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Exercise 1: Create a Simple LabVIEW VI

In this exercise you will create a simple piece of LabVIEW code - a VI - that simulates an analogue signal and
plots it on a waveform graph. The VI will test the input values against a user-specified limit and light an LED
if the input value exceeds that limit.

Below are pictures identifying each of the palettes found in LabVIEW to assist you as you complete these
exercises.

Note: LabVIEW has a built-in Automatic Tool Selection feature that changes the behaviour of the cursor
depending on what type of object or which part of an object you are currently pointing to.
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1. Navigate to Start @y Al Programs» National Instruments» LabVIEW 20xx, and select LabVIEW.
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2. Once you launch LabVIEW, a splash screen like the following appears. Click File » New...
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Connect to devices and expand the Participate in the discussion forums or Leam to use LabVIEW and upgrade
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3. Inthe new window, expand From Template. Notice the different categories that appear, corresponding
to the types of tasks which you can choose from. You can select Blank VI to start from scratch, and there
are also Template VIs to use as a starting point for building your application. Projects and Other Files
are more advanced components and will not be described in detail. To get more information on any of
the listings in the New Dialog Box, click the Help button in the lower right corner of the window.
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4. Navigate to and Select VI» From Template» Simulated » Generate and Display and click OK.
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Two windows appear. The grey window is the Front Panel, and the white one is the Block Diagram. The
Front Panel contains the parts of your VI used for the User Interface and presenting information,
whereas the Block Diagram contains the code that controls the functionality of the VI. You can toggle
between the two windows by selecting Window» Show Block Diagram or Window» Show Front Panel.
You can also switch between the windows by pressing <Ctrl+E> on your keyboard.
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5. Examine the Front Panel and Block Diagram of this Template VI. The Front Panel contains a Waveform
Chart and a STOP button as shown in the following figure.
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The Block Diagram contains a Simulate Signal VI, which is currently configured to simulate a sine wave
and plot it to the chart.
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L. Canfigure the Simulate Signal Bxovess VI by double-cicking it.
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6. Switch back to the Front Panel by pressing <Ctrl+E>. Since the Run button (the white arrow at the top
left corner) is solid, you can run this VI as it is. Click the Run button and examine the operation of the
V1. When you are finished, click the STOP button on the Front Panel to stop running the VI.

Note: As you will see later in the exercise, when the Run button in the upper left corner of both the
Front Panel and the Block Diagram changes from a solid white arrow to a broken grey arrow, this new
icon indicates that the VI is currently not executable. Pressing it will reveal the programmatic errors
that are keeping it from executing.
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7. Now we can add some functionality to this basic VI. We will modify the VI to flash an alarm whenever
the signal value is above a certain level. Open the Controls palette (if it is not open already) by right-
clicking the Front Panel window. A small pin icon in the upper left corner of this palette appears. Click
this pin to force the palette to remain on your screen.
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8. Navigate to the Express palette and click on the Numeric Controls sub-palette. Select a Vertical Pointer
Slide to be placed on the Front Panel. To do this, click the Vertical Pointer Slide and drag it onto the

Front Panel.
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9. Click the Express menu item on the Controls palette to return to the Express Controls palette.
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10. Click the LEDs sub-palette, and place a Round LED on the Front Panel.
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11. Right-click the Vertical Pointer Slide and select Properties. A property page will appear. Examine the
different properties that you can modify. Make the following changes on the Appearance tab and click
OK to apply the changes.
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12. Right-click the Round LED labelled Boolean and select Properties. Examine the different properties that
can be modified. On the Appearance tab, change the label from Boolean to Alarm. Click OK to apply
your change. Move the objects on the Front Panel so it resembles the following.
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13. Switch to the Block Diagram by pressing <Ctrl+E>. Double-click the Simulate Signal Express VI to bring
up its properties window. Examine the different properties you can modify. Change the Amplitude of
the signal to 10. Click OK to apply this change and to close the properties window.
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14. Bring up the Functions palette by right-clicking on the Block Diagram. Select Express» Signal Analysis
and place the Amp & Level Express VI on the Block Diagram by dragging and dropping as before.
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15. When you place an Express VI on the Block Diagram a dialog box appears so that you can configure the
function as per your needs. For this function select RMS as shown below.
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16. Wire the output of the Simulate Signal VI to the Signals input on the Amplitude and Level
Measurements VI. Right-click on the RMS output and select Create» Numeric Indicator from the list.
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17. Bring up the functions palette by right-clicking the Block Diagram. Select Arithmetic & Comparison»
Comparison and place the Comparison Express VI on the diagram
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When you place the Comparison Express VI on the Block Diagram, a dialog box appears that lets you
configure what type of comparison you will be doing. Make the following selections, then click OK to

apply these changes and to close the dialog box.
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18. You can connect Controls, Functions, and Indicators on the Block Diagram by pointing to an object and
clicking on its terminal when the cursor changes to a spool of wire. You can then move the cursor to the
terminal of the object you want to connect it to and click again. Following this, connect the Limit control

to the Alarm indicator.

irnit

F -

I/t

Note: The Run button in the upper left corner of both the Front Panel and the Block Diagram has
changed from a solid white arrow, to a broken grey arrow. This new icon indicates that the VI is currently
not executable. If you click the Run button when it is solid and white, it runs the VI. Clicking it when it
is broken and grey brings up a dialog box that will help you debug the VI.
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19. Click the Run button now. The resulting dialog box shows that, in this case, the error results from
connecting terminals of two different types. Since the Limit control is a Numeric type and the Alarm
indicator is a Boolean type, we cannot wire these two terminals together. Highlight the error by clicking
it, and then click Show Error. LabVIEW will highlight the location of the error.

20. Notice that the wire between Limit and Alarm is dashed and a red X is displayed on it.
Alarm

TF

To delete this broken wire, press <Ctrl+B>. This keyboard shortcut removes all broken wires from the
Block Diagram.

21. Make your Block Diagram resemble the following image by completing these steps:

a. Wire the Limit control to the Operand 2 input of the Comparison function.

Connect the wire between the Amplitude and level Measurements block and the RMS Indicator to
the Operand 1 input of the Comparison block.

c. Wire the Result output of the Comparison block to the Alarm indicator.

Your Block Diagram should now resemble the following image.
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This template is intended for use with the Getting Started manual.
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22. Switch to the Front Panel by pressing <Ctrl+E>.

23. Save the VI in the C:\Users\Student\Desktop\Hands On Taster folder by using the File menu and name
it Exercisel.vi

Note: Be sure to save this VI, as you will be using it later in the seminar.

24. Run the VI. While the VI is running you can change the Limit value. Also notice that when a data point
received from the Simulate Signal VI is greater than the Limit value, the Alarm indicator lights up.

While the VI is still running, switch to the Block Diagram by pressing <Ctrl+E>. Enable Highlight
Execution by clicking on the light bulb on the tool bar. This will allow you to see the flow of data through
your program.

25. When you are finished, stop the VI by clicking the STOP button on the Front Panel.

- End of Exercise -
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Exercise 2 (Optional): The LabVIEW Help System

The LabVIEW help system is a great place to learn about LabVIEW and to go when you have questions. This
exercise will introduce you to the rich source of information that is available for you to take advantage of.

1. Go back to the VI you just created, and press <F1> on the keyboard to start the help system

LabVIEW™ Help
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2. Expand Fundamentals» LabVIEW Environment and explore the information available here, click around
and get a feel for how it is organised.
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3. Take a few minutes to explore other topics in the help system.

4. Click on the Search tab and try searching for analysis functions with features you might need in your
work application.
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Exercise 3 (Optional): LabVIEW Example Finder

As you learned earlier, LabVIEW has a comprehensive help system. LabVIEW also includes an extensive set
of examples that in many cases are the building blocks for your applications. This exercise will introduce
you to what examples are available.

1. Go back to the VI you created, and from the Help menu select Find Examples.

{3 Generate and Display [TutorialGenerateDisplay 1.vi] Front Panel * (=& lé
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Time Activate LabVIEW Components...
Activate Add-ons...
SIOP  Check for Updates
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Patents...

» About LabVIEW...

2. Switch to the Search tab, type in “express” and hit Enter. From the results, select and double-click on
Express VI - Filter.vi.

3. Runthe VI and explore the Block Diagram. This VI shows some results from using the Filter Express VI.

4. Take a few minutes to look around at the other example programs available, search on terms that you
are familiar with, switch back to the Browse tab and navigate through the different example categories,
and try out as many as there is time for.

- End of Exercise -
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LabVIEW DAQ

Introduction to LabVIEW and Data Acquisition

National Instruments Hands-On Tasters

18



Exercise 1a: Data Acquisition with NI LabVIEW
Objective
Learn about data acquisition in LabVIEW

Goals

When you have completed this exercise, you will:
e Know how to configure a data acquisition device
e Know how to use the DAQ Assistant and take measurements with NI LabVIEW

Hardware set-up

1. Make sure that the NI CompactDAQ chassis is powered on.
2. Connect the chassis to the PC/laptop using the USB cable.

3. The NI-DAQmx driver set that is installed will automatically detect the chassis and bring up the following
window. If this exercise has been attempted on this PC/laptop before, then the dialog may not appear.
If the window does not appear, open Measurement & Automation Explorer (MAX) via Start @ Al
Programs » NI MAX.

b d NI cDAQ-9178 “cDAQ1" - NI Desace Monitor X

Device Detected

NI cDAQ-9178

b Begin an application with this device =
o
a Configure and test this device A
Go

@ Do nothing Dismigt =

4. Click on Configure and Test This Device to open Measurement & Automation Explorer (MAX).

Note: MAX is a configuration utility for all National Instruments hardware.
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Configure Hardware

5. Once MAX is launched, you will find that the Devices and Interfaces section under My System shows
all the National Instruments devices installed and configured on your station. By default, the NI
CompactDAQ chassis shows up with the name “cDAQ1".

6. This section of MAX also shows the installed modules as well as empty slots in the CompactDAQ chassis.
7. Right-click on the chassis and click on Self-Test.

The device passes the self test, which means it is configured properly and ready to be used in your
LabVIEW application.

H 73 Refresh | X Delete | 4 Reset [nSelf-Test # Seff-Calibrate &% TestPanels.. | B3 D

€9 The self test completed successfully. E|

LabVIEW

8. Launch LabVIEW and press <Ctrl+N> to create a blank VI.
9. Press <Ctrl+T> to tile Front Panel and Block Diagram windows.

10. Pull up the Functions Palette by right-clicking on the white space of the LabVIEW Block Diagram
window.

11. Move your mouse over the Express» Input palette, and click the DAQ, Assistant Express VI. Click again
on the white space of the LabVIEW Block Diagram to place down the DAQ Assistant.
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12. The Create New Express Task... window appears.
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13. To configure a temperature measurement application with a thermocouple, click on Acquire Signals»
Analog Input» Temperature» Thermocouple. Click the + sign next to the cDAQ1Mod1 (NI 9211) entry,
highlight channel ai0, and click Finish. This adds a physical channel to your measurement task.

14. Change the CJC source to Built In if it is not already set, and the Acquisition Mode to Continuous. Click
Run. You will see the temperature readings from the thermocouple in the test panel window.
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15. Click OK to close the Express block configuration window and return to the LabVIEW Block Diagram.

16. Notice that LabVIEW automatically creates the code for you for this measurement task. Click Yes to

automatically create a While Loop.

-

Confirm Auto Loop Creation

this VI

.-"-_-"-I You have cenfigured this task with a mode that typically requires you te
WY place the DAQ Assistant Express V1 in a loop, Would you like to
autematically create the loop now? You will not be prompted again for

[ v || Ne

17. Right-click the data terminal output of the DAQ Assistant Express VI (the blue output arrow on the right

side) and select Create» Graph Indicator.
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18. Notice that a graph indicator is placed on the Front Panel.

19. Your Block Diagram should now look like the figure below. The while loop automatically adds a stop
button to your Front Panel that allows you to stop the execution of your code.

k|
DAQ Assistant

data ¥
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20. Rather than displaying our data in a graph indicator, we want to display our temperature readings in a
thermometer indicator. To do this, go to the Front Panel by pressing <Ctrl+E>, right-click on the graph
indicator and select Replace. The Controls palette will appear. Click on the two downwards pointing
arrows to display more pallets, Select Silver» Numeric» Thermometer. The thermometer indicator
should now appear instead of the graph indicator.

