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Real-Time Application

Real-time OS

Application software

Networking and peripheral 1/0 drives
DMA, interrupt, and bus control drivers

Application IP

Control IP

Digital Signal Processing IP
Specialized 1/0 drivers and interface
DMA controller

B LabVIEW

NI CompactRIO DEMONSTRATION KIT
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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

REAL-TIME APPLICATION

FPGA APPLICATION

FGENJ/AI Filter
—

FIFO-IN
-
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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.



Inputs

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

CompactRIO System

LED

LJ

Mod4/AlI7-> Function Generator

Sampling Period—>20 kS/s
Resolution—>12-bit
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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 I/O 4 (DIO4)=>LEDO



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.

-
2 Create Project

5 [ |

Choose a starting point for the project:

All
Templates
Desktap
Robatics
Sample Projects
CompactRIO
Desktop
MI-579%
Real-Time
CompactRIO Demonstration Kit
CompactRIO Hands On
Demanstrations
Demanstrations

&

EEE%F [N %Fﬁﬁﬁ

Exercise 1: Temperature and Strain i R0 O tration Kit -
In this exercise, use LabVIEW and the C canfigured in Scan Mode to acquire
data from an RTD and a strain gauge "- e the Signal Processing... More Information

Exercise 1: Temperature and Strain itoring | i G {n)s! ation Kit
In this exercise, use LabVIEW and the CompactRIO syste
data fram an RTD and a strain gauge, Use the

canfigured in Scan Made to acquire
ssing... More Information

Exercise 1: Temperature and Strain I ing | Challenge . tRIOH D tration Kit
Madify the block diagram so the RTD value and the temperature threshald are ¢
The line representing the RTD value should be green if the... More Information

an the same graph

Exercise 2A: FPGA-Based Butterworth Filter Compact@i0 Demaonstration it

In this exercise, use LabVIEW to configure the FPGA chip in the CompactRIO system to implement ||z
a Butterwarth filter. More Information

Exercise 2A: FPGA-Based Butterworth Filter | i [ 101 £ at. Kit

In this exercise, use LabVIEW to canfigure the FPGA chip in the CompactRIO system to implement

a Butterwarth filter. More Information

Exercise 2A: FPGA-Based Butterworth Filter | Challenge IO D tration Kit

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

Exercise 2B: LED Array Display CompactRi0 Demonstration kit

In this exercise, use the FPGA partion of the CompactRIO system to interact with the array of LEDs
in the rotary assembly of the CompactRIO Demanstration Kit. More Information

Exercise 2B: LED Array Display | Sohuti [ A0 O tration kit

In this exe use the FPGA |\ artion of the CompactRIO system to interact with the array of LEDs

in the rotary assembly of the CompactRIO Demanstration I it. More Information

Exercise 2B: LED Array Display | Challenge © 100 atian Kit
Add cade ta display both the strain gauge signal and the RMS value an the strain gauge chart
Meore Information

Fyarciea 3+ Machina Canditi ftoring Suetam G RO Olarmnnsteatinn Kt &

Mext ] [ Cancel ] [ Help

2. Explore the project and reveal its components.
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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.



Expand each hierarchy in the LabVIEW Project Explorer to reveal the real-time processor and the FPGA of the CompactRIO system.

{3 EX-2 Intro FPGA.lvproj - Project Explorer = | B o

File Edit View Project Operate Tools Window Help

= IR | v R o]

tems | Files

= [ Project: EX-2 Intro FPGA.lvpraoj

B+ B My Computer

| @[ HostVis

-], Host Testbench.vi

. %2 Dependencies

'% Build Specifications

B E:l CompactRIODemokit (10.2.228.101)

[ Real-Time Vs

£ [ Chassis (cRIO-0068)

E- 5 FPGA Target (RIO0, cRIO-9068)
B [ Chassis /O
B[ Mod2

- &, SIN (Mod2/DICO)

- g, SCLK (Mod2/DIO1)

- &, XLAT (Mod2/DIO2)

- g, BLANK (Mod2/DIO3)

- &, Mod2/DIO3:0

- &, LEDO (Mod2/DIO4)

- %, LEDL (Med2/DIOS)

%* Camera Trigger (Med2/DIOG)

- &, FAN (Med2/DIOT)

- g, Mod2/DIOT0

- ., Mod2/DIOT:4

B Modd

- ¥8 40 MHz Onboard Clock

- ik DMA FIFO

- [l EX-2 FPGAW

- [} Mod2 (Slot 2, NI9401)

-l Mod# (Slot 4, NI19381)

-5 Dependencies

[ '% Build Specifications

- [ml EX-2 Real-Timewi

[ % Dependencies

'% Build Specifications

.

