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Exercise 2.1: Creating a LabVIEW FPGA VI

Exercise Objective

This exercise will introduce you to basic concepts and methods of programming LabVIEW
FPGA. You will create an application from scratch that shows many of the basic features of
LabVIEW FPGA and R Series. This application will also show the parallelism of a LabVIEW
FPGA system.

Hands-On Summary
e Introduce LabVIEW FPGA

e Learn how to setup and configure a R Series device using the LabVIEW Project

e Create an FPGA Application that adds two numbers and benchmarks the execution.

Hardware Setup

Part 0: Confiquring the R Series Device in MAX

In this section you will learn the following:
e Discovering a R Series in Measurement and Automation Explorer (MAX)

SIRIOO (NI-7831R) - Measurement & Automation Explorer Q@
file Edit Yiew Tools Help
Configuration A| Bhopen visa TestPanel kel save sPHide Help
= 38 My System a
@R Data Neighberhood eack | = 4l
=+ B Devices nd Tnterfaces .‘ﬁ RIDC:INSTR
) [ MI-DAGX Devices
=& NIRIO Devices Device Type: PXI/PCI RID
& RIOD (NI-7831R)
- Parts (Serial & Parallel) VISA Alias on My System: ,7

1. PX1 PXI System (Linidentiied)

This devics is warking properly

Troubleshoot.

Context Help

This window displays

«
(& General | | & RIO Settings

1. Confirm that your RIO device shows up in MAX. Since we will be running the R Series on
the windows machine, no further configuration is required to access the device from
LabVIEW.
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Part 1: Developing the FPGA Application

In this section you will learn:
e Develop, target, download, and run an application on an FPGA.

1. Launch LabVIEW 8 and open an Empty Project.

ﬂGelling Started E] (| @

Elle Tools Help

E LavaEW Licensed for Professional Version

New New To Lab¥IEwW?

Getting Started with LabWIEW

) Empty Project LabVIEW Fundamentals

| Keal-Time Project

“d Guide to LabYIEW Documentation
£3 Mare...
=] LabWIEW Help
Upgrading Lab¥TEW?
Open

LabWIEW Projects
@Q. MFSMainProject. lvproj

,E.'Q Sound and Yib, dema bosx. vproj Changes to Existing YIs and Functions

|l Training Test Plate Demo.vi RT, FPEA, and PDA Targets

|l MFS w 44080 List of All New Features

[l MFS wush3233 vi 2 wI215.vi veb Resources

,;g. cRIODSA Target Comm w3215 and ao,vi Discussion Forums

£ Browse...
Training Courses
Targets LahVIEW Zone
Examples
Real-Time Project: w [
Q Find Examples...

2. Click the Save All button @ and save your project as Custom Trigger to the “Intro Demo”
folder located on the desktop. Your project should look like this:

&= Project Explorer - Custom Trigger.lvproj E]@

File Edit View Project Operate Tools Window Help

EEEIE TR
= Eg Project: Cuskom Trigger.lvproj
S B My Computer
i Dependencies
L S Build Spedfications

3. Right-click on My Computer and select New>>Targets and Devices. This will allow us to
add an FPGA target to our project. Expand the FPGA Target folder, highlight the PCI-7831R
device and select OK.
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b Project Explorer - Custom Trigger.lvproj

=0k

File Edit ‘iew Project Operate Tools

Window Help

eS| %

| a2 e | &~

Ll *

= E; Praoject: Custarn Trigger. lvproj

2 B My Compu

& add Targets and Devices

= P 13 VI
- E Depen Folder
L. e Builds Export >
= Impart 2 Library
‘ariable
Add File, ..
Add Eold TIO Server
oIeer HCankral
& B
range By Y| paom
Expand Al MI-DACm
Collapse All MI-DAQm
Help... Targets an
Froperties. .., |

4. The LabVIEW Project should look like this:
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Targets and Devices
() Existing target or device
Discover an existing target(s) or devicels),
Existing device on remote subnet
Specify a device on a remaote subnet by address.,
(_)New target or device

