Help active, hover your cursor over different objects on
the Block Diagram and Front Panel. As you do so, the Context Help Window provides details including
descriptions and wiring diagrams.

LabVIEW Hands On Exercise 1.vi Block Diagram *
ontext Help
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Figure 4. Context Help is a quick way to get a VI's overview, inputs, and outputs.

4. Wire the code to create data flow.

Exercise Note:
To create the dataflow, we need to connect our control, function, and indicator together.

5. Hover your cursor over the Frequency control. When the node on the right appears, click it then move your
cursor to the top input node on your Basic Function Generator function and click it to connect a wire
between the control and the function.

Frequency

Basic Function Generator.vi

0 B3]

Figure 5. When you hover your cursor on each function, input and output nodes appear. In this example,
the knob control will have one output node and the basic function generator has several input and output
nodes.
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6. Connect a wire from the output of Basic Function Generator to the Time-Domain Signal waveform graph

7. Move the Frequency control and Time-Domain Signal graph to eliminate any unnecessary wire bends

Frequency -
Time-Domain Signal
a_® Basic Function Generator.vi 9
z-@- = zm
Ot b o Mma.
A

Figure 6. The Basic Function Generator will receive the Frequency input and generate a sine wave that will
be displayed on the Time-Domain Signal graph.

8. Move the Frequency knob to 32 (or type out 32 in the digital display), then click the Run button. The program
will run, and you will see a sine wave with a frequency of 32 Hz on the graph display
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Figure 7. A sine wave with a frequency of 32 Hz will be shown on the graph

If you change the input to produce another sine wave with a different frequency, you will need to run the
application again. This application doesn’t run continuously
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Part D: Add the While Loop
Estimated time: 5 min.

In Part D, will make the program run continuously so that you change the frequency instantly see the new sine

wave. To do this, we will use a While loop.

1. Right-click on the Block Diagram go to Programming >> Structures and click on While Loop.
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Figure 1. Select While Loop from the Structures Palette.

LabVIEW Concept

Structures control the execution of your application. LabVIEW includes for loops and while loops, which you might

already be familiar with. Case structures are like “if’ statements that will execute a set of code based on a specific
condition. There is an event structure, case structure, and more. You can use Context Help to learn more.

2. Click and hold to begin placing it on the Block Diagram. Drag the loop to encapsulate all the existing code. If
you made a mistake or want to try again you can Undo by typing Ctrl+Z.

ni.com/labview

27



3. Now, review the Run button, found on the left edge of the menu bar.

File Edit View Project Operate Toecls Window He File Edit View Project Operate Tools Window He
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Figure 2. A broken run arrow (left) indicates that there is an error compiling the application.

LabVIEW Concept:

You must press the Run button to begin any LabVIEW application. A broken run arrow tells you that there are
some unresolved errors in the code. Since LabVIEW is continually compiling code throughout development, you
can press the broken Run button at any time and a list of current errors will appear.

4. On the bottom right corner of the loop, you'll find a Loop Condition terminal, which determines when the loop
stops running. We must add a condition to correct the broken Run button. In this exercise, we want to give
the user control.

5. Wire the Stop Button to the Loop Condition terminal.
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Figure 3. Wire the Stop button to the Loop Condition terminal.
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6. Click the Run button on the Front Panel toolbar.

7. Move the Knob control on the Front Panel and you can see the corresponding sine wave displayed on the

Time-Domain Signal waveform graph

8. After you are done, click the Stop button to end the program.
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Figure 4. With the While Loop, your program will now run continuously so you can change the
frequency and immediately see an update on the graph.
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9. While changing the Frequency, the graph updated immediately. The application is running as fast as the CPU
will allow. It's best practice to introduce a delay between iterations, so you don’t overwhelm your processor.

Right-click on the Block Diagram Programming >> Timing and click on Wait (ms). Place this inside the

While Loop.
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Figure 5. Add a Wait function inside the While Loop.
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10. Hover over the left side of the function with your cursor. Notice the wiring tool appear. Right-click on Wait
function and go to Create click on Constant. Type in 100. The program will now run every 100 ms.

[ ]

Visible ltems »

Help

Examples dasic Function Generator.vi

Descrlptfon and Tip... "’
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Timing Palette 4
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Replace >

il Indicator

Remowve and Rewire Channel Writer...

Properties All Controls and Indicators
All Constants

Figure 6. Create a Constant for the Wait function. Set it to 100 ms.

11. Right-click on the Wait function, again. Go to Visible Items >> Label.
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Figure 7. The completed application should look like this.

12. Click the Run button on Front Panel toolbar. Notice the difference in the execution speed. Press the Stop

button when you are finished.

Exercise Key Concepts:

In this exercise, we learned about the LabVIEW environment, the Front Panel and the Block Diagram, and the
basics of dataflow programming while creating a simple interactive application. Building an interactive user

interface in other programming languages can take time, but with LabVIEW, you were able to do it in moments by
dragging-and-dropping — and without any advanced programming skills.

<End of Exercise>
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Bonus: Tips and Tricks with LabVIEW!

Estimated time: 5 minutes.

LabVIEW provides several tools that can help you develop your applications. The next few steps will show how to
use some of the most important programming assistance tools.

Block Diagram Cleanup

As you program, and especially as you learn how to program in LabVIEW, you are not always thinking about
layout and readability. This can result in a poorly organized Block Diagram.

LabVIEW’s Block Diagram Cleanup is a built-in tool that organizes your code, making it easier for you and others
to understand how your program functions.

1. Press the Block Diagram Cleanup icon found on the menu bar.
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File Edit View Project Operate Tools Window Help
D X | 2 Y@ J‘|15ptAppIication Font ~ ‘ oY av 9+ E"é ? 1

I8
A}

Figure 1. Block Diagram Cleanup will automatically organize your code.
Your Block Diagram should now be organized, with cleaner wires and an even distribution of code elements.