Real-Time
Processor

FPGA

Measurement
Modules

3. Open the Ex-2 FPGA.vi and show its block diagram.
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DETAILED INSTRUCTIONS

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.



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.

(A)

Mod2 (Slot A,
Maod (Slot 4, NI9381)

> Double-Click
13401)

Dependencies
-'%; Build Specifications

Ll EX-2Real-Timewi _

55 Dependencies ‘s|

i % Build Specifications e

@ 13 £x-2 FRGAwi Front Panel on EX-2 Intro FRGAproj/FP., = = %
e/ File Edit View Project Operate Tools Window Help E
[#2|[@)]  [15pt Application Font |~ |[[«%, [P
Liimit Sim Graphs Alarm i
Al -
Qutput Data ‘ Tl
£ ETIGRT \
o[ =
| 43 £X-2 FPGAvi Block Diagram on EX-2 Intro FPGA lvproj/FPGA Target = | B |
= g proj g
POl [File £dit View Project Operste Tools Window Help
A ee [S5p plcaton ot | | S [ |20 [l (N -
£X-2 Intro FPGApro}f ANALOG INPUT AND ANALYSIS LOOP
| OO OOOOOOOOOOOOOOOO0O0OOO00O0000000000000000 00000000 00000000
\ LOOP RATE DATA ACQUISITION AND ANALYSIS i
.
N, [M[Default -
AY
“\ =
.
<Ctrl-E>" "\ g
.
‘.\ g 3] L
Limit 1
4 | P
Alarm
B 1 S < i < i < N N N = s = s N S S S NS NSNS S WSS Mo e <N <Moo

o

EX 2 Intro FPGAIvproj/FPGA Target ¢ m

)
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DETAILED INSTRUCTIONS

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.

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.



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.

{3 -2 Intro FPGA.lvproj - Project Explorer = | G S

|

File Edit View Project Operaste Tools Window Help

LSl xhOX(|ERIR-F ol

Tems | Files |

i ' Dependencies -
’*_ Build Specifications
ity CompactRIODemokit (10.2.228.101)
[ Real-Time Vs
= {8 Chassis (cRIO-9068)
= {8} FPGA Target (RICO, cRIO-9068) I
[J Chassis/O
B[ Mod2
B Modd
- &, Modd/AID
- &, Modd/AL
-, Modd/Al2
- &, Modd/AB
- gf_, LoopBackAO4 (Modd/Al4)

&, LoopBackAOS (Mod4/AIS)
%_, LoopBackAO6 (Modd/AlS)
. &Iﬁ“

&, Mod4/A01
- &, Modd/AD2
- &, Modd/A03
- %h LocpBackAl (Modd/A04)
&, LoopBack A5 (Mod4/ADS)
- %_, LoopBackAlb (Mod4/ADE)
- g, Lightintensity (Modd/A0T)
- &, Modd/DIO0
- &, Mod4/DIO1
- %, Mod4/DI02
- %, Modd/DIO3
- &, Mod4/DI03:0
- 40 MHz Onboard Clock
il DMA FIFO
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fam on EX-2 Intro FPGA.lvproj/FPGA Target *

Operate  Toels Window Help
| 15pt Application Font |+ Hg,;.- H"_ﬁ_ﬂ' | |g?' ”"."

ANALOG INPUT AND ANALYSIS LOO

[COooo00DDO0oo0o0O0O000000o0oO00000000ooooooooGn
‘U\TE DATA ACQUISITION

E Default

Limit  Dragand Drop
[

Alarm

OO0000000000000000000000000000000000

Target « [ I

DETAILED INSTRUCTIONS

Drag and Drop the FGEN Input
(Mod4/Al7) Into the Sequence
Structure

Locate the FGEN Input (Mod4/AI7)
terminal located in the LabVIEW project
under the Mod4 measurement module
of the FPGA target in the LabVIEW
Project Explorer. Drag and drop the
terminal onto the block diagram and
place it inside the Data Acquisition and
Analysis section of the sequence
structure.



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.

