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Embedded Systems Challenges
4 )
High-speed I/0 and analysis e

An oil well pump monitoring system requires high-
speed I/O and analysis to catch momentary pressure
spikes and vibration indications

/
-

~

System uptime and reliability

A bio-refinery requires long system uptimes and
high reliability for failsafe control systems

/
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High-speed or deterministic control

An Extremely Large Telescope (ELT) requires
control of nanometric position actuators
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Other Systems Challenges
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A Processor Based Approach

Benefits:

- Can easily be programmed

- Well-suited for high-precision floating point calculations
- Well-suited for networking and peripheral I/O
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Processor Based Approach
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Decision Making in Hardware
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FPGA Technology

What is an FPGA?
- Software defined hardware
- No operating system is needed for execution of logic

/O Blocks Logic

Inline signal
8 processing with
minimal latency

Dedicated
logic In silicon

for highest High-speed and

reliability

deterministic
control
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The NI Approach

We call this the LabVIEW RIO architecture.
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Highly Productive LabVIEW Graphical Programming Environment
for Programming Host, FPGA, 1/0O, and Bus Interfaces
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High-Speed Control Application
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High-Throughput Test Application
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Embedded Software Development Challenge

Tools Targets
Math (.m file script) Host Control (C, C++, .NET) Mé:f—fff 12
— _ Cwowwwg
Simulation (Hybrid) DSP (Fxd pt C, Assembly) orefetea o
i ikatiiiis
User Interface (HTML) H/W Driver (C, Assembly) T oneneee Multicore
FPGA (VHDL, Verilog) System Debug FPGAs Processors

- Embedded development requires multiple software tools
- Parallel processing increases system complexity
- Software tools don’t address system design

Increased costs

Long learning curves
Increased time-to-
result

Limited reuse
Need for “specialists”
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Graphical System Design for FPGAs

I3 abVIEW

Graphical System Design Platform

LabVIEW
FPGA

[

Xilinx IP
27 XILINX

HLS
Technology

VHDL
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Performance

NI RIO Hardware
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LabVIEW FPGA Module

- Use LabVIEW to design hardware

- Offload the most critical pieces of your application

ni.com

- High speed control

- Inline signal processing

- Custom protocols

- Custom timing, triggering, and

synchronization

- Fast stimulus/response testing

Ban Process “ariable (AI[I)E',
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Mapping LabVIEW to an FPGA
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Using the LabVIEW Project
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Abstraction of Hardware Complexities
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Interactive Front Panel Communication
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LabVIEW FPGA Datatypes

The fixed-point datatype is very efficient for hardware
applications (DSPs, FPGAs, etc.)

Uses less hardware resources than floating-point

Single precision floating-point datatype is available and
recommended for certain use cases

: E:::;' :':II.'I'" * w,

.
[FZE 4

BEZF |
¥
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Single-Precision Floating Point

Fixed-Point
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Abstraction of Timing

- Loops can execute on the order of ticks of the 40 MHz
clock (nanoseconds), microseconds, and/or milliseconds
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Single-Cycle Timed Loop

- Executes code within 1 cycle of the FPGA clock
- Can be used to optimize the performance of your code

Either Ed ge Event Counter

16 bit Count

2
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LabVIEW FPGA Functions and IP

11 FPGA Math & Analysis X XI LI NX®

-1 Xilinx Coregen IP

=] = & kg Ni.com/IPnet

Arpd?

BaselP Basic Elerents Communica... Digital Signal...

D s’ =
[ - =

Math Functi... Memories & ... Video & Ima...

- Filters (Butterworth, Notch, DC-RMS, etc.) - Data manipulation

- PID control - Device drivers (LCD display, IR sensors, etc.)

- Control of brushless DC motors - Video processing

- Digital buses and protocols (SPI, 12C, UART, - Basic elements (counters, accumulators, etc.)
etc.)