Highlight Execution

1. Press the Highlight Execution button on the menu bar. Notice that the light bulb icon now appears to be on.
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Figure 2. Highlight Execution slows your code to let you visualize dataflow.

2. Run your application with Highlight Execution turned on. Press the Run arrow and watch as your code
executes step-by-step. While not always necessary for simple applications, the Highlight Execution tool is a
powerful tool for troubleshooting complex programs and determining if your code performs as expected.

Context Help

1. Press the Context Help button in the upper right portion of the Block Diagram.

D 2 - Simulate Signal to Graph.vi Block Diagram o
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Figure 3. Context Help displays a context-based help dialog.
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2. With Context Help active, hover your cursor over different objects on the Block Diagram and Front Panel of
Simulate Signal to Graph.vi. As you do so, the Context Help Window provides details including descriptions
and wiring diagrams.

Simulate Signal

Offset "
Eicaincy ; ‘
Amplitude 9 |
Phase E b | heememes eror out
error in (no error) Simulate Signal |

Reset Signal Simulated Signaltp==s= Simulated Signal

Simulates a sine wave, square wave, triangle wave, sawtooth wave, or noise signal.

This Express Vi is configured as follows:

Signal Type: Sine
Frequency: 10.1 Hz

Amplitude: 1

Phase: 0

Offset: 0

Sampling Rate: 1000 Hz

Number of Samples: 100 (Automatic)
Timing: Run as fast as possible
Timestamps: Absolute

v

[E0?] « >

Figure 4. Context Help is a quick way to get a VI's overview, inputs, and outputs.

3. Right-click the Block Diagram and navigate around the palettes. Notice that the Context Help window
provides details on the objects while they are in the palettes. Also notice that for some objects, the Context
Help window provides a link for Detailed Help. This link will open the LabVIEW Help and give you more
information.

Quick Drop

1. <Ctrl+Space> brings up the Quick Drop dialog. Rather than searching for a function, you can easily locate it
with quick drop! Try by typing “While Loop” and it will appear in the list of possible objects.

2 Quick Drop O X

[whild ]
A

While Loop with Button
ws (While Loop)

Configure... Help

Figure 5. Quick Drop is a quick way to find functions and add them to your Block Diagram.

<End of Exercise>
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Exercise 2: Take a Voltage Measurement
Estimated time: 45 minutes.

Goals:

e Learn how to acquire data from a CompactDAQ device with LabVIEW.
¢ Build an application that acquires data, performs analysis, and saves raw data to a file.

Part A: Acquire Data using the DAQ Assistant
Estimated time: 20 minutes.

In Part A, you will use LabVIEW quickly set up a program to acquire voltage data from the simulated device.

1. If you would like to save your progress, go to File >> Save As... The setting Substitute copy for original will
be selected. This will save a copy of your work and allow you to save a new file to work in. Press Continue...
Save the file as “LabVIEW Hands On Exercise 2”

2. We will be replacing the Basic Function Generator with data from a simulated device. Right-click on the Block
Diagram. Go to Measurement >> NI DAQmx and click on DAQ Assist. Place this inside the While Loop.
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Figure 1. The DAQ Assistant is a configuration-based way to acquire data from physical or simulated
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3. Once the DAQ Assist is placed, the Create New... window appears. This might take a few seconds to

initialize.
&8 Create New ... ? X
Select the measurement type for the

task. = Analog Input

A task is a collection of one or more —
| virtual channels vith timing, triggering, 2 Voltage I i
and other properties.

To have multiple measurement types

@ Temperature

vithin a single task, you must first create ¢ Strain
the task vith one measurement type.
After you create the task, click the Add ..i)] Current

Channels button to add a new

measurement type to the task. Resistance

Frequency

Position

Sound Pressure

G-I T

Acceleration

Velocity (IEPE)

-

K!

Force

®

Pressure

®

< Back Next > Finish Cancel

Figure 2. NI-DAQmx tasks are a collection of channels with homogenous timing and triggering properties.

4. To configure a voltage measurement, click Acquire Signals » Analog Input » Voltage

5. Click the + sign next to the module named Voltage_in (NI 9215) highlight channel ai0, and click Finish. This
adds a physical channel to your measurement task.
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6. Inthe Timing Settings, change the Samples to Read to 1k and change the Rate (Hz) to 1k.

7. Click the Run button. You will see the voltage readings in test panel window.
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Figure 3. You can configure and test your measurement from within the DAQ Assistant window.

8. Click OK to close the DAQ Assistant wizard and return to the Block Diagram. LabVIEW automatically creates

the code for this measurement task.
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9. We will now replace the Basic Function Generator with the DAQ Assistant. Click on Basic Function
Generator and hit Backspace or Delete on your keyboard.
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Figure 4. Delete the Basic Function Generator. The wires that were previously connecting the functions
become broken.

10. Move the DAQ Assistant up in the Block Diagram, towards where the Basic Function Generator was. Type
Ctrl+B to remove the broken wires.
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11. Click the output node of the Frequency knob and wire it to the top input node of the DAQ Assistant.

Frequency rate

DAQ Assistant
data___»

Figure 5. Wire the Frequency knob to the DAQ Assistant.

12. Wire the data output terminal on the DAQ Assistant to the Time-Domain Signal waveform graph.

Time-Domain Signal

DAQ Assistant

VVYVVYVvYVYTY

Mo

Figure 6. Wire the DAQ Assistant to the Time-Domain Signal.

