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We all have a challenge to solve...

Power Distribution Turbine Control Industrial Machine Medical Device
and Control Control Test

Structural Process Control Oil and Gas Power Monitoring
Monitoring Applications and Control
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\VWhat is Real-Time?

- Rea
- Rea
- Rea

-time does not always mean really fast
-time means absolute reliability
-time systems have timing constraints that

must be met to avoid failure

- Determinism Is the ability to complete a task
within a fixed amount of time
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Field-Programmable Gate Array (FPGA)

OO0 0000 0 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 multiplieraccumulate circuitry

v

Programmable Interconnects
Route signals through the FPGA matrix
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|/O Blocks

Directly access digital and analog 1/0
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Changing from the LabVIEVW/DAQ Mindset
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The LabVIEW RIO Architecture
B LabVIEW

Analog Input

Analog Output
Digital I/O
Custom |/O

Processor
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Agenda

1. Using the LabVIEW Project
LabVIEW FPGA |/O Nodes

M

3. Working with the fixed-point data type TN
4. Understanding hardware clocks and concurrency E 3[> E
5. FPGA <—> RTOS communication T

Test and compile

2

7. Working with constrained resources

3. Implementing high-priority tasks i
9. Planning for the worst case scenario @

10. Additional resources
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1 - Using the LabVIEW Project

Demonstration

mﬁmaluglnput-CDmpactRIG.varDj-F'ru:u_iect...| = || = £

File Edit View Project Operate Tools Window Help WindOWS

| S e % IEL =R

System LabVIEW RT System
Items m

= @2. Project: Analog Input - CompactRIO lvproj = F PGA
E} K M}rCDmputere
ER = = .
i i+ 'm Dependencies
+% Build Specifications

& [ RT CompactRIO Target (10.0.0.1)4=

b [l Analog Input (RT).vi WlndOWS Network RT \/l Comm
= @@ Chassis (cRI0-9074) Comm. '
- §8 FPGA Target (RIOO, cRIO-9074
& [J Chassis /O )\
G- Modl

- #5940 MHz Onboard Clock
- [ml, Analog Input (FPGA).vi

- [} Modl (Slot 1, NI9215) SERE ‘ @ .
_';%_'l Dependencies \M

- +% Build Specifications
o Buldse LabVIEW Lab | LabVIEW
'% E

uild Specifications for ReaI_Tlme FPGA
Windows
&
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1 - Using the LabVIEW Project

- Scan Interface Mode

channels

- Updates values at a single rate
- Scan rate usually <1kHz

ool Chassis Configuration|

ni.com

= i RT CompactRIO Target (10.0.0.1)

> |;i1, Analog Input - Getting Started - Scan Mode.vi

- Single-point access to 1/O L Chassis (cRIO-2075)

£- ) Medl (Slot 1, N19201)

EEREEIFEE B DB B
EEEEEREB

Chassis Configuration

Mame

Chassis

Type

cRIO-9075
Proegramming Mode

1@ Scan Interface
() LabVIEW FPGA Interface

Changing the programming mode will take effect the next time you deploy settings to
the chassis. To deploy settings, right-click the chassis in the Project Explerer window and
select Deploy.
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2 - LabVIEW FPGA /O Nodes

Demonstration

i

- Directly connected to /O pins

- Use I/O Nodes to acquire and generate data

- Data rates are defined by the Analog and Digital modules
- With DAQmx, you get multiple samples per loop iteration

- With LabVIEW FPGA, the FPGA acquires one data value
per loop iteration.

FFT Frequency :
(132§ :

4 |®nnr Mod3/DI000

@ [P Mod3/Dio1®

B on, Mod1/AID8 - [P Mod3/D102°
E g E mods D103 E

i P Mod3/D104®
& B Mod3/DI05"

2 [P Mod3/D106"

-
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2 - LabVIEW FPGA I/O Nodes 2

L
i

- Digital Line — Writes/reads Boolean o
value to/from digital line m -

- Digital Port (grouping of digital lines)- “  croror:
Writes/reads unsigned [l comamoronrst| e

iInteger value to/from digital port

- Analog I/O - Writes/reads data to/from WI_
an analog Chaﬂnel PMCnnnectnrDIﬂ.DDE" 1k

- R Series — Integer values Mod1/TCO
- CompactRIO - Fixed-point values " Mndlﬂcn“‘.|> 123
2 Mod3aon® P
- Other
- Motion
- CAN
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3 - Fixed-Point Math 2