A)

i bl Host Testbench.vi

: & Dependencies

‘é Build Specifications

ity CompactRIODemoKit (10.2.228.101)
&) Real-Time Vs

2 M@ Chassis (cRIO-0068)

= [} FPGA Target (RIO0, cRIO-0068)
) Chassisl/O

) Mod2
o) Mods o
40 MHz Onboard Clock _

Double ’[:[ﬁfi'_/l '
Cli7 . EX-2FPGANi Drag

) Mod2 (Slot 2, NI9401) dD
) Mods (siot 4, nigzsy  2NG Drop

- %' Dependencies
"&_ Build Specifications

DETAILED INSTRUCTIONS

OO0 000000 0000000 0000000000000 00000000000

DATA ACQUISITION AND ANALYSIS

[Default B
N
" wk DMA FIFQ 111 ®
e Write
Element
El Timeout
Timed Out?
@ P

Wire 0 to Timeout
2)

| EX-2 Real-Timewi
-85 Dependencies

- "% Build Specifications

[ s N s s w  w  w w w  w  w w Wwl w W wl w s Ww lw w lw w  Mw w

@

1§ 652 Intro FPGAIvpro] - Project Explorer [E=ET~)
File Edit View Project Operate Tools Window Help FPGA Target == =
[EETIFEEP LY R ) L
Ttems | Files plication Font |~ ||§;|' ”ﬁ]_.:.' ‘ ‘@ﬁ' ”:‘bﬁl ‘- Search -\ ” @l EiE
-
-t :

m

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.

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

ﬂ FIFO Properties

[

©

Generall

Interfaces
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Categor -

General

Name
DMA FIFO

Tvpe

Target to Host - DMA El I

Reguested Number of Elements
I 1023 I

Implementation

Block Memory -

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.



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.

A)

®

48 EX-2 FPGA i Block Diagram on EX-2 Intro FPGA Ivproj/FRGA Target *

= | B

File Edit View Project Operate Tools Window Help ‘Ma
CE0 [ optonont = B ] 29+ [ = e
Righ T T | L0 I A s ior

- Programmin g
Click}

'EOOOOOOOO0O00000000000006000

TOOO0OO00O000060

DATA ACQUISITION AND ANALYSIS i

¥ g
@ E. [Defoult ~H
Structures Amay  Cluster &Cl.. <
} oy B ® % DMA FIFO ik: ®|
I> I> Write
C T " E Timeout
@ frtad S Ik Timed Out? =
Timing FPGAI/O  Data Storage... | EY o r
| For
e A | | 421 FPGA Math & Analysic
Synchronizat... FPGA Math ..
- 5 o G EL
s. 3 =t i '
Xilinx Corege. neration Control Utilities  High Throug. Il
S - (2N NoN=NoBeNe=NsH-NeNeN-NoN=NeH-NeeNoN
Favorites B E
! D r Mean, (f/Std Analog Period  Lincar Algebra 5
E 7] »
Select a V. II e
NI-579% Configuration ... | Notch Filter  Rational R
7 5
o "]
Scaled Wind... FFT Z Transform...
r ~
{3 configure Butterworth Filter @
Filter Specifications Implementation Filter Response
20 -
Type MNumber of channels
! 2 ¢
=)
Cutoff frequency (Hz) FPGA clock rate (MHz) % -20 \
=
40 g =
Expected E -60 \
sample rate (5/s]
2, Qutput Data Type 80
20k \
@ Avoid overflow -100- |
Order . 100 1k 10k
0K ] [ Cancel ] [ Help
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DETAILED INSTRUCTIONS

e 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



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.

A)

ANALOG INPUT AND ANALYSIS LOOP

00000000000 00000000000000000000000000000000000000000000000000°¢LC:

LOOP RATE

=

Structures Array
Y ] ¢

[
Numeric Boolean

\E |
B

=
3
=
a
-
=}
(51
=
=
=]

5
El,
i

Xilinx Corege...

Addons
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DATA ACQUISITION AND ANALYSIS

Split 1D Array

i[IEZ ]
i
i

Array Consta.. Array To Clu... Cluster To Ar..
¥

Build Arr o

b
Array Subset

Interleave 10...

M[Default ¥
Right-Click .
_-D’] Functions Q Search | 5 b DVA FFO T ®
3
Programming Wiite
=
) ¥ 3 Element
E[1Z| EL | | ;| A
IE‘E! 3 Aray Timeout

Reshape Array

Timed Out? 4

Oo0o000000000¢CG

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.