13. Move the Time-Domain Signal block down to align with the output and eliminate unnecessary wire bends.

14. Right-click the second input terminal on the DAQ Assistant titled Number of Samples. Go to Create and click
Constant. Type in 1000.
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15. Go to the Front Panel and double-click on the knob label “Frequency” and change it to “Acquisition Rate”.

16. Change the scale for the Acquisition Rate. Double-click on the first number, “0”, and type in “20000”.
Double-click on the last number, “50”, and type in “30000”.

17. Move the Acquisition Rate to about 27500.
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Figure 7. The application can now acquire data from a NI DAQ device and display it on the graph.

18. Run the VI. Change the Acquisition Rate as desired. Press the Stop button when you are finished.

Exercise Note:

Express VIs make creating basic tasks very easy. Their configuration dialogs allow you to set parameters and
customize inputs and outputs based on your application requirements. They are good starting points, but as you
continue to use LabVIEW and increase your skill, you may need more than the Express VI can provide. If you
want to optimize your DAQ application’s performance, you should use the standard DAQmx driver Vis. The DAQ
Assistant can automatically generate standard DAQmx code; not all Express Vis have this functionality.
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Part B: Analyze the Acquired Data
Estimated time: 15 minutes.

In this Part B, we will add an analysis function to our program.

1. On the Front Panel, click on the Time-Domain Signal waveform graph. Type Ctrl-C to copy the graph, just
like you would text in a document. Click out of the graph anywhere on the Front Panel. Then, type Ctrl-V to

paste the duplicate graph.

2. Move the Time-Domain Signal 2 graph bellow the Time-Domain Signal graph.
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Figure 1. Add a second graph to your Front Panel by using copy and paste. This is a fast way to duplicate
an item that you already have in LabVIEW - you can do this with items on the Front Panel and chunks of
code on the Block Diagram.

3. Double-click on the label “Time-Domain Signal 2” and type “Frequency Domain Signal”.
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4. We will add the analysis function using Quick Drop. Type Ctrl+Space to open Quick Drop.
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Figure 2. Type Ctrl+Space to open Quick Drop, it is a quick way to find functions and add them to your
Block Diagram.

5.

In Quick Drop, type “fft power”. Then Enter on your keyboard. The FFT Power Spectrum and PSD

function are ready to be dropped on the Block Diagram. Click anywhere on your Block Diagram to place it.

Quick Drop O X
|fft power |
FFT Power Spectrum and PSD [NI_MAPro.lvlib]
Spectral Measurements
Configure... Help

Figure 3. Quick Drop automatically completes queries with the first VI that begins with the same letters
and shows all other possible matches in the list.
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6. Right-click on the FFT Power Spectrum and PSD and go to Visible Iltems and select Label.

7. It might be helpful at this point to organize the Block Diagram

a. Click on the While Loop and use the resizing handles at the bottom to make it taller and/or wider.
b. Click inside the While Loop just beneath the Wait (ms). Drag your mouse to create a box that
encloses the Acquisition Rate, Number of Samples, DAQ Assistant, and Time-Domain Signal.
Release. Move the objects lower and slightly to the left.
c. Move the Frequency Domain Signal below the Time-Domain Signal.
d. Create another box that encloses the Stop button and Loop Condition. Move both closer towards
the bottom right of the While Loop.
T e I e e e e
o £ T = /‘\\
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Figure 4. It is helpful to organize the Block Diagram so you can easily view, understand, and modify your

application.
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8. Click on the top input terminal on the FFT Power Spectrum and PSD function labeled Time Signal to create
a wire to the data output of the DAQ Assistant.

DAQ Assistant

YVYVv o vww

»

data

FET Power Spectrum and PSD.vi

e
>
&>
S{psnk,

Figure 5. Wire the data output from the DAQ Assist to the FFT Power Spectrum and PSD. You can have an

output go to multiple functions — here we have the data going to the graph and the FFT function.

9. Wire the top output on the FFT Power Spectrum and PSD labeled Power Spectrum / PSD to the input of

the Frequency Domain Signal block.
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10. Go to the Frequency Domain Signal graph on the Front Panel. Right-click near the X-axis. Click on
AutoScale X to turn off autoscaling. Double-click on the last number on the X-axis and type “50”.
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Figure 6. Modify the X-axis on the second graph by using the Properties window or by simply typing in
your desired limit, after you turn off AutoScaling.
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11. Click Run to start the VI. After some time, press the Stop button on the Front Panel.
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Figure 7. The completed application that acquires a voltage input and computes an FFT on the signal.
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Part C: Save the Data to a File
Estimated time: 10 minutes.

In Part C, you will save the acquired data to file so you can share it with colleagues, create a report, run additional

analysis, or all the above.

1. Right-click the Block Diagram and go to Programming » File I/O and select Write to Measurement File.

Place the Express VI inside the While Loop on the block diagram.
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Figure 1. LabVIEW includes dozens of options for reading and writing files. You can also add this using
Quick Drop.
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A configuration window will appear. Configure the window as shown below. When finished, click OK.

Configure Write To Measurement File [Write To Measurement File]

Filename

v C:\Users\dprida\Documents\LabVIEW Hands On\ k (=
LabVIEW_Hands_On Exercise2_Data.xIsx

Action
© Save to onefile
() Ask user to choosefile
© Ask only once
_) Ask each iteration
If a file already exists
(O) Rename existing file
© Use next available filename
() Append to file
() Overwrite file

(O Save to series of files (multiple files)

Settings...

File Description

File Format
() Text (LVM)

() Binary (TDMS)
() Binary with XML Header (TDM)

© Microsoft Excel (xlsx)
Lock file for faster access

Segment Headers

© One header per segment

One header only

() No headers

X Value (Time) Columns

(O One column per channel

© One column only

() Empty time column
Delimiter
© Tabulator
) Comma
OK Cancel Help

Figure 2. This configuration will save a file that can be opened by Microsoft Excel.
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3. You may need to create more space on your Block Diagram by enlarging the While Loop. Use the resizing

handles just as before.