- Signal generation

- Image Processing - High-throughput math

- RF communications . Transforms
- Linear and nonlinear systems
- PWM

- Encryption

- Trig functions
- Digital signal processing

- ....and more
%




Reuse of Existing HDL Algorithms

- Increase application development efficiency and leverage
existing team expertise

- Similar to calling a DLL in LabVIEW for the desktop

Library ieee;
use ieee.std:logic:arith.all;

entity DemoClipAdder is

in std:logic;

lﬂi ticks
o [Default ||
k3

D

IP Bloc
' cporta
* cpaorth
caddout ¥
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Compilation Process

LabVIEW FPGA Code

k cycle by inse
usoﬂaitaIanu(FF:
ss( areset, Clk )

ni.com

Compile VHDL through Xilinx

ycle by inserting another

aReset then

:rev01?1(a1xnput <= false;

if rising_edge(Clk) then
:rgngiu‘lxnput <= coigitalinpur;
i Af;
process PreviousDigitalInputFF;

en we have a little combinatorial logic to detect a_rising
ngedgeDetected <= cDigitalInput and not cPrevDigitalInput;

i finally we have a register that increments when that r

FPGA Logic Implementation
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Compilation Process

LabVIEW FPGA Code @ Compile VHDL through Xilinx FPGA Logic Implementation

k cycle by inserting another f14p flop
a’-(dgiunnp#(r::
)

*\\_\“ ?j\q
rReset then G
;,r Di italInput <= false; \(\\“ KN‘
if ng_edge(Clk) h
:rf oigﬁta'll put <= <o(g1ta1x nput;
LU
rocess PreviousDigitalInputfFF;

en we have a little combinatorial ’Iogic to detect a 151 ng &
ngedgeDetected <= cDigitalInput and not cPrevDigitalInput

nally we have a register that increments

( \ ( - . . \ / 0 \ / . \
Translation Optimization Synthesis Bit Stream
VHDL Analyze Place and Generation
Generation Logic Route Timing Download &

Reduction Verification Run
\_ /U J o /U J
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One-Click Deployment and Compilation
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LabVIEW FPGA Compile System
LabVIEW FPGA Compile Farm Toolkit

Compile Server
Farms out compilation jobs to
available workers

S—

Compile Workers
Executes compilation jobs
and sends back a bitfile

On-Site Compile Farm

I

Ethernet

-

28

Development Machine

Sends intermediate files generated by
LabVIEW FPGA to the compile server
using web services




LabVIEW FPGA Compile System
LabVIEW FPGA Compile Cloud Service

i
+
/

‘

Compile Workers
Executes compilation jobs
and sends back a bitfile

Compile Server
Farms out compilation jobs to
available workers

Ethernet

« Development Machine

Sends intermediate files generated by
LabVIEW FPGA to the compile server
using web services
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Host Synchronization

- The Read/Write Controls method can be used for
communicating current value data

Processor Loop

Open FPGA AT Reference

— (" Read/Mrite Control ) Close FPGA T Reference
LB b e D @“
b g - f " 1 ! ;
2 Hysteresis : b Hysteresis '
Tach Measurermentyi Threshl:uld ¥ Threshold
FPGA, Target RPM
RICI




Host Synchronization

- Direct Memory Access (DMA) FIFOs are an efficient
mechanism for streaming data from the FPGA to the host
processor

- Does not involve processor resources

FPGA Accelerometer Finite Acquisition

FIFO Yifrite
FPGA LD Mode B ek Accelerameter Data 4B ®

W rite
Ban, -ixccelercn'neter'ﬁ', ] Elernent

g Timeout Chverflowe Qccurred
Tirmed Qut?
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DEMO
HOST SYNCHRONIZATION
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Unrivaled Integration with the Latest Technology

Software Designed Oscilloscope

System on a Module (SoM)

LabVIEW

New FPGA Hardware Targets

Performance CompactRIO

USB3 CVS
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Be More Productive with LabVIEW FPGA 2014
Design Faster

)

Design High-Performance Algorithms

Use LabVIEW FPGA IP Builder to design e e
optimized, high-performance algorithms using Y o v |
high-level programming constructs i .