Create a new target or device by bvpe,

=) FPGA Target b]
2T R Series
51 RIOO: INSTR (PCI-7831R)
|) Real-Time PCI-7041
[
(<] m 3]

Ok H Cancel ”

)




Replace this with new figure
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4 Project Explorer - Custom Trigger. lvproj®

B=)=]

File Edi View Project

B IR BT =l

Cperate Tools  Window Help

= [l Project: Custom Trigger.bvpraj
& B My Computer
& B} FPGA Target (RIOD:INSTR, PCI-7631R)
i - H5 40 MHz Onboard Clack
i £ im Expansion Chassis (Cornector 1)
: i~ b 15215 (Slot 1)
) m19283 (Slk 2)
i b M1 9411 (Slot 3
i W) m19a74(slot 4)
i -2 Dependencies
i ‘& Build Specifications
}- %5 Dependencies
% Build Specifications

5. Developing the LabVIEW FPGA Application

In this section you will:
L]

The completed application should look like this:

13 FPGA.vi Block Diagram on FPGA Target

A=)

File Edt View Project Operate Tools Window Help

BEE

[ 1apt application Fort |+ | (5= |[Tm {%‘
~

Explore the function palettes while targeted for FPGA.
Design an application that adds two numbers and benchmarks the code

43 FPGA.vi Front Panel on FPGA Target

BEI

Fil= Edit View Project

Cperate Tools Window Help

(2]
e xecution Time (ticks, L:
BE -
]
[l
FPGA Target < | [ m ] [»

FPGA Target]| < |

[ 130t Application Fort |~ ||:;.-”:|§-”&-{
(]

Execution Time (ticks)

- .

m J [>]v

Block Diagram

Front Panel

In the LabVIEW Project Window, right-click on the FPGA target (PCI-7831R) and select

New>>VI to start a new LabVIEW FPGA VI (LabVIEW programs are called Virtual
Instruments or VI’s). Save this VI as AddFPGA.vi by (File>>Save As) to signify that this
program will be run on the FPGA.
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13 Project Explorer - Custom Trigger. lvproj* [Z}@

Flle Edit Wiew Project Operate Tools Window Help

[ocwl xb x| m- e
=- E; Project: Custam Trigger.lvproj
& B My Computer
< £} FPGA Target (RIOD::INSTR, PCI-783"~"
i+ Ha 40 MHz Onboard Clack
: == Expansion Chassis (Connector 1) Reset

H NI 9215 (Slat 1 Librar
n (gt 1) Bownload Bitfils or Attributes Ta Flash Memory... Y
¥Control

Mew 3 VI
Folder

b ) NEo4tL (Slet 3) add File...

L ) ML9474 (Slot 4) add Falder...
% Dependencies

% Build Specifications

R Series Expansion Chassis
FPGA TjO

Arrange By » FPGA Base Clock.

FIFO

i 52 Dependencies Expand Al

L& Build Specifications Callapse &l
Remave
Renarnes
Help...
Properties...

7. When the LabVIEW front panel appears, go to the block diagram by selecting
Window>>Show block diagram.

8. Right-click in the white area on the block diagram to display the Functions palette. Click on
the thumb tack icon in the top left corner of the Functions palette to tack it down.

FunctionsPallete here
9. Navigate to the Help menu and select Show context help. Then browse through the

Functions palette to familiarize yourself with the many math, digital logic, comparison,
input/output, math and analysis functions and IP libraries that are available.

&
&L Search I o i l
¥ Programming
|—I' e ¥ 1z3] M %
= > | Qsearch | & vew |
Structures Timing Mumeric *  Programming
" ¥ ¥ L FrGa 1jo
=8 &> !
>
Cluster & Wati... Boolean Comparisan =
4 M FPGA IO Mode  FPGA /O Pro... FPGA IJO Met...
| 5] 3 oo T PR
2
Array FPGA Math & ... FP&GA 1O
¥ HOL Interfac... Inkerrupt Mernary Write
Jo -~
-k S
Synchronization Memoty Read
b Favorites ¥ Favorites
Select & vI... Select a VI...

