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LabVIEW FPGA @ CERN

POWERED BY

- Unofficial
« For fun
- Share knowledge




About the workshops

Minimize theory
Maximize practice
Some fun examples



LabVIEW
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NI : part of Emerson

Leader in data acquisition technology with
innovative modular instruments and
LabVIEW graphical programming software

. Corporate headquarters in Austin, TX
. Offices in nearly 50 countries

. 35,000+ companies served annually
. More than 1,000 products

. Approx. 7,100 employees

. 600 Alliance Partners

. Part of Emerson Electric Co. this year

FORTUNE"

100 BEST

COMPANIES
T0 WORK FOR



Diversity of applications

AEROSPACE, DEFENSE, &
GOVERNMENT

ELECTRONICS ENERGY ACADEMIC & RESEARCH



SpaceX

Falcon rocket launch pad software




Commercial nuclear fusion power
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LabVIEW on different hardware
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Projects based on NI @ CERN

- LHC collimators real-time control system

Control system requirements

Axes positioning accuracy few um
Axes motion synchronization below 1 ms
Response delay to a digital start trigger 100 ps
Position sensors RT survey frequency 100 Hz
Reliability Very high
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* LHC collimators real-time control system

Layout

LHC PROJECT

e Maquette 3D a faire
Magquette 3D en cours
— Maquette 3D en standard

120 systems

Architecture

1 Machine Timing Distribuion |

Collimator Supervisory System

{one or two per LHC point)

Synchronisation control

Underground, low radiation area

Local Ethernet Segment

! v | !

Position Readout and
Survev

Motor Drive Control

Environment Survey

e
| Beam
| Interlock
LHC tunnel
- -
o g ’L t” e o o o vy ‘!I
Bl -
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» Kicker magnet contr

g -

Kicker magnets steer the beam
in and out of the different
accelerators

Booster

ol systems
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CERN LabVIEW support

Website: cern.ch/labview
E-mail: labview.support@cern.ch or SNOW ticket with labview

DON'T WORRY
M

=

I'M FROM TEC
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Why LabVIEW?

Same concepts as in traditional
languages (data types, loops, event
handling, recursion and OOP)

Data flow (execution is data-driven, not
determined by sequential lines of text)
Automatic parallelism
Automatic data synchronisation

Intuitive

Easy to debug

NI hardware integration
Combines with other languages

=
>

Amplitude and
Level
Measurements

b

=" Signals

RMS
PR |
» b
Spectral
M N
AG34401
. Signals
— Power Spectruy e

Multiple Points ¥

'
d »

Filter

e b Signal
Filtered Signal

=

appended array
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B. Project Explorer

Project Explorer Window
Files Types
Project Folders
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Project Explorer

[ EPS-FPGA-demoS.lvproj - Project .. — O
File Edit View Project Operate Tools Window Help

ltems | Files

See the hierarchy
Organlse prOJeCt fIIeS = Eg, Project: EPS-FPGA-demoS.vproj
E} H My Computer <

Deploy f||eS tO targets - '__] Project Documentation

ﬂ, Channel-wire-example.vi

Manage code for build . Build Specifications

=+ L, myRIO-FPGA-Adriaan (172.22.11.2) <

OptionS £ 88 Chassis (myRIO-1900)

b i® Real-Time Scan Resources
- & FPGA Target (RIO0, myRIO-1900]) <

ExeCUtabIeS’ InSta”erS’ gé], EP5-CPU-demo5wvi
and le fIIeS - e Build Specifications

Integrate with source
code control providers

PC

ARM
FPGA
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Project Explorer

P Y

Xilinx Zynq 7010

[ EPS-FPGA-demoS.lvproj - Project .. — O
File Edit View Project Operate Tools Window Help

ltems | Files

=3 |T_=§. Project: EP5-FPGA-demod.vpraoj

E- H My Computer <
- [ Project Documentation

Lo [l Channel-wire-examplewvi

:l-; Build Specifications

B =, myRIO-FPGA-Adriaan (172.22.11.2) <

- @9 Chassis (myRIO-1900)
> i® Real-Time Scan Resources
- & FPGA Target (RIO0, myRIO-1900) <

- |mll, EP5-CPU-demoSvi
:l-; Build Specifications

PC

ARM
FPGA
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Connect to myRIO

SRR PC

myRIO

A

Don’t have the myRIO connected yet
Power up the myRIO

Wait until the Status LED is off
Connect the myRIO to your PC
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Start LabVIEW

AEERERN. pC

myRIO

€, myRIO USB Monit =

O NI-myRIO0-1900-Adriaan

Serial Number: 030B8ABO
IP Address: 172.22.11.2

Options

)) Launch the Getting Started Wizard
) GotoLabVIEW 2019 SP1

)) Launch the I/0 Monitor

)) Configure myRIO
) Do Nothing

Go to LabVIEW
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Project

AEERERN. pC

myRIO

B LabviEw
File Operate Tools Help

Blank Project

P> LabVIEW 2015 myRIO Toolkit

Blank Project

LabVIEW Real-Time Control on CompactRIO (RIO Scan Interface)

Set Up and Explore

Set up and leam how to use myRIO!

‘ LabVIEW News |

Al
FPGAT1 Ivproj

Scan Engine lvproj
PattemRecog Ivproj
TestLED Ivproj
AccDetector lvproj

First-F-Proj Ivproj

Do a Project
See examples and get inspired!

TemperatureContro lvproj

Get Support

Get answers to your questions!
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New target

[ EPS-FPGA-demoS.lvproj - Project .. = O
File Edit View Project Operate Tools Window Help

ltems | Files

= |_§. Project: EP5-FPGA-demo5. vproj < ng ht CIICk PrOJeCt
‘\\\ PC I:?}E?UMyPEEJr:ciuszlumentatmn Choose NeW _>
- ml Channel-wire-example.vi 1
++. Build S'::lv.=.-r:iFir:Eltiu:uns.FI targets and deVIceS

= ., myRIO-FPGA-Adriaan (172.22.11.2)

E- &8 Chassis (myRIO-1900)

> [# Real-Tirme Scan Resources
myRIO R {5} FPGA Target (RIOD, myRIO-1300)
|l EPS-CPU-demaS.vi

+_ Build Specifications
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Select myRIO

ATEEERRNN

PC

& \b«i- Project: Untitled Project 1 \

File Edit View Project Operate Tools Window Help

Items Files

& N_ My Computer B Add Targets and Devices on Untitled Project 1 X
L. Build Specifications

Targets and Devices
(@) Existing target or device
@ Discover an existing target(s) or device(s)
O Specify a target or device by IP address
() New target or device

| Targets and Devices -~

+H) ELVISRIO
+H) Ethernet RIO
EHD myRIO

8 NI-myRIO-1900-Adriaan
#4) Real-Time CompactDAQ
+H2) Real-Time CompactRIO
+12) Real-Time Desktop
+{) Real-Time PXI
++2) Real-Time Single-Board RIO
44 roboRIO
#4) Touch Panel
4 Windows CompactRIO

Open myRIO with +
Select NI myRIO
OK

< >

[ Reduce discovery timeout

Refresh Ok Cancel Help

22



Prepare myRIO

B untitled Project 1 * - Project Explorer ~ — (m] X
. File Edit View Project Operate Tools Window Help

Items Files

» @ Real-Time Scan Resources ~
~3 FPGA Target (RIO0, myRIO-1900)

:J Onboard V0 Close tabs:
SRR PC "?;:::T;ZB e Onboard I/O

ConnectorB/AO0
ConnectorB/AO1

ConnectorB/AI0 i Con nector A

g one e Connector B DIO15:8
aginioecen « Connector C

ConnectorB/DIO2 .
ConnectorB/DIO3 ° Au d 10
ConnectorB/DIO4
ConnectorB/DIOS5
ConnectorB/DIO6
ConnectorB/DIO7

- ConnectorB/DIO7:0
@ DIO15:8
6
Audio
- =9 40 MHz Onboard Clock
b @) IP Builder

- ‘# Build Specifications

‘®. Build Specifications

(At

'\3
s}
o
=]

PrrerEREe errere

UL




NI myRIO Product Overview: Front View

W7 NATIONAL
)® INSTRUMENTS

XILINX Zyng SoC
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What is Zynq?

—N\ N I"\

Tradlﬁnm Ihﬂlghentatlon

Single System on Chip
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Why Zynql\/latters In Education

Smaller Size, Lower Power

*667 MHz Dual-Core ARM Cortex-
A9 Processor

*Artix-7 FPGA, 28k logic cells
*16 DMA Channels

*92 Billion calculations per second
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Why Zynq Really Matters in Education

Leading Industry
Grade Technology

o . ah _.“
'..1"“”! -."!‘

oy MWas e
[* 2 e ve n

The same technology is used in
the modular I/O Compact RIO
systems
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C. Parts of a VI

Front Panel
Block Diagram
lcon

Connector Pane
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Parts of a VI
VIs have 3 main components:

| [ ) =

m add&sub.vi Front Panel

File Edit View Project Operate Tools Window Help
||.{> |{§}| OIE' | 15pt Application Font |~ || o ||7I]—n' || d

Icon/Connector pane

A A+B

o

{3 add&@sub.vi Block Diagram E@g

L L3

gD

File Edit View Project Operate Tools Window Help

[
A-B o |8 OIEI|LH:||'E' . |15ptAppIication Font |~ ||-J\ |@ B

o |

|

)

A Add A+B

DELK %@l

Front panel

m

i E Subtract A-B

@ :‘:}7nm

Block diagram




Parts of a VI — Front Panel

Front Panel — User interface for
the VI

{3 Using Temperaturewi Front Panel ‘ﬂl

File Edit Yiew Project Operate Tools Window Help H
|ﬁ> |{§}| OIEI | 15pt Application Font |~ ||§;.' ”'-T]Ev ”&Y | |@b' ”' Search vy ” @|%
-

You build the front panel
W I t h : rx:u?r?,llz;;ﬂfasurements Ter‘npj;!iure o

controls (inputs) and
indicators (outputs) O =




Parts of a VI — Block Diagram

Front panel objects
appear as terminals
on the block
diagram

Block Diagram — Contains the

graphical source code

[ & Using Temperature.vi Block Diagram l SRREll X ]
File Edit View Project Operate Tools Window Help o
(] @[] ) ool 15 Ao Fore ][ [ [~ l]- o 2 |13

Number of Measurements
.E
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Parts of a VI — Icon/Connector Pane

Icon — Graphical representation
sy of a VI

Connector Pane — Map of the
Inputs and outputs of a VI

Icons and connector panes are necessary to use
a VI as a subVI.

A subVl is a VI that appears on the block diagram of
another VI.

A subVl is similar to a subroutine or function in a text-
based programming language.
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Show — off (2)

Figures



Front Panel

>

@

15pt Application Font |« || §o~

g™

¥ Search

& Using Temperature.vi Front Panel

(=[] = ]

File Edit View Project Operate Tools Window Help

Mumber of Measurements

>l| 2 [ ()] 10 || 15pt Application Font |~ [[$o T [ [|&5~ ||+ search

rwia i =

Measurements |/

Temperature Chart

] [200 o

30-
- =

Delay Multiplier % 28]
08 1 12 g

06 Co14 5 4
- - =

04- -16 24+

02- 18 2

0’ 2 W

Time

m

T
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Controls and Indicators

Controls Indicators
- Input devices - Output devices
« Knobs, buttons, - Graphs, LEDs
slides - Display data the block
. Supﬁly_data to the diagram acquires or
block diagram generates

T set point [C] 21.5-

3" 7
S Z 0 0.02 0.04 0.06 0.08 0.1
2= -8 Time
1 ~9
7 N



Front Panel Object Styles

Modern

Waveform Graph

Sine with Uniform Noise j

1:5=

1-

_‘g 0:5=
=
s=
s O
E
< -0.5-
-1-
'1-5-| 1 1 1 1
0 0.025 0.05 0.075 0.1
Time
Path Wrong
% [Users/adriaan.../LV-FPGA-class ﬁ! '
OK Cancel STOP

Silver

[ Sine with Uniform Noise |/ ]

Waveform Graph

155
1_
oR05s
3
= .
E‘ 0
< -0.5-
-1-
'1'5_| 1 1 1 1 '
0 0.02 0.04 0.06 0.08 0.1
Time
File Path Wrong

“‘}‘ /Users/adriaanr/Documents/LV-FPGA-class | ] ©

s

[ oK ] [I:I Cancel
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Numeric Controls and Indicators

The numeric data in a control or indicator can represent
numbers of various types, such as integer or floating-
point.

Input

/.L:f:|n—|] —  Numeric

control

Increment/Decrement
buttons

Cutput
Numeric  — r|ﬂ |]

indicator
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Boolean Controls and Indicators

« The Boolean data type represents data that has only
two options, such as True/False or On/Off.

« Use Boolean controls and indicators to enter and
display Boolean (TRUE/FALSE) values.

- Boolean objects simulate switches, push buttons and
LEDs.

Push Button LED
Boolean 2

P . Boolean
control ) “--q__@f A & indicator
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Strings

« The string data type is a sequence of ASCII characters.

« Use string controls to receive text from the user.
« Use string indicators to display text to the user.

String Control Table

Receive text from user

here, A

‘ Headingl Heading2

String Indicator

Ohokn =l kg
M om Oy m

Display text to the
user here, Add a
scrollbar if necessary.

FRRTI
L J
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E. Block Diagram

Terminals
Nodes
Wires
Help

40



Block Diagram

2 4| ||| E |22 wa|g* .+ | 15pt Application Font |~ (|3~ || 0o~

i3 Using Temperature.vi Block Diagram
File Edit View Project Operate Tools Window Help HHI
nyiz L2

— o> | O@ Lba|ig* 7 | 15pt Application Font |~ ,3”_'”@ l@”@‘ | Search

Mumber of Measurements

.E
Thermometer (Demo).vi Temperature Chart

RE

DE

m

Delay Multiplier

Wait Until Next ms Multiple

Stop Button

| E—

Lrl
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Block Diagram

- Block diagram items:
« Terminals
ConStantS I'Rff.lml:ler of Measurements

NOdeS Thermometer (Demo).vi Temperature Chart

- Functions i 8
- SubVis

Delay Multiplier

« Structures bl Wait Until Next ms Multiple
- Wires Ll el
500.00
« Free labels Stop Button




Terminals

Area of a Triangle

Height {crm)

= |

Base (cm)

Fo |

Baze (cm)

Same label name

Area (cm®™2)

O

Determines the area of a triangle.

Triangular Multiplier

Area (cm™2)
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Terminals for Front Panel Objects

« Terminals are:

- Entry and exit ports that exchange information
between the front panel and block diagram

- Analogous to parameters in text-based
programming languages

« Double-click a terminal to locate the corresponding

front panel object Input

Input
*;-"ﬁkt} F
i\_{
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View Terminals as lcons

By default, View as Icon
option enabled.

* Deselect View as Icon for a
more compact view.

Murneric Murneric Boolean
Compact [
Murmeric Mumeric Boolean

Icon

String

[ab~—
Visible tems 2

Find Control

Make Type Def.

Hide Control
Change to Indicator
Change to Constant
Description and Tip...

String Palette 4
Create 3
Data Operations 3
Advanced 4

4 View AsIcon

Properties
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Nodes

Nodes are objects on the block diagram that
have inputs and/or outputs and perform
operations when a VI runs.

Nodes

Base (c :n:l Area (cm”2)
2> [Z>—b

Triangular Multiplier
Height (crm) 05
r
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Function Nodes [E>

« Functions are:
Fundamental operating elements of LabVIEW.

Do not have front panels or block diagrams, but do
have connector panes.

Have a pale yellow background on their icon.
« Functions do not open like VIs and subVIs.



S u bVI N O d eS Tn:u Spreadsheet File, vi
P
« SubVis:

Are VIs that you use on the block diagram of another
VI.

Have front panels and block diagrams.

Use the icon from the upper-right corner of the front

panel as the icon that appears when you place the
subVI on a block diagram.

« When you double-click a subVlI, the front panel
and block diagram open.

« Any VI has the potential to be used as a subVI.




Express Vs

- EXpress Vis:
- Are a special type of subVI.

- Require minimal wiring because you
configure them with GUI dialog boxes.

- Save each configuration as a subVI.
« |cons for Express Vs appear on the

block diagram as icons surrounded by
a blue field.

5

Elapsed Time

Tirme has Elapsed *
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Structures

« Structures in LabVIEW have the form of frames

E |::.-|:Ti|"I"IE|:IL|tvP|_ 1000000000000 000000a0
Source
Type
m EEEE.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..'E: 0000000000000 000000
While loop Case (if .. then)  Timed loop Sequence

« Other nodes (functions, subVIs, more structures)
can be inserted into the frames

50



Wires

- Wires transfer data between block diagram objects

« Wires are different colors, styles, and thicknesses,
depending on their data types

Floating-point Integer String Boolean
Scalar —  mmmmmmmne
1-D Array — Gecenacacd oo,
2-D Array — RARARRRRAS S
«  Abroken wire appears as a dashed o e e

black line with a red X in the middle
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Constants

« Constants are the source of values just as
control terminals, but their value is fixed in the
code

« You can create a constant of each data type
482] [E] [LabVIEW course]
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Free labels

« Afreelabelis a label (a text box) not attached to any object.

Free labels can be put on the front panel or block diagram. They are
created by double-clicking on empty space in the window

« They can serve as comments or instructions to the user of the
application

;I'hm ts;8 fre Jabelon the This is the default formatting
ront panel. You can change

the formatting of the text of a block diagram free label.

and background color as well.
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Context Help

- Displays basic information about
wires and nodes when you move
the cursor over an object

« Can be shown or hidden in the
following ways:

- Select Help»Show Context Help
from the LabVIEW menu

« Press <Ctrl-H>

- Click the following button on the
toolbar:

Context Help @
Data type of wire i
= (long [32-bit integer (-2147483648 to 2147453647
oS ] « 1 b
Context Help 2

format (3.3
file path (dialog if ernphy)
number of rows (all:-1)

[#F[5[2] «

transpose (ho:F) -

Reads a specified number of lines or ro
beginning at a specified character offset and converts the data to a 20,
double-precision array of numbers, strings, or integers, You must manually

selectthe polyrorphic instance you want to use,

Read From Spreadsheet File.i

newy file path (Mot & Path ...
all rovus
mmatk after read (chars)

wws frorm a nurmeric text file

Detailed help
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LabVIEW Help

« Contains detailed descriptions and
Instructions for most palettes, menus,
tools, VIs, and functions.

Contents| Index | Search| Favorites

« Can be accessed by: TE e

- Selecting Help»
LabVIEW Help from the menu.

# @ LabWIEW Documentation Resources
% @ Getting Started with LabWIEW

. . - @ Fundamenlals
- C|ICkIng the Detailed help :§Q:sf:;ﬁz’*;z.';z’:z::;m
#] Taking Measurements
- - = @ Contiolling Instruments
link In the 3 e
. 4
Context Help window.
- Right-clicking an object

and selecting Help from

the shortcut menu

NATIONAL
INSTRUMENTS"

LabVIEW™ Help
June 2011, 371361H-01

This help system includes information about LabVIEW
prograrnming concepts, step-by-step instructions for
using LabVIEW, and reference information about
LabVIEW Wls, functions, palettes, menus, and tools,

To navigate this help system, use the Contents, Index,
and Search tabs to the left of this window.

After you install a LabVIEW add-on such as a toolkit,
module, or driver, the documentation for that add-on
appears in the Labl/ZEW Help or appears in a separate
help system you access by selecting Help»Add-On
tHelp, where Add-On Heip |5 the name of the separate
help system for the add-on.

This help system links to Portable Document Format
(PDF) wersions of Lab¥IEW print documents, You must
have adobe Reader installed to wiew or search the PDF
versions of these manuals,

Refer ta the adobe Systerns Incorporated Web site to
download Adobe Reader,

@ Note (Mac 08 X) National Instruments
recammends that you use Safari 1.3.2 or later
or Firefox 1.0.2 or later to view the LabUTEW
#elp. (Linux) National Instruments
recormmends that you use Mozilla 1.2 or later
or Firefox 1.0,2 or later to view the LabUTEW
Help.

For more information about this help system, refer to the
following topics:
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Examples

B NIEample Finder o] @ =]
Browse

« LabVIEW includes hundreds of
example VIs. |
«  Use NI Example Finder to browse =
and search installed examples

Select Help»Find Examples in
the menu. e

Limit results to hardware Add to Favorites Setup. Help Close

ing and Documenting Applications

ntals
Input and Output

or LabbIEW 2009
or LabbIEW 2010

[ Teolkits and Modules
[ Toolkits and Modules Mot Installed

* Click the example buttons in LabVIEW Help topics

i~ Open example @ Find related examples

56



Controls Palette

« Contains the controls and
iIndicators you use to
create the front panel.

« Navigate the subpalettes
or use the Search button
to search the Controls
palette.

Cantrals

C%Search I %Customize' |

¥ Modern
- y 5 —p
ﬂ;a‘;@g §o ipi

MNurmeric Boolean String & Path

M H }
[ ] i e

Array, batrix.,  List.Table & Graph
P m 4 E'n.& 4
] Ry

Ring & Enum Caontaine Qo
o M on @ »

o oo

Wariant & Cl Decora tions Refrium

P Sikver

P Systern

P Classic

P Express

» Caontrol Design & Simulation
P MET & ActiveX

} Signal Processing

P Addons

P User Controls

Select a Contral..,
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Functions Palette

« Contains the VIs, functions,
and constants you use to
create the block diagram.

« Navigate the subpalettes or
use the Search button to
search the Functions
palette.

Q Search | é% Custarnize™ i

)

¥ Programming

G rm
e W

E

o=

'v
L

Q=B

i
g%,

LpL)
¥ Measurement Ij0
b Instrument I[j0
} Vision and Mation

b Mathematics
¥ Signal Processing
b Data Communication
b Connectivity
¥ Contraol Design & Simulation
b Express
b Addons
b Favorites
b User Libraries
Select a VL.,
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Searching with Quick Drop

« Lets you quickly find
controls, functions, VIs,
and other items by name.

« Press the <Ctrl-Space>
keys to display the Quick
Drop dialog box.

13 quick Drop ?@

|Random Mumber (0-1) |

Random Mumber {0-1

TDMSG rate Randorm Dataswvi

Perindic R ndorm Moisewi [N AALB e.vlib]
jadic Randarm Mai F'tByPt wi [NI_PtbyPt. hvlib]

Peri

Perlodic Randorm Maise Waveformas [MLMABase helib]
Discrete Randormai

Continuous Randormsi

Quasi Randomwi [MLAAL_SignalGeneration.vlib]

Shortouts... ] ’ Help
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Global Search

Use the Search bar in the top right of the front panel and

block diagram windows to search palettes, LabVIEW
Help, and ni . com

{3 Determine Warnings.wi Block Diagram EI@
File Edit Yiew Project Operate Tools Window Help
o = IEI |Lo|:||'E' | 15pt Application Font |~ ||E;,—_|" ||-|:|E' | |@1' Search A | ? =
13 Determine Wiarnings.ai Front Panel El@

|:{>|{§}| IEH 15pt Application Font |- ||Emv||:|]_uv||$'||@¢9'| |" Search 4 |_

Eile  Edit  Miew Project Operate Tools Window Help o i‘
et

1

-




G. Selecting a Tool

Selecting a Tool
Block Diagram Clean-Up
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Selecting a Tool

A tool is a special operating mode
of the mouse cursor.

Create, modify, and debug Vls
using the tools provided by
LabVIEW.

By default, LabVIEW automatically
selects tools based on the context
of the cursor.

If you need more control, use the
Tools palette to select a specific
tool.

Select View»Tools Palette to open the
Tools palette.

5 4

2l

Ed
il

@
|23

—|®@f§=

‘Q%
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Wiring Tips

 Press <Ctrl-B> to delete broken wires.

« Right-click and select Clean Up Wire to
reroute the wire.

Mumeric
L3
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Wiring Tips — Clean Up Diagram b

Use the Clean Up Diagram tool to reroute
multiple wires and objects and to improve
readability.

1. Select a section of your block diagram.

2. Click the Clean Up Diagram button on the block
diagram toolbar (or press <Ctrl-U>).

______
......

_____
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Cloning ltems

Clone an object in Windows using the following steps:
1. Select the Positioning tool

2. Press the <Ctrl> key while clicking an object

3. Drag the copy to new location

Note: Avoid cutting and pasting objects as this can impact related items. For example, cutting
and pasting a block diagram terminal also moves the front panel object.
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Setting options for the environment

In Tools»Options... dialog box you can customize settings for the
LabVIEW environment.

Suggested changes:
Front Panel page
Set Control Style for New VIs to Silver style
Block Diagram page
Uncheck Place front panel terminals as icons
Configure Block Diagram Cleanup to customize your block diagram
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H. Dataflow



Dataflow

Murnber 1

7 Result
> >—D

Muriber 2
. 50,00

LabVIEW follows a dataflow model for running VIs.

« A node executes only when data are available at all of its
required input terminals

« Anode supplies data to the output terminals only when the
node finishes execution



Dataflow — Quiz

What are the nodes in this fragment of code?

Which node executes first?

input

16

greater?
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Dataflow — Quiz Answer

There are two nodes: ,square” and ,greater than?” functions
Square executes first

input

greater?
—[ﬁ—}} ..........
15-—(_
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Dataflow — Quiz

Which node executes first?

a)
b)
C)
d)
e)

Add
Subtract

Random Number
Divide
Sine

71

Murnber 1
b

Murnber 2
b

Murber 3
b

Mumber 4
b

Sine

Resulk 1

Resulk 2
b
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Dataflow — Quiz Answer

No single correct answer.

Which node executes first? Murmber 1
a) Add - Possibly ' B> )
b) Subtract — Mumber 2

Definitely not 3
c) Random Number —

Possibly Humber 3 e el 2
4 Divide — Possibly : £ '

e) Sine — Definitely not Number 4
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|. Building a Simple VI



Building a Simple Vi

4 Acquire Analyze Presentai Front Panel

L= s

File Edit Wiew Project Operate Tools Window Help =
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i3 Acquire Analyze Presentavi Block Diagram
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File
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.

Filter

data
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Filtered Signal »

-

Present Data

Waveform Graph =

I

74



Acquire Express Vis

DAQ Assistant Express VI

Instrument 1/O Assistant Express VI

Simulate Signal Express VI

Read from Measurement File Express VI

=) Ha &
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Analyze Express Vs

«  Amplitude and Level
Measurements Express VI

«  Statistics Express VI
«  Spectral Measurements Express VI
« Tone Measurements Express VI

«  Filter Express VI

fl

"
o
-

>l

1

-n
-n
-

I

=l
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Present Express VIs and Indicators

« Display Message Express VI
« Play Waveform Express VI

- Report Express Vi

« Write to Measurement
File Express VI

« DIAdem Report Express VI

e

£

i=ilmV A EE

|||||||||
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Building and Running a VI

Place Express VI on the block diagram
Configure the dialog box that opens

. Wire Express VIs together

Save and run the VI

w0 NP

The Run button appears broken when the VI
you are creating or editing contains errors
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LabVIEW FPGA
hands-on

part 2

Adriaan Rijllart
Odd dyvind Andreassen
CERN




Content of LabVIEW FPGA hands-on 2

e . Afewmore LabVIEW basics

&

& « Introduction to LabVIEW FPGA

Overview of NI myRIO

Oviresrad B

. |« EXxercises

Resources and Next Steps
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A few more LabVIEW basics
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While loop tunnel

« Tunnels transfer data into and out of
structures.

« When a tunnel passes data into a loop, the
loop
executes only after data arrive at the tunnel
(at all tunnels, If there is more
than one)

« Data pass out of a loop after
the loop terminates

0.9

Enahle




For loop

- The value in the count terminal (an input terminal)
indicates how many times to repeat the subdiagram

Last value

20N

Indexed

‘ Random number (O to 100)

|> 1208 Last value

| IR

rray of random nbs




Shift reqgister

- When programming with loops, you often need to
know the values of data from previous iterations of the

loop
- Shift registers transfer values from one loop iteration
to the next
2 N
Dukput
1 H> P e E | SEFA

I N
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Shift register, multiple values

. Stacked shift registers remember values from multiple

previous iterations and carry those values to the next
iterations

. Right-click the left shift register and select Add Element
from the shortcut menu to stack a shift register

|:||:| lask Five values

Averaged Data Chart

—H

[Divide by 5 to find average]

85



Introduction to FPGA



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 tasks easily

>
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Programmable
Interconnects

FPGA Technology

Nl hdl hdl kd

Logic
Blocks

1/0 Blocks

________

£ XILINX
SPARTANW
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FPGAs are Dataflow Systems

Implementing Logic on
FPGA:

F={(A+B)CD}® E

o0 W>
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FPGAs are Dataflow Systems

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

LabVIEW FPGA Code

1/0 Cells —fo-

A0 Eel]

108
S

o0 W>

.

. B T
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FPGAs are Parallel Dataflow Systems

FY FY FY
TETRT NI

A e B
b= T BT =

FY gl FU FR
ol I™E il Bl

e -..B..- g |
Bl D Bl
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LabVIEW FPGA  vs.

w Dps FIFD IE

/O with DMA

66 Pages ~4000
lines

>
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LabVIEW FPGA: How does it work?

Xilinx ISE
-ompiler

Bitfile

LabVIEW VI

LabVIEW FPGA LabVIEW FPGA

Xilinx
FPGA
Chip
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Robotic Table Football " [Lj?ll_lghb_orough
. : : 1IVersity
Revolutionising Mechatronics Education

The Challenge The Solution

S s

Students struggled to realise their innovations using textual Using LabVIEW and myRIO to develop the Robotic Table
programming, due to unintuitive syntax and complex Football challenge. This practical approach to teaching
hardware integration. Following many research successes, mechatronic systems integration resulted in a marked
Loughborough wanted to incorporate LabVIEW into their increase in student engagement, improved grades and the
refined Mechatronic module best system implementations to date.




Robotic Table Football student projects E PFL




Self-balancing robot

The Challenge The Solution

myRIO (Real-Time controller)
Tablet Gyro sensor

T T

¢ wwae ¢ > ¢ .
. n

H Wireless Wire

Vehicle bod: Center of gravity|
R of the vehicle body
Right wheel X
P

Left wheel

I Wire

GRL\
RR "
Side view Wire Wire
(8) Main view of the system (b) Sideylesqf the system

(viewed from the positive direction of the Z axis)

Motor (left) Motor (Right)

dual H-Bridge motor driver

Make a self-balancing robot that can follow a track and stay Using LabVIEW and myRIO it’s fun to implement

up also when meeting obstacles




Self-balancing robot

myRIO (Real-Time controller)
Tablet Gyro sensor

M

Wireless

Motor (left)

‘7 NATIONAL
’ INSTRUMENTS

dual H-Bridge motor driver Motor (Right)



Orseus
myRIO in Space

The Challenge

Developing an embedded system which
operates under low pressure and
temperature conditions - space. The system
must carry out various experiments, including
the study of solar radiation and atmospheric

UNIVERSITE

SPARIS

SUD
IUT D’ORSAY

The Solution

Lome (e < *_’b

—P
S 4
—p
>

©
— @
g * «
& +

o A

=

Onboard Camera Radio Communication

Using myRIO to control all on-board sensors
and experimental equipment in a high
altitude balloon, from the launch to the
landing with real time monitoring and post
processing.




Student Design Contest Winner 2014 m

Sepios, the Omnidirectional Cuttlefish Robot

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technolegy Zurich

The Challenge The Solution

A four-finned robot, each fin equipped with

Creating a nautical robot driven by cuttlefish nine servo motors to generate waves of

inspired fins to study this unique propulsion various shapes and perform any conceivable

mechanism and its advantages manoeuver. All this is coordinated by a single
NI myRIO at the heart of the drone.




NI myRIO Product Overview: Front View

~ NATIONAL
)® INSTRUMENTS

NI myRIO

'7 User Defined LEDs

Built-in Accelerometer
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Top View

Connection to PC

L R

USB Port Power
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NI myRIO Expansion Port (MXP)

Identical Connectors

4 Al MXP A MXP B

6 2 AO 1 UART
DIO 1 SPI

1 Quad Encoder

112C
3 PWMs
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NI miniSystems Port (MSP)

Audio in/out more analog and digital /0
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MyRIO exercise board



Exercise board

L_""\ I |
Ml bbbl G d e dddeoleflefe
BULLLULULULL OO

nin )
€ EE LN s

3.3V
2.2 kQ
2
DIO4
5V
2
AIO

1 MQ

DIO0—— DIO1
! DIO2—— DIO3
—
| AOO All
: 47 kQ

Al2
: —— 10nF
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Exercise 1 Blinking LED

Make the LED blink with a controllable speed

3.3V from 1 to 40 Hz
47 kQ
Blinking speed [Hz]
15\ 2|0 /25
10 . ~30
3
DIO4 — 5- ~35
0/ \40
(21l 10
Question:
At what frequency you don’t see the | B sor \

blinking anymore?
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Exercise 2 Switch on when it's dark

5V 3.3V Switch on the LED when the photodiode signal is
below the threshold 100 (arbitrary units)
N Zk photodiode
2.2kQ Plot the photodiode signal in a chart
AlO » The threshold value should be set using a control
1 MO LED  +« Remember the LED is on when D4 is False
a
N
D4 U

To test, block the light to the UJU

photodiode or increase light using
your mobile phone

Question:

*  What would happen when the photodiode would pick up the LED light?
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Exercise 3 Acquire transient

Generate a step function from 0 — 5 V (int. value 4095)

AOO T All Acquire step function signal and response of RC circuit
47 kQ * Once per second
| Al2 » Generate output voltage from 0 to 5 V (and reverse)
—— 10nF * Acquire both All and Al2 signals using 20 points
I » Show both in a graph

* RCvalueis 470 ps
» Set DAQ loop time (with a control) to 100 ps

Questions:
* Is the step function (All) really a step? '
« What do you see when changing the DAQ loop time (both All and 2)?
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Exercise 4 Pulse delay

Generate short pulse on DO and D2 (low — high — low)
DIO0——> DIO1 Make a separate control for low DO and D2 (using
DIO2——> DIO3 ticks)

Acquire 20 points on D1 and D3 with 1 tick loop delay

Repeat at 100 ms (10 Hz)

» Control for low time of pulse (4 ticks)
« Control for high time of pulse (8 ticks)
» Control for DAQ loop (1 tick)

* Graph D1 —
»E @ ) ke
+ Graph D3 =&
QueStionS: gg.......”. P A S ——
« What do you see when changing the high and low values? PriiiRL R EEEEE
« Can you explain? == —
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Exercise 4 Pulse delay, measured with scope

p——— ey EEEEESSREEE
\ N

[= LYo NeSsNNNS N
GronanDOes ARNNONNNORS

(. {.{ L. L X . C . C. . C NN\ §

Lower pulse delayed by 50 ns

Lower pulse delayed by 25 ns
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Task: Generate a trigger with programmable delay

Beam
signal

Camera
trigger

-

>
Delay 1 ps — 1000 ps (jitter = 25 ns)
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Trigger with programmable delay diagram

[when input changes from low to high]

I'_"ﬂﬂl ConnectorB/DIOTSL..

|set out[_aut hi§h| |set output Iowl

00000000000 000000000QO00000000 ooooogag

‘ \ °{> Y

n
Delay(us) Pulse(us) IL’nm ConnectorB/DIO4%

0000000000000 0000000000000000 000000000000 00
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How to communicate data between
FPGA-ARM - PC
?



FPGA to ARM communication

Which

!

RIOQ [+|

=

Which
myRIO? VI?

/

Which

data?

FPGA Targe

Threshold Light Light intensity
H| P Threshold
= i
] U el
Stop Button
- ..........................

FPGA

114



FPGA to ARM to PC communication

il L T G2 &
! Threshold Light ¥ Light intensity
FPGA Target [ o l—’ Threshold
Stop Button
..........................
|

RIOO |~




From small to big FPGA’s

e T
L.
i
P
i

1. myRIO

2. sbRIO

3. cRIO

4. PXle R-series boards

5. PXle FlexRIO boards
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Big FlexRIO system for X-band cavity test

PXle FlexRIO boards
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Resources and Next Steps

ni.com/students/learn-rio



ni.com/myrio

LEDs & switches
7-segment display
Potentiometer
Thermistor
Photo resistor
Hall effect
Microphone/Speaker
Battery holder
DC motor

DC gear motors/encoders
H-bridge driver
Accelerometer
Triple-axis gyro

Infrared proximity sensor

Ambient light sensor
Ultrasonic range finder
Compass
Hobby servo motors

RFID reader kit
Numeric keypad
LED matrix
Digital potentiometer
Character LCD
Digital temp sensor
EEPROM

119



Learn More About Programming NI myRIO

01800 010 0793 Comuniquese con M| ) Mexico

MiPedil MyNI Nofificaciones Lista de Producos ' Camo Hello Margaret Barrett (Log oul)

All Products and Services
Leam

NimyRIO

Whatis NI myRI0?
Application Areas

Evaluate NI myRIO
Compare and Buy

Support

Gefing Started

Shop By

DeviceModule

Narrow by
Product Line

Product Family

ni.com/learn-myRIO
ni.com/community/myrio

NI myRIO Getting Started

Leam how to set up your NI myRIO device and write a
basic program. Then begin integrating NI myRIO into
your projects and courses with leaming resources and
utorials

Getting Started With NI myRIO

Discover more resources for using your device.
Leam how to program FPGAS
Download the us:

View NI myRIO
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Thank you !!!
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