4. Wire the output of the DAQ Assistant to the input of the Write to Measurement File Express VI.

FFT Power Spectrum and PSD.vi

Frequency Domain Signal

wl

Ps/PsD

v v

Write To

Measurement

File

¥

4

------ Signals

Flush? (T)

z
4
L o

Stop Button

Figure 3. Wire the data output from the DAQ Assistant to the Signals input on the Write to Measurement File

Express VI.

5. Click Run to start the VI. After some time, press the Stop button on the Front Panel.

6. Your file will be created in the folder specified. If you can’t remember the location of the file, right-click the

Write to Measurement File Express VI and select Properties.
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7. Using Windows Explorer, navigate to the location of the data file on disk.
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Figure 4. The resulting voltage data file from our LabVIEW application.

8. Close the data file.
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9. You can also place a File Path control on your Front Panel. Right-click on the Front Panel navigate to Fuse
Design System >> String & Path and select File Path Control. Place this on the Front Panel.

LabVIEW Hands On Exercise 2:vi Front Panel *
File Edit View Prcject Operate Took Window Help
D & (@ N [TspthppicationFont + | fov Fav v a9+

File Edit View Project Operste Tools Window Help
@ W1 g, 22 va@ 3 [I5ptapplicationFont v | o Tav GHr Sap

O

Acquisition Rate
24000
2500
200
22500
220000
21500~
21000”
w50
20000

41 Controls
Modem

=
=

(o

System
Classic
Express

Fing & Enum

Variant & Class.

Dats Containers  ListTable & Tree

P00 o
o 26%0
2000
/ 27500
28000
28500
“29000
0
30000
269901 %
Q_Search
»
[ata]
to] [
Boolesn String & Path
A |
Graph
(=, CH
L
Layout vo
Q4
oa m
Decorations Refum

Time-Domain Signal
10-

Amplitude
Al Sl i 7 R S

%

Frequency Demain Signa!

451 Fuse Design System

Decorations

Sting & Path

Boolean

List, Table &

Tree
9
ezl

Layout

] |
=) 411 Stting 8 Path
String 8 Path File Path Control (Fuse Design System)
[

Graph

(7]

vo

Voltage /"
“om " oosmn
Voltage |/

[sbe] [ =]
Combo Bex
(Fuse Design

Suing Control  String Indicator
Fuse Design .. (Fuse Design ...

ile Pat) File Path
Control (Fuse .. Jl Indicator (Fuse...

File Path|
o |

=

={0]
Ft T
o |

3 f
| DAQ Assistant

dota ¥

Time-Domain Signal

Figure 5. Add a File Path Control to the Front Panel.

10. You might want to resize the object and move it above the Stop button.

11. Move this inside the while loop and connect it to the Filename terminal in the DAQ Assistant.
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12. Click Run to start the VI. After some time, press the Stop button on the Front Panel.
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Figure 6. The File Path control will make it easier to update the save location, without needing to open the
Write to Measurement File Properties.

In this exercise, we converted our first application to a more practical example — a voltage acquisition program.

Exercise Key Concepts:

The DAQ Assistant and Write to Measurement File Express VIs provided a quick, configuration-based approach
to aid in our development. These built-in functions help save a lot of time.
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Exercise 3: Acquire Data from Two Devices

Estimated time: 65 minutes.

Goals:
e Acquire data using the NI-DAQmx API.

Part A: Use the NI-DAQmx API
Estimated time: 20 minutes.

In Part A, you will replace the DAQ Assistant with the more flexible lower-level NI-DAQmx Vls. As the name
suggests, Express Vls provide a fast and easy way of programming in LabVIEW, however, the DAQ Assistant

isn’t quite as flexible or scalable for mixed-measurement applications.

1. Delete the DAQ Assistant in the Block Diagram.

2. Also, delete the Acquisition Rate knob and the 1000 Number of Samples constant.
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Figure 1. Delete the DAQ Assistant and the accompanying Acquisition Rate and Number of Samples.
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3. Right-click on the Block Diagram. Navigate to Measurement I/O >> NI DAQmx and click on Create Channel.

Place this outside, to the left of the While Loop.
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Figure 2. The NI-DAQmx palette houses all the data acquisition functions built into the LabVIEW

environment by the NI-DAQmx driver.

LabVIEW Tip:
If you click on the push pin in the Controls or Functions Palette, the pinned palette will stay open after you add an

item. Clicking the pin next to the DAQmx subpalette will keep that portion open. Unpin to close it.

4. Add the timing configuration. Right-click on the Block Diagram, navigate to Measurement 1/O » NI-DAQmX,
and select DAQmx Timing. Place this item outside of the While Loop.

5. Add the start block. Right-click on the Block Diagram, navigate to Measurement 1/0 » NI-DAQmx, and select

Start. Place this item outside of the While Loop.

6. Add the data acquisition. Right-click on the Block Diagram, navigate to Measurement I/O » NI-DAQmx, and

select Read. Place this item inside the While Loop. As we are acquiring data, we select Read. If we were

generating a signal, we would select Write.

7. Add the stop and clear blocks. You will place both items outside of the While Loop, to the right. Right-click on
the Block Diagram, navigate to Measurement I/0O » NI-DAQmx, and select Stop. Place it. Right-click on the

Block Diagram, navigate to Measurement I/O » NI-DAQmx, and select Clear. Place it.
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Figure 3. The Block Diagram should look like this after adding the DAQmx Create Channel, Timing, Start,
Read, Stop, and Clear subVis. This is a standard pattern for acquiring data.