Browsing the LabVIEW FPGA functions palette
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10. Go back to the LabVIEW front panel (gray screen), go to View >> Controls Palette. This will
turn the controls Palette ON

i AddFPGA.vi Front Panel on FPGA Target *

IEUNICLans: Haletie

Toolbars
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=
C{, Search | oo Wiew
[* mModern
_ " Y i[1]z] b
....... HE]
111.23 'l 3 ] B
Murnetic Boolean Array & Clusker
LIET ¥ - 3 h
EEE . Ean]
Lisk & Table Graph Ring & Enum
k »
(] OA
R o0
Containers Decarations
| ¥ Syskem
| ¥ Classic

| Select a Conkral, .,

11. From Controls Palette press “Numeric” button which will envoke Numeric Palette. Now
place two numeric controls and two numeric indicator in the front panel. You can always go
back a level by clicking the upper level in the top left corner (Modern).

%]

(2, search | 2 view

|+ mModern

L Murneric

10'. i
- :
B i

Yerkical Paoink, .,

Mumeric Conkrol  Mumeric Indic. ..

Yertical Progr. ..

10-

|

-
Wertical Fill Slide

"
Mertical Grad. ..

L

12. In “Front Panel” rename the controls A and B, and the indicators as C and Execution Time
(ticks). It is easier to name the component while placing. To rename right click in the middle
of the controls and then click “Properties” and change the name in properties (it is faster to
Delete and place them again and name while placing). The Front Panel and Block Diagrams
should look like this now.

Page 7 of 16




NATIONAL
INSTRUMENTS

| AddFPGA.¥i Front Panel on FPGA Targek * O] =]

o
| Blge (e CElalE

E::ecution Time (ticks)]

(123
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13. Change their data type to be an Unsigned Byte integer, by right-clicking on each of them and
selecting Representation » Unsigned Byte from the shortcut menu. Notice U8 in at the
bottom of each icon in Block Diagram (it was 116 initially).

Yisible Ttems 3
Find Indicatar

Hide Indicator
Zhange to Control
Change to Conskant
Description and Tip. ..

Mumeric Paletke
Creake

Data Operations
Advanced

b . .

Representation IInsigned B

4 View As Tcon

Properties EXT (| DBEL || SGL

I64 || I32 I16 I

(e l e P o P =
us4 |[vzz |[uie | va
(e l [l P | P =
CSG
=

14. In the block diagram, add a while loop around the four controls. Tis is done by right clicking
and then in Functions >> Structures >> While Loop (as shown in screen shot below), make
sure the terminals for the controls and indicator are inside the While loop.
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£ |{§}| @ | 13pt Application Font 3
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o
! Decaorations Feedback Mode =Il
FPGA Target 4 | g P!

15. Place the Add function (Functions>>Numeric) inside the while loop.
16. If you do not have the Tools Palette visible, turn ON Tools Palette from View>>Tools
Palette. In Tools click on “Wire Reel” button and wire A and B to the inputs of the add

function and wire C to the add function output. Wiring may feel tricky and may require some
practice.
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File Edit Wiew Project Operate Tools Window Help
_ =
{E} i@ 13pt Application Font |vl 3
=

E:ecution Time (kicks)]
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[1]:]

-
FPGA Target 4| | v

A common use of parallelism in LabVIEW FPGA is for benchmarking purposes. Since LabVIEW
FPGA implements independent tasks in parallel, we can easily add benchmarking code in
parallel to our main application without effecting the performance.

17. Right click on the left edge of the While Loop and select Add Shift Register.

18. Initialize the shift register by dropping down a numeric constant of zero from the Numeric
Palette (which is accessible from the Functions Palette Functions>>Numeric>>Numeric
Constant).
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19. Now, drop down a Tick Count function (Functions>>Timing), select the counter units to be
Ticks and keep the size of the internal counter as 32 Bit. Click OK.