©

Expand Build Array ﬁ:

» o:H

ANALOG INPUT AND ANALYSIS LOOP

0000000000000 0000000000000000000000000000000o0o0o0ct:

C)

DATA ACQUISITION AND ANALYSIS

B FGEN Tnputffy

Limit

To[Default ~}
T | M
. B g DMA FIFO Ik ®
a Write
""'...-.-.-.mnnnul EEEEEEE e Elermnent
E—P Timeout
Timed Out? !
L] .
Alarm

000000000000 000000000000000000000000000000000000¢L0%
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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.



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.

(A)

OOoo0o0o0000000000000000000000000000000000000000000000000000000T-

H

|

LOOF RATE DATA ACQUISITION AND ANALYSIS
[ Default
N
N —
" wiDMA FIFO I "
Write
A By FGEN Input§] ) ] Elerment
ﬂ : I[ l—' Timeout
.= Limit [ 4 Right Click Timed Out? ¥
1KS/s ll-------l} ) % 411 Functions QSearcH
Programming L4
»
[ETa]z]
e
Array Cluster & Cl...
Bl [
=55a - Comparison |>
Greater Or Equal? Comparison
ﬁ L4
—_— [ > a 41k

Equal? Not Equal? Greater? Less? Greater OrE...

F [ P [ i b =
L1
Equal To0? Mot Equal To... Greater Than.. Less Than0? Greater OrE.. Less OrEqua.. |IP Integration
e
> - 2
Select Max & Min  In Range and... Not A Mumb... Fixed-Peint ...

Addons

Favorites
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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.



©

= o G BB | L= 7

Items | Files |

L. % Build Specifications
CompactRIODemokit (10.2.228.101)
[ Real-TimeVls
E- @ Chassis (cRI0-9068)
& 8} FPGA Target (RIOO, cRIO-0068)
B [ Chassis /O
E- [ Mod2
- &, SIN (Mod2/DIO0)
& SCLK (Mod2/DIO1)
- #, XLAT (Mod2/DI02)
(Mod2/DI03)

- F FAN (Mod2/DI07)
- g, Mod2/DIOTA0

- &, Mod2/DIOT:4
[ Mad4

b Modd/AID

R

MA_daraT

OT T 18]
- &, Camera Trigger (Mod2/DIO6)

m

LOG INPFUT AND ANALYSIS LOOP
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Breakpoint

FPGA /O Palette
Create

12}

Replace

Find FPGA /O in Project

Show Error Terminals

00 000000000000 00000000000000000000000¢C
DATA ACQUISITION AND ANALYSIS
J[Default -k
N
=+ DMA FIFO HIb ®
Write
&) Elernent
m—- Timeout
Timed Qut?
| v
Right-Click
isiple Iterns »
Help Oooooooooocr
Description and Tip...

@

Change to Write

Add Element

Add Mew FPGA T/O,

-

Alarm
-

o JEnm LEDo B

_'IIII.IIIII,

il

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.



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 *

File Edit View Project Operate Tools Window Help i

o || @ 15pt Application Font |« ||E;.v o | |@v | +| Search _}\ | iy

ANALOG INPUT AND ANALYSIS LOOP

TODoDOoO0O0O00O00000000000000000000000000000000000000000000000000000
LOOF RATE DATA ACQUISITION AND ANALYSIS

M Default M

® ek DA FIFO IE®
Write

B FGEM Input o 1 Elernent
Timeout
Timed Qut?

Lirnit

m

B LEDO B

O00O00000000000000000000000000000000000000000000000000000000000«C L

EX-2 Intro FPGA.lvproj/FPGA Target « 1
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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
T — Y e View the Simulated Case Within the
__t — w.' dp : = ° Conditional Disable Structure
ate ools ndow &l Mﬁ A
wa[ @2 | [ 56t Application Fort |~ || 3o~ [~ | (69~ |°ad) | Search 2 Click on the Default text on the menu bar
B of the Conditional Disable structure. From
ANALOG INPUT AND ANALYSIS LOOP the pU” down menu Select'
1000000000000 0000000O00O0000000O00O00O000D00O0O0O0O0O0O0O00oooooCG
DATA ACQUISTTION AND ANALYSES . ] i FPGA_EXECUTION_MODE==DEV_COMPUTER_SIM_IO
T
e Observe the Graph Indicator Used for
| |'=MFGEN Tnput Sl Simulation
] - Rather than passing the data onto a
= 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.
0000000000000 000000000000000000000000000000000000¢C; £ ThiscoderunswhentheFPGATargetisset
[ to run in simulation mode on the

development computer rather than on the
B u El | 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.