Exercise Note:

Notice that the logical flow of the NI-DAQmx API begins by configuring an analog input channel that corresponds
to a physical channel of measurement. Just before the while loop, the acquisition is started. Within the loop,
samples are read from the NI-DAQmx buffer repeatedly until the user stops the loop, at which point the
acquisition setup is cleared from memory.
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8. Wire the task terminal output of the DAQmx Create Virtual Channel subVI, Task/Channels In, to the
DAQmx Timing subVI.

task/channels in

DAQmx Create Virtual Channel.vi DAQmx Timing.vi

v
----------------------------- “DHLmx

il

Figure 4. Wire the Task setting from the DAQmx Create Virtual Channel to the DAQmx Timing.

a. Wire and connect the task information for all the DAQmx subVIls.

DAQmx Create Virtual Channel.vi DAQmx Timing.vi DAQmx Start Task.vi DAQmx Read.vi DAQmx Stop Taskvi  DAQmx Clear Task.vi
DR DAdmx DARx DAOx DA DADux

Al Voltage ¥ Sample Clock ¥ Analog DBL _| Time-Domain Signal
1Chan 1Samp 9

Figure 5. Wire and connect the task information for all the DAQmx subVis.
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9. Next, add error handling to the application. Without a mechanism to check for errors, you can only know that
a VI does not work properly. Wire the bottom output of the DAQmx Create Virtual Channel to the DAQmx
Timing

Al Voltage v Sample Clock ¥

Figure 6. Wire and connect the error information for all the DAQmx subVis.

a. Wire and connect the error information for all the DAQmx blocks.
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10. Go to the Front Panel. At this point, all of the DAQmx functions have been added to the Block Diagram. Some
settings will need to be configured...but first, we will add a control to select the channel we will be acquiring

from. Right-click and navigate to Fuse Design System >> /O >> Fuse Design System DAQmx Name

Controls and select DAQ Physical ...
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Figure 7. Add the DAQmx Physical Channel control to the Front Panel

a. Double-click the label “DAQmx Physical Channel” and type in “Voltage Input”.

b. On the Block Diagram, wire the output of the Voltage Input to the second terminal input on the

DAQmx Create Virtual Channel subVI.
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11. On the Block Diagram, go to the

a. At the top edge of the block, right-click on the Sample Mode terminal, go to Create, and select
Constant. This should be set to Continuous Samples. If not, use the dropdown to change it.

b. Next to the Sample Mode terminal, right-click on the Number of Samples terminal, go to Create, and

DAQmx Timing subVI.

select Constant. This should be set to 1000.

c. On the left edge, go to the Rate input. Right-click, go to Create, and select Constant. Leave the

default rate value of 100

0 Hz.

Voltage Input

|Continuous Samples v

DAQmx Create Virtual Channel.vi

DHQmx Timing.vi

Y
K

nn

|AI Voltage v||

ISample Clock '"

Figure 8. Complete the configuration of the DAQmx Timing subVI as shown.

12. Next, configure the DAQmx Read subVI. On the DAQmx Read subVI, click on the dropdown below the block.

Go to Analog >> Single Channel >> Multiple Samples and select Waveform (Samples).

FFT Power Spectrum and PSD.vi

’E
Vo RdE

DAQmx Read.vi DAQmMx
&S LN
DoRC : =
¢ Single Channel Single Sample > | ]
Digital » Multiple Channels p | BT ST N 2 1D DBL
Counter p Unscaled >
Power » Tlme-Dc»‘ Waveform (Duration)
More >

Frequency Domain Signal

2
4
[ ot

Figure 9. Configure the DAQmx Read subVI.
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13. Wire the data output of the DAQmx Read subVI to the Time-Domain Signal graph, FFT Power Spectrum

and PSD subVI, and the Write to Measurement File subVI.

DAQmx Read.vi

60
Do

1Chan NSamp

Analog Wfm

Time-Domain Signal

2
3
L oy

A

FFT Power Spectrum and PSD.vi

Frequency Domain Signal

™|

ps/pso)

File Path

Path

rv v v ¥

=

Write To
Measurement
File

Signals

»

Flush? T}

Figure 10. Wire the data output of the DAQmx Read subVI.

14. 1t might be worth spending a few moments to clean up the Block Diagram. Move blocks to eliminate overlaps

and unnecessary wire branches. Resize the While Loop to eliminate blank space.
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15. Go to the Front Panel. On the Voltage Input menu, click the dropdown and scroll to select Voltage_in/ai0.

16. On the Front Panel for the voltage Time Domain signal, a graph is currently being used. If we were to run the
application, it would only show the data obtained from a single run of the while loop. We want to see the
current data and the history so we will replace it with a chart. Right-click on the Time-Domain Signal graph.
Navigate to Replace. The Controls Palette will open. Navigate to Fuse Design System >> Graph and select
Waveform Chart.

a. Right-click on the Y-axis to turn off AutoScaling. Double-click on the Y-axis minimum and maximum
and type to set it to -5 and 5, respectively.

13. Click Run to start the VI. After some time, press the Stop button on the Front Panel.
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Figure 11. The complete application should look like this.

Exercise Note:
A Waveform Graph plots all the received points at once. A Waveform Chart displays received data in addition to
already existing points.
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Part B: Add a Temperature Measurement
Estimated time: 20 minutes.

In Part B, you will add another measurement to your application. LabVIEW can acquire data from any instrument
(regardless of vendor) and multiple instruments at once - LabVIEW's inherent parallelism allows multitasking and
multithreading without complex coding.

1. Go to the Block Diagram and type Ctrl+A to select all the code that we have created so far. Type Ctrl+C to
copy and Ctrl+V to paste. While the new section is still highlighted after pasting, move the new section of
code below. [If you make a mistake, you can try again with Ctrl+Z.]