21. Also, right-click on the stop (F) button and select Replace. The Controls palette will appear. Select
Buttons » Stop Button.

s N
{3 Untitied 1 Front Panet * A | 19] .

File Edt View Project Operate Tools Window H!'D
|3 18| 15pt Application Font (= |« I"_.J HIH

22. Modify the thermometer indicator by right-clicking it and selecting Properties. On the Appearance Tab,
change the Label to Temperature. On the Scale tab, change the Minimum to 20 and the Maximum to
30.
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Click OK when you are finished.

23. Switch to the Block Diagram and expand the While Loop. Your Block Diagram should now resemble
the following illustration.

DAQ Assistant

Temperature

data

e

||'i
1
DE

24. To perform analysis on your data, select the Express» Signal Analysis» Statistics Express VI and place
it on your Block Diagram.

Functions

(5]
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¥ Express
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25. A properties window will appear. Make the following selections and click OK.
Statistical Calculations: Arithmetic Mean

Extreme Values: Maximum, Minimum

p
£ Configure Statistics [Statistics] [

Root mean squace (AMS)
Median Standerd deviation
Mode Varance ?g. 0
Saam of valum Kurbous £ 9
| Soewness E 05
1
Extreme Values
.
Time of maxmum First value
Index of mawrmum Last time
e — ——
Time of mursimuam Anthmetic Mesn 1ASSL5E-16
Index of minimum Mnanum j1a
Minimuwam -141
Renge (maemum - minemum) T
Sampling Characteristics
| Total mumiber of samples Tine between samples () >
[ ok || cones | Heig

26. Connect the data output of the DAQ Assistant VI to the Signals input of the Statistics VI.

4
Temperature

1]
DAQ Assistant =

data 50~
T DE|

Statistics
- Signals
Arithmetic Mear»
Maximurm ¥

Minimum ¥

ke
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27. Right-click the Arithmetic Mean output of the Statistics VI and select Create» Numeric Indicator. This

will create an indicator on the Front Panel to display the mean. Repeat this for both the Maximum and
Minimum outputs of the Statistics VI. Your Block Diagram should now resemble the following image.

L3
stop () |
:
[ ok B
TF K ) Temperature
DAQ Assistant
data 50-
S [
f\ Arithmetic Mean
AN d
X
* 231
Statistics o
' - SIngE|5 Maximum
Arithmetic Meary
Maximum fizz]
Minimum  + oEL
= _
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m LIGET
il

28. Switch to the Front Panel and rearrange your controls and indicators to resemble the following User
Interface.

e

File Edit View Project Operate Tools Window[] 3
8

||.{>|{§}| OIEHlSptApplicationF . J\ |@! =

-
{3 Untitled 1 Front Panel *

Temperature

Arithmetic Mean
0

Maximum
0

m
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29. Save the VI in the C:\Users\Student\Desktop\Hands On Taster folder by using the File menu and
name it Exercisela.vi

30. Run the VI. Hold the thermocouple between your fingers to raise the temperature. Notice the change
in temperature on the thermometer. If you are not seeing enough of a temperature fluctuation, stop
the VI and decrease the range on your thermometer indicator.

31. Click the STOP button on the Front Panel when you are finished.
32. Close the VI.

- End of Exercise -
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Exercise 1b: File /O in LabVIEW

Objective
How to log data to a file using LabVIEW.

Goals

When you have completed this exercise, you will:
e Know how to use the Write to Measurement File Express VI and how to log data to a file using
LabVIEW.

Implementation

1. Open the VI from Exercise 1a.

2. Right-click on the Block Diagram and select Express» Output» Write to Measurement File and place it
inside the While Loop.
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National Instruments Hands-On Tasters 28



3. A configuration window will appear. Set the following parameters and click OK.

p
8 Configure Write To Measurement File [Write To Measurement File] |t —ﬂ
Filenatn Fle Format
CAsers Student\ Desktop |\ Hards On Tasted et hvm - ‘ & Text (LVM)
Binary (TOMS)

Binary with XML Header (TOM)

Action
Segment Headers
a@ f
Seve 10 one file O s s st
Azk user to choase file
& One heades only
ey o heeders
X Value (Time) Columns
11 a File already existy
Rename ensting file One column per channel
Use nest available filename
@ Append to file Empty time column
Qver o 0
Defieniter
. @ Tabulstoe
Save to senes of files (multiple files) =
Comme
tiovas
File Description
| ok | | concet | | Hep |

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

5. Delete the wire connecting the DAQ Assistant to the conditional stop terminal of the while loop. Delete
the wire connecting the Stop button to the DAQ assistant. Wire the stop button to the conditional stop
terminal of the while loop.
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6. Your Block Diagram should now resemble the following.
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7. Savethe Vlinthe C:\Users\Student\Desktop\Hands-on Tasters folder by using the File menu and name
it Exerciselb.vi

8. Run the VI momentarily and then press the STOP button on the Front Panel. Do not use Abort.
9. Your file will be created in the folder specified (C:\Users\Student\Desktop\Hands-on Tasters).

10. Open the file (test.lvm) using Microsoft Office Excel or Notepad. Review the header and temperature
data saved in the file.

11. Close the data file and the LabVIEW VI.

- End of Exercise -
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Exercise 1c (Optional): Automatic Code Generation in LabVIEW

Objective
Create NI-DAQmMx code from the DAQ Assistant.
Goals

When you have completed this exercise, you will:
e Know how to generate code automatically from the DAQ Assistant.
e Have experience using some of the NI-DAQmx Vls.

Implementation

1. Open the VI from Exercise 1a.

2. Delete all the functions and terminals from the Block Diagram except the DAQ Assistant. Delete all the
wires as well, or use <Ctrl+B> to clear them.

3. Right-click on the DAQ Assistant and select Generate NI-DAQmx Code.

{3 LV&DAQ Exlavi Block Diagram * = | B |

File Edit View Project Operate Tools Window Help 1
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Create »
Replace »

1

B — Open Front Panel i I

S— Size To Text

View AsIcon

Convert to NI-DAQmx Task
Generate NI-DAQmx Code
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4. NI-DAQmx will now generate LabVIEW code using the NI-DAQmx API. Your Block Diagram should now
resemble this following picture.

-
{8 Lv&DAQ Exlawvi Block Diagram * (o | B ]
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5. Double-click on the configuration VI (shown below) that was created for you on your Block Diagram.

__:_
{2

6. The Block Diagram of the configuration VI should appear as shown below. This is an example of how
you can use the DAQmx Vs if you need to create customised DAQ code that includes features beyond

those offered by the DAQ Assistant.
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In this Block Diagram, you see three SubVlIs:

DAQmx Create Task.vi

Al Temp TC

DAQmx Create Channel.vi

DAQmx Timing.vi

To learn about each VI, hover your mouse over each one and press <Ctrl+H>. This will bring up the
Context Help which explains the parameters and functionalities of each VI.

7. Close the VI and do not save any changes.

- End of Exercise -
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Exercise 2: Controlling Program Execution

If you are up for challenge, try to build the following LabVIEW application without using the instructions; if
you feel you need more guidance, skip down to the Step-by-step section for a complete set of instructions.

Challenge

Using a While Loop, Case Structure, toggle switch and the Simulate Signal VI, create a simple application
that charts a sine or triangle wave depending on the toggle switch position.

When you are done, save your VI as Exercise2-Program Execution.vi in C:\Seminars\Hands-on Tasters. You
will use it in the next exercise.

If you are really up for a challenge, add logic to the VI so that it will stop either when you press the stop
button or when the loop iterations have exceeded 10,000.

Step By Step Instructions

In this exercise, you will create a LabVIEW VI that will output a triangle or sine wave to a Front Panel graph
depending on the state of a toggle switch. You will use a Case Structure to handle the logic of which signal
is output and a While Loop to keep the application running until a Stop button is pressed.

1. Let’sstart by placing a While Loop on the Block Diagram. Draw it large enough to accommodate the
rest of the code you will shortly be placing inside it. You can locate the While Loop on the Express»
Execution Control palette as shown below.

Execution Control @

| aln I C%Searr:h I £}, Customize™

ol

\While Loop lat Sequence Case Structure

E [

Time Delay  Elapsed Time
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2. Next select the Case Structure from the Execution Control palette and place it inside the While Loop
as shown below.

[ urnitct 1 Bock Giagram * <. ) i |
Fle Edt Yiew Project Opetsta Tosls Window Hep m
*» (1]g B2« s (150t 2ppheation Fent « (Yo i4-A [P —
D Wi b
Execution Control
| 4 I CL Search ' &, Customize™ '
= [ )
While Loop  Flat Sequence\ Case Structure
Sop Suttos
o ol
Time Delay  Elapsed Time

3. Next we will add two Simulate Signal VIs to each case in the Case Structure. Remember, one will
output a triangle wave, the other a sine wave. From the Express» Input palette, select Simulate
Signal Express VI, and place it inside the Case Structure.

4. Configure the first Simulate Signal VI to produce a triangle wave by selecting the Signal type as
shown below.

p
{3 Configure Semiate Sagnal [Semudate Signal] —_

3 Result Preview
Sigral type
Tnangle
L z
101 0 3
-
Amplitude Offset E
1 0
Add nane
Time Stamps
@ Relstwe to start of measurement
Teming Absolute (date and brme)
Samiples per second (Hz)
1000 Semulete scquistion tmng Reset Signal
Number of samples & Run s fast m posnible Reset phase, seed and time stamps
100 2 Automatc @ Use continucus geseration
Integer number of cycles Signal Name
! 7 Use uignal type name
Signaf name
Triangle
oK Cancel Help
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5. Your Block Diagram should now look like the following. Next, switch the Case Structure from True
to False, as shown below.
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6. Repeat steps 3 and 4, except this time leave the default settings for the Simulate Signal VI so that
it will generate a sine wave.

7. Switch to your Front Panel and place a Waveform Graph from the Graph palette as shown below.
Also add a vertical toggle switch from the Buttons & Switches palette to the Front Panel.

Controls El Controls @
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Digital Wave...
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Cancel Button  Stop Button
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8. Your Front Panel should resemble the following.

8 Untitled 1 Front Panel * = /@] = |
File Edit View Project Operate Tools Window Help
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9. Switch back to the Block Diagram and wire the toggle switch to the input of the Case Structure as
shown below.

{3 Untitled 1 Block Disgram * =)

[File Ede View Project Operste Took Window Help - "
] ;«.>E,§> ,4}"'3;!,- yguo':@ 1 | 15pt Apphication Font '5’°'§|i’*|i"

@ Weveferm Graph

10. Wire the outputs from the Simulate Signal VIs to the graph. Note that you will have to wire through
the wall of Case Structure and don’t forget to wire through both cases, True and False.

National Instruments Hands-On Tasters 37



0 Ureited § Bock Diagoam * Loe o - 85 Usitied 1 Block Disgren * | |l

B EM Vew Fupct Opmate Took Wedew Help Fle B View Pagect Opeate Tools Wiadew  Help [E]
[0 [§ B a2 [Vt pwbomn o [l [ [9 | [ Sw[ylale + [thoiebusoeron - [T T3-X ¥

— —
= &

m [ B

4 .
P W aetarm Graph N Shmiadete

| Wt Graph
| Seutme sy | g | ‘ .
[ Tnmgle L e "

»

il

Stap Sutten “tog Buzas
o E’j . m i =

11. You are ready to Run your VI and test it by switching the toggle switch back and forth. You should
see the graph switch between a sine and a triangle wave.

Adding Digital Output to Your Project

Often when you are creating control applications, controlling digital lines is necessary to interface with

pumps, valves, lamps, etc. In the next part of this exercise we will extend our application to include control
of the digital output lines.

12. Right-click on your Front Panel and select an empty array container as shown below.

Cantrols @
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13. Place the array container at the bottom of the VI, as shown below.

