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The NI Approach to Flexible Hardware

ni.com/byoes

Processor

= Real-time OS

= Application software

= Networking and
peripheral I/O drivers

= DMA, interrupt, and
bus control drivers

FPGA

= Application IP

= Control IP

= DSP IP

= Specialized /O drivers
and interface

= DMA controller

Analog Input
Analog Output
Digital I/0

Custom 1/0
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NI Embedded Software Architecture Options

(D) LabVIEW < >
A LabVIEW

FPGA Interface FPGA
@ C/C++ o C AP

=

Real-Time Processor FPGA

(1) LabVIEW RT and FPGA (3) ¢/C++ on RT, LabVIEW FPGA

@ LabVIEW RT app for I/O, with
C/C++ app or library
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LabVIEW System Design Software

Project Explorer

Manage and organize all system
resources, including 1/O and
deployment targets

Deployment Targets

Deploy LabVIEW code to the
leading desktop, real-time, and
FPGA hardware targets

Instant Compilation
See the state of
your application at
all times, instantly

Front Panel

Create event-driven user
interfaces to control systems and
display measurements

Models of Computation
Combine and reuse .m files, C
code, and HDL with graphical
code
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Accelerates Your Success

Hardware Connectivity

Bring real-world signals into
LabVIEW from any I/O on any
instrument

Parallel Programming

Create independent loops that
automatically execute

in parallel

Block Diagram

Define and customize the
behavior of your system using
graphical programming

Analysis Libraries

Use high-performance analysis
libraries designed

for engineering and science

Timing

Define explicit execution order
and timing with sequential data
flow

By abstracting low-level complexity and integrating all of the tools you need to build any measurement or control system
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LabVIEW System Development Environment

ni.com/byoes

Complete
System IDE

{3 Project Explorer - Microgrid In... |ﬂ

Eile Edit Niew Project Operate Toals
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~ Real-Time Processor Application

- FPGA Application

" Windows Desktop PC Applicatio;—

System Design Tool
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LabVIEW System Development Environment

Complete Math and
System IDE Analysis
FPGA Math & Analysis 2] PID (=]
| 4 | < search | £, customize | | 40 | S, search | € Customizer |
I I T 5 FID PID FID PID FID
ﬂﬁ l‘t!a] [TE T E:,>./rdd_f HM E:M ?ﬂ E:fﬂl:;:
Generation Control Utilities  High Thro... PID.vi PID Advance... PID Advance.. PID Autotuni.. PID Autotuni..
—— ——— v PID FID PID FID PID
i o
i 1 e 1 E”‘ “oigt \IE. %E Lﬁ Mathematics @
DC-RMS  Mean, Var,.. Analog Pe... Linear Alg.. PID Gain 5ch... PID Structure... PID Autotuni.. PID Online A... PID Lead-La... | ﬂ:‘ I q Search I % Customize™ l
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i, [ [ M
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LabVIEW System Development Environment

ni.com/byoes

Complete
System IDE

Math and
Analysis

Reuse of
Existing Code

13 Draw Fractal (pure Mathscript).vi Block Diagram

File Edit View Project Operate Tools Window Help

Length
[DELE

Start]
[DBL

1%Initialize 7

:

.m File Scripts

[X,¥Y]=meshgrid(>,x);
Z=X+i*Y;

@[] [@] [25] [wa] @] o [ 120t Application Font [~ ] (B~ ][Ta~] [£5-]

.m File Scripts

Sarmples
I3

Graphical
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LabVIEW System Development Environment

ni.com/byoes

Complete
System IDE

Math and
Analysis

Graphical Syntax

Reuse of
Existing Code

LIBRARY Teee
USE feee.std

Library xi1i

ENTITY filt I
port
MO

RDY:
CLK:
RST:
RFD:
DIM:
DOUT

Enp filt;

ARCHITECTURE

COMPONENT  wi

_logic_1164.aLL;

nxCorelib;
=}

IN std_logic;

ouT std_Togic;

IN std_logic;

IN std_Togic;

ouT std_lagic;

