LabVIEW Real-Time and LabVIEW FPGA
Programming Tips & Tricks how to get
started
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Two programming modes available

What is the Scan Mode and When to use it?

What about FPGA mode?
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What is the Scan Mode and When to use
it?

We have added a Scan Engine to LabVIEW and
CompactRIO to make it easier to program |I/O while
retaining the flexibility of FPGAs.

v’ Fast time to first measurement

v’ Synchronous scanned 1/O updates

v' Automatic network published 1/0 values
v’ |deal for single-point 1/O updates < 1kHz
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What is the FPGA Mode and When to
use it?

In FPGA mode you need to program |/O. More complex
but you will gain much more performance.

3 Slower time to first measurement
v’ Fast |/O updates

v’ Tight Determinism

v’ Parallelism

v’ |deal for I/O updates > 1kHz
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Programming With Jitter in Mind

N SRR Bound (for hard

2.8 real-time systems)
Mean=2.03 ms
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Execution 1.3
Time (ms)
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Iterations
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Programming With Jitter in Mind

ﬁ e ﬁ |

Critical Loop Auxiliary Loop(s)
Real-Time FIFOs
D ——
- | -
Deterministic Operations Nondeterministic Operations
* PID control * File I/O
e Real-time FIFO communication ¢ Network or serial communication
* Safety logic * Memory allocation
e Calls to deterministic drivers or 0 Dynamically sized data types
libraries e Calls to nondeterministic drivers or
libraries
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Programming With Jitter in Mind
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Planning for the Worst-Case Scenario

e Use watchdog timer API to
auto-restart hardware on

software hang Fﬁit m—
TE7s |

e Can also be programmed to assert a
PXI trigger line or generate an

occurrence
watchdog status|
e Think carefully about FPGA safe o |
states and startup conditions
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Planning for the Worst-Case Scenario@ &

Handle communication Errors

|j Error Vt

FPGAtoRT.Read FPGAtoRT.Read
[0y Mumber of Elements b Mumber of Elements
Timecut (ms) ¥ Timecout (ms)
Data B Data
Elements Remaining » Elernents Remaining »
255
NATIONAL Read Zero Elements Read data only if there is enough

INSTRUMENTS Just to get Remaining Elements data available
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Planning for the Worst-Case Scenario

Use CompactRIO User Led to indicate system

status:
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E1 windows Task Manager
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35 pTotbels | ~Physicsl Mamory (K) -

K Handles 4265 Total 130524
Threads 333 Avalable 23564
Processes 23 System Cache’ 52224

-~ Commit Charge (K)- —Kerrel Memary (K)

Total 97564 Total 31756
Limit 505992 Paged 23064
Peak 113336 Nonpaged 8692

Processes: 23 [CPUilUsage: 100%  |Mem Usage: 97864K /S0S992K

CPU Bandwidth
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Working With Fixed-Size Data

e LabVIEW Real-Time:

— Reduces jitter due to :EII: P
a I | Ocat | O n S The mermary manager will

be uzed with Build Array.
d=e of this shared resource

— Reduces CPU load mey case e
— Improves reliability

* LabVIEW FPGA

il

— Mandated; no
dynamica”y Sized data Uz Replace Amay Subset|
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Remote Debugging
LabVIEW Real-Time Host PC

e Can use standard LabVIEW RT FPs
debugging tools on host -

 Front panel of LabVIEW Real-

Time VI automatically updates | Ethernet
via network
e Possible to programmatically Q_ ﬂ
print messages to RT console Monitor
LabVIEW RT Target
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Remote Debugging

LabVIEW FPGA Host PC

e Cannot use standard LabVIEW —
debugging tools (HW vs. SW)

* Front panel of LabVIEW FPGA

VI automatically updates via | Ethermet
network
— Instrument VI for debugging ﬁ
e For functional debugging, use
FPGA simulation LabVIEW RT Target
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LabVIEW FPGA Compile Farm Toolkit =

High-Performance
Cloud

Compile Server
and Workers

Development PC

!’f;
Single CPU Compile On-Sl’?:(er;mplle Cloud Compilation

NATIONAL
INSTRUMENTS




TIP: Use Ul Builder for thin clients

v’ No Software installation needed
v Works with Web Browser that supports MS
Silverlight

L BN
W NILabVIEW Web UL Build... * '\ &
€« C M © www.nicom/uibuilde w oA
NATIONAL -
INSTRUMENTS CantactNI | & United States
(This is not me
Home | Developer Resources

NI LabVIEW Web Ul Builder Product Information
= What Is LabVIEW Web Ul Builder?

LabVIEW Web UI Builder gives you the ability to develop lightweight, web-based thin client applications through graphical
programming. These applications serve as graphical user interfaces (GUIs) that enable users to remotely menitor and control

E . LabVIEW-based measurement and automation systems through a web browser.

o © EE: Wicrosoft Silverlight® is required; dlick here to install

See Applications You Can Create ‘
|
| i

- »
e
View Tank Simulator View Piastics Plant Control View Pipeline Monitor View Windmill Monitor ‘
Product Information
LabVIEW Web Ul Builder Overview Frequently Asked Questions

o ni.com/uibuilder




ynthesizing vs. Compiling

Reusing IP
* |PNet sharing

* |P Integration Node
— Reuse HDL

— Import Xilinx CORE
Generator libraries

e CLIP Node

— Asynchronous IP
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Browse, Download, and Share LabVIEW FPGA IP