[ =
{3 Untitled 1 Front Panel * B

File Edit WView Project Operate Tools Window Help HTHmEE
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14. You can create an array of controls by simply inserting them into the array. Right-click on the Front
Panel and select a push button from the Boolean palette and drop it into the empty array.

Controls (]
| Q, Search l 2, Customize™ '

|- Express
L Buttons & Switches

Rocker Rocker Slide Switch
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15. It should look like the following.

r
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16. Next we will increase the size of the array of Booleans so that it contains eight elements. To do this,
click on the right edge of the array container and drag it to the right until eight push-buttons are
visible.

g:lg)
A4

| Array

o [s e e e e e -

17. VERY IMPORTANT STEP - Click on the eighth switch to initialise the array size.

| Array o~
e - - - - - - )
! N

18. Next configure the hardware to recognise these switches and control one digital output per switch.
Start by switching to the Block Diagram using <Ctrl+E>.
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19. Next select the DAQ Assistant from the Express» Output palette.

Functions @
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20. Inthe DAQ Assistant dialog box that pops up, select Generate Signals» Digital Output» Line Output.

21. Select all the digital output lines by clicking on the first then holding the shift key down and clicking
on the last one. Then click Finish.
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22. Click OK at the following dialog.

23.
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24. Switch to the Front Panel and Run the VI. Use the push buttons to activate the digital outputs on
the N1 9472 digital module and watch the LEDs change as you select different push buttons.
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Optional Steps

25. Add logic to the VI so it will stop either when you press the STOP button or when the loop iterations
have exceeded 10,000.

26. Do this by inserting an Or gate from the Boolean palette before the STOP button, as shown below.
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27. Next select the Greater? function from the Comparisons palette.
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28. Wire as follows.
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29. Right-click on the open terminal of the Greater? function and select Create» Constant.
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30. Change the constant to 10000 as shown below and Run the VI.
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>’
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31. Finally, open and examine the State Diagram template that ships with LabVIEW. Go back to the
splash screen then select Create Project.

B LevEw =& & [)
Fle Opermte Took Help

EdLabVIEW « )|

T A et e - £
Barkc W C \Usory it ert Dasdop \ Togping Tet L Vecurme '\ Taggng Test ivpey
Bk Framet T \Usery fefferi Dttty Fonmng LT cengUl virg |
Lab VIEW FROA Cararot 90 Compact IS0 Dumarworts Far vpey |
Qumusd Wesasge Hordler c MMHMW:'M'U(:'TWLWUJ&'M
£ inary hefari Dawcion s Togoang Test 'L Vioorse  Togging Tem mphcate |
Myt Wode Froec oy !
C\Togging Tea ' Tegirg Test\ Togging Test 'L Yesure' Toggiey Test hyed
20 L CiUseeted Desaag: Togoion Teet' [oodkng Test d Veouse Tooding [ ¥

W Fand Dewvors and Add-ons s Comnunity snd Suppon W Welcome ko LabVIEW
Carwmed tn ovezs sesl aepand g Pattogutn 0 1w Secaseess s o - Loom to use LebVEW and cogome
fnctonwity of LeVEW we i Teot frove preshns yetarn

| ) LabVIEW Nerws | [Fract f IEW)] Th Ligg# Sevtch e LasVIEW] Tayaice

32. Select Standard State Machine from the list box as shown below.

[ B Create Project e = )
Choose & starting point for the project:

e AT IS

~ g 5 BlankPropct oo -
Templates 1 Comates 3 htimk prayeert.

Desitop )

R . Blank W Tarviees

Semple Propects ﬂ Comaten « Bland YT

CompactfiO [

Desktop

579X <' ,  Simple Stato Maching 7o

SoftMetion Fackitates deforverg the samciten o o 1es sectiom uf code More Information

Vector Signal Anabyzer &

Queved Message Handler 7o oo
M Faciitates multiphe sectians af code runhing in paalel and serieg sata Letweer then: Mote
Infarmation
Actor Framework e mes
Cinytes an Jn[:.lll oo th 1z of multiple, independent taces that comwmumicats with sach
e une of LabVIEW clisses. More Information
Finlte Measuremnent o e
 Atmeres o fmze messurement and provides options for epomog the mewsurement to dak. This
= sermpie project is based an the Simpie Sate Mechine temptate. Moce Information
Contneous Measurement and Logging v« v te
winents contimesssty sl o thern 4o disk. Tha semple project is besed on the
ol Mesusge Hanidler teenplete. More Information
Feedback Evaporative Cooler s At

::"3 Implermunity st sudpor st vy
This sarmple project s based

other, This temgiate makes
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Instrument Driver Progect 7= <o

n A4 B INATLUMESS dhities
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33. Create the project and open the main VI. Examine the comments included in the template. There
are several templates such as this one to help you get started with your LabVIEW applications. Take
a few minutes to familiarise yourself with what is available.

B Cownte Prject w: o
W'ﬁu m-p-.tih*fh\‘c&dh

Prigect Mamne
State Machne Lamale

Proyect Foct

© st e\ Dooy maras' L srdE'™ Data' Stare Macheve Exaneple =3

Fil Narve Prefin (Ogtiarad)

Moddy Wicar
| o |  — |
i * L
44 Overby
- — —
B3 Stane Machine Saarrpledvpin - Progect Explores “ =
Fils Ed2 View Preject Opmste Tooh Windew Help
LWoo MR-
Rern | Fies

B Progect: State Machine [xamglefipro)

- G Pecyect Documentecn
- REom
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- End of Exercise -
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THE LabVIEW RIO ARCHITECTURE

Real-Time Application e Real-time OS
—_— e Application software
=8 - = e Networking and peripheral 1/0 drives

e DMA, interrupt, and bus control drivers

e Application IP

e Control IP

e Digital Signal Processing IP

e Specialized 1/0 drivers and interface
e DMA controller

B LabVIEW

National Instruments Hands-On Tasters 49



NI CompactRIO DEMONSTRATION KIT

= NI cRIO-9068

Ethernet Port

Gauge

Function
Generator

50
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NI CompactRIO DEMONSTRATION KIT CONNECTION GUIDE
Built on the NI LabVIEW RIO Architecture

« Camera « Terminal [ « Strain
Trigger Block Gage
» Processor + FPGA 1 Modular » Switches | —= Spotlight
170 ILEDs Intensity
Fan ¢ ' ¢ Function * RTD +« Demo Kit
Generator Power

NATIOMAL
INSTRUMENTS

o ©
| ol AN )

-r
Priip

L
“?
(
e
us
®
o Fw. - -~
-
i i i "
ot | e T R )

*HMI s Port1 Camera + Rotary Demo * * Monitored
Assembly Kit Load Load
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EXERCISE: TEMPERATURE AND STRAIN MONITORING

Goals e Use LabVIEW system design software and the CompactRIO system configured in Scan Mode to interface
with the sensors located in the CompactRIO Demonstration Kit

o Use the LabVIEW Signal Processing library to obtain meaningful data from the sensors and display that
information on a user interface

Part A—APPLICATION DESCRIPTION

( —— N In this exercise, use LabVIEW and the
ﬁgﬁ CompactRIO system configured in Scan
s ] Mode to acquire data from an RTD and a

{4 1
e — strain gauge. Use the Signal Processing

N library to filter the strain gauge signal and

| & obtain the mean of the RTD signal.
Strain Gauge ‘ Filter “ | Cchan Implement a limit-based alarm system for
~— — .

the RTD signal. Show the results of the

— — ) analysis in a user interface.

RTD Mean Temperature
| — | — | S —
) e )

Limit ’ Compare Alarm/DIO

- >
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CompactRIO System

; NI Scan Mode

LED 'ﬂ STRAIN
. z . 3:@35‘ This feature gives you easy access to
i S\-’ RTD signals wired to measurement modules
connected to the FPGA included in the
CompactRIO system.
In this exercise, use the measurement
3 modules inserted in slots 2 and 6 of the
CompactRIO system.
h-E
Inputs Outputs
Slot 6: NI 9219—24-Bit Universal Analog Input (4 Diff, 100 S/s/ch) Slot 2: NI 9401—8 Ch, 5 V//TTL High-Speed
Analog Input 0 (AlI0)>RTD (3-Wire Pt100-TCR3851) Bidirectional Digital I/0 Module
Analog Input 2 (Al2)->Strain Gauge (Quarter Bridge/350 Q) Digital I/0 5 (DIO5)—>LED1
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Part B—CODE IMPLEMENTATION

1. Create an Instance of the Exercise 1: Temperature and Strain Monitoring Sample Project
Launch LabVIEW and create a new LabVIEW project from the Exercise 1: Temperature and Strain Monitoring sample project.

-
B Create Project

All
Templates
Deskrop
Robotics
Sample Projects
CompactRi0
Deshtop
I-579x
Real-Time
CompactRIO Desnonstyatson Kit
Compacthla Haevds On
Demonstrations
Demonutiamions

Choose & Wl tig peint loliv_opu’od.

[iE] Exurcise 1 Temperatur e and Stram Moot oring
Moce Ralod mation
i?ﬂ Exercise 1 Tompeas st e and Suak Moodtofing | Sohsion
o | ¥
P

Maote Infocmation

i [_'2 k.xolclso 1: Temnpesatin e and Stram Moottoring | Challenge

-y More Information

Exarcise 2A: FPOA Based Gutes worth Filtar

Mot e Information
‘ L

Lt

| Exercise 28 FPGA Based Buttes worth Filtet | Sohstion
More Information

‘~ Exercise 28 FPGA-Basad Buttes worth Filter | Chiallenge
‘( | ‘
I—E)] Exercise 20: LED Asray Desphay

More Tidor s stion

I | Exarcise 28: LED Asvay Desplay | Sohmtion
‘ {:) | f
.}:,,I f t More Information
vy Exercise 26: LED Mray Display | Challenge
(&3] v
L=2t | prare Befarmation
s e bem 5 MR C aneSiion Rontssine Swetam

Hest Cancel Help

Morw Toilor i ation

i
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DETAILED INSTRUCTIONS

In this exercise, use an existing LabVIEW
sample project as the starting point of the
application.

e Launch LabVIEW
Launch LabVIEW by navigating to Start »
All Programs » National Instruments »
LabVIEW <Year>» LabVIEW.

e Create an Instance of the Existing
LabVIEW Project
Click on the Create Project button on the
right side of the main screen of LabVIEW
and create an instance of the Exercise 1:
Temperature and Strain Monitoring
sample project located at:

CompactRIO Demonstration Kit>> CompactRIO Hands On
Click Next to customize the Project Name and

Project Root if desired. Finally, click Finish to
create the project.
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2. Explore the LabVIEW project.

Explore the project and expand the hierarchy on the project to display all measurement modules and channels to be used

in the exercise.

r 3 N
{3 £X-1 Temperature & Strain Monitoring.lvproj...l:’—‘@[i—hj

=1 A | &5 b | R~ &

File Edit View Project Operate Tools Window Help

[

e —
Items { Files ‘

= E My Computer

® o
‘z; Dependencies
&

: - @, Build Specifications
= m CompactRIODemokit {10.2,225, 10 1) S

= LT;J Project: EX- L Temperature & Strain Monitoring.hvproj

=t . Chassis (cRIO-9068)

= [I Mod2 {Slot 2, NI 9401)
BLANK (DIO3)

Camera Trigger (DIOG)
FARN (DIO7)

LEDO (DIO4)
LED L {DIO5)

SCLK (DIO L)

SIN (DIO®)

- WES B IS NESES >%§§}>§§ }r' §

XLAT (DIO2)

CH3

RTD (CHO)

Strain Gauge (CH2)

- TC(CHL

- [m], EX-1Temperature & Strain Monitoring RT.vi
- 5 Dependencies

"0:; Build Specifications

}>§§}>§§#§§#§

=) [l Mad {Slot 6, NI 9219) /
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. CompactRIO

System

Measurement
Modules

DETAILED INSTRUCTIONS

e Expand of the Exercise 1: Temperature
and Strain Monitoring sample project
This project contains the CompactRIO
system and measurement modules for
this exercise.

To expand the hierarchy and reveal the
contents of the project, click the “+”
boxes next to each part of the
CompactRIO system and measurement
modules listed.