L
R

- Floating Point: 0.5%0.5=0.25

- Fixed Point: 1.1
- [sign=+ | integer =1 | fraction = 1]

Rational Fixed-Point Bits represented
Number Equivalent

1.5 0001.1000 8 total bits, 4 integer bits
1.5 00000001.10000000 16 total bits, 8 integer bits
NATIONAL
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Use Cases for Floating Point Math

To Single B.d My FPGA Data 4lb °)
Precision Float _ Write
? ’ ciement
> Timeout
Timed Qut? »

To Single
Precision Float

= N Floating Point
M Accelerometer U M}—ISEL)

Algorithm
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4 - Understanding Clocks and Hardware Concurrencyae

e

- A While Loop will execute at
the rate specified in the

While Loop

R

Loop Timer function, either Count(useq) L0oRTimer
In ticks, ms, or ys. 10
Timed Loop
ticks
1-40 MHz Onboard Clock [vp~  @uw [ ¥
- A Timed Loop on FPGA runs |/ @

at 40MHz by default, based
on the Onboard Clock

NATIONAL
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4 - Understanding Clocks and Hardware ConcurrencyZs

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

Timed Loop

called a Single CycleTimed [ ©m

3

viEr [Default 1|1

Loop (SCTL) -

- Removes registers

- Uses less resources

- Code executes in 1 clock cycle
- Not all functions are supported
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b - Transterring Data to the RT Microprocessor

- The Read/Write Controls method is recommended for
communicating current value data

1000 0000000000000 00000000000000000000000006°«L

Al Sample Rate(uSec)

E.ﬂ.ﬂ. Modl/AID E
F PGA \/l = % ':".l'l.l'l.h'h:l:ll_-"-'lﬂ.'{ %l
k B odl/A125 e |
RN
2\

Ban Vodl /AT

/

I:|E|E|E|E|E|E|D@DDDDDE|E|E|E|E|DDDDDDDDDDDD#DDDDDDD

Open FPGA VI Reference

Resource Mame ;
= | Read/Write Control
LI 0k FFGA \*:; G "
= b Al Sarnple Rate(uSec)llg® |Analog Data
cF‘IO-EIlZI?4| Analog Data

Real-Time V|

Software Loop Time (ms)]
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b - Transferring Data to the RT Microprocessor

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

- Does not involve processor resources

- Most RIO hardware targets have 3 dedicated DMA
channels

00000000000 00000000000000000000000000000000000000

Sample Delay FIFO Method MNode

®ud DMAFIFO 4ib °
YWrite

(Ticks) FPGA I/O Node

} Elerment

E]" ALl Full Flag
Tirned Out?  »
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FPGA €<-> RT. DMA FIFOs

“Em Mu:ndl,l'.ﬂ.IIIIi%“

Data Element

[ ] - IE 0
Bk FIFO AIb® st
" NEd
Write Ilﬂﬂ[]l—l- Murnber of Elernents =
] Element b Timeout (ms)
)y Timeout Data
Timed Out? Elements Rema

I DMA
Engine
I

FPGA DMA FIFO Real-Time Buffer
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6 - Test and Compille

LabVIEW FPGA Code Compile VHDL through Xilinx FPGA Logic
Implementation

A
=
tnputrs
Metet then
~'r-:"‘i‘!c“l'1‘ﬁ. <= Talse;
C 1f risting eogei(cli) then
Previigitalifnput <« o1gitalingwr;
o1 reaviousoigitalinguner;
D * ve 4 Tite) atorial 1099C to Getect & rising »
Ted < VT and St creevDigitalingut ]
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6 - Test and Compille

LabVIEW FPGA Code Compile VHDL through Xilinx

L

>

FPGA Logic
Implementation

1::"‘“95\ =
W
\y

-

; .
______ o ot
( \ ( . . . \ ( - \
Translation Optimization Synthesis
VHDL Logic Place&Route
Generation Reduction Timing
Verification
NG /L 4 N\ J
ni.com 21
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Bit Stream

Generation
Download &
Run

7 NATIONAL
INSTRUMENTS




6 - Test and Complle

Demonstration

Debug with standard
LabVIEW features in
simulation

B3 Sampling Prose Watch Window L)
| FPGA Target s 3 b Q)[R A ) & | ) ] sl 12
Probels) Value

[1] Cigital Signal & 1

[2] Digits! Signal B 0

N 1 /MU UL,

18076184 40 Mz Onboard Clock
" v RN '
W S N0n 3500 e

y .i':ﬂ‘ lO‘fﬂ B 150n

Tme (3)