DETAILED INSTRUCTIONS

18 EX-2 Intro FPGA vproj - Project Explarer = | B e
DY Fie Edit View Project Operate Tools Window Help

IfhSel % ox||sk @& o4
= Fies | o E | e Open the Host Testbench.vi

=3 =Bkt Pod o Double-click on the file named Host

&+ B My Computer

Double - Clck Testbench.vi located under My
Dependencies . .
Build Speciications Computer in the LabVIEW Project
= CompactRIODemoKit (10.2.228.101) 1 i .
— g I Explorer as shown in Figure A.

= @ Chassis (cRIO-9068)

& 8] FPGA Target (RIOO, cRIO-9068, Dev Computer)

| Chassis /O
“ e Show the Block Diagram
Press <Ctrl-E> or click on Window »
I3 Host Testbenchi Front Panel on EX-2 Intro FPGAIproj/My Computer =B % Show Block Diagram to open or toggle
File Edit View Project Operate Tools Window Help T
@/‘ [ST] © (W] [ Aapremonron ~ [fo- e | &5+ 7] 2) @E between the block diagram and the
L Analog Data . .
; i < front panel as shown in Figure B.
Number of Samples = 4‘5: | original signal (A~
mplie - £’ arm ‘ The VI contains a conditional For Loop,

‘.—] 3 Host Testbench.vi Block Diagram an EX-2 Intro FPGAlvprojfMy Computer - = | Slgnal generator, and some COhtrOlS and

9
8
7
6-

- 5=

STOP. e File Edit View Proj

3o
2-
1
0

Tools Window Help
(212 [] (3] ool 15 Bpptestion ot 1+ | B [ |60~ |5 [sew 9] indicators for the user interface.
[Convert Values to Fixed Point and Input Sampling Rate. |
.. Analog Data
~ e | =
"~ Alarm
N,
o
\.
Y Stop
<Ctrl-E> N J -
<ctrl-E> / “
~, -
N, || [EX-2Intro FPGA.Ivproj/My Computer « [ il b
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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.

ost Testbench.vi Block Diagram on EX-2 Intro JJvproj omputer
) 43 Host Testbench.vi Block Diag EX-21 FPGA.lvproj/My Computer *
4 File Edit View Project Operate Tools Window Help
E“‘r} OE Lo |G| o4 || 15pt Application Font |~ ||?;|7H'-_|]EV‘|@?VH%‘ E
<21 Functions O“Saarcﬂ
Right | Programming 2 FPGA Desktop Exexution o
Click = =
[z
E 2 -
Structures Array Cluster, Clas...
Convert Values to Fix J .
v o " ¥ ! EX-2 FPGAi o
[ 3 Limit Analog Data
Amplitude Nurmneric Boolean String Sim Graphs ¥ C=m|
[DELY @ s Q’ E L b FGEN Input
Number of Samj B — L LEDo ’
I@ Comparison Timing Dialog & Use...
el e | :
Pulse Train @ 5k (1]
File /O Waveform  Application ... Ire
» ¥
fo -
EX-2 Intro FPGA.Ivproj/M J
oo e A Synchronizat... Graphics & 5. Report Gener...

A
AlEs

=

i [F=L]

B
OpenFPGA ... Read/Write.. Invoke Meth.. Close RRGA ..

VIAnalyzer  Unit Test

e
Measurement I/0 1 H ﬁ—l

FPGA Interface Dynamic FP... FPGAInterfa.. OpenDyna..| FPGA Deskto...
v s ﬂ 3 pap’ % § b

e
3
Scaling Simulation  Peer To Peer Advanced

I
]

l

Page 22 of 45

DETAILED INSTRUCTIONS

e Add an FPGA Desktop Execution
Node to the Block Diagram as
Shown in Figure A
Right-click on the block diagram to
open the Functions Palette.
Navigate to FPGA Interface and
drag and drop an FPGA Desktop
Execution Node onto the block
diagram.

Once you place this function on the
block diagram, the configuration
window displays automatically.
Configure the function as shown in
Figure B.
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C)
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{3 Configure Desktop Execution Node rm Select VI @1
Simulation Configuration =i - °
it R =

=l -]
.
click e
Terminal Configuration i -
Available Resources | = R EX-2 FPGAvi
Select the VI you built
[ ]
tl
(4
4 2 o
< [ | +
Click OK
.
The Desktop Execution Node is not fully configured. P
\
T | r
’ 5
3 Configure Desktop Execution Node l - J
Simulation Configuration
VI Reference Clock Clock Ticks
EX-2 FPGAwi | 40 MHz Onboard Clock E || 2000 £ |
Terminal Configuration
Available Resources - Selected Resources | Direction | «
=/[ml EX-2 FPGAi F
TF Alarm ‘E
‘a2 Sim Graphs —
FiF Limit
= FPGA Target =
) Modd
1 Modd/DIO2:0