In StCL'lD%‘\C,VECTOR(lS downto 0);

: oUT std_Togic_VECTOR(30 downto 03);

filt_a oF filt 15

apped_filt

PoOUT std_ Dgic;
:IN std_Togic;
i IN sto_Tlogic,
T oUT std_logic;

N std 'qugc VECTOR(15 downta 0):

1-oF

"Control (PID)"

Channel 0 Setpoint

=

Control Reset

=

Channel 0 Configuration

PID Gains

Output Range p

Offset
I32—F x
¢ ¥
faet result ¥

E o, Mod2/A00®

MAWatchdog Timed Out?»

Control Period (ticks)

™
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LabVIEW System Development Environment

Complete Math and Reuse of
System IDE Analysis Existing Code

Graphical Syntax i
E Mo Error ‘t
: i
= e e
error in (no error) |[[E=x é : -@>
=
Resource NamellE} a B a [E] d ?%‘Ei F
=i = 511 """
Id Query (default: True}------ iy K l
Foe | oee
Reset Device (default: Trug) Fiid Eia 2
b ; —-—--—-—-—-—-—"-In:trllment Handle Qut
1024
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LabVIEW System Development Environment

ni.com/byoes

Complete
System IDE

Math and
Analysis

Reuse of
Existing Code

Graphical
Debugging

{3 RT Main.vi Black Diagram on Bio Reactor.lvproj/NI-cRIO9076-01600878 *

=3[ = ]

File Edit View Project Operate Tools

Window Help

S| @ FE]

[

E.d?cr"ﬁ B

Lt

Bio Reactor.lvproj/NI-cRIC8076-0160087E <

P
m Probe Watch Window

==

P

Probe Display
-

Probe(s) Value
= RT Mainwi (Bi [Easeraes
[2] Probe | 536.873E+6
l @y False
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LabVIEW System Development Environment
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Complete
System IDE

Math and
Analysis

Reuse of

Existing Code

{3 Complete Inverter Controlvi on inverter control.lvproj/cRIC-3014-Black

Graphical

Debugging

Microgrid Inverter Control

[VabWVchVa( W]

Meonitoring Settings

Sample Rate (5/s)

[=1 50000

Samples Per Channel
[£][2500

Manitaring Buffer Usage %)

11 Pause

— [

Channel Mame Scale [mV/EU]  EU dB Ref [EU]

Vab 1000.00 v 1 ?
IVbc Jwmoo | v |1

Vac 1000.00 v 1

Filtered 1000.00 Y 1

Raw 1000.00 v 1 -

lACsource I 1000.00 I W I 1

Frequency 1000.00 A 1

|

RMS Voltage Setpoint
w0 120 140
ks ! i

80 160
B0, : ’ L]
40— -200
- "1
0 40

o Stop FETs

Inverter Settings

Line Valtage (V)

! !
0.02 0.03 0.04

Time (s}

0 .01 0.05
Time (s}
[ACsoulce ~ Filterad |#™ Raw | ]
400+
=
=
= 200
=
2
=
(=]
T
t
T -
=
| | | | |
] 0.0L 0.02 0.03 0.04 0.05

Run {. Stop } {@Conﬁgme

? Advan(ed} {@ Help

Average PLL Frequency

M
20
0 .

\

Hertz

80 100
ﬁ? o 1{20 140
o LE0
.

~

11

User

Interface
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Abstraction of Hardware Comp

Acquire analog data point-by-point

w$ DA FIFO B

Directly transfer analog data to
processor memory via FIFO for data

Write

@ El=ment

b \ TirrEauk

\ Ful

logging, display, etc.