Design PID Controllers

Use the PID Control VI to quickly prototype Hmm Mndmum" F'ID# _HPMMDMME.]
high-speed or high-determinism control setpoint (58— B2

algorithms PID gains

Design Image Processing Applications

Offload over 50 image processing functions
to the FPGA for maximum performance with the -ﬁ/n
NI Vision Development Module 2014
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Be More Productive with LabVIEW FPGA 2014
Verify Faster

Desktop
Verify Code using Simulated 1/O """ 'F'n'é'u}'d'&?"""g ' FPGA VI Results |
. ! Simulated S|gna| ! Desktap Execution Node i TTTTTTTTT o i

Use the Desktop Execution Node to ; LAY B
verify code by developing test benches N TN B 1 ez
using simulated or file generated I/O e j_’f

. . . . . i3 Sampling Probe Watch Window e e |
Verify Signal Timing with Waveform B
PrObe pth([T]DigitaIS\gna\A :""“E

. . [2] Digital Signal B 0

Use the Digital Waveform Probe to M onboardco |

probe your signals relative to one
another and view history

16.0761E-6, 40 MHz Onboard Clock R
M 50n  100n  150n  200n  250n  300n  350n  400n
Time (s)
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Be More Productive with LabVIEW FPGA 2014
Compile Faster

X

High Performance
Compile Cloud

Send Your Compiles to the Cloud

Use the LabVIEW FPGA Compile Cloud Service

(free with SSP) to reduce your compile times up to "
60% Machine

Manage FPGA Compilations On-Site

Use the LabVIEW FPGA Compile Farm Toolkit
to create an on-site server to manage FPGA
compilations

Increase Compilation Performance with Vivado

Use Xilinx Vivado included with LabVIEW FPGA i
2014 to compile faster and more reliably for \/l\/ADO

Kintex-7 FPGAs and Zyng SoCs
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The Benefits of a Platform Based Approach

High-Level Software

Flexible Hardware

Integrated Hardware and Software Platform
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NI FPGA

What Is an FPGA?

Field-programmable gate arrays (FPG
to processars that you find in your PC, |
implement your functionality rather thar
cofounder of Xilink, invented the first FP
their cutting-edge FPGA technolagy in 2

= Learn the fundamentals of FPGAS

ni.com/fpga

FPGA Fundamentals Top 5 Benefits of Using FPGAs

FPGA chip adoption across all industries is driven by the fact that FPGAs combine

Be neflts Of I: PGAS (ASICs) and processor-based systems. These benefits include the following:
- » Faster /O response times and specialized functionality
N I FPGA-based Case StUdIeS Exceeding the computing power of digital signal processars

* Rapid prototyping and verification without the fabrication process of custom ASI

Learn mOre abOUt the tOOIS » Implementing custom functionality with the reliability of dedicated deterministic |

* Field-upgradable eliminating the expense of custom ASIC re-design and maints

° I—abVIEW FPGA = Learn more about the benefits of FPGAS
- FPGA-based RIO hardware

NI's Approach to FPGA-Based Design

In the past, FPGAtechnology was available to anly engineers with a deep underst:
system design tools, such as NI LabVIEW software, changes the rules of FPGA pr
graphical block diagrams into digital hardware circuitry. All M1 FPGA hardware proc
which features powerful floating-point processars, reconfigurable FPGAs, and mo
system design software, simplifies development and shaortens time to market whe
applications.

= Evaluate NI FPGA hardware and software "ﬁusA'F:(%NMAELNTS“
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NI Instructor Led Training

Classroom, Virtual, or Online

Week 1 Week 2
LabVIEW LabVIEW LabVIEW Managing
Core Coel || Core2 || Corez | | _Software
LabVIEW Engineering
Embedded LABVIEW Architecting
Control & — FPGA — LabVIEW RT — Embedded
Monitoring Systems
High- LabVIEW
Throughput — FPGAfor HT
Test Test
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LabVIEW for CompactRIO Developer’s Guide

- Best practices for designing embedded control and
monitoring systems with LabVIEW

- Recommended architectures and frameworks
- Downloadable example code throughout
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LabVIEW for CompactRIO Sample Projects

- Recommended starting points designed to ensure the
guality and scalability of a system

=] Desktop PC! =] NI CompactRIO)|
| |
..................................................................................................................................................... - |
= HostVl | 1=l Real-Time VI .
| ] |
_ : |
Ul Message Loop [ : > Ul Commands - i
ry i W = FPGAVI |
] ] |
| v v 5 |
| ] ] |
k k |
Ul Event Handler i 5 Message Handler ] RT Watchdog —» FPGA Waichdog }
| 3 |
¥
.. | o Hardware /O and
Monitoring Loop < i System Monitoring - Control

LabVIEW FPGA Control & Monitoring (above)

LabVIEW FPGA Control with Sequencer Engine
LabVIEW Real-Time Control & Monitoring
LabVIEW FPGA Waveform Acquisition and Logging
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