The inputs and outputs for this exercise

have already been named and are listed
under their corresponding modules.
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3. Open the EX-1 Temperature & Strain Monitoring RT.vi file.
This file contains the user interface and the block diagram with the code that you need to complete the temperature

control exercise.

A

Strain Gauge (CH2)
LW TC (CHLYL

gg EX-1 Temperature & Strain Monitoring RTwvi >

% Build Specifications h

®

@ O L Terperntan & Cune e L R R T .
b A Ve Pen pwes e W g TG

N

Tomy Twnbant

Tt <Ctrl-E>

e e
" " wou
el it A
" »
3 > o It Dot
" -
- 9 :...
" n- :\,.‘ B 11 Tospmarns A& s Musling &7 Sibduus s fas " )
18- _., T B Bem Praert Dot Tesk Mesben K
) ) a ' 5
i v :
)
n .
- 1 " Ponll
" » Nt By
- Yo 1

L] STOR

[ Tmesi & G e T

Front Panel —
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DETAILED INSTRUCTIONS

Open the EX-1 Temperature & Strain
Monitoring RT.vi File

Double-click on the EX-1 Temperature &
Strain Monitoring RT.vi file located at
the bottom of the LabVIEW Project
Explorer window as shown in Figure A.

Display the Block Diagram

On the menu bar, click on Window »
Show Block Diagram or press <Ctrl-E> to
switch between the front panel and the
block diagram as shown in Figure B.

Complete the code by inserting the
inputs and outputs from the
measurement modules into the While
Loop labeled Data Acquisition. Using a
Butterworth Filter function and a Mean
function, monitor the RTD and the Strain
Gauge.
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4. Add the inputs of the monitoring application to the block diagram.
Place the RTD and Strain Gauge I/O channels onto the block diagram.

DETAILED INSTRUCTIONS
(8 ex17 ture & Strain Monitoring.Jvproj.. A= {0 (I
Sl iiesit oo P ki e Add the RTD I/O Node to the Block
File Edit View Project Operate Tools Window Help .
J':J 5 f-I | & ‘—\\_7 X “I @f l"& | @ of Ea ! “I EX-1 Temperature & Strain Monitoring RT.vi Block Diagram o Dlagram .
Hems | Fils | TR T From the LabVIEW Project Explorer
B'@ Project: EX-1 Temperature & Strain Menitoring.lvproj D [ t-:\@ || 15pt Applicati WindOW, drag and drop the Channel
i g»gy[f;f:;e‘:;es /I labeled RTD (CHO) under Modé (Slot6,
#; Build Specifications | r— NI 9219) onto the block diagram inside
CompactRIODemeKit (10.0.0.50) | Bax ctrain Gaugel® . ele
o 6 C'hassis (cRIO-0068) | Yo e the Data Acquisition loop.
- @ BLANK (DIO3) Param ers
n e Tri DIOS: T .
e e Add the Strain Gauge I/0 Node to the
. ¥& LEDO (DIO4) :
5 ik g Block Diagram .
S ;CNLIED(&%D From the LabVIEW Project Explorer
- L% XLAT (0I02) i window, drag and drop the channel
= ) Mod6 (Slot 6, NI9219 .
R M ; labeled Strain Gauge (CH2) under Mod 6
%l% (lot6, NI 9219) onto-tl?e- block diagram
5% TC(CHL) - inside the Data Acquisition loop.
- [l EX-1 Temperature & Strain Monitoring RT.vi
-5 Dependencies
- "% Build Specifications
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5. Implement the code for calculating the mean of RTD measurements.
Insert the Mean Point-by-Point.vi function onto the block diagram.

DETAILED INSTRUCTIONS

8 505 Tempermue B 5rah Moritaing 37« Bock Dagies 4n 701 Terpennss B 5rmn Miahimng b i CompsaiDTesme O * ]
Fin i4% View hapst Opowe Todk Mhedes  Hep . . .
| RS s [t |l || B T 3 7@ e Insert the Mean Point-by-Point.vi
harchsas W k) - . . .
P ameny T lr@ | o s Function on the Block Diagram
e e B e ' Place the Mean Point-by-Point.vi inside
R T T Aivw Chime Ol
2 om = — the Data Acquisition loop by right-clicking
o “6:] pext fes ) on the block diagram to open the
) ey Fca Functions Palette.
B B #
=10 Woawetinry  dgwphiaten . . . . .
B W = oy ! Navigate to this function by clicking to
- J! 1S P} P
homemret et el Signal Processing » Point by Point » Prob
ak0 o POt rechn + .
e — & Stat » Mean PtByPt.vi.
Matwrraror .

Dt Commmpnescsten

Comiiisy T s - Point-by-point analysis is a method of
‘ continuous data analysis in which analysis

Comal Devapn & Soweaboton
[

'
bddan ' e

occurs for each data point, point by point.

Tamaitn 1 (:l 1*.| -
Lher Lmmnwes ! g Gersrvomen B9 Opsmmen s fmcod . . . .
Bt 1t = o 2 L.I ok = el In point-by-point analysis, the input-
bt Torr ' Fim ——— Bl - v s A .
1Pk bt I R e o e = R “--' '- Syl s analysis-output process takes place
Febirta# Corermtanoatenn L - :«‘: e .: ! ) )
07 Mkt " =~ G sl ;@ continuously in real time.
= H BF A
Polppantanl Ot Farwn [ Matogam (o Heiteg
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6. Wire the inputs and outputs

of the MeanPtByPt.vi function.

Wire the RTD I/0O terminal to the “x” input terminal of the MeanPtByPt.vi function and wire the output of the MeanPtByPt.vi

function to the RTD (°C) indicator.

A

sCans

|:-nm Strain Gauge t

Filter Parameters

|.-f"_“""“ F:T[uf).

Temp Threshold
[DELE

[

initialize ...................... ;

@7?«:—“— mean
sample length ———MEAN Srrar

___“> ----------- .

National Instruments Hands-On Tasters

RTD (*C)

| llllllllllllllllllllllllllllllllllllll@

MEAN

DETAILED INSTRUCTIONS

Wire the RTD 1/0O Terminal to the “x”
Terminal of the Mean PtByPt. vi

Move the cursor over the triangle in the
upper-left corner of the RTD I/0 terminal.
The cursor should become a spool; this
indicates the cursor is in wiring mode. See
Figure A. Click on the terminal and move
the cursor to the “x” input terminal of the
Mean PtByPt.vi and click. A wire now
connects the RTD I/0O terminal to the
Mean PtByPt function.

Wire the Output of the Mean PtByPt.vi to
the RTD (°C) Indicator

Create a wire that connects the Mean
output terminal of the Mean PtByPt.vi
function to the RTD (°C) indicator. The
inputs and outputs should look like

Figure B.
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7. Implement a temperature threshold for the system.
Add logic to the code to determine when the temperature is greater than a user-defined threshold.

tonsonng KT Biock Diagram on £X:1 Temperstue & Straes Morrorng Mpeoy CTompactRIODemolit *

st Took Window Help
» [15pt Apphcation Font » || Sge | aav | lche llugd

_mmm_ ,—Q—PQL " T

Strae Gouge
f 28!

RT0 Q)
[

| Compardon

Torwe Tovsstuil R

2 | R search ] 2, Cumomae |

' :f)':‘me,'(.muml ‘.

- .

Geeater?

B B B

QU ot Equal! Grester? Less?

B 3 B fee
Equal Te0? NetEqual To.. Grester Thea.. Lest ThanO?

= 53

B B P

Sefect Max & Min  In Range and.. Not A Ny
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Decmal DighT  MexOigt!  OctalDigt!  Printable?

Compenson

>

Less O Equal!

g
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52
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DETAILED INSTRUCTIONS

Add the Greater? Function to the Block
Diagram

Place the Greater? function on the block
diagram by opening the Functions Palette
and navigating to Comparison » Greater?.

This function helps you implement the
limit-based alarm system. You can now
compare the current RTD value against a
user-defined limit to fire up an alarm.
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8. Complete wiring the temperature threshold.
Wire the output terminals of the RTD I/O terminal and the Temperature Threshold control to the Greater? Function. Also create an
instance of the LED indicator that illuminates when the RTD I/O output is greater than the temperature threshold.

(A) DETAILED INSTRUCTIONS

e Wire Inputs to the Greater? Function

T . .
—_— Wire the output of the RTD 1/0 terminal
: to the first input terminal of the Greater?
Temp Threshold L —— ¢> function by creating a branch from the
DEL Fasassasssssssssssessssassmsansnnemunm . . .
[zt wire connecting the RTD I/0 terminal and
@ the Mean PtByPt.vi. Click on the wire
(3 D1 Temperature & mw"‘m-;' =S “ AT.vi Slock Diagram on EX-1 Temperature & Strain Masitoring hprof/ CompactfI0ODemakia * Wlth the cursorin .\Allrl.ng mOde ahd move
[Fle G4t View Proect Opeate Took Window Help | Boci Windew Fip the cursor to the first input terminal of
Ly DAL Mn .ot [ gt Apphcation Fomt | [[1a - |09~ 4] [ Somsh the Greater? function.
Rermy Files
$ 3 f’vo,:(t.Ll.-I Temperature & Strain Moestonng. hprog QUIITIO .o
e , - l‘: Wire the output of the Temp Threshold
o e 14 f J . .
R CompocPe00umall D033 | control to the second input terminal of
3 Chassis {cRIO-9002) H 1
K e ity the Greater? function as shown in
2 BLANK (DIO3) :
i- 58 Camera Trigger |D006) Flgufe A.
{55 FAN (DIOT) RID{C
-gf LEDO (DIOM) R . -=Z il
Z - , — ,< e Create an Instance of the LED Indicator
‘Eun'rroo il Fa e, |
£ aaroion [ [ o—_— Create an instance of the LED indicator by
e e ™ dragging and dropping the LED1 (DIO5)
-5 RTD (CHO) M .
Bl F from under Mod 2 (Slot2, NI 9401) in the
B i a e ool N LabVIEW Project Explorer into the Data
i % Dependencies ’!ur(nmgnﬂl’):&omuu ' n e . . .
% Buld Specéications Acquisition loop as shown in Figure B.

Wire the output of the Greater? function
to the input terminal of the LED1 I/O
terminal.
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9. Unbundle the values of the filter parameters cluster.
Unbundle the values of the filter parameters cluster to access the individual frequency values within the cluster.

Fie Gt Vww Plamit Opwide Teok Thediw bl

B 01 Towgaeniae & Snas Mooty KTyl Baax Diagames 0n L0aiseg Pt 20 Lpey, Tomps R0 0ees s

* D BN YRS W T e ypdestom b~ PRGN

| S L T T L T o) l‘ *

a] [ol A
| AV Onpert e o 1V LD ot LV O LAVA T et LV O
‘ ¥
) — P
Filter Parameters Sarmpling freq
Sampling freq

sampd [jE g freq

Filter Parameters Sampling freq ¢
¥ | low cutoff fregqy-
Sampling
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¥ Sampling freq

low cutoff freq
high cutoff freq h

DETAILED INSTRUCTIONS

e Use the Unbundle By Name Function to
Access the Frequency Values
Place an Unbundle By Name function
onto the block diagram by opening the
Functions Palette and navigating to
Cluster, Class, & Variant » Unbundle By
Name as shown in Figure A.

Wire the output from the Filter
Parameters control to the input terminal
of the Unbundle By Name function as
shown in Figure B. Drag the bottom
resizing tool on the Unbundle By Name
function down to reveal the three boxes
labeled “Sampling freq” as shown in
Figure B. Select the frequency that each
box represents as shown in Figure C.
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10. Implement a Butterworth filter to filter the strain gauge value.
Insert the Butterworth Filter PtByPt.vi onto the block diagram to provide filtering for the strain gauge.

DETAILED INSTRUCTIONS

J37am on EX-1 Temperature & Strain Monitoring proj/CompectRIODemaKit * [y
""“’m TItmealae s < ? e Insert the Butterworth Filter PtByPt.vi
— — Onto the Block Diagram
m.f_ 0 ] 7] Place the Butterworth Filter PtByPt.vi
- T ' onto the block diagram by opening the
@ Functions Palette and navigating to
=irth Signal Processing » Point By Point »

Filters » Butterworth Filter PtByPt.vi.