L

>

e

R

Verify signal
— timing with digital
waveform probe

-
i3 Period and Phase Measurement.vi Block Diagram cn Period and Phase Measurement.lvproj/FPGA Target *

File Edit Vi

>®

O

'E.. ¥ i:]| e ”-7];' | |@$' ||" Search

OO0O000000000000

Period (m5s)
=

Phase Shift (Deg)

Digital Signal &

Period and Phase Measurement.lvproj/FPGA Target <

I | 3

Simulator offers
— bit-true functional
simulation

ni.com
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One-Click Deployment and Compilation

- IEI N
{3 Period and Phase Measurement.l... Eug

File Edit View Project Operate Tools Window

Items | Files

= [2. Project: Period and Phase Measurement.lvpraj
= E My Computer
|| readmetd

=) @ FPGA Target (PCle-TE841R)

- 340 MHz Onboard Clock

@, Pericd and Phase Measurernentvi

>_'-!|_.-|_" Dependencies

= -h Build Specifications

[ |Periodana PhaseViessurement | |

- Dependem.esm
--r_ Build Specific Rebuild

Estimate Resource Usage

Check Signature

Generate Intermediate Files

Display Compilation Results

Download

Remowve from Project

Properties

ni.com

Development
PC

Compile
Server and
Workers

ngh‘ —',‘,."’ i.
Performance - ‘- 3
Cloud (B2
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LabV]

Real-Time
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/7 -Working with Constrained Resources

aitucd by Seagate
Aulrbtion Far preduct istonmation or techaical
Eppan. plesie Codtact e wyilem OIM.

2
=
=
&=
=
E

Disk Space RAM CPU Bandwidth  FPGA Gates
O Compll
| Lost Data Crash Starvation Fompl ©
L allure
LL]
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/ - Monitoring Constrained Resources

- Ensure that CPU does not exceed 70% (ideal)

- Distributed System Manager for CPU and Memory Usage

- System State Publisher must be installed to controller

ni.com

HI Distributed System Manager

M=%

File  Actions Wiew Help
armne
= 20 My Swstems
+ lacalhiost
=1 |2y Mebwork Items

Ll :192,168.0.7

+ e NI_SystemState

lwer Project Yariables
Fan
Log File Mame
#, PID Gains
%4 Setpoint Profils
Start Target
Stop Target
L Target Data - network
= [ PYWM Mod

% Fan-cRIO
Lamp-cRIC
PWMZ
PWM3
PWM4
PWHMS
PWHME
PWM7
H gy System
Thermocouple Mod

Al
Aal2
R AL
ﬁ Temperature-cRICO
+ MATIOMAL-2ZEEAS

T

L O O e

SR B E TR R B eE

EfieEs it

<
Mok Logged In

Walue

false

best. ...

false
false

oo oo oo oo

21.8...
1,41...
1,41

Access

Read!..)
Read..)
Read)..)
Read)..|
Read/..|
Read]...
Read...

Read!..)
Read..)
Read)..)
Read)..|
Read!..)
Read..)
Read/..|
Read)..|

Read
Read
Read

Autao Yiew

Location: 11192.168.0.7

Scan Engine CPUfMemory

CPU 0 Usage Chart (%)
100,00

75.00

50.00

25,00

0.00
Memory Usage Chart (MB)
59,32

44.49

29,66

14.83

0.00

/B x

CPU O Statistics
Total: 23.9%
By Priority

Time Critical: 2.65%
High: 1.61%:
above Marmal:  1.61%
Marmal: 16.0%
Lo 0%

Miscellaneous
Timed Structures: 1,97%

ISRs:

0%

Memory Statistics

Allacated:
fevailable:

42,050 ME
17,270 MB

Conkiguous: 15,194 MB

Takal:

Usage:

59,320 ME

T0. G566
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/ - Monitoring Constrained Resources

- Ensure that CPU does not exceed 70% (ideal)
- Distributed System Manager for CPU and Memory Usage

- System State Publisher must be installed to controller

- System Configuration Palette

- Programmatically track Memory and CPU Load metrics

Initialize Session.vi

L CompactRIO-1 |+|-EE

g == Systemn Session

]
k
k
k

Systemn Resources:iLargest Available Memory Block
b

Systemn Resources:Free Physical Memaory
b

Systemn Resources:Primary Disk Capacity
3

SystemResource }

ni.com

27

i == System Hardware 3| System Resources:CPUs:Total Load

CpuloadTotal M= Fus2] |
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7 -Working with Constrained Resources