LabVI

ni.com/byoes

-\W F

exities

VH

DL

~4000 lines of VHDL
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LabVIEVW Environment Basics

[”Project" = System Configuration }

[ “VI" = Program or Function }

P

13 1-simulate Signal.vi Front Panel

A

(

[= =] =]

{3 1-simulate Signal.vi Block Diagram

\

[=[=][==]

mGetting Started.lvprnj-...| = || =] || X |

ni.com/byoes

File Edit View Project Operate Tools

|t e e « IELY

Iterns | Files

= E;l, Project: Getting Started.lvproj
= k] My Computer
> i;ﬂ, 1-Sirnulate Signal.vi
- _'-!qT' Dependencies
1_ Build Specifications

File Edit View Project Operate Tools Window Help

=L
|r.{> |{§}| OlEI | 15pt Application Font |« || g |” < | 2 |%

File

Edit View Project Operate Tools Window Help

Waveform Graph

0.75-
0.5
0.25-

Amplitude

-0.25-]
-0.5-
-0.75-

i 1
0.08 01

|
0.06
Time

1 i i
0 0.02 0.04

Amplitude

4‘ / W

[" Front Panel” = User Interface} ﬁ’Block Diagram”
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=]
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-mbedded systems — LabVIEW
FPGA
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Field-Programmable Gate Array (FPGA)

Memory Blocks
Store data sets or values in user defined RAM

]
(]
]
]
]
]
]
(]

__, Configurable Logic Blocks (CLBs)
Implement logic using flip-flops and LUTs

Multipliers and DSPs

Implement signal processing using
multiplier and multiplier-accumulate circuitry

Programmable Interconnects
Route signals through the FPGA matrix

a8 -8 88
8 -8 8
I:II:I‘I:IEI L0 I:I,EI

101 O101 OO0 O 0]

I/O Blocks

Directly access digital and analog I/0

]
O]
]
]
]
O]
]
n
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FPGAs Are Dataflow Systems

O O w
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Parallel Processing
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LabVIEW FPGA

“Project” = System Configuration

LabVIEW RIO Evaluation KitIvproj * - Projec.. S (=) e

Window Help

File Edit View Project Operate Tools

Sl %0 X||Se| @& 2]

Items | Files |

“VI" = Application

A

(

=i Project: LabVIEW RIO Evaluation Kitlvoroi
- B My Computer
= iy LabVIEW RIO Eval Kit (172.22.11.2)
B Support Vis
) Tvpe Definitions
-8 Chassis (sbRIO-9637)
= & FPGA Taraet (RIO0, sbRIO-9637)
i Connector0
= [J Connectorl
) DMAFIFOs
J Onboard I/O
40 MHz Onboard Clock
= FpGAM
-l Machine Inspect [FPGAIC.vi
@l 1P Builder
[ "= Dependencies
% Build Specifications
-5 Dependencies
- % Build Specifications

“'[0.00000

-

FPGAVi Front Panel on LabVIEW .. | = & | 3 | FPGA.vi Block Diagram on LabVIEW RIO Evaluation Kitlvproj/FPGA Target * =B X
File Edit View Project Operate Tool{HTH File Edit View Project Operate Tools Window Help [FFes |
|'4> |@| @ | 20ot Anplicatiol =& I@IH—LH L @@ | 18ot Aoplication Font |~ ||Em' ||~EIE" | |TSearch T‘@l E
Encoder Loop L Vibration Waveform Loo
Reset Position @ ,@@. E-Stop Button Loop = P
[l 1000000000000 000000000000O0O0O00OOQocC |E|
PWM FPGA IO Mode By Siqnal T =
=3 = " Right Button', Write
@ 3 - e PanSine Wave') Element
Gain »  Timeout _

Timed Out? ¥
[ I o Y w e [ s [ [ ]

LabVIEW RIO Evaluation Kit.vproj/FPGA Target|<[ill| v .