X]

Counter Units
icks -

Size of Inkernal Counter

|32 Bit vI

(] 4 Cancel | Help |

Configure Tick Count Dialog
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20. Wire the output of the Tick Count function to the shift register on the right side of the While
Loop

21. Drop down a Subtract function on to the block diagram.
22. Wire the output of the shift register on the left side of the While Loop and the value of the
Tick Count function to one inputs of the Subtract function. Wire the output of the Subtract

function to the indicator labeled Execution Time (ticks).

23. Save the VI and project. Click the Run button to start the compile process. The following
window will appear:

|13 Reginning Compile %]
‘Warning

Compiling a VT For an FRCA barget can balke minutes o hours, Cick the G butkon ta
continue. IF you préviousty dsconrcted from & compes snd want to reconnect, dhck
.

I the uture, this dilkog should:
(s appeae
(_rhever appear
(_vappese onky I an cld hitfile pbsts

o[ camal Heip

Figure 20. FPGA Build Warning

This is just telling you that compiling the FPGA code can take a long time. Click OK and the
compiling process will begin. After the build process completes, you may run the VI in FPGA
interactive mode. In this mode, the embedded VISA server passes data from the FPGA over the
PCI bus to your PC. The update rate in interactive mode is typically limited to about 10 S/s.

While the application is compiling, ask one of the instructors if you have any questions or
comments. You’ve worked hard—sit back and enjoy 5-10 minutes of well deserved rest and
relaxation while your LabVIEW FPGA application compiles! If desired, you may read the
comments below that explain the compilation process and other topics that may be of interest.

LabVIEW FPGA Compile Server 8.0 &lc
Compile Status
Server Service ID Client Service: 1D Start Tirme:
0 CustomTri~BE_FPGATarg~47_SimpleAl~40_ybf4cex2~0F 1/17{2006 5:07:39 PM
Client Mame: Status Last Update Time
Iocalhost Compiling YHDL 1/17/2006 5:08:34 PM
Details
Release 7.1,03 - Bilinx CORE Generator IP_H. 16 -~
Copyright £c) 1995-2005 ¥iinx, Inc, All rights reserved.
Regenerating IP...
the output directary., Qutput products for this core may be overwritten.
Generating Implementation files.
Generating the YHDL instantiation template.
~,
Stop Compile | [ Compile List... Server Status Compiing Stop Server | [ configure... | [ Help

Figure 21. Snapshot during FPGA compilation
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Understand the LabVIEW FPGA Compilation Process

The LabVIEW FPGA Module uses an industry-standard Xilinx ISE compiler. First, your
graphical LabVIEW FPGA code is translated to text-based VHDL code. At this time, the
Generating Intermediate Files dialogue is displayed. Then the Xilinx ISE compiler tools are
invoked and the VHDL code is optimized, reduced, and synthesized into a hardware circuit
realization of your LabVIEW design. This process also applies timing constraints on the circuit
design that ensure an efficient use of FPGA resources (sometimes called “fabric™).

A great deal of optimization is performed during the compilation process to reduce digital logic
and create an optimal implementation of the LabVIEW application. The end result is a highly
optimized silicon implementation that provides true parallel processing with the performance and
reliability benefits of dedicated hardware circuitry. Since there is no operating system on the
FPGA chip, the code is implemented in a way that ensures maximum performance and reliability.

The end result is a bit stream file that is loaded into your LabVIEW FPGA .VI file. When you run
the application, the bitstream is loaded into the FPGA chip to configure the gate array logic.
While the application is running on the FPGA, data for the front panel controls and indicators is
passed over the network several times per second to enable Interactive Mode testing of the
application. Later we will build a real-time host interface to the application that enables high
speed data transfer and interrupt synchronization between the floating-point host processor and
integer-based FPGA chipset.

NOTE: If you disconnect during the compilation, you will need to run the application once while
targeted to the FPGA in order to load the bitstream into the FPGA VI file from the compile
server.