- LabVIEW Real-Time programs should attempt to minimize hidden
memory allocation

- Common sources: element 1
- Queues without fixed size Element E‘g;i['éﬂ"ﬂ}f
- Variable sized arrays
- Variable sized strings
- Variants [l

- Use the /n Place Element Structure C
orrect

- Use Show Buffer Allocations tool

Good

FDEL] |

a000 M
- Tools»Profile»Show Buffer Allocations Initialize Replace
Srray Subset

[o}-

- Real-Time Execution Trace Toolkit

- Optimize performance and analyze
down to thread level

NATIONAL
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3 - Implementing High Priority Tasks

- Choose a loop structure based on the priority of your task
- Timed Loops execute at a higher priority than While Loops
- Above High but below Time Critical
- Using multiple Timed Loops can add complexity and overhead

Error » W
Finished Late? [i-1]> Normal
Iteration Duration » Right Data Output Node Prl o rlty
Input Node Lfl Lata Nde — i
High Priority
Deterministic Tasks
Timed Loop While Loop

NATIONAL
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3 - Implementing High Priority Tasks

=Y

SEIIFT e i

High Priority Normal Priority
@ wl [i]
Deterministic Operations: Non-Deterministic Operations:
*Closed Loop Control File 1/0
*Decision Making Logic *Network or serial communication
*Shutdown logic *Process involving dynamic memory
*FPGA Acquisition allocation
o Dynamically sized data types
*Calls to nondeterministic drivers or
libraries
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9 - LabVIEW RT Watchdog

- Reboots system if the watchdog process is starved

- This could occur if:
- CPU usage hits 100%
- Software Is hanging because it ran out of memory

100000 0000000000000 0o0o0o0oooern

Watchdog Timeout (5]
10

Watchdog Pet Rate (ms)
100

Oo0oO0oO0o0o0o0o0n0o0o0o0o0oonooooooonnan
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Additional

Resources
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LabVIEW 2013 CompactRIO Sample Projects

B Lwvew
Fe Operste Tools Melp

B2 LabVIEW

( [} Create Projsct

P

[} Open Existing

|

W Find Drivers and

T} LAVIEW News | S

ni.com

I3 Create Project
Choose a starting point for the project:

All

Ternplates

Sample Projects
CompactRIO
Desktop
MI-579¢

™y

I?I@

LabVIEVW FPGA Control on CompactRIO Zampole Frojects

Implements deterministic, hardware-based control of a plant. This sample project uses code
written with the LabVIEW FPGA Module. More Information

+ 3

@)

o

LabVIEW FPGA Waveform Acquisition and Logging on CompactRIO Zzmple Frojects

Acquires continucus waveform data and logs it to disk. This sample project uses code written with
the LabVIEW FPGA Module. More Information

LabVIEWW Real-Time Control on CompactRIO (RIO Scan Interface) Sampls Projectz

Implements deterministic, software-based control of a plant. This sample project uses the RIO
Scan Interface for /0. More Information

LabVIEVW Real-Time Sequencer on CompactRIQ Zzmols Frojects

Implements a sequence engine that executes user-defined sequences in LabVIEW Real-Time for
control applications. This sample project uses code written with... More Information
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NI LabVIEW for CompactRIO Developer’'s Guide

NI LabVIEW for CompactRIO
Developer's Guide

Recommended LabVIEW Architectures and Development Practices

for Control and Monitoring Applications

ni.com/compactriodevguide

High Performance RIO Developer’'s Guide: ni.com/hprioguide

LabVIEVV Help: RT Best Practices Portal

NATIONAL
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http://www.ni.com/compactriodevguide/
http://www.ni.com/hprioguide
http://www.ni.com/hprioguide
http://zone.ni.com/reference/en-XX/help/370622L-01/lvrtbestpractices/rt_portal/

Training & Certification Path for Embedded Systems

System Prototyping Development & Deployment

4 o N

(2 day)

LabVIEW Core 3 Managing Software
Engineering

LabVIEW Core 1 LabVIEW Core 2
(3 day) (2 day)

LabVIEW FPGA

/3 O’ay} (2 day)

LV RT 2: Architecting

(3 day) Embedded Systems
\ V‘% - /
Online Training Available Email
ni.com/self-paced-training Certification@ni.com
to apply to take exam
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