LaBVIEW Mands On Exercise S Block Diagram *

Fle Edit View Projct Opeite Tooh Window Help
3 9 1%

> @ 0, 29 wa® o Vethppiaticatont v 3oy v GO ad

2]

Figure 1. Copy and paste the code from the voltage measurement to use for the temperature
measurement.

LabVIEW Tip:
You can zoom on the Block Diagram. If you need to better view or review sections of code. It can be helpful to
take a closer look or take a step back. On the menubar, go to View and select Toggle Zoom. You can also use
keyboard shortcuts, too: Zoom In: Ctrl++, Zoom out: Ctrl+-, and Actual Size: Ctrl+0
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2. Delete the Write to Measurement File and the FFT Power Spectrum, Frequency Domain Signal graph
and the Stop 2 button attached to the Loop Condition. Type Ctrl+B to delete any broken wires.

a. You can resize the While Loop to eliminate white space.

i DAQmx Read.vi
&>

Do

Analog Wfm Time-Domain Signal 2
1Chan NSamp

Figure 2. The While Loop for the Temperature Measurement should now contain the DAQmx Read, the
Time Domain Signal 2, and the Loop Condition.

3. To better distinguish these two loops, we will add labels. Right-click on the top While Loop, navigate to
Visible Items, and select Subdiagram Label. Type in “Voltage Acquisition”. Then, do the same for the
bottom While Loop and label it as “Temperature Acquisition”.

LaB/IEW Mands On Exercise Jai Block Diagram * - 0 x
Fle Edt View Project Operste Took Window Help
. B

D& G NIY, I oeho | Ve doptasentun ] T A 6be b
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Figure 3. Adding labels and notes to your Block Diagram can help provide clarity.
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4. Go to the Front Panel and organize the newly pasted objects. You may need to scroll to find the objects. If

you’re having trouble, you can go to the Block Diagram and double-click on the item’s icon and it will highlight
it on the Front Panel.

a.

b.

Move the Time Domain Signal 2 graph below the Frequency Domain Signal.

Double-click the label Time Domain Signal and type in Temperature (C).
Double-click the label Frequency Domain Signal and type in Voltage FFT.
Double-click the label Time-Domain Signal and type in Voltage (V).

Double-click the label Voltage Input 2 and type in Temperature Input.
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Figure 4. The Front Panel should look like this.
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5. Go to the Block Diagram, on the second DAQmx Create Channel subVI, click to the drop-down menu.
Navigate to Analog Input >> Temperature and select Thermocouple.

6. On the DAQmx Timing subVI change the Rate to 10 and the Number of Samples to 10.

|Continuous Samples ¥

Temperature Input

DAQmx Create Virtual Channel.vi Qmx Timing.vi

IAI TempTC ¥ I |Samp|e Clock v I

Figure 5. Configure the DAQmx Create Virtual Channel and Timing subVI as shown.
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Currently, there are two continuous processes in our application with the two While Loops. We need to be
able to control and stop the application. For this, we will be using a quick approach with a Local Variable.
Right-click on the Block Diagram, navigate to Data Communication and select Local Variable. Place this

inside the lower While Loop.
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Figure 6. Add a Local Variable to the Temperature Acquisition While Loop.

Click on the Local Variable and a dropdown menu will appear. Select Stop. This will read the stop
information from the Voltage Acquisition While Loop.

b. Right-click on the Stop variable and click Change to Read

c. Wire the connect the Stop variable to the Loop Condition.

Exercise Note:
There are several ways to stop two parallel While Loops in LabVIEW. We have selected using a Local Variable as
it's a quick and easy method, however, it's not necessarily a best practice. There are more robust solutions for
more advanced applications, such as a Notifier or Queue.
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8. On the Front Panel, change the Mechanical Action of the Stop button. Right-click on the Stop button.
Navigate to Mechanical Action and select Switch When Released.
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Figure 7. Boolean controls have six types of mechanical action allowing you to customize the objects to
resemble the behavior of physical instruments. Latch actions cannot be used for objects with a local
variable as race conditions can occur. (You will notice the broken Run arrow preventing you from starting
the application.) Set the Stop button to Switch When Released.

9. Adjust the Temperature graph. Right-click on the Y-axis of the Temperature graph and click on Autoscaling
to turn it off.

a. Double-click on the minimum and maximum values to and type in 100 and 100, respectively.

10. Click on the dropdown menu of the Temperature Input and select Temperature/ai0.
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11. Click Run to start the VI. After some time, press the Stop button on the Front Panel.
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Figure 8. The completed application will acquire the voltage and temperature data simultaneously.
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Part C: Add a Notification
Estimated time: 10 minutes.

In Part C, you will add an alert to notify the user if the temperature has exceeded a limit.

1. Right-click on the Block Diagram. Navigate to Programming >> Waveform >> Analog Waveform and select
Min Max. Place this inside the Temperature Acquisition While Loop.
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Figure 1. The configuration dialog of the Comparison Express VI.

Right-click on the Waveform Min Max subVI. Navigate to Visible Items and select Label.

Wire the waveform input on the Waveform Min Max subVI to the data output of the DAQmx Read

subVI.

ni.com/labview

69




2. To check if the limit has been exceeded, a comparison function needs to be added. Right-click on the Block
Diagram, navigate to Programming >> Comparison and select Greater. Place this inside the Temperature
Acquisition While loop.

a. Wire the one input of the Greater function to the data output of the DAQmx Read subVI.

DAQmx Read.vi

60
DN

Analog Wfm - Temperature (C)
1Chan NSamp B

Waveform Min Max.vi

el s
MaxnER B
MINGD -~

Figure 2. Wire the Waveform Min Max subVI as shown.
3. Add a Wait function back to the Block Diagram in the Temperature Acquisition While Loop.