RID("C) 4

ol It , E
, i Wire the output of the Strain Gauge I/0
Filters PrifyPt |o . . . .
B> & Qscarch ] & Cumomizer | terminal to the first input terminal, or the
Euttermonh Fiter PiByPLY x” terminal, of the Butterworth Filter
S— v S function.

erworth  Chebysher  Inv Chebyshev  Blfiptic Bessel

n G & B B

Sermokit «
ﬁ—« Equi-Ripple P Equi-Rpple . Equi-Ripple BP Equi-Ripple BS - AR Win Fiter
Median Filter FIR Filter

B

HR Fives BRwithlC.  BMCascade ERCascadeF. Savitricy Golay
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11. Wire the filter parameters and the strain gauge 1/0 terminal to the Butterworth Filter PtByPt function.
Bundle the raw Strain Gauge Value and the output of the Butterworth Filter PtByPt function together and display on the same graph

on the front panel.

initialize

filter type ]

]
sampling freq: fs
high cutoff fraq: fh
low cutoff freg: fl

B v+ + Filtered =

B

errar

arder

N "/'

Filter Parameters

cnnsssssssssssd

=
L
20
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DETAILED INSTRUCTIONS

Wire the Outputs of the Unbundle By
Name Function and the Strain Gauge I/0
Terminal to the Butterworth Filter PtByPt
Function

Wire the output of the Strain Gauge I/0
terminal to the first input terminal, or the
“x” terminal, of the Butterworth Filter
function.

Wire the Sampling freq terminal from the
Unbundle By Name function to the
second input terminal of the Butterworth
Filter function.

Wire the low cutoff freq terminal from
the Unbundle By Name function to the
third input terminal of the Butterworth
Filter function.

Finally, wire the high cutoff freq terminal
of the Unbundle By Name function to the
last input terminal of the Butterworth
Filter function.
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12. Display the raw strain gauge value and the filtered strain gauge value on the front panel.
Bundle the raw Strain Gauge Value and the output of the Butterworth Filter PtByPt function together and display on the same graph

on the front panel.

[File f80 View Propect Opersts Tzok  Window  Help

a
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. -
HCHAT L ALY

il

BT Tempesetine & Sran Maniceng wprey ComparililDencha +

Filter Parameters
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Strain Gauge

DETAILED INSTRUCTIONS

Bundle the Raw Strain Gauge Value and
the Filter Stain Gauge Value

Place a Bundle function on the block
diagram by opening the Functions
Palette and navigating to Cluster, Class,
& Variant » Bundle. Wire the output
from the Strain Gauge I/0 terminal to
the first input terminal of the Bundle
function. Wire the output of the
Butterworth Filter PtByPt.vi to the
second input terminal of the Bundle
function as shown in Figure A.

Display the Strain Gauge Values on the
Same Graph

Wire the output of the Bundle function
to the Strain Gauge cluster indicator to
display the values on the same graph.
The wiring should be similar to the wiring
in Figure B.
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13. The completed block diagram should look like the image below.
Be sure to save your work by pressing <Ctrl-S> or clicking File » Save.

sCans

E& Strain Gauge ’

DATA ACQUISITION LOOP
Strain Gauge

*Fxm LED1|,,

Filter Pararmeters

Sampling freq

High cutoff fregq

Low cutoff freq

RTD (°C)
Mean PtByPtovi

[ [ R1D]),

Temp Threshold

L1 i
e H
ME&N DE

12

E

[
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Part C—RUN THE APPLICATION

14. Run the application.

Run the EX-1 Temperature & Strain Monitoring RT.vi by clicking the run arrow to deploy the code to the CompactRIO system.

A

P
{3 EX-1 Temperature & Strain Monitoring RT.vi Front Panel on EX-1
File Edit View Project Operate Tools Window Help
‘t«‘ @ ]E\ | 15pt Application Font |~ |Eﬁ;~
Temp Threshold RTD (°C) Strain Gauge
30- 30- 500u-—
29- 29~
400u-|
28- 28~
W
27- 27- T
£
6 26 -g-
2 <t 200u-|
25- 5=
rﬂ Deploywrent Progreis L :,i‘g

Deploymens Status

Irtiskzing

Calkculating dependencies.

Checking items for conflicts. This operaticn could take s while..
Prepanng tems for downdcad. Thes operation could take a whie

Deployment Progress

4 Close on successtul completion Conced
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DETAILED INSTRUCTIONS

e Run the VI
Switch back to the front panel <Ctrl-E> and
run the program by clicking on the arrow
button at the top of the front panel as
shown in Figure A. Save the VI when
prompted.

e Deploy the VI

Running the VI deploys the code through
the Ethernet cable to the real-time
controller of the CompactRIO system as
shown in Figure B. This initializes an
interactive execution of the code in which
the code is executed on the CompactRIO
system while you monitor and control
inputs and outputs from the user interface
on the development machine.
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15. Modify the Temp Threshold and Filter Parameters values to interact with the system.
Change the values of the Temp Threshold and Filter Parameters on the front panel to interact with the application.

1
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| |- - || V L3m7 prm
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% 26~
8- 25-
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= rEi
2z 2 Tmg
n- i
20 | 20
i sTOoP [

i'tx 1 Temperature & Stran Monftanes vprey CompactfiODemokit] X
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DETAILED INSTRUCTIONS

e Change the Value of the Temp Threshold
on the Front Panel
Slide the Temp Threshold control to
change the value of the temperature
threshold for the system.

e Change the Values of the Filter
Parameters on the Front Panel
Adjust the values of the different Filter
Parameter values to see how the filtering
of the strain gauge measurement
changes.
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16. Stop the application.
Stop the application of the code by pressing the Stop button on the front panel of the EX-1 Temperature & Strain

Monitoring RT.vi.

Part D—CHALLENGE

17. Modify the code to display temperature readings on a graph.
Modify the block diagram so the RTD value and the temperature threshold are on the same graph. The line representing the RTD value should be green if the
value is below the temperature threshold and red if the value is above the temperature threshold.

<END OF EXERCISE 1: TEMPERATURE AND STRAIN MONITORING>
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‘7 NATIONAL
’ INSTRUMENTS

LabVIEW FPGA

High-Speed Control and Greater Determinism
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EXERCISE: FPGA-BASED BUTTERWORTH FILTER

Goals e Use the FPGA portion of the CompactRIO system to implement a Butterworth filter for the signal coming from

the function generator of the CompactRIO Demonstration Kit

e Use the simulation capabilities of LabVIEW FPGA to validate the design before compiling

e Use the real-time processor of the CompactRIO system to interface with the FPGA and generate a user
interface to visualize the function generator and filtered signals as well as the calculated frequency

Part A—APPLICATION DESCRIPTION

|

National Instruments Hands-On Tasters

REAL-TIME APPLICATION
FPGA APPLICATION _l,, :
e ) - ) FIFO-OUT l  Chant
-l —
FGENIA| Filter [ 1 FFom > 5
- - o o o e e o L FFT ) Detected F
r— I pr— i r—
L i . i
& ) R
N g S| 1@ > @
1 Compare AlarmJDi0 AlarmHW
1 | S  AmAlnmicds et vt oriizernd)
\ t._..__.-_.._____..__.___..).._].“ ——————————— ‘:P
k Limit 4)

In this exercise, use LabVIEW to configure
the FPGA chip in the CompactRIO system
to implement a Butterworth filter.

As shown in the diagram on the left, the
FPGA portion of the architecture is used to
acquire a signal ranging from 0 V to 5V at
0 kHz to 1 kHz coming from the function
generator in the CompactRIO
Demonstration Kit. Filter the signal in this
section of the application and send it via a
DMA FIFO to the real-time processor for
additional processing and visualization.
Additionally, implement an alarming
system based on a limit value coming from
the user interface implemented in the real-
time processor.
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CompactRIO System

LED

L]

Inputs

Slot 4: NI 9381—0 V to 5 V Al/AO Module With 4 LVTTL DIO Lines

Mod4/AlI7-> Function Generator
Sampling Period—>20 kS/s
Resolution—>12-bit

National Instruments Hands-On Tasters

FUNCTION
GENERATOR

Field-Programmable Gate Array (FPGA)
An FPGA is a reprogrammable silicon chip.

In contrast to programming the processors
in your PC, programming an FPGA
“physically” rewires the chip itself to
implement your functionality rather than
run a software application.

Real-Time Operating System (RTOS)
An RTOS is specially design to manage

hardware resources and run applications
with very precise timing and a high degree
of reliability.

In this exercise, use measurement modules
in slots 2 and 4 of the CompactRIO system.

Outputs

Slot 2: N1 9401—8 Ch, 5 V/TTL High-Speed
Bidirectional Digital I/0 Module
Digital /O 4 (DIO4)>LEDO
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Part B—CODE IMPLEMENTATION

1. Create an Instance of the Exercise 2A: FPGA-Based Butterworth Filter Sample Project
Launch LabVIEW and create a new LabVIEW project from the Exercise 2A: FPGA-Based Butterworth Filter sample project.
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DETAILED INSTRUCTIONS

In this exercise, use an existing LabVIEW
sample project as the starting point of the
application.

e Launch LabVIEW
Launch LabVIEW by navigating to Start »
All Programs » National Instruments »
LabVIEW <Year>» LabVIEW.

e Create an Instance of the Existing
LabVIEW Project
Click on the Create Project button on the
right side of the main screen of LabVIEW
and create an instance of the Exercise 2A:
FPGA-Based Butterworth Filter sample
project located at:

CompactRIO Demonstration Kit>> CompactRIO Hands On
Click Next to customize the Project Name and

Project Root if desired. Finally, click Finish to
create the project.
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2. Explore the project and reveal its components.
Expand each hierarchy in the LabVIEW Project Explorer to reveal the real-time processor and the FPGA of the CompactRIO system.

-
I3 ex-2Intro FPGA.lvproj - Project Explorer
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|

heSd| % b
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Window Help

Items i Files ‘
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- &, FAN (Mod2/DIO7)
- &, Mod2/DIOT:0

- &, Mod2/DIOT:4
@[ Mod4

,@9} 40 MHz Onboard Clock
-4l DMA FIFO

- [l EX-2 FPGAi

- [} Mod2 (Slot 2, NI9401)
-} Mod4 (Slot 4, NI9381)
-5 Dependencies

i @ Build Specifications
-l EX-2 Real-Timewvi

- %' Dependencies

- "%, Build Specifications

CompactRIODemoKit (10.2.228.101)

- g, Camera Trigger (Mod2/DIO6)

‘—\_W' Real-Time

Processor

=+ FPGA Target (RIO0, cRIO-9068)
[ Chassisl/O = FPGA
&[4 Mod2

Measurement
Modules
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DETAILED INSTRUCTIONS

e Expand the Hierarchies Exercise 2A:
FPGA-Based Butterworth Filter sample
project
This project already contains the
CompactRIO system exposing the FPGA
and the measurement modules that you
are going to use.

Notice that the measurement modules
are located under the FPGA target in the
hierarchy.

To reveal the components of the project,

expand the hierarchies in the project tree
by clicking on the “+” boxes.
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3. Open the Ex-2 FPGA.vi and show its block diagram.

The Ex-2 FPGA.vi is located under the FPGA target in the hierarchy. This VI already contains timing code to use for this exercise.
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DETAILED INSTRUCTIONS

e Open the Ex-2 FPGA.vi
Double-click on the file named Ex-2
FPGA.vi located under the FPGA target in
the hierarchy as shown in Figure A.

e Show the Block Diagram
Press <Ctrl-E> or click on Window » Show
Block Diagram to display or toggle
between the block diagram and the front
panel as shown in Figure B.

The block diagram contains a While Loop
with a sequence structure embedded to
enforce loop timing.

Program this VI to acquire input from a
function generator and write the analog
waveform data to memory that can be
accessed by the real-time operating
system on the CompactRIO.
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4. Add the Function Generator Channel to the block diagram.
Drag and drop the Function Generator Input node of the NI 9381 C Series measurement module (Mod4) into the sequence
structure.