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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Elmdl EX-2 FPGAVi

TF Alarm Select
= FPGA Target ltem
2153 Modé

1 Modd/DIO3:0
TF Modd/DIO3
TF Modd/DIO2
TF Mod4/DI01
TF Mod4/DI00
rie Lightlntensity
Fie LoopBackAls
FiF LoopBack AlS

[m |»

i3 Configure Desktop Execution Node l — I
Simulation Configuration
VI Reference Clock Clock Ticks
EX-2 FPGAvi 40 MHz Onboard Clock |E| 2000 5
Terminal Configuration
Available Resources | Selected Resources | Direction | ~

cick | PO

Arrow =)

rie FGEN Input In
[l [sell, EX-2 FPGA
E] =5 Sim Graphs Out
Fie Limit In

= B FPGA Target

v

Mad2

Mod4

Change Terminal Dire%

In

]l[ out ||| Injout |

Click OK

Change Direction

OK

] [ Cancel ] [ Help

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
Arrow to send them to Selected
Resources one at a time:

Ex-2 FPGA.vi:

1. Limit

2. Sim Graphs
FPGA Target\Mod4:

3. FGEN Input
FPGA Target\Mod2:

4. LEDO

Change the Direction of the LEDO
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.

Save Your Changes by Clicking OK
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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.



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.

-
B EX-2 Intro FPGA.Ivproj * - Project Explorer
a8y prj ] p

=NE—

File Edit View Project Operate

Toals

Window Help

e XHhnX

|| B2 W | BB~ & 0

[ &
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E;J Real-Time VIs
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S =
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- Mad2
) Modd4
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- 4l DMA FIFOQ
- [l EX-2FPGAw
B gl IP Builder
- N Mod2 (Slot 2, NI
- 0 Madd (Slot 4, NI
'T-.',nE' Dependencies
[ %, Build Specificatio
- [ml EX-2 Real-Time.vi
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+é Build Specifications

= Eg. Project: EX-2 Intro FPGA.lvproj
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Mew
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FPGA Target
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RIO Device Setup...

STTILTAT O (Real 1oy
Third-Party Simulation

Finel Praject Kems...

Arrange By
Expand All
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Remove from Project
Rename...

F2

—

Help...
Properties
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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.



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.

A)

3 Host Testbench.vi Block Diagram =8| %
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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.



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.

- [l Project: EX-2 Intro FPGA.Ivpraj
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- ik
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Time Vs
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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.



(‘B setect Compile Server S5 DETAILED INSTRUCTIONS

@e the local compile server

(01 Connect to a netwark compile server

©

LabVIEW prompts you to select the

Compile server name User name Compile server. Select the IOCGI
Configure . .
e compile server and click OK as shown
() Connect to LabVIEW FPGA Compile Cloud Service in Figure B Th|S W|” start the
User name :
Configure compilation process.

Prampt to select a compile server for each compilation

During the compilation process,

m- Concel ] (1. e LabVIEW generates intermediate HDL
- / files that are later processed by the
@ . : . Xilinx Compiler, which outputs a bitfile
u:’“l; = (p;ma containing the placing and routing
OIEEXIGERIEENIINE | | (stmating revousces vsing Plankhesd w001t information of the FPGA design.
?::qm:.. = Cancel Compilation

Project: EX-2 Iatro FPGANpecy

Taegen FPGA Target (FI00, <FI0-9062)
Budd Specdcation: FPGA VI

Top level VR EX-2 FPGA W

The compilation process for this VI takes
about 15 minutes. Once you have

Coenpding on local compile server
Compdation Took Xk 144

Commpdanon Scbmited: 1/14/2014 11:28 AM

reached the Compilation Status window,
as shown in Figure C, PROCEED TO
PART E to start developing the real-time
portion of the application.