LabVIEW RIO Evaluatpn Kitlvproj/FPGA Target < |

i |

“Front Panel” = Interface Elements

/O Node

“"Block Diagram” =

Code

ni.com/byoes
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LabVIEW FPGA vs. VHDL: Blink an LED
VHDL Implementation

begin
LED <= LED_local; Physical wire connection to “LED"
process (CLK_50MHZ)
begin

if rising edge (CLK_50MHZ) then
if ToggleLED then
LED local <= not LED local;
end if;
end if;
end process;

CounterProc: process (CLK_50MHZ)
begin
if rising edge (CLK_50MHZ) then
if CounterValue = kCounterTC then
CounterValue <= (others => '0');
ToggleLED <= true;
else
CounterValue <= CounterValue + 1;
ToggleLED <= false;
end if;
end if;
end process CounterProc;

end rtl;

y NATIONAL
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LabVIEW FPGA vs. VHDL: Blink an LED
VHDL Implementation

begin

LED <= LED_local; Physical wire connection to "LED”

process (CLK_50MHZ)

begin Toggle the physical LED when

if rising edge (CLK_50MHZ) then

if ToggleLED then Internal timing signal “ToggleLED"
LED local <= not LED local; . :
end if; s true. Executes every tick of the

end if;

end process; BOMhZ ClOCk

CounterProc: process (CLK_50MHZ)
begin
if rising edge (CLK_50MHZ) then
if CounterValue = kCounterTC then
CounterValue <= (others => '0');
ToggleLED <= true;
else
CounterValue <= CounterValue + 1;
ToggleLED <= false;
end if;
end if;
end process CounterProc;

end rtl;

y NATIONAL
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LabVIEW FPGA vs. VHDL: Blink an LED
VHDL Implementation

begin

LED <= LED_local; Physical wire connection to "LED”

process (CLK_50MHZ)

begin Toggle the physical LED when

if rising edge (CLK_50MHZ) then

if ToggleLED then Internal timing signal “ToggleLED"
LED local <= not LED local; . :
end if; s true. Executes every tick of the

end if;

end process; 5OMhZ ClOCk

CounterProc: process (CLK_50MHZ)

begin . o -
if rising_edge (CLK_S50MHZ) then Counter establishes the timing of
if CounterValue = kCounterTC then " o .
countervalue <= (others => '0); | the “ToggleLED" signal. Goes
ToggleLED <= true; o o
else true” when the counter reaches
CounterValue <= CounterValue + 1;
TogglelsD <= false; 50,000,000 (1 second) and resets
end if; counter.

end process CounterProc;

end rtl;

y NATIONAL
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LabVIEW FPGA vs. VHDL: Blink an LED
LabVIEW Implementation

LED I/O Resorce

"¢ NATIONAL .
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LabVIEW FPGA vs. VHDL: Blink an LED

LabVIEW Implementation

LED |I/O Resource

NOT (Toggle)

ni.com/byoes
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LabVIEW FPGA vs. VHDL: Blink an LED

LabVIEW Implementation

ni.com/byoes

Loop Timing (1000ms)

NOT (Toggle)

LED I/O Resource

24
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Why Are FPGAs Useful?

- True Parallelism - Provides parallel tasks and pipelining

- High Reliability — Designs become a custom circuit

- High Determinism — Runs algorithms at deterministic rates
down to 25 ns (faster in many cases)

- Reconfigurable — Create new and alter existing task-specific
personalities

‘7 NATIONAL
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Parallel Processing

ni.com/byoes

O O w

>

N |«

26

™

NATIONAL
INSTRUMENTS"




High Reliability and Determinism

Decision Making in Software

Multiple Software Layers

System ~25 us
or Device | Response

alempieH
|dV 19AL(J

Outputs

W7 NATIONAL
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High Reliability and Determinism

Decision Making in Hardware

Highest Reliability
Highest
Determinism

System ~25 ns
or Device | Response

| Outputs
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Reconfigurable

Enables rapid development iterations

Reduces overall design cost, taking NRE into account
Decreases long-term maintenance
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Common application target
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Common Applications

- High-speed control

- Custom data acquisition

- Digital communication protocols
- Inline signal processing

W7 NATIONAL
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High-Speed Control

[Input Process Variable| [PID + Lowpass + Notch| [Output Control Signal|

Setpoint

PID gains {_Sus b
Bandwidth Coefficients
Resonance Coefficients

[

INSTRUMENTS"
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Custom Triggered Analog Input