4. Go to the Front Panel. Right-click and navigate to Fuse Design System >> Numeric and select Horizontal
Slider. Place this on the Front Panel below the Temperature Input.

a. Double-click on the “Horizontal Slider” and rename it to “Temperature Limit”.
b. Use the resizing handles as needed.
5. Right-click and navigate to Fuse Design System >> Boolean and select LED.
a. Double-click on the “LED” and rename it to “Warning!”.
b. Use the resizing handles as needed.

6. Wire the Temperature Limit and Warning! appropriately on the Block Diagram. This is the final step of
programming in our application.
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7. Click Run to start the VI. After some time, press the Stop button on the Front Panel.
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Figure 3. The completed application should look like this.

Exercise Key Concepts:

In this exercise, we expanded our second application to include another measurement. LabVIEW can control and
interact with all your instruments. And with parallel processing, it can do so simultaneously. LabVIEW’s inherent
parallelism made the process straightforward; we didn’t need advanced skills.
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Bonus: Improve the User Interface Design
Estimated time: 20 minutes.

You have completed your application and it's completely functional. Depending on the user, you might want to
spend some more time improving the user interface to make it more intuitive.

1. At the top of your Front Panel, double-click to start typing a free label. Type in “LabVIEW Hands-On”. Click
anywhere on the Front Panel to finish.

a. As you hover over the text item, you can select and resize it. Click on the object to select it.

b. On the Menu bar go to the Text Settings. Here, you can change the font, style, size, and color. Go to
Size and select 36.

o> & Il | 15pt Application Font ~

Figure 1. The Text Settings can be used to modify the size, color, and font.

2. Create a section label for the Voltage and Temperature Input. Double-click to start typing a free label. Type
in “Hardware Settings”. Click anywhere on the Front Panel to finish. Move this below the application title but
above the Voltage Input.

a. Go to the Text Setting >> Size and select 24.
Go to the Text Setting >> Style and select Bold.

3. Create a section label for the Temperature Limit and Warning. Double-click to start typing a free label. Type
in “Temperature Warning”. Click anywhere on the Front Panel to finish. Move this below Voltage Input but
above the Temperature Limit slider.

a. Go to the Text Setting >> Size and select 24.
b. Go to the Text Setting >> Style and select Bold.

4. Create a section label for the File Path. Double-click to start typing a free label. Type in “File Save
Location”. Click anywhere on the Front Panel to finish. Move this below Temperature Limit but above the
File Path.

a. Go to the Text Setting >> Size and select 24.

b. Go to the Text Setting >> Style and select Bold.

5. Separate the sections by adding a line. Right-click on the Front Panel, navigate to Fuse Design System >>
Decorations, and select Horizontal Line. Place

ni.com/labview 72



6. Right-click on the Front Panel, navigate to Fuse Design System >> Decorations, and select Flat Box. Place
this in the top left corner of your application.

a. Use the resizing handles to cover most of the Front Panel screen.

7. While the Flat Box is still selected, go to the menubar and find the Reorder icon. Click on Reorder and select
Move to Back.

SR | |15ptAppIication Font ~ | 3o~ oo~ v |@$v|

Figure 2. The Reorder button can be used to rearrange the stacking of items on the Front Panel.

8. While the Flat Box is still selected, go to the menubar and find the Reorder icon. Click on Reorder and select
Move to Back.
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Figure 3. The Front Panel and Block Diagram are the same used on the cover of this manual.

<End of Exercise>
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Exercise 4: Running a Data Acquisition Example

Goals:

o Become familiar with the Example Finder and NI-DAQmx examples.
¢ Run a pre-built example program to acquire your first measurement.

Part A: Open LabVIEW and Explore the Example Finder
Estimated time: 10 minutes.

LabVIEW device drivers, such as NI-DAQmx, often come with example programs. The NI-DAQmx LabVIEW
Examples provide you with a proven starting point for creating data acquisition applications. By utilizing an
example program, you can eliminate several sources of errors and save time by building on existing code.

1. You can open the example directory at any point while using LabVIEW. Go to the Help menu and select Find
Examples.

2. Once the NI Example Finder launches, navigate to Hardware Input and Output » DAQmx.

3. Navigate the DAQmx directory and read some of the capabilities of the examples. Each example has a
descriptive name, but you can find out more capabilities of the program by reading the descriptions in the
Information section.

3 NI Example Finder = X
Browse  Search Double-click an example to open it. Information
) ) Favorites ~ | | Description: A
Browse according to: 3 Fundamentals This example, while not
@ Task 3 Hardware Input and Output spedifically written for the
3t o’Ag re inpu Py LabVIEW Real-Time Module,
Y ~J i runs on RT targets.
() Directory Structure &3 Analog Input
Analog Input - Filtering.vi E‘, [ 4 This example demonstrates how
Bridge - Continuous Input.vi I_'Q L to continuously a.cquire voltage
Current - Continuous Input.vi E, L g:?::rement using a DAQmx
Current - SW-Timed Input.vi B 7, i
IEPE - Continuous Input.vi E) 2, For instructions on how to
Resistance - Continuous Input.vi E. L connect your signals to the DAQ
RTD or Thermistor - Continuous Input.vi B, #2, device, refer to your device
Strain (Rosette) - SW-Timed Input.vi B =, documentation.
Strain - Continum.xslnput.w L'E, e This example can also run on
Thermocouple (with OTCD) - Continuous 3 ¥, cRIO-904x. For informationon |,
Input.vi — - —
Thermocouple - Continuous Input.vi D L Requirements -
Thermocouple - SW-Timed Input.vi E. o, The following devices can run ~
Voltage (with Events) - Continuous B = this example:
Input.vi USB-9234
- Voltage - Continuous Input.vi m- UsB9233
Voltage - Finite Input.vi E = e
Visit ni.com 9 ik ) P “m | |yspa43t
for more examples Voltage - HW-Timed Single Point Input. E, L4 USB4432
Voltage - SW-Timed Input.vi B =, NI 9230
Hardware Voltage - Timed Loop.vi E, e v
Find hardware v ] Analog Output v||< >
[ Limit results to hardware Add to Favorites Setup... Help Close

Figure 3. The NI Example Finder is a useful tool for navigating the installed NI examples.