DETAILED INSTRUCTIONS

= | i
File Edt Yew Project Operste Tooks Window Melp °

: : Drag and Drop the FGEN Input
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5. Add the communication channel between the FPGA and the real-time processor.
With the DMA FIFO, you can transfer data from the FPGA to the real-time processor. Drag and drop the DMA FIFO from the
LabVIEW Project Explorer into the For Loop.
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DETAILED INSTRUCTIONS

e Drag and Drop the DMA FIFO
Onto the Block Diagram
Drag and drop the DMA FIFO
node onto the block diagram and
place it inside the For Loop as
shown in Figure A1.

e Wire the Constant With Value 0
to the Timeout Terminal of the
DMA FIFO as Shown in Figure A2
A constant with value 0 indicates
that the method cannot wait for
space to be available in the FIFO
before it attempts to write data
to the FIFO.

The DMA FIFO has been
preconfigured as follows:

e Target to Host-DMA
e 1023 Elements
e Fixed-Point Data Type

Double-click on the DMA FIFO to
open its configuration window as
shown in Figure B.
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6. Filter the data from the Function Generator Input.
Filter the data from the Function Generator Input by sending it through a Butterworth filter configured to be a lowpass filter.
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DETAILED INSTRUCTIONS

Add a Butterworth Filter Function
to the Block Diagram

Right-click on the block diagram to
open the Functions Palette.
Navigate to Programming » FPGA
Math & Analysis. Drag and drop the
Butterworth Filter function onto the
block diagram as shown in Figure A.
The configuration window
automatically displays. Configure the
function as shown in Figure B using
the following parameters:

Type: Lowpass

Cutoff frequency (Hz): 1 k
Expected Sample Rate (S/s): 20k
Order: 4
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7. Send the data and filtered data to the DMA FIFO.
Send signal data and filtered data from the FPGA FGEN Input to the DMA FIFO.
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DETAILED INSTRUCTIONS

e Add a Build Array Function to the
Block Diagram
Right-click on the block diagram to
open the Functions Palette. Navigate
to Programming » Array. Drag and
drop the Build Array function onto
the block diagram as shown in
Figure A.
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1@

Expand the Build Array Function to
Show Two Input Terminals

Move the cursor over the Build Array
function to show the blue points
from which you can expand the
node. Expand the node to include an
additional terminal as shown in
Figure B.

Wire the Filtered and Unfiltered
Signals Into the Build Array Function
and Wire the Output Into the DMA
FIFO Element Node as Shown in
Figure C

Connect the FGEN Input node to the
Build Array function and
Butterworth Filter input. Connect
the output of the Butterworth Filter
to the Build Array function. Wire the
array into the DMA FIFO Element
node.
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8. Create an alarm if the data exceeds a preset limit.

Configure an LED alarm on the user interface and CompactRIO to light up if the signal exceeds a user-set limit.
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Less Or Equal?  Data Storage...

DETAILED INSTRUCTIONS

e Add a Greater Or Equal? Function to
the Block Diagram
Right-click on the block diagram to
open the Functions Palette. Navigate
to Programming » Comparison. Drag
and drop the Greater Or Equal?
function onto the block diagram as
shown in Figure A.

e Wire the FGEN Input Signal and the
Limit Control Into the Greater Or
Equal? Function as Shown in
Figure A
Create a new branch from the wire
produced in the previous step to
connect the FGEN Input terminal to
the Greater Or Equal? function.
Connect the output of the Limit
Control to the Greater Or Equal?
function.
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Drag and Drop an LEDO Node Into
the Sequence Structure as Shown in
Figure B1

Drag and drop the LEDO terminal
located in the LabVIEW Project
Explorer under the Mod2
measurement module of the FPGA
target. Place it beneath the Alarm
indicator.

Change the LEDO Input to Write as
Shown in Figure B2

Right-click on the LEDO text within
the node and select Change to
Write.

Wire the Greater Or Equal? Function
Output to the Alarm Indicator and
the LEDO Node as Shown in Figure C
Wire the output from the Greater Or
Equal? function to the Alarm
indicator. Create a new branch from
the wire to connect to the

LEDO input.
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9. The completed block diagram for Ex-2 FPGA.vi should look like the image below.
Be sure to save your work by pressing <Ctrl-S> or clicking File » Save.

r
{3 EX-2 FPGAi Block Diagram on EX-2 Intro FPGA. lvproj/FPGA Target *
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10. Observe the simulated case in the Conditional Disable structure.
Create a Host Testbench Application in Part C to test your FPGA code in a simulated mode without having to compile it. Observe
the code that enables you to do this within the Ex-2 FPGA.vi.

DETAILED INSTRUCTIONS

e View the Simulated Case Within the

£4-2 Intra FPGA.lvproj/FPGA Target * o | B |- . .
e Tools Window Help | Conditional Disable Structure
a it .
bao|g ot |15ptAppIication Font |~ ||E,;.v ”'-T]Ev | |@bv ||1>:ﬂ| ¥| Search Y ” @| R Click on the.D-efault FeXt on the menu bar
- of the Conditional Disable structure. From

ANALOG INPUT AND ANALYSIS LOOP the pu” down menu, Select:

0000000000000 000000000000000000000000o0o0o0o0o0ooooooocC:

DATA ACQUISITION AND ANALYSIS ] FPGA_EXECUTION_MODE==DEV_COMPUTER_SIM_IO
—
« [FIFPGA_EXECUTION_MODE==DEV_COMPUTER_SIM_IO
( _ e Observe the Graph Indicator Used for
| || | e Simulation
] Lo \ - Rather than passing the data onto a
[y [We use an indicator forsimulation] 1 memory buffer (DMA FIFO), view the

simulated data on a graph. Bundle the
filtered and unfiltered data together and
display it on a graph called Sim Graph.

OO0 OO0 OO0 0000000000000 00000000000 00000000 0ooar | This code runs when the FPGA Target is set

[ {®) to run in simulation mode on the

development computer rather than on the
B L FI | actual FPGA hardware. You will configure
the simulation mode when you run the
Host Testbench application in Part D. This
section is grayed out while the FPGA
target is not set to run in simulation mode.
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Part C—HOST TESTBENCH APPLICATION (FPGA SIMULATION)

11. Open the Host Testbench.vi and show its block diagram.
This Vl is located under My Computer in the LabVIEW Project Explorer, and it already contains some code that you will use for this

application.
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DETAILED INSTRUCTIONS

e Open the Host Testbench.vi
Double-click on the file named Host
Testbench.vi located under My
Computer in the LabVIEW Project
Explorer as shown in Figure A.

e Show the Block Diagram
Press <Ctrl-E> or click on Window »
Show Block Diagram to open or toggle
between the block diagram and the
front panel as shown in Figure B.

The VI contains a conditional For Loop,

signal generator, and some controls and
indicators for the user interface.
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12. Modify Host Testbench.vi to simulate the Ex-2 FPGA.vi on the development computer.
Use an FPGA Desktop Execution Node to run the FPGA VI from a host computer.

DETAILED INSTRUCTIONS
Q‘ {3 Hos Testbenchn Slock Cu\qumo-fl‘s: )'mlr. FRGANproy'My Computer * ° Add an FPGA Desktop Execution
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(5 Fonctioms @ Search - Shown in Figure A
Right. ' Progremming B [EPGA Desticp Bxmution . . .
Click : = = Right-click on the block diagram to
— &;%]. ;Pi ’ -‘3%; B open the Functions Palette.
Comet Vakesto Fix | HUCIrES ""’. '”"i o B2 FPGAY .
Eml?i] B ?ﬂ b Navigate to FPGA Interface and
Ameiitude Numese  Baclesn  String [ Emi drag and drop an FPGA Desktop
P TR B 0] B . Execution Node onto the block
Compatuon Timing Diddog & Use., { .
- = , diagram.
rrrra il o) . g
Fle VO Warefeem  Appleation .

Ge’ -, ‘;3" ] FPGA Intatace Once you place this function on the
EX-2 A0 EPGAIvpron M X,nmcr-:nt‘. Gaphics & 5. Repert Genes. eﬂ - ; block d|agram’ the conﬂgura‘non
= o .. b : indow di i
e | OpenFGA . ReadiWirme . bwoke Meth.._Close window displays automatically.
Vidnayzer  Unat Tetfra E E} . . .
¥ . B @ o Configure the function as shown in
TH0A earfate Dynaoec R, FPGA Interts..  Open Oyna.

Figure B.

asa

: iy & -I E; %o
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@ | 3 Contigure Desktop Exscution Node r@ N

Semulation Configuration = 8]
Vi | " &

L}

(2]

Termunal Configuration Click
Avalable Fesources i3 PR

Select the VI you built

o

Click OK.

The Desktop Execution Nede & not fully configured. B

r
e {3 Configure Desktop Executon Node

Smulation Condiguration
vi
EX-2 FPGAW 0

Reference Cleck Clock Ticks

| 40 Mz Onboard Olock T] [ 2000

Terminal Configuration

Avalable Revcurces
Wl E-2FPGA W
% Alpm E
wi Sim Graphs
= Limit
8 FPGA Target

National Instruments Hands-On Tasters

Selected Resources | Direction | »

DETAILED INSTRUCTIONS

Configure FPGA Desktop Execution Node
to Run Ex-2 FPGA.vi as Shown in Figure B
In the configuration window, click the file
icon next to the VI category. Select Ex-2
FPGA.vi from the menu and click OK.

Configure the Timing Settings for the
FPGA Desktop Execution Node as Shown
in Figure C

Configure the timing settings as shown in
Figure C using the following parameters:

Reference Clock: 40 MHz Onboard Clock
Clock Ticks: 2000

To achieve the expected sample rate of

20 kS/s, there must be 2000 clock ticks of
the 40 MHz onboard clock.
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i3 Configure Desktop Execution Node

Simulation Configuration
VI
EX-2 FPGAvi

Terminal Configuration

Refere

nce Clock Clock Ticks

40 MHz Onboard Clock |z| 2000 =

DETAILED INSTRUCTIONS

Configure the Terminals for the FPGA
Desktop Execution Node as Shown in
Figure D

Select the following four items in the
Available Resources table and click the

Available Resources | - Selected Resources | Direction | ~
Ol EX2 FPGANi P D FPGA Target Arrow to send them to Selected
e ;ﬂ:‘rga 5:::‘ H Click B@T’f Resources one at a time:
15 Modd Amradi| 5 Mot
1 Modd/DIO3:0 rie FGEN Input In .
¢ Mods/DIO3 @ oIl EX-2 FPGANi Ex-2 FPGA.vi:
TF Modd/DIO2 =5 Sim Graphs Out H H
TF Mad4/DIOL E Fie Limit In 1. Limit
T Mod/DI00 2. Sim Graphs
rie Lightlntensity
Fie LoopBackAls FPGA Target\MOd4:
LoopBack AlS
) E—— J , 3. FGEN Input
Change Terminal Dire% FPGA Target\MOdZ:
In ]|[ o J|[ mou | 4. LEDO
Change Direction
e Change the Direction of the LEDO
Click OK Terminal FPGA Desktop Execution Node

as Shown in Figure D

Select LEDO in the Selected Resources

. table. Click Out to change the terminal
direction. Use the default directions for
the other three terminals.

OK ] [ Cancel ] [ Help

e Save Your Changes by Clicking OK
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e Diagram on EX-2 Intro FPGA.lvproj/My Computer * EI_E
¢ Operate Tools Window Help
E 4o |G" | | 15pt Application Font |« || = ||'-T]Ev | |@bv ||15’é| *| Search A
|FPGA Desktop Exexution Nodel
=d Point and Input Sampling Rate. | o EX-2 FPGA~
Limit o 2
[DEL K@ sssssssasnnnns o+ Lirnit Analog Data
Sim Graphs  M=ssssess ..(______
—| Signal Generator.vi [~ 0] r# FGENInput Alarm Read Analoé Dat
e 1 FXM#ssnssmssnsanasn - LEDO Hisssasen
. SIGNAL
SIM
El Stop
-
I

Computer <

n
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DETAILED INSTRUCTIONS

Wire the FPGA Desktop Execution Node
According to Figure E

Connect the Limit control to the Limit
terminal.