N

1 0000 000000000000 000000000o0getr

Loop Timer 5 b FAFOL 4B °

Write
4 Element

4 Timeout
Timed Qut? K

OO00O00000000000000000000000a0

stop T2

Custom timing & synchronization

Multi-rate sampling
Custom counters
Flexible PWM

Flexible encoder interface

INSTRUMENTS"
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Digital Communication Protocol APls

- Communications Protocols Palette: SPI/12C

Context Help @
Communication Protocols @ niFpgaSPLxnode i
| 4 I Q Search l @Q)Customize' | "
niFpgasPLxnode
I e Use the SPIIP to establish Serial
| Peripheral Interface (SPI)
5Pl C communication between an SPI
master and an SPI slave.
Detailed help 1l
E[®][?] ¢ '
- Serial:
LV FPGA Serial Calc Timing Values.vi
baud rate (1000000 T Half Bit
FPGA Clock Rate (40000000) . ke —|_|— One Bit
One and Half Bit
— Two Bit
<7 NATIONAL
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Inline Signal Processing and Data Reduction

Streaming from input
to output without host
iInvolvement

Analog voltages
Digital communication
Sensor signals

INSTRUMENTS"
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Inline Signal Processing and Data Reduction

DMA preprocessed data to Processor:
Save to file, additional analysis,
Transfer over network

Encoding/decoding
Filtering/averaging
Modulation/demod
Decimation
Stream processing

Streaming from input
to output without host

. Analog voltages
involvement

Digital communication
Motor/actuator drives

"¢ NATIONAL .
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Data Transfer : |/O €= FPGA

- FPGA 1/O Nodes acquire and generate data

- Directly connected to I/O pins

- Data rates are defined by the AlO/DIO modules
- FPGA acquires one data point per loop iteration
Can rename channels to be application-specific

FFT Frequency

-

D Mod3/DI00 "

-

FPGA I/O Node B I Mod3/DIO1B

E ........ 3 E

(] - Jean Mod3 /D102
“An Sine Wave ', " Modl/AIDGH [F]- &[5 Mod3/DI03®

[} 8- |10 Mod3/DI04®

7] B anr Mod3/DI05"
7] M- B anr Mod3/DI0&D

y NATIONAL
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FPGA €= RT: FPGA Read/\\rite Controls

FPGA VI Real-Time VI

|
" DIOL0Y :

=] E-Stop Button Loop

® A Right Button')

°nn DI0711%

?EI--- > Previous A Value >
7] > Previous B Value »

|En5ure position stays in bound5|

Read,/Write Control
e | S g
E-Stop

O000000000 0000000000 0000000000000000000000000000000000000000

40000

[[ioCoECoUooCONONNUNOOOONACUONOONCNNOOC0N0NN0O0000000000000aT000 |*E*SYOP’"‘ —

PWM

R e e L ELE P e e AE-Stop*|[@

PWM Third LED

DO000000000000000000000000000000000000000000000000000

#Positiony

0000000000000 0000000000000 0000000000000 Dooooooon ﬁE-StOp>|

INSTRUMENTS"
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FPGA <—-> RT: Direct Memory Access (DMA) FIFOs

- DMA FIFOs are an efficient mechanism for streaming data to/from the FPGA
to/from a Real-Time or Windows Processor

- RIO hardware targets have between 3 to 16 dedicated DMA channels,
depending on the FPGA

- Target-Scoped FIFOs can transfer data between different portions of an FPGA
VI or between VIs on an FPGA Target

Vibration Waveform Loop
1 000000000 0000000000000 00000000000

FIFO Method Node
"« Signal k"

A\ Write
s & } i}
S AnSine Wave, b Element

10 Timeout

Timed OQut? 4

OO00000000000000000000000000000020

Z¢ NATIONAL
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FPGA €-> RT. DMA FIFOs

o f
[I® o o1 fa108

Data Element

[ —
Bk FIFO 4IF D b -+ ;
- FIFO.Read
Write {1000 Number of Elements ]
g Elernent b Timeout {ms)
4 Timeout Data v
Timed Out? Elements Remaining o

) > W | >

FPGA DMA FIFO Real-Time Buffer

"¢ NATIONAL
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Clocking

Process event, and registers

"¢ NATIONAL
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Understanding Clocks and Hardware Concurrency

- A Timed Loop on FPGA

runs at 40MHz by default, Timed Loop
based on the Onboard 140 MHz Onboard Clock [}t tiCkT|
Clock | ¥

Li] @

- A While Loop will execute
at the rate specified in the
Loop Timer function, either AL
In ticks, ms, or ys.