Each section of the directory includes examples for performing certain tasks. For example, analog input includes
examples for measuring simple voltage, current, strain, and temperature, whereas the analog output section
includes examples for controlling either voltage or current.
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Part B: Run a Pre-Built Example

Estimated time: 10 minutes.

Now that you are familiar with the Example Finder, you can open and run an example.

1. In the NI Example Finder, navigate to Hardware Input and Output » DAQmx » Analog Input and double-
click Voltage — Continuous Input.vi. This will launch a VI to continuously measure a voltage channel.

2. When the VI launches, the Front Panel will be displayed. This is the user interface and includes controls and
indicators for interacting with your code. In this example, notice the controls for selecting the channel, voltage
input ranges, timing parameters and logging location. Additionally, the Front Panel includes a graph indicator
for instantly viewing the data on the voltage channels.

File Edit View Project Operate Tools Window Help

D Voltage - Continuous Input.vi [Voltage - Continuous Input.vi] Front Panel = O

> & @ N [15pt Application Font ~ | $ov Fav v &b~ 2 H

X

:IEX“"PI,

Channel Settings

f.’(hysical:chamel:

‘L I’/0 Dev1/ai0

&)

Max Voltage

Min Voltage

(E

) E—]

Terminal Configuration

(—
L = [ defauit |]

Timing Settings

Srampje Clock Source -

| [§ onboardClock | m}
{

sample Rate Actual Sample Rate

H 1000 | l‘l 1000.00 ]]

Number of
|| 100

Acquired Data
2.2

-2.25-
2.3+
-2.35-
2.4

8 -2.45-
2.5+
-2.55-
2.6
-2.65-
2.7-

Logging Settings
Logging Mode
B J
TDMS File Path_ _
[ )

Trigger Settings

AnalogStart | AnalogPause | AnalogReference | Time Start
NoTrigger | DigitalStart | DigtalPause | Digitl Reference
To enable triggers, select a tab above, and configure the settings.

Not all hardware supports all trigger types. Refer to your device
documentation for more information.

|

A

Figure 1. This Front Panel uses the Silver theme. Notice the different controls and indicators that are used
and how they are organized.
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3. To view the Block Diagram, select Window » Show Block Diagram.

[k
[
[
(=1

Figure 2. LabVIEW uses a graphical programming language and
passes data via the wires that connect nodes.

4. This Block Diagram is organized into the following sections:

a. Channel Settings — In this section, the DAQmx Create Channel configures the channel on the DAQ
device that you intend to use. In this example, you can configure the range of the device and terminal
configuration (single ended versus differential).

b. Timing Settings — In the Timing Settings section, the DAQmx Timing is used to configure the
sample clock on the DAQ device. Using this VI, you can configure the sample rate, the sample clock
source, and the sampling mode you intend you use. In this example, the default settings use the on-
board clock to sample continuously at 1000 Hz.

c. Logging Settings — The DAQmx Configure Logging is used to set the location of the logged data
file as well as the logging mode.

d. Trigger Settings — In LabVIEW, you specify the triggering conditions that must be reached before
acquisition begins. Once the conditions are met, the acquisition begins immediately.

e. Acquire Data — In this section, the DAQmx Read is called inside a While Loop, allowing this code to
continuously acquire data from the DAQ device until the Stop button is pressed.
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Figure 3. Context Help can provide a quick description of the elements in your Front Panel or Block
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6. On the Front Panel, select the channel to acquire data from. Click on the Physical Channel dropdown and
select Voltage_in/ai0.
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5. Remember, for more information about the elements on your Block Diagram and Front Panel, press <Ctrl+H>
to bring up the Context Help window. This can be an extra helpful tool while reviewing example code.

Figure 4. Use the controls on the Front Panel to select the channel, timing settings and logging settings.

7. Change the Sample Rate control to 10000 and set the Number of Samples to 1000.

8. Click Run to start the VI. After some time, press the Stop button on the Front Panel.

ni.com/labview

<End of Exercise>

77



Bonus: Experiment With Other Example Programs (Optional)
Estimated time: 10 minutes.

Try exploring other example programs. Navigate to the example finder by going to LabVIEW <Year> » Help »
Example Finder. Examples that might be useful to look at include:

1. For a temperature example: Navigate to the Hardware Input and Output » DAQmx » Analog Input »
Thermocouple — Continuous Input.vi

e Select Temperature/ai0 from the Physical Channel control.

2. For a strain example: Navigate to the Hardware Input and Output » DAQmx » Analog Input » Strain —
Continuous Input.vi
e Select Strain/ai0 from the Physical Channel control.
e Select Quarter Bridge | from the Strain Configuration control.
e Use 3.3 as the Voltage Excitation Value.

3. For a voltage example: Navigate to the Hardware Input and Output » DAQmx » Analog Output » Voltage
(non-regeneration) — Continuous Output.vi

e Select Voltage_out/ao1 from the Physical Channel(s) control.
e Select 1.00 from the Waveform Settings Frequency control.
o Select 3.00 from the Waveform Settings Amplitude control.

Figure 1. You can reset any hardware device to its default state in MAX.

<End of Exercise>
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