Connect the Signal Generator.vi output
that has been converted to the fixed
point data type to the FGEN Input
terminal.

Connect the Sim Graphs terminal to the
Analog Data indicator.

Connect the LEDO terminal to the Alarm
indicator.
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13. Set the FPGA target to run in simulated mode.
Set the FPGA target to run in simulated mode on the development computer rather than on the FPGA target.

-
0 L3 £X-2 Intro FPGA lvproj * - Project Explorer b B
File Edit View Project Operate Tools Window Help

DEd| X DDX|[ER| &R b

Items ] Files |

[‘} E My Computer

o HostVIs

fwl Host Testbenchwvi
H =] 3

.52 Dependencies

‘%, Build Specifications

- [ Real-Time Vs
= @/ Chassis (cRIO-9068)

=- kel Project: EX-2 Intro FPGA.Ilvproj

=3 E!L CompactRIODemaKit (10.0.0.50)

* [ [FPGATarget (RIOD;

@ [ ChassisVO
G- Mod2

[ u Mad4

40 MHz Onboard
- 4l DMA FIFO
EX-2 FPGAvi
IP Builder
Mod2 (Slot 2, NI §
Mad4 (Slot 4, NI ¢
Dependencies
[ # Build Specificatio
- [l EX-2Real-Timewvi
& % Dependencies

53‘

E

ei

ﬂfj!

:
s

New

Start IP Generator...

(£ 0 od

Add

% FPGA Tarqet

Simulation (Simulated I/0)

RIO Device Setup...

Hnulation (Keal i7ul)

Third-Party Simulation

Find Project Items...

Arrange By
Expand All
Collapse All

’& Build Specifications

Remove from Project
Rename...

F2

—

Help...
Praperties
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DETAILED INSTRUCTIONS

e Configure the FPGA Target to Run in
Simulated Mode as Shown in Figure A
Right-click on the FPGA Target in the
LabVIEW Project Explorer. In the Execute
VI on category, choose Simulation.
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14. Verify the FPGA code by running the host testbench application.

Run the Host Testbench.vi to verify that the FPGA code behaves correctly before compiling the FPGA code.

Promect  Opwsts Wodow telg |
| E»
sk
£ Host Tevberchy t
fie E22 Vw Propct Cpests Toch Window  Hes
e
Cormen Parnng Gt Analog Dats txplore the User interface
ik Run
0 Féered Sigani
Fo . o e [Fo—— oe— [ap— J—
d NUMDET of Sarples » . n " Ongral Sgnal
4 [\ f f\ [\
5 \ J J \
] ; i [\ [ \ [\ i3
Amgituoe 4 = 5“ |‘ ll ]' \ f | " slyrm
P‘Ji - & \ |
§ .-Z e ‘ ( .
5 f
- X < \ f
; . sl / , Nl w L'
3- W\ | \ | | Al '
| |
k‘ I‘ | \ !‘ | W \
\ - as4| \ / \ \ / \/
\ i- o-t! —_ — — ;
78 e
<Ctrl-E> Y o- Tins
\
\
'4L[{A J Irdre FPGAvproy T, o
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DETAILED INSTRUCTIONS

Run Host Testbench.vi as Shown in
Figure A

Switch back to the front panel of Host
Testbench.vi by pressing <Ctrl-E> and run
the program by clicking on the arrow
button at the top of the front panel.

Adjust the Number of Samples to control
how long the signal generator runs.

Adjust the Amplitude to change the
amplitude of the signal generator.

Adjust the limit that triggers the Alarm
LED by moving the slide control up or
down.

Using the FPGA Desktop Execution
Node, you could verify that the FPGA
programming executes as expected prior
to compiling the FPGA code. This can
help save development time because
compiling FPGA code is a slow process.
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Part D—FPGA COMPILATION PROCESS

15. Save and compile the EX-2 FPGA.vi.
The compilation process of the EX-2 FPGA.vi takes about 30 minutes. While the code is compiling, continue working on the real-time

portion of the application in Part E.

0 - [l Project: EX-2 Intro FPGA.Ivpraj

E| B My Computer
{ B+ HostVls

[k _‘E' Dependencies

- [ Real-Time Vs

B ) Mod2
[i- [ Modd

[
B

-

. [ml, EX-2 Real-Tim
E}_‘E Dependencies
- = Build Specifica
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{ i [m] Host Testbenchai

'% Build Specifications
E+ [ CompactRIODemoKit (10.2.228.101)

i @ Chassis (cRI0-9068)
= @ FPGA Target (RIO0, cRID-9068, Dev Computer)
m-[J ChassisI/O

-5 40 MHz Onboard Clock
-4l DMA FIFO
[wl EX-2 FPGA (Selution).vi
-l Mod2 (Slot 2, NI2401)
- [} Mod4 (Slot 4, NI19381)
-5 Dependencies
"% Build Specifications Right-click

mpd [ B ]

Rebuild

Estimate Resource Usage
Check Signature

Generate Intermediate Files
Display Compilation Results
Downlead

Remaove from Project

Properties

F

DETAILED INSTRUCTIONS

e Save the EX-2 FPGA.vi
Press <Ctrl-S> or go to File » Save.

e Compile the EX-2 FPGA.vi
Navigate to the Build Specifications
category under the FPGA hierarchy.
Expand this category and right-click on the
existing EX-2 FPGA and select Build as
shown in Figure A.
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' 3 B
I3 Select Compile Server ﬂ

2 @e the local compile server

(7) Connect to a network compile server

Campile server name User name

Canfigure

(2) Connect to LabVIEW FPGA Compile Cloud Service
User name

Configure,,

[V] Prompt to select a compile server for each compilation

| [ OK ]I, Cancel H Help

[ Bl Complation States

FY i s v ol
[ ] pron Esmating resowrces usng Planihead

Reports
Corbigursticn v

Project X2 latro FPGANpee)

Taeges: FPGA Target (FI00, <730 -9062)
Budd Speccaen: FPGA VI

Top hevel V2 EX-2 FPGAW

Comging on local compre server
Compdaton Took n 144

Compilation Schmmed: 1/14/2014 1128 AM
Fun when loaded to Fpge FALSE

X Optione
Desgn Sesategy: Eslanced

Synthess Optenszation Goak Speed

Sythess Optmzation Eflon Nemal

Mop Overall EMon Level: High

Place end Route Ovenall Effort Levet Standard

Jobld: 555ilhe
Wedong Drectoey: CANFPGA\complation EX-ZntreFPGA_FRGATmget FPGAVI 3520pBNLL

Cancel Comgrlaticn

DETAILED INSTRUCTIONS

LabVIEW prompts you to select the
compile server. Select the local
compile server and click OK as shown
in Figure B. This will start the
compilation process.

During the compilation process,
LabVIEW generates intermediate HDL
files that are later processed by the
Xilinx Compiler, which outputs a bitfile
containing the placing and routing
information of the FPGA design.

National Instruments Hands-On Tasters

The compilation process for this VI takes
about 15 minutes. Once you have
reached the Compilation Status window,
as shown in Figure C, PROCEED TO
PART E to start developing the real-time
portion of the application.
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Part E—REAL-TIME CODE IMPLEMENTATION

16. Open the Ex-2 Real-Time.vi and show its block diagram.
This Vl is located under the CompactRIO hierarchy, and it already contains some code that you will use for this application.

By 0 WG Orboand Clach

‘. o=
= Tudd Spechicmons
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Fle E9¢ View Projert Oporste Tock Window Wl

» 155 Apphcwmen fam (» || S Iouv alte | 09

T L S— ec——
| B €52 Reak-Tima s Biock Shagram on £X-2 o HPOA hprop¥ ompect O Demak e *
Fle 0t Vew Pogjt Operate Tock Window Hel

> DIEIER
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|Ue

e 4
L J Limt Ay
A Terget
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.
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DETAILED INSTRUCTIONS

e Open the Ex-2 Real-Time.vi
Double-click on the file named Ex-2 Real-
Time.vi located under CompactRIO in the
LabVIEW Project Explorer as shown in
Figure A.

e Show the Block Diagram
Press <Ctrl-E> or click on Window » Show
Block Diagram to open or toggle between
the block diagram and the front panel as
shown in Figure B.

The block diagram contains a While Loop,
FPGA target references, and some controls
and indicators to interact with the user
interface.

This VI runs on the real-time OS. It reads
from the DMA FIFO and displays the data.

94



17. Set and view limit information between the real-time OS and the FPGA.
Send and receive data between the real-time OS and the FPGA to configure the limit that triggers the LED alarm to light up.

DETAILED INSTRUCTIONS

[ ﬂ EX-2 Raeol-Time v Block Disgram o EX.2 intro FRGA hpeoy/CompectRIDDemoKit * .
0‘ Fle Edf View Project Optrete Tock Window Help e Add a Read/Write Control Node as

(0] (B o s 15t Appication Font + | (3o [ | 0D |[bad) Shown in Figure A1

4} = s R — Right-click on the block diagram to
-9 A > wll g 9 aesia open the Functions Palette.
feel | 1| o¥ " | Reference and Ecror Wires Navigate to FPGA Interface and
ructures Ay Chuster, Clas.. - —— R
“lﬁ: , wﬂ ﬁﬁ s drag and drop a Read/Write
u.,.;ul eﬁ;n‘ sf: 64 Targes mul Control Node onto the block
=) oY ?;J e Compues o diagram.
Ccr:p-u—n’nn Yrmmg‘ 'L‘Aak:g—&uum Drag and Drop
ﬁﬂ -@-’ e e Configure the Read/Write Control
Fel0 Appicetion Node as Shown in Figure A2
» | 53T A .
m;:._; O;QJ ) T Continue the Reference (aqua) and
_@ 5’"‘75':‘“ oy e - il avonie D """;:"" E Error (yellow) wires coming from
i M_f | @" Mﬁ 2 Fmﬂ 0”:5' G the Open FPGA VI Reference
e ot Test Fra,, emic PP, 8. ma. skt .
;EJ ﬂ o= ¥ function and connect them to the
g Sc;ng Simulation  Peer To Peer . -‘-nv—n(_e]ﬂ Read/Write ContrOI-

Connecting the FPGA reference to
the Read/Write Control populates
the item menu with items specific
to your FPGA VI.

DETAILED INSTRUCTIONS
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5o b

' Limit
||E Kesas | Alarm p@zmess

Alarm

Expand the Read/Write Control to
Display Two Items as Shown in
Figure B

Move the cursor over the
Read/Write Control to show the
blue points from which you can
expand the node. Expand the node
to show one additional terminal.

Select the Read/Write Control Items
as Shown in Figure C

Click on the Unselected text to show
menu items. Select Limit for the top
item and Alarm for the bottom item.

Connect the Limit Control and the
Alarm Indicator to the Read/Write
Control Items as Shown in Figure D
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18. Read the elements from the DMA FIFO.
Place two Invoke Method functions from the FPGA Interface Palette and configure them to read data from the DMA FIFO.

-
Q‘ £ 2.2 Real-Time. i Block Diagram on EX-2 Intro FRGA lypeay/CompactRIODamokit *
[File Ed% View Project Operste Tools Window Help
{ap W G185 v 2 [15p Appication Fort ~ || 5o |~ | 49~ | Bak
a- Functions Q.Se.mhj INTERS
Right, Programming ’ s ol
Click y = Connect the Reference
@ [{E{H I !). 6 and Error Wires
BOOH | o Ay, Owirom- | R s
o (VG = Alarm Method | Method |
Bl B =l = g
Numeric Boolean String
5 L " *’ »
> O] B
Comparison Timing Dialog & Use...
—ab ’
K &
File VO Waveform  Application Drag.and. Qrap
= St = °. oo oo ¥ Invoke Methods
{ - | [Ny —
- M S
heonezat.. G & 5., Report Gener...
it "‘”'é, %\ 51 PPoAntestece
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VA Unit Test Fra
nalyzer nit Test Fra d %
[T i, - F55 . Feodvinte .
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A

Dymamic FP.. FPGAIntedfa.. OpenDyna.. FPGA Deskto..