Count{u5ec) Loop Timer

"¢ NATIONAL
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Understanding Clocks and Hardware Concurrency

While Loop

- The enable chain includes registers between
each node that store values and execute at
the rising edge of the clock

- ATimed Loop on FPGA is called a Single
Cycle Timed Loop (SCTL)

- Code executes in 1 clock cycle Timed Loop

@ ms

<@

- Removes registers o Defar i 0

- Uses less resources
- Not all functions are supported

"¢ NATIONAL
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LabVIEVV design tlow
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Simplified FPGA Design Flow

Design

¥

ﬁ

Simulation

Compilation

1

T

Deployment

"¢ NATIONAL
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Simplified FPGA Design Flow

Design
Entry

*|nterface Abstraction *Configuration-Based
*HDL/IP Integration

!

"

Simulation

ﬂ
QLG

1

Compilation

ﬁ

£ ]

Deployment

"¢ NATIONAL
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Interface Abstraction

- 1/O Interfaces to NI and 3™ party I/O modules, custom daughtercards
- Built-in DMA FIFO and memory interfaces

Butterworth Filter wp DOMA FIFO I

it Write

| > Elernenk

b Tirneout
Timned Ouk? M-

"¢ NATIONAL B
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Configuration-Based Design

B, am B

Butterworth Filter

v DMA FIFD {IB

ni.com/byoes

8]

4&

Wrike
Configure Butterworth Filter

Filter Specifications  Implementation Filter Response
Type Number of channels 20~
=
Cutoff frequency (Hz)  FPGA clock rate (MHz) i -20 \\
=
1k 40 2 40 N
Expected 5 -60 \
sample rate (5/s) =
P - Output Data Type -80 \
@ Avoid overflow -100-, ! ! !
Order ~ 100 1k 10k 25k
7 El ~'Same as input Frequency (Hz)
[ OK ] [ Cancel ] [ Help ]
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Reuse of Existing HDL Algorithms

- Use LabVIEW as the glue of your application
- Leverage existing digital design team expertise
- Similar to calling a shared library in LabVIEW on Windows or Real-Time

Library ieee;

aReset : in std:logic;

ticks
S [Default (1

el

B

- IP Bloc
ez b cporta
F cporth
caddout *
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Simplified FPGA Design Flow

Design

*Interface Abstraction *Configuration-Based
*HDL/IP Integration

b

—_ . : *Simulation Tools
. | Simulation

Interactive Window Debugging

.| Compilation
T

\J Deployment {
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Be More Productive with LabVIEW FPGA
Verity Faster

File /O or

Desktop Execution Node

i Simulated Signal i = i E
Verify Code using Simulated /O B — 4 =Y

Use the Desktop Execution Node to verify code by
developing test benches using simulated or file

g e n e ra te d |/O {3 sampling Probe Watch Window EIE&J 1
FPGA Target =
Probe(s) Value

[1] Digital Signal A 1
[2] Digital Signal B 0

Verify Signal Timing with Waveform Probe s
Use the Digital Waveform Probe to probe your signals
relative to one another and view history TG OO ok i e e

Time (s)

Debug with Standard LabVIEW Features in Simulation

Highlight execution, breakpoints, and stepping features o o
igital E\g [m igital \

P 18l i

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD DEIDEI

Period and Phase Measurement.lvproj/FPGA Target <
L
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LabVIEW FPGA Desktop Execution Node
Unit Test

&

TestHarness, vi

Tesk Veckor

Testyectarout

|FPan Target

Probe(s)