Run when loaded te Fpge FALSE
ke Optocnrs

Design Serategy: Bslanced

Synthesis Optienzation Goat Speed

Syrthess Optwnzatica Eff ot Nomal

Map Overall EMont Levek

Place and Route Overall Effert Level Standard

Jobid: =52he
Werling Dwectoey CANIFPGA\ complation\ EX-ZntroFPGA_FPGATaget FPGAVE S5a20pENAC

Close ¥ Help L)
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Part E—REAL-TIME CODE IMPLEMENTATION

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

m | s DETAILED INSTRUCTIONS
> DMA FIFO . .
L EC2 264 Soltion) v e Open the Ex-2 Real-Time.vi
M Mod2 (Slot 2, NI9401) . .
) plodh (ot NS L Double-click on the file named Ex-2 Real-
L ‘ Time.vi located under CompactRIO in the
G+ % Dependencies . .
& suidSpecictons J LabVIEW Project Explorer as shown in
Figure A.
@ 18 EX-2 Real-Time.vi Front Panel on EX-2 Intro FPGA.vproj/CompactRIODemokit * =8 =% [ ShOW the BIOCk Diagram
File Edit View Project Operate Tools Window Help = . .
e o[l B e L 6 CET—y e Press <Ctrl-E> or click on Window » Show
B ; Block Diagram to open or toggle between
{3 EX-2 Real-Time.vi Block Diagram on EX-2 Intro FPGA Ivproj/CompactRIODemokit = the bIOCk diagram and the front panel as
File Edit View Project Operate Tools Window Help . R
[ [0 ]G5 wal -7 150 AppicstionFort 1~ ] 3~ ][5~ ] 60~ |8 shown in Figure B.

The block diagram contains a While Loop,
] FPGA target references, and some controls
o = il and indicators to interact with the user
FPGA Target )
r. J. J Dev Compute| Interface,
EXnimT bR This VI runs on the real-time OS. It reads
.. .
S a from the DMA FIFO and displays the data.
<Ctrl-E> /" Ney | [E 2o FPGA oy CompaciRlODemoRE « =

A
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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.

A)

i3 £x-2 Real-Time.vi Block Diagram on EX-2 Intro FPGA.lvproj/CompactRIODemaokit *
File Edit View Project Operate Tools Window Help
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Simulation  Peer To Peer...

Advanced

DETAILED INSTRUCTIONS

Add a Read/Write Control Node as
Shown in Figure A1

Right-click on the block diagram to
open the Functions Palette.
Navigate to FPGA Interface and
drag and drop a Read/Write
Control Node onto the block
diagram.

Configure the Read/Write Control
Node as Shown in Figure A2
Continue the Reference (aqua) and
Error (yellow) wires coming from
the Open FPGA VI Reference
function and connect them to the
Read/Write Control.

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



Page 32 of 45

o
T

| Unselected »
1

|____@_____,

u Sod n
\ Unselected ¥
Unselscted H

] [-]

— L
g B B
FFGAVI i . L 2
Ei-2 Limit v L larm
FPGA VI [DBLE Al
FPGA Target im Graphs
Dev Compute Alarm

Click on Unselected to
Select items

FPGA Target m

Dev Compute

1
N B o B
FRA I - £ 1
£z Lirnit ey Limit Alarm
FPGA VI [OELHmeast | Alarm He===== LLL E

DETAILED INSTRUCTIONS

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



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.

A}

7
3 EX-2 Real-Timewi Block Diagram on EX-2 Intro FPGA.lvproj/CompactRIODemokit *
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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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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.



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.

DETAILED INSTRUCTIONS

Q I3 E£X-2 Real-Time.vi Block Diagram on EX-2 Intra FPGA.lvproj/CompactRIODemofit *
2 File Edit View Project Operate Tools Window Help
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O = Right-click on the block diagram to
[

bring up the functions palette.
Navigate to the Programming>>Arrays
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I block diagram as shown in Figure A:
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e 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 show the
additional terminal as shown in Figure
B.
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DETAILED INSTRUCTIONS

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.



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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"4; Build Specifications
CompactRIODemoKit (10.2.228.101)

- Mod2

[ Modé4

- ¥ 40 MHz Onboard Clack
- 4l DMAFIFO

- i, EX-2 FPGA (Solution).vi
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i
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DETAILED INSTRUCTIONS

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 Vls
folder in the CompactRIO target.

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

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.



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
ookt (=l Invoke Method to the Close FPGA VI
_ _ L Reference
ot |- |[fe [ |69 [l [ Search 2 [R]L Continue the Reference (aqua) and Error

. . (yellow) wires coming from the Invoke

Method and connect them to the Close
FPGA VI Reference.

n
=
[

& B rrssss s NI NI NI E RN R RN LIy |
| ot N O D T 2
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.