Sy IR N

DETAILED INSTRUCTIONS

Add Two Invoke Method Functions as
Shown in Figure A1

Right-click on the block diagram to
open the Functions Palette. Navigate
to FPGA Interface and drag and drop
two Invoke Method functions onto
the block diagram.

This node invokes a method or action
from a host VI on the FPGA VI. In this
exercise, use it to access the Function
Generator Input data.

Connect the Invoke Method as
Shown in Figure A2

Continue the Reference (aqua) and
Error (yellow) wires coming from the
Read/Write Control and connect
them to the Invoke Method
functions.

Connecting the FPGA reference to the
Invoke Method populates the item
menu with items specific to your
FPGA VI.
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FPGA INTERFACE

Select DMA FIFO >> Read for both
Invoke Methods

m
# Limit Alarm :
FET O E Configure

Start

Abort

Reset

Wait on IRQ Acquire Read Regicn

Acknowledge IRQ Detecte
Download =

[

Get FPGA VI Execution Mode
Read TEDS

Mount 5D Card

Unrount 50 Card
Unsecured Mount 5D Card

FPGA INJTERFACE

2y 2 -+ 2 2 -+ 2
t Alarm DA FIFO.Read DMA FIFO.Read

E EP---'P MNumber of Elements
» Timeout (ms)
Data H
Elements Remaining mps

=+ # Number of Elements
» Timeout (ms)
Data H
Elements Remaining »

1
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DETAILED INSTRUCTIONS

Select the Invoke Method Items as
Shown in Figure B

Click on the Method text to show menu
items. Under DMA FIFO, select Read.

Configure the DMA FIFO Read Methods
as Shown in Figure C

Connect the numeric constant of 0 to the
Number of Elements input on the first
Invoke Node. Connect the Elements
Remaining output from the first Invoke
Node to the Number of Elements input
on the second Invoke Node.

The dual-FIFO Read is designed to
prevent FIFO Overflow.

The first Read assesses the number of
remaining elements. The second read
actually reads the elements.

Using this setup, you can read all

remaining elements on the FIFO and not
worry about memory overflow.
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19. Show the function generator data from the FPGA to the user.
Sort filtered and unfiltered data into two separate arrays. Build them into a 2D array and plot them for the user.

P — - : - — DETAILED INSTRUCTIONS
{3 652 Reol Time vi Block Disgran o0 EX/2 Inbe FRGAN Doy CompactRiO0eeok *
o He [ds Vew Pt Opesste  Tooks Windew Melp
® @[ o o 15 apwicovsnront « [T |[Ge | D | o Seare e Create a 2D array of data to send into
o A T S the Function Generator Chart
2 [ = B Right-click on the block diagram to
e o ' bring up the functions palette.
- | \ ‘e : = . .
nF U2 m B ] e Navigate to the Programming>>Arrays
Mumen Boslean -\:!n_)“-:: nae Replece Sules . FM‘I_P(” A
o QJ e | g% | B9 B3 subpalette. Drag and drop the
e o 'Lﬁ R ‘"'i'.".‘]"" xisiephs- . following three functions onto the
.. | . RE 2 ! .'v|"(lil'|4v . > ;
':,’0 ‘,.; e ,ﬂ%lm -,.!’Euw, o Ly =% block diagram as shown in Figure A:
'3@’ ‘ " ) E | AR
R m"; m.@l Vm-m@n lnm‘;—c.—-ﬂlu Decimate 10 1. Decimate 1D Array — Sorts the elements
!'é': m = - = e Mo of the array into two separate arrays
WiAnayess  Unik Toat Fra| Aray Coma_ Ammey To Chic. hister Te Arie Arsay to Matrc Metric b Acey 2. Build Array — Builds a 2D array from two
! FPGA Imetace ) ||‘ | 1D arrays
vy o 3. Transpose 2D Array
@ Expand Bulid Array %F—.m e Expand the Build Array Function to
4 show two Input Terminals

Move the cursor over the Build Array
function to show the blue points from
which you can expand the node.
Expand the node to show the
additional terminal as shown in Figure
B.

DETAILED INSTRUCTIONS
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Connect the Functions From the Data
Output to the Function Generator
Chart as Shown in Figure C

Connect the Data output to the
Decimate Array function. Connect the
two outputs from the Decimate Array
function to the Build Array function.
Connect the Build Array output to the
Transpose Array input. Connect the
Transpose Array output to the
Function Generator Chart input.
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20. Analyze the frequency of the signal.
Use the prebuilt Tone Detector.vi to filter out a frequency from the function generator signal.
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DETAILED INSTRUCTIONS

e Drag and Drop the Tone Detector.vi Onto
the Block Diagram as Shown in Figure A
Drag and drop the Tone Detector.vi in the
LabVIEW project under the Real-Time Vs
folder in the CompactRIO target.

This VI was prebuilt to accept an input signal
and output the frequency.

e (Connect the Unfiltered Signal to the Tone
Detector.vi and Display the Frequency to
the User as Shown in Figure B
Connect the bottom array (the unfiltered
signal) to the Tone Detector.vi. Connect the
output frequency to the Detected
Frequency (Hz) indicator to display the
frequency to the user.
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21. Close the FPGA target reference.
Close the FPGA target reference at the end of the program outside the While Loop.

DETAILED INSTRUCTIONS

e Connect the FPGA VI Reference From the

e (=l Invoke Method to the Close FPGA VI

: Iam Reference

¢ |3 e ][00~ |[oal] [ Search 2[Rl Continue the Reference (aqua) and Error
(yellow) wires coming from the Invoke

Method and connect them to the Close

| FPGA VI Reference.

& L T R R R RN RN Ay T LEEEY |
E s e T T £
DMA FIFO.Read -.

—r Mumber of Elements

»  Timeout (ms) Decimate  Build Transpose  Function Generator
Data ' B o[ gt foe1]
— i Wi
Elermnents Rermaining *
Tone Detector.vi
Fix}
. Detected Frequency (Hz) =
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22. The completed block diagram for Ex-2 Real-Time.vi should look like the image below.
Be sure to save your work by pressing <Ctrl-S> or clicking File » Save.

{3 ©X-2 Real-Time.vi Block Disgram on EX-2 Intro FPGANproj/CompactRIODemoKit *
File Edt View Project Openate Tock Window Help
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BH 5|
HEZZH - e = G
A : Alarm |__DMAFIFO Resd DA FIFQ Read
[FHeTE— | [ E]——b Nurnbes of Slements b Number of Elements
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Cats ) Data L = = ‘La e o]
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Detected Frequency (Hz)
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i 3
i

z

[Bi-23ntro FPGAIvproy CompactRIODemokit «
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Part F—RUN THE APPLICATION

23. Verify that the compilation process is complete.

At this point, the compilation of Ex-2 FPGA.vi should be complete. Run Ex-2 Real-Time.vi and view function generator signals on the
plot. Interact with the limits and watch the alarm trigger to verify the correct behavior of the application.
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DETAILED INSTRUCTIONS

e Compilation Process Complete
Verify that the compilation process has
completed successfully. The Compilation
Status window shows a summary of the
performance and resource use of the FPGA as
shown in
Figure A. If the code has not finished compiling,
wait for the compilation to complete.

NOTE: If you closed the Compilation Status
window, you can reopen it by right-clicking on
the FPGA Main specification and selecting
Display Compilation Result.

Device Utilization indicates the percentage of
FPGA elements that the FPGA application uses.

Timing is a summary of the FPGA clocks as
estimated during the mapping of the FPGA VI.

Compilation time depends on the size of the VI,
processor speed, and amount of memory in the
computer on which you are compiling.
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24. Set up the function generator on the CompactRIO demo box.
Set the amplitude and frequency of the function generator with settings similar to your simulation settings for comparison purposes.

DETAILED INSTRUCTIONS
e Configure the Function Generator on the
CompactRIO Demo Box
N

( Set the Frequency to 0 kHz—1 kHz and the
Q FREQ WaveType to Square.
Lo

0-1kHz 0-10 kHz 0-100 kHz This configuration produces a waveform

like the one you simulated in the Host

Testbench.vi.
Cly Ay N\

\ Function Generator J
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25. Run the Ex-2 Real-Time.vi on the CompactRIO target.

Run Ex-2 Real-Time.vi and view the function generator reading on the plot.
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DETAILED INSTRUCTIONS

® Run Ex-2 Real-Time.vi
Switch back to the Front Panel by
pressing <Ctrl-E> and run the program
by pressing the arrow button at the top
of the front panel as shown in Figure A.
Save the VI when prompted to do so.

NOTE: A warning window may appear
indicating that the chassis is configured
in Scan Engine Mode (Exercise 1). Close
the warning window, go to the project
tree, right-click on the chassis, and select
Deploy.

Click the Apply button on any
subsequent warnings during this
process. This changes the configuration
of the chassis to FPGA mode.
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26. Interact with the front panel of Ex-2 Real-Time.vi.
Adjust the waveform types, frequency, and amplitude and watch the response on the front panel display. Interact with the limits

and watch the alarm trigger to verify the correct behavior of the application.
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Part G—CHALLENGE

27. Plot the power spectrum.

Add a graph of the power spectrum from the signal to the Ex-2 Real-Time.vi.

DETAILED INSTRUCTIONS

Adjust the Waveform Type, Frequency,
and Amplitude on CompactRIO

Demo Box

Use knobs and switches on CompactRIO
Demo Box to adjust waveform,
frequency, and amplitude. Watch the
signal on the user interface.

NOTE: Due to your sampling rates, you
cannot accurately read signals above

1 kHz. Do not adjust the frequency switch
beyond 0 kHz to 1 kHz.

Interact With the Front Panel

Adjust the limit control, select which plots
to display, and view alarm and frequency
data. Press the Stop button to stop the
program.

<END OF EXERCISE 2A: FPGA-BASED BUTTERWORTH FILTER>
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ADDITIONAL RESOURCES

BUILD YOUR OWN EMBEDDED SYSTEM WORKSHOP

In the NI Build Your Own Embedded System hands-on workshop, focus on extending your NI LabVIEW skills into FPGA-based
embedded design using NI reconfigurable 1/0 (RIO) hardware.

Purchase the LabVIEW RIO Evaluation kit through the registration process and attend the workshop to receive the following:

e 90-day evaluation of LabVIEW and the LabVIEW FPGA and LabVIEW Real-Time modules

e Board-level NI RIO evaluation hardware device and daughterboard for easy 1/0 interfacing

e Introduction to the LabVIEW RIO architecture with a qualified NI instructor

e Hands-on experience building your first FPGA-based RIO embedded system with the evaluation kit

To find an event in your area, visit ni.com/byoes.

LabVIEW RIO EVALUATION KIT
Using the evaluation kit, develop an embedded system with the LabVIEW

RIO architecture. LabVIEW system design software helps you program NI
RIO hardware, which includes a real-time processor, FPGA, and 1/0. NI
CompactRIO hardware uses this same architecture for prototyping through
deployment with a flexible array of configuration, expansion, and NI C
Series module 1/0O options.

The kit includes an extended evaluation of the LabVIEW FPGA and
LabVIEW Real-Time modules; an NI RIO evaluation device; a
daughterboard for easy 1/0 interfacing; a step-by-step tutorial; and
numerous fully documented, ready-to-run examples of common

m L VI EWm embedded tasks implemented in LabVIEW.
IO ab To learn more, visit ni.com/rioeval.
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http://www.ni.com/byoes
http://www.ni.com/rioeval

NI LabVIEW Real-Time and NI LabVIEW FPGA RECOMMENDED RESOURCES AND TRAINING OPTIONS

System Installation

and Configuration System Development and Deployment

| Embedded Control and Monitoring Cartified LabVIEW Embedded

LabVIEW Core 1 3 Using LabVIEW Systems Developer (CLED)*

LabVIEW Core 2 §

Getting Started

ni.com/qettingstarted

NI LabVIEW for CompactRI0 Developer’s Guide

ni.com/compactriodevquida

" A CLD or higher is required before attempting the CLED exam
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