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FPGA Technology
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FPGA Logic Implementation

Implementing Logic on FPGA: F = {({A+B)CD} ® E

LabVIEW FPGA Code
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Demo
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LabVIEW FPGA Code Abstraction
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VHDL ~4000 lines
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LabVIEW FPGA Module
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e LabVIEW code is translated to hardware
circuitry implemented on the FPGA

e Natural representation of FPGA logic
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Demo

e Simple I/O
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Why Are They Useful?

e True Parallelism - Provides parallel tasks and pipelining

e High Reliability — Designs become a custom circuit

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

e Reconfigurable — Create new and alter existing task-
specific personalities
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True Parallelism
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High Reliability and Determinism

Decision Making in Software Multiple Software Layers
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High Reliability and Determinism

Decision Making in Hardware
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Demo

e Al, AO, Custom Threshold logic

‘T NATIONAL

’ INSTRUMENTS



From LabVIEW to Hardware

Translation [—{Optimization|—~| Synthesis [~ Bit Stream
VHDL Generation Analysis Place and Route Generation
Logic Reduction Timing Verification Download/Run
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What Is RIO Technology?
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e Use NI LabVIEW to design custom hardware
circuitry with off-the-shelf devices
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NI LabVIEW FPGA Hardware Targets

R Series NI CompactRIO NI NI FlexRIO Other

Multifunction eIndustrial Control SingleboardRIO eManufacturing Test *RIO IF Transceiver

RIO and Monitoring eEmbedded Systems and Design *PCle Framegrabbers
eGeneral Purpose Validation eCompact Vision
1/0 for System
Measurement and
Control
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Common Applications

e High-speed control
e Custom DAQ
e Digital communication protocols

e Sensor simulation
e Onboard processing and data reduction
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Common Applications
‘ e High-speed control ‘
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High-Speed Control
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About 200 kHz loop rate
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Common Applications

L e Custom DAQ J
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Customize Your DAQ Device

e Custom timing & synchronization
e Multi-rate sampling

e Custom triggering

e Custom counters

e Flexible PWM

e Flexible encoder interface

e
E
Lp )
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Custom Triggered Analog Input
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Common Applications

{ e Digital communication protocoIsJ
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Digital Communication
Example - SPI
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Common Applications

‘ e Sensor simulation ‘
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Sensor Simulation and FPGA

e Fully customizable hardware — Many types of sensors
e Parallelism — Many sensors on chip with no interference

e Strict timing requirements — Deterministic or highly
realistic

e Onboard processing — Engineering units to sensor signals

Sensor Signals
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Common Applications

L  Onboard processing and data reduction J
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Onboard Processing and Data
Reduction

Built-In 1I/0 Processing Output
e Analog voltages e Encoding/decoding e DMA preprocessed data
e Digital communications e Filtering/averaging e Streaming from input to
e Sensor signals e Modulation/ output without host
demodulation involvement
e Decimation e ~
~ e Stream processing DMA to
Host
Input 5 . /
rocess
‘ Output
J
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Intellectual Property (IP)
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4 A h
LabVIEW FPGA Mat
L IPNet y Signal Processing
ni.com/ipnet ' _ _
Data Manipulation and Transfer

T — RF and Communications

Digital Protocols

Data Acquisition

Signal Generation

Control

Sensor Simulation

More than 200 IP cores and examples
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HDL-Based IP in LabVIEW FPGA

LIERARY ieee;
USE ieee.std_logic_1164.ALL;

Library xilinxCoreLib;
ENTITY f11t IS
ort
MD: IM std_Tlogic;
+ouT std_Togic;
N std_Togic
IN std_logic;
rouT std_Togic:
: IN std_Togic_vECTOR(L1S downto 00
pouT: ouT std_Togic vECTOR(30 downto 0333

e HDL Interface Node

" |nline HDL integration e i e 7

component wrapped_filt

:out std_Tog Library ieee;

1N std_logi] use dees.std_Togic_1164.a11;
oUT std_Tlog
tIn o std_logll use jeee.numerdic_std.all;

DOUT: ouUT std_Tof
end component;

- configuration specifi| enrity pemoclipadder is
or all : wrappe)
generic map( port €
<1k ¢ dn std_logic;
areset @ in std_logic
cPorta @ in std_logic_wvector (15 downto 035

cPortB : in std_logic_wvector(1l5 downto 0);

caddout @ out std_logic_wector(ls downto 0) := (others =» '0')
pH
® Component Level IP Node
-
BEGIN architecture rtl of Democlipadder is

ug : wrapped_filt begin
port mag

* Parallel HDL integration

iffareset = '1') then
caddout <= (others = '0')

END Fi1t_a: elsif rising_edge(clk) then

caddout <= std_Togic_vector(signed(crorta) + signed{cPortBl);

end if;

end process;

end rtl;
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How to Learn More Questions?

) ni.com/training
st ()

| LabVle FPGA Questions7T3 Con (499 5315

s LAVEW FPOR? LabVIEW on a Chip M O d I
Target FPGAs with u e CO u rSe

aDVIEW FPOA Hardware
“argets

Wnat ! FPGA Technolo » :
2 i 2 Graphical Programming
/ideo Demonstration

Jow LabVIEW FPGA
‘eatures

». Watch the overview video
p Cores and FPGA
xamples
‘POACase swdies

el LabVIEW FPGA Module Uses LabVIEW embeddeutemnnlowm extend LabVIEW gvapn\:al uzvelucmen\ anu\avgelﬂe\u-

\ \grammab\e gate Arays (FPGAS) 0N N re(unﬁguvab\e ¥O (RIO) hardware. LabVIEW 18 distinctly suited for FPGA pruglammnng pecau
leav\vreoresenls parallelism and data flow with the LabVIEW FPGA Module, you €an create custom measuremert and control
rgware without \ow-level hardware description |anguages of poard-level design. You can use this custom hardware for unigue timing
d triggering routines, uk\ramoh-sneed control, interfacing 10 dighal pmlom\s. digital signal processing (OSP). and many other
plications requirng h\gh‘speed hardware reliability and tight determinism.

\ au peveloper suite Try NI LabVIEW on gvaluation 2009 virtual Aumma(ed Test
Hardware summit
4p 10 57% BY purchase the 90

\ seethe options » Start now » View the ohv demand webcasts »
S oduct Tutorials Buy Now
\ o-Minute Introductior LabVIEW FPGR Wodule
to Intetiigent DA
\ = The LabVIEW FPGA module helps you create custom nardware using LabVIEW gvapmcav
programming and aﬁ-lhe~snel( NIRIO hardware

ce and N FPGA Deployment Option for N Developet Suite
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