FPGA Clock Speed

By default, the FPGA clock runs at 40 MHz. This means that one Tick of the FPGA clock is equal
to 25 nanoseconds. By changing the compile options, you can increase the FPGA clock speed up
to 200 MHz (5 nanoseconds). There are some drawbacks to using higher clock speeds that you
should be aware of before changing the compile option. For more information, refer to the
CompactRIO Technical Developers Library by visiting (http://www.ni.com/compactrio) or click
the Help button on the Target>Build Options menu.

Understanding the Compilation Report

A SLICE is a collection of logic components on the FPGA. The percentage shown is the
percentage of the FPGA used. As the FPGA reaches greater than 90% usage, the compiler
performs more optimization to make the most efficient use of resources. For simple applications,
the compiler does not ““try”” very hard to optimize, as it does not need to make efficient use of
FPGA resources. For this reason, you may be able to fit more onto the FPGA than this report
would lead you to believe.
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Debugging your FPGA Algorithms before Compilation

Because LabVIEW FPGA uses the same high level LabVIEW source code that is used on all
LabVIEW targets, you can execute the same code on any processor in a functionally equivalent
manner. This makes LabVIEW a powerful universal programming language for rapid
development of embedded systems. Although the execution timing will be different when
implemented on the FPGA, the control logic and integer math functionality is the same
regardless of how the code is targeted. When running LabVIEW FPGA code in Windows, you can
use breakpoints, probes, highlight execution mode and other standard debugging tools to validate
the FPGA code. While working in Windows, you can enable the LabVIEW FPGA palette view by
clicking the options button at the top-right corner of your functions palette and selecting FPGA
Hardware in the Palette View menu.

When the compiler is complete, the compile report will be generated. This report shows the start
and end compilation time, the number of SLICEs used, a compiled clock rate (40 MHz), and an
estimated maximum clock rate.

43 Successful Compile Report

Status: Compilation swccessiul -

Conpilation Summary

Devics Utilization Sumnary
Humber of BUFGHUYs 3 out of 16 18%
Humber of External IOBs 104 cut of 484  21%

Fumber of LOCed IOBs 104 cut of 104  100%
Humber of SLICEs 963 cut of 14336 6%

Clock Rates: (Requested rates adjusted for jitter and accuracy)
Base clock: 40 MHz Onboard Clock
Compiled Rate 40 40893EMHz
Theorstical Maxinum: 82.685629MHz

Start Time: 1-17-2006 5:07:39 PH
End Time: 1-17-2006 5:14:21 PH Lt

Do it show this
0 message in the futurs Help

Figure 22. Build Report

A SLICE is a collection of logic components on the FPGA. The percentage shown is the
percentage of the FPGA used. In most cases, you can actually fit more onto the FPGA than this
report would lead you to believe. For simple applications, the compiler does not “try” very hard
to optimize, as it does not need to make efficient use of FPGA resources. The compiler will begin
to optimize the compiled code when 95% of the FPGA resources are used.

24. Click OK to close the build report. The FPGA VI will begin to run automatically. Adjust the
analog output (AQO 0) voltage and observe the reaction of the system.

25. Click Stop Server to close the compile server.
26. Run the VI and watch how it adds the two numbers. You should also notice that the code
takes 6 ticks (or 150 nanoseconds) to execute. Remember we selected an Unsigned Byte

representation for the controls and indicators. Therefore each control has a range 0-255.
Since the indicator also has the same 8 bit range notice what occurs when 2 large numbers are
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added together. For example, 240+120 returns 104 as a result. This is due to overflow and
occurs when the result does not have enough bits to store the result. There are special nodes
found in the Functions>>Numeric>>Saturation Arithmetic palette that can be used to handle
these types of situations. We will discuss these a little later in the lesson.

27. After you have run and tested the code close the application and the Project Manager.
ALL STAR (OPTIONAL)

28. Now open the precompiled example found in the project named Exercise 21.pjt in the
Solutions folder. The VI you should open is named Ex 2 1 optional.vi.

29. Looking at the block diagram you will notice that we added a subtraction task to the VI. Run

this VI and you will notice that the execution time is still 6 ticks. The execution time remains
the same because the addition and subtraction tasks are performed in parallel.
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