[1]1In

Test Harness

ticks o
= DEFUE ]I 1,46124E-6, [2] Probe .‘.....
38070 1,50 1.6u 1.7u 1.8u 1.863807
Time (s}
n TR0 g |- EEou
VNATIONAL B
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Interactive Front Panel “User Interface”

3 FPGA.i Front Panel on LabVIEW .. e (=) b

File Edit View Project Operate Tool Fren

2 [®| @ |20pt Aoplicatiol <A | ? [BLLE a
E-Stop
Encoder L -
Reser{c P{?;itigﬂp
o | o
D I
Gain

' “!l0.00000

LabVIEW RIO Evaluation Kit.lvproj/FPGA Target|<[lll| v .

y NATIONAL
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Simplified FPGA Design Flow

[ )‘ Design ‘
<

Simulation

*nterface Abstraction  *Configuration-Based
*HDL/IP Integration

*Simulation Tools
|nteractive Window Debugging

ﬂ

.\ | - | «One-click automation  *Local Computer,
\__‘ Compilation | of the Xilinx Tools Server, or Cloud
A Compilation

Deployment

1
-
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Compilation Process

LabVIEW FPGA Code

=

ni.com/byoes

Compile VHDL through Xilinx

FPGA Logic Implementation

k cycle by inserting another f1ip flop
ousDigitalinputsFr:
ess( areset, Clk )

W oy
areset then *\(\\‘i\ﬁ* <
K‘rl:vM?hﬂxnput <= false; mﬂ“
if rising_edge(Clk) then W
l‘:gvoigilannpu! <= coigitalinpurt;

process previousoigitalinputFr;

g

en we have a 1ittle combinatorial logic to detect a rising ¢
ngEdgedetected <= coigitalInput and not cPrevoigitalinput;

finally we have a register that increments when that risi

‘7 NATIONAL
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Compilation Process

LabVIEW FPGA Code

Compile VHDL through Xilinx

AR .
&©
\(\\“ “:‘Q\

FPGA Logic Implementation

p

F ,i,.z.iz,sé:;ﬁapﬁ;‘;’;@“" :
E i L3 S— [-Egggg?gg A ‘. —
= :‘:c:tiqig lgqp(?il E!gi( T1nput;
'"""é::::::::::----------- ' N ochs Fravimubigitaitnputin: ‘
mrdgehctg ‘c;‘x]cug:b;]?!g “1 ‘02;; !i?(:‘gz( “‘DM‘ ;
0 @l e
/ \ [ - - - \ / . \
Translation Optimization Synthesis
VHDL Analysis & Place & Route
Generation Logic T|m|ng
Reduction Verification
N y W 4 o 4
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Bit Stream
Generation
Download &

Run

~
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ni.com/byoes

il IEI 5
{3 Period and Phase Measurement.|... El_lg

File Edit VYiew Project Operate Tocols Window

el » X 8w | &

Iterns | Files

=kl Project: Period and Phase Measurement.lvproj
= B My Computer
b readmend
=) =} FPGA Target (PCle-7841R)
.- H3 40 MHz Onboard Clock
. [ml Period and Phase Measurement.vi
>_'-!|_.-|_" Dependencies
= '..'-.:- Build Specifications

- % Dependencies ST QU
- Build Specific;  Rebuild

Estimate Resource Usage

Check Signature

Generate Intermediate Files

Display Compilation Results

Download

Remove from Project

Properties

One-Click Deployment and Compilation

Development
PC

Compile a%iiiqi
Server and |
Workers a

High- o

PEMOMMEINGE & -
Cloud B
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Simplified FPGA Design Flow

*Interface Abstraction *Configuration-Based
*HDL/IP Integration

Design

¥

\ T Simulation *Simulation Tools
*|nteractive Window Debugging

. *One-click automation <Local Computer,
Compilation | of the Xilinx Tools Server, or Cloud
Compilation

i1

P— *Packaged and Board-level
\ Deploymen
~wepioyme tJ Hardware Options
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Integration with the Latest Hardware Products

Compact Vision\ ———

System

ystem on Module

Quad-core Performance CompactRIO

W7 NATIONAL
4
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NI System on Module
Core processing unit for an embedded system

- Minimizes design time and risk
- Save time and risk with off-the-shelf hardware and software

- Quickly prototype with off-the-shelf NI embedded targets and |/O

- Develop high-speed and advanced applications with an FPGA
without HDL expertise

- Designed, tested, and validated for reliable deployments

y NATIONAL
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XIlIinx® Tools

IDE (ISE, VIVADO) and primitive functions

"¢ NATIONAL
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Xilinx® Tools

- NI provides some IP from LV FPGA like FFT, FIRs...