' N
{8 £%-2 Real-Timewi Block Diagram on EX-2 Intro FPGA.Ivproj/CompactRIODemaKit * (=] 2 e

File Edit View Project Operate Tools Window Help

IE'E’ @IEI bo| T ot |15ptAppIication Font |+ ||E;:|' ”':I]E' | |@§;v ||=L\ﬁJ
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*| Search J\ ||_@

FPGA INTERFACE

s RIOO [~ Beo2l B --+ o m— - g
Limit b Limit_ Alarm — DMAFIFO.Read  DMATFORed || -

FPGA VI [T |— Alarm b E—D Mumber of Elements P Number of Elements ] ] Transpose ]
FPGA Target 4 Timeout (ms) b Timeout (ms) Decimate Build Function Generator
Dev Compute Data [ Data [ H sl =] b DBL]
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Fin}
ez Detected Frequency (Hz)
MDBL]
stop
() =@

EX-2 Intro FPGA.lvproj/CompactRIODemokKit « [ 1 ]
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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.

Q I3 Compilation Status
4

(=5 [
Build Specifications +| Statue
[./] FPGA VI (EX-2 Intro FPGA.lvproi/ R Ry
Reports
Configuration [=]
Project: EX-2 Intro FRGA.vproj
Target: FPGA Target (RIO0, cRIO-9068)
Build Specification: FPGA VI
Top level VE EX-2 FPGAi
Compiling @
Compilation
Compilation Submitted: 1/14/2014 11:28 AM
Run when loaded to Fpga: FALSE
Synthesis Optimization Effort: Normal
Map Overall Effort Level: High
Place and Route Overall Effort Level: Standard
Jobld: z52Lhe
Working Directory: C:\MIFPGA\compilation\EX-2IntroFPGA_FPGATarget FPGAVI 95pZ0pBNvLc
@ The compilatien completed successfully.
Close Help.
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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.



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.

0-1kHz 0-10 kHz 0-100 kHz This configuration produces a waveform
like the one you simulated in the Host
Testbench.vi.

\ Function Generator /
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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.

o

3 Ex-2 Real-Time.vi Block Diagram on EX-2 Intro FRGA Jvproj/CompactRIODemoKit =8 %

File Edit View Project Operate Tools Window Help
0 = &
BB =
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EX-2 Intro FPGA.Ivprs

File Edit View Project Operate Tools Window Help
I [z @[n]
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Run [
10- 5 [4 Filtered signal |/
o 4.5 Original Signal [/~
4-]
8-
357 Al
7- arm
4 3
_ £l
6 %25, | =
£ 4 E
B < 2 4
4- 1.5
3- 1| Detected Frequency (Hz)
2- 0.5+ 516.34
r 1- 0 d I
W sor 804739 cra
0- Time
EX-2 Intro FPGAvproj/CompactRIODemoKit] « I
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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.



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.

DETAILED INSTRUCTIONS

13 £X-2 Real-Timewvi on EX-2 Intro FPGAlvproj/CompactRIODemokit [E=EIS) * Ad] ust the Wavef orm Ty Pe, Frequency ’
File Edit View Project Operate Tools Window Help and Amplltude on CompactRIO
sl@@n| Demo Box
Limit - Function Generator sl inchack ok Use knobs and switches on CompactRIO
[ 10- 5 Filtered Signal ,K .

45 Original signal [/~ Demo Box to adjust waveform,

4-| .

o r ’ frequency, and amplitude. Watch the

arm . .
L View signal on the user interface.

Amplitude
~

m

Move Limit
Slide Up
and Down

i © Alarm
W

o NOTE: Due to your sampling rates, you
! J / Dete?::“”e”f" o cannot accurately read signals above

0 ‘ h 1 kHz. Do not adjust the frequency switch

5231728 5231816 View Frequency

: Lol | Time beyond 0 kHz to 1 kHz.
Click STOP when done

EX-2 Intro FPGA.Ivproj/CompactRIODemoKit| « 1 [

Moo W
o [

o
in

O 2 MW & o o o~ @ WD
i | | | | | | | | |
—

e 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.

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.

<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 I/O 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

B | abVIEW
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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 1/0 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 I/0 interfacing; a step-by-step tutorial; and
numerous fully documented, ready-to-run examples of common
embedded tasks implemented in LabVIEW.

To learn more, visit ni.com/rioeval.


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 Certified LabVIEW Embedded

LabVIEW Core 1 § LabVIEW Core 2 §

Using LabVIEW k Systems Developer (CLED)*

Getting Started

ni.com/gettingstarted
NI LabVIEW for CompactRIO Developer’s Guide

ni.com/compactriodevguide

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