Signal Processing and Measurements

Name LabWVIEW Version | IP or Example | Source | Code Maturity
; LahvIEWW
B utterwarth Filter 8.2-2009 IP FPGA ]
. Lah¥IEY
Motch Filter 8.5-2009 IP FPGA 5
Dalph-Chebyshev Filter FIR) 8.2-2009 P DFD 5
P v : Taalkit
laiserWindow Method Filter (FIR) 8.2-2009 IP DFD. g
Toolkit
Equi-Ripple Filter (Remez) (FIR) 8.2-2008 IP DFD 5
HukRIRR : Taalkit
Time-Domain Window Filter (FIR) 8.2-2009 IF DFD. a
Toolkit
. DFD
Beszel Filter (IR 8.2-2008 IP Tonlkit 5
Chehyshey Filter (IR} 8.2-2008 IP ._DFP.. ]
13 FIR Filter.vi Block Diagram on Floating Point FPGA. vproj/FPGA Target [=[@ ][ =]
File Edit ¥iew Project Operate Tools Window Help ‘@
@IEﬁhﬁlﬁptApp\ication Font '”!;lh Q Igl 2
)

dIk FOFFO® " wt FIFO Ttern ik "

EH

Read FIR Filter | Filtered
Clerment a Result
Tirneaut et ,7:@'

Timed Out? Mo dy Y
% operation_nd
- e
operation_rfd?)

Floating Point FRGA.hproj/FPGA Target <«

.
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Working With Fixed-Point Math

- Floating Point Fixed Point

Resource High Low

Requirements for

FPGA Computations

Radix Point “Slides” around Fixed; a set number of bit

positions after radix point

Precision Changes as radix point Fixed
moves
Range Very large Small
(~3.4 x 10738 for single)  (less than int - no exponent)
Potential for Low due to large range Higher due to small range
Overflow
NATIONAL
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Working With Fixed-Point Math

Appearance | Data Type | Dat
Representation
FXP

Fixed-Point Configuration

Encoding Range

() Signed Minirmum

Otrsones ewmEs |
dudenal Heiin Rl
64 bits = [2.1475E+9 |
Inteqger word length Desired delta
X | U

[] 1nclude overflow status

¥alues on the Data Entry tab have changed.

[ (09 ][Cancel ][ Help ]
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Understanding Clocks and Hardware

Concurrency

T

bicks

Fﬁ 40 MHz Onboard Clock |+
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NSTRUMENTS

Timed Loop runs at 40mMhz, based on
the Onboard FPGA Clock,

Thiz WWhile Loop will execute at the
rake specified in the Loop Timer Funckion,

either in ticks, miliseconds, or microseconds

oop Timer
tooh| 6
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Understanding Clocks and Hardware

Concurrency

Single-Cycle Timed Loop (SCTL)

kick

=

piEwr [DeFault Al
Lelal

B Project Explorer - Untitled Project 3 *

Eile Edit Wiew Project Operate Tools Window Help

lhS@l X Do X||Er| @& al

e
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ltems | Files

Froject [tems P
=&l Project: Untitled Project 3 -
= B My Computer
E] ﬁ FPGA Target [PCI-7E31R]
40 MHz Onboard Clark
- _'-f|:|_" Dependencies
‘;p‘_ Build Specifications
L. 28 Dependencies
'% Build 5pecifications

Mew FPGA Derived Clack

Remove from Project
Rename... Fz

Help...
Properties

T




Understanding Clocks and Hardware &
Concurrency

e Potentially unlimited
parallelism in FPGA
hardware (except for
space constraints)

EI chchchchchchchch {DIo0 @
. |
e Use techniques such - —
as pipelining to i
EHp_Timeout
maximize clock rate n — o
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Transferring Data to the Host

N
“an Al 5 HERLER B DMA FIFO {lk
Ban all L",j_-—L _ Wtite
ban a1z 5| [TrjouE El | fpr—F  Element
DMA FlFOS Ban A3 ol E—P Timeaut
B ALt I:; [ Timed Qut? K
Ban Al B
San als Bl i 11032
B a1z §
QuadCounterLoop
kick,
'*ID—" T[False ~pf W

Registers
(FPGA VI Indicators)
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Input - Quad 0

Period (Ticks) - Quad D _,—|_| FOFZ ]|Current Period - Quad 0

Direction - Quad 0 [CTER- ¥IEZ ] |Period Count - Quad O
Quad Out

ctop [0 -[@]




Recommended Training Courses for i%
LabVIEW FPGA and LabVIEW Real-Time

System Prototyping System Development and Deployment

LabVIEW
Real-Time 12

LabVIEW

Real-Time 22

LabVIEW LabVIEW LabVIEW
Core 11 Core 21 Core 3

LabVIEW
FPGA
LabVIEW Core 1 and 2 fit conveniently in a week, so you may choose to take both :
LabVIEW Core classes prior to LabVIEW FPGA and LabVIEW Real-Time 1. = Eeqmred d d
ecommenae
2|f you are working in Windows OS, you may choose not to take real-time training. Op tional
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RT Architecture Example

T "RUN" Vt
S:?;;:cev Here we execute the main code o M ea s u re d ata
+RUMN =

0 Temperature Measurement Loo .
o _;J 1 _Send data with

=t 1=

Temperatu.re Unit F’WRITE vl F’ = vl RT F I FO
(o N Se— [ASET | STFIFD E

- G o

=
¥ : =
Loop Delay [ms] Temperature Cluster ﬁ
-L b Loop Delay (m5ec) ThermasoupleType

Data Handling Loop (Save + Send to Windows UI)

raze <}l - Save data to
| cRIO

@

u]

- Send data to

o] Windows Ul

[ Mo Error 't
[ False Vt

Here we open the
reference tothe
FPGA target.

-TCPIP

— STH

WAHDLER:

gl

. .
¢ e Communication
FPGA Target] Here we init . .
RIOO gﬁrrr:::tri‘g::u Stop command received Wlth WI n d OWS U I
E;L”G?n"ﬁls
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