Does Xilinx® has other IP for our FPGA?
-> Coregen

ﬁ Xilinx CORE Generator - C\Users\ﬁdasi\r\DEsktop\ﬂW)(ilim((‘Ju(tigvﬁzani E

1=~}

File Project View ManagelP Help
LP2EIEGF BN 7 a8
IP Catalog & x|
27 |[ View by Function | View by Name 7
@ Show Project
ap | Neme 2
“ 4 Linesr Algebra Toolkit
£ % LTE DL Channel Encoder
(2)| % 7E Fast Fourier Transform
% LTEPUCCH Receiver
A % LTE RACH Detectar
7 | 4 LTE UL Channel Decoder
2| 3 MicroBleze mics
||| 7 Motion Adaptive Noise Reduction
& § Motion Adaptive Noise Reduction
% Multiplier
£ Multiply Accumulator

Multiply Adder

Object Segmentation

Object Segmentation

Peak Cancellation Crest Factor Reduction

] Peak Cancellation Crest Factor Reduction

[ Peak Cancellation Crest Factor Reduction Input Closk Frequency

Phase shift clocks (DCM) CLKIN1

PLLto DCM

PLL_ADV

RAM-based Shift Register

[ Reed-Solomon Decoder

Reed-Solomon Decoder 2
m »

[SE———

show Proect

J X
[ &l 1P versions [7] Only TP compatible with chosen part Feedback Source: | CLKFBOLIT wihout BUFG =
Eineckity & = Mutiply Value: [10 |2 Divide Value: [1 1]
Instance Name Core Name | Version | Last Banciwidtn. [GPTIMIZED [=] =
X OPLL PLL_ADV 131  04-Dec-2]
. - : Reference Clock Jiter [0.005000) © Ul Clear
Search Project IP:
Customize and Generate VHDL ™
More Info Advanced < Back Next > Cancel

ni.com/byoes 62

41 Functions

Programming

O\ Search{
3

M M
[e=l e
Structures Cluster & Cl...
> %
MNumeric Boolean Comparison
¥ oot ¥
@ #“'“’“ @ ik
Timing FPGAL/O  Data Storage...
o Iw
1 e
Synchronizat.. FPGA Math .. IP Integration
bl
A {1 Kilin IP
Kilinx IP
Addons iy " ‘g‘ M Mb
Favorites “Er e =
i e BaselP Basic Elements Communica.. Digital Signal...
Select a VI... ]g:',—) _E:D; -6"
Motion Math Functi... Memories & ... Video & Ima...

NI-579x Config
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’ INSTRUMENTS"




Third Party Simulation

- Used to create detailed models of timing and functional behavior of designs
- Xilinx ISIM is shipped with the Xilinx Tools
- ModelSim/Questa

Category |~ FPGA Module

Front Panel
Block Diagram - -
Controls/Functions Palettes (2) Connect to LabVIEW FPGA Compile Cloud Service
Environment
User name
Search -
Paths remi.da.silva@ni.com Configure...
Printing i
Source Control P O i P h ilati
Menu Shortcuts rompt to select a compile server for each compilation
Revision History
Security Naotification of Completed Compilation
Shared Variable Engine . .
v
VI Server Display a message in the systemn tray
Web Server [C1Play a sound
MathScript B E
FPGA Moduld TOWSE- I
[7] Display a popup message
Simulation
Simulator
Xilinx Simulator |T|
< MNone = =
Questa Simulator
J# Kilinx Simulator
0K ] [ Cancel ] [ Help

INSTRUMENTS"
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