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NI Example Applications

Controlling a Robotic Manipulator for Nuclear Decommissioning

Tuning Aston Martin Engines for Endurance Races

Plasma control in the world's first bench top Tokamak
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NI Example Applications

Controlling 70-Ton Robotic Gripper Arms for Offshore Wind
Turbine Construction

e <ne i %] Measuring Biomechanical Stresses in Rugby Scrummaging

Control and Monitor Community Generation Sources in
Canada’s Smart Grid
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More than 30,000 companies

...Including 90% of Fortune 500 manufacturing companies
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The Origin of Automated Measurements

Traditional pen-and-paper approach

Redundant circuitry between instruments (e.qg., displays)
Manual data recording and analysis

Error-prone processes

Difficult to reproduce or redo

Thermoelectric Voltage in mV

°C 0 1 2 3 4 5 6 7 8 9 10

0 0.000 0.050 0.101 0.151 0.202 0.253 0.303 0.354 0.405 0.456 0.507
— 10 0.507 0.558 0.609 0.660 0.711 0.762 0.814 0.865 0.916 0.968 1.019
20 1.019 1.071 1.122 1.174 1.226 1.277 1.329 1.381 1.433 1.485 1.537
30 1.537 1.589 1.641 1.693 1.745 1.797 1.849 1.902 1.954 2.006 2.059
40 2.059 2.111 2.164 2216 2269 2322 2374 2.427 2480 2.532 2.585

50 2.585 2.638 2.691 2.744 2.797 2.850 2.903 2.956 3.009 3.062 3.116
3.169 3.222 3275 3.329 3.382 3.436 3.489 3.543 3.596 3.650
3.703 3.757 3.810 3.864 3.918 3.971 4.025 4.079 4.133 4.187
4.240 4294 4348 4402 4.456 4510 4.564 4.618 4.672 4.726
. 4.835 4.889 4.943 4997 5.052 5.106 5.160 5.215 5.269
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Measurement Challenges Are Compounded By:

Compressed Timelines

. . % Approaches
- Fixed Software and Hardware .;Ihade quateR h
. . . i SAMPLING _Evour APF[I[ZHI[IN TIHELINES eq%lre;pﬂ.lmng
- Conflicting Programming Approaches Fr‘ lh TieLis
m- ' ' EehSul"s ‘ o
- Inadequate Hardware Performance TS ag e NPRESSED 2 3 e
- Disparate Driver APls _Z8uni “zl—cn
- i =EmeD £ i _|¢—’“-'
- Varying Sensors and Connectivity  ZE @ i % complesiia 1= ES
. .. . - Changng ;E’ = 0ATA j In:atmh
- Custom Signal Conditioning = ségxn;gé;;;hsm_m g L.Z_OE
. Advanced Visualization = ZéziEl‘u‘i?ﬁi‘uﬁﬁs s, I-% i
. . - St W oo E =rw
- Changing Application Requirements < ‘a-( Tyt = e T
. . ’M’IS ar l
- Complex Analysis Algorithms L “3"9"9'“5 . "coumcn H;E
ISpa rate s§§ t

Evolving Technology Trends w&.&a&ggﬁnﬁm

ﬁcuNFLImME ALGS;ES\UTII;;{ISWU
Confusing Data Storage HAR.NAR

Differing Sampling Rates VISUALIZATION *
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Mixed-Measurement Applications Are Diverse

Vibration Torgue Displacement

Pressure Temperature

7 NATIONAL
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Example Application: Air Quality Measurements

- Potential Sensors Needed:

- Context
o GPS

— Timestamp
~ Position

o Attitude

o Altitude

- Range Finder
- Environmental

o Temperature

- Oxygen
- Carbon Dioxide
- Ozone
- Nitrogen
NATIONAL
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Sensors, Interfaces, and Signal Conditioning

Sensor Interface Conditioning?
GPS RS232 No
Attitude, Altitude RS232 No
LIDAR Ethernet No
Temperature Analog Voltage Required
O,, CO,, Oj, NH,4 Analog Voltage Required



Software Provided \With Sensors

GPS

Attitude, Altitude

LIiDAR

Temperature

O,, CO,, Oj, NH,4 <No Software Provided>

7 NATIONAL
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With a System Like This, How Do You Accommmodate...

..changes in requirements?
..mixed measurements in a single system?
- ...varying connectivity?
..signal conditioning for sensors?
..adding or replacing measurements or sensors?
..Incorporating timing, triggering, or synchronization?
..leveraging emerging technology trends?
..multiple disparate software environments and AP|s?

W7 NATIONAL
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National Instruments’ Strategy: Graphical System Design

Your Investment in a Platform-Based Approach to Measurements Scales Across. ..

Monitor Embedded Control Cyber Physical

% »
ﬁ]‘;
o
Sl

B e

( £d | abVIEW :
e H1 |

Desktops and PXI and Modular NI CompactRIO O_pen C_onnectivity
PC-Based DAQ Instruments With Third-Party 1/0
‘7NATIONAL
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Introduction to LabVIEW
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T3 Untitled 1 Block Diagram on Untitled Project 1/My Computer *

File Edit View Project Operate Tools Window Help

s B OE|L;;||IE’ + |15ptAppIication Font |~ ||E,;.v "T]E'H@'”%"‘k |@ =

ACQUIRE ANALYZE PRESENT
A2 G
. r Spectral Report
DAQ Assistant Measurements -
- Signal 1
data Signals 7
W — FFT - (RM5) *

Waveform Graph Power Spectrum

Untitled Project 1/My Computer <
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LabVIEW Getting Started \Window

3 Labview E@ﬂ

File Operate Tools Help

&2 LabVIEW myRIO ( D)
(D Create Project | (D Open Existing

Show | Al - | *

myRID Project seurat control fpga Ivproj
Stuff and Thinags Ivproj
Boolean Edge Detector.vi
Intemal Counter vi

Intemal Counter Direction.cfl
Doesnt Matter Ivib

tonner test wi v
. P_ Set Up and Explore k| Do a Project k| Get Support
Set up and leam how to use NI myRIQ! See examples and get inspired! Get answers to your questions!
— — e

EN LabVIEW Mews

Introducing the LabVIEW Intro iPad App for Beginners

y NATIONAL
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LabVIEW Getting Started \Window

k| Set Up and Explore k'| Do a Project k' Get Support

See examples and get inspired!

Set up and leam how to use M| myRICO! Get answers to your guestions!

£ LabVIEW Mews | Announcing the 2012 LabVIEW Champien Inductees

Additional support, tutorials, and explanations can all
be found using the links here. These are specifically
taillored to NI myRIO users.

13 LabviEw @M
File Operate Tools Help -
&2 LabVIEW myRIO EE—
l\lBJ Create Project \_[‘,/} Open Existing
B Show | A 4]
seurat o VD
ans oj
b | Set Up and Explore k| Do a Project Get Support
Set up and leam how to use NI myRIO! See examples and get inspired Get answers to your questions!
) LabVIEW News | Introducing the LabVIEW Intro iPad App for Beginners
‘7 NATIONAL
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Create a Project

- Click the Create Project
button

- Select Blank Project. T

All Blank Project 7er

Templates @ Creates a blank project.

. . . Desktop
RIO
° I i Blank VI
- obotics o
| Creates a blank

Sample Projects

CompactRID
Desktop Simple State Machine Ter =
myRIO <é§9 Facilitates defining the exec uence for sections of code. More Information

Queued Message Handler 7
BP0 Facilitates multiple sections of code running in parallel and sending data between them. More
Information

- To save the project: g tcmmmm

other. This template makes exte

nt tasks that communicate with each
s. More Information

myRIO Project

- File >> Save Bo o

myRIO Custom FPGA Project T
% Fac tomizing the myRIO FPGA personality. This template us

- Select the desired directory

ires a finite measurement and provides options for exporting the measurement to disk. This
nple project is based on the Simple State Machine template. More Information

and choose a meaningful s

ires m ements continuously and logs them t
Queued Message Handler template. More Information

I Ia I I I e Faadhark Fuannrative Conlar
.

- Remember, two LabVIEW ‘
projects cannot share the
same directory.

ct for controlling your myRIO. This template uses
0 Module. More Information

de written with the

code written with the

This sample project is based on the

Finish ] [ Cancel ] l Help

‘7 NATIONAL
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Project Explorer

.‘.

- FInd, access, and organize [ amyso projectipro - Project xplorer (== X ]

. . File Edit View Project Operate Tocols Window Help
project files
Items | Files

. Project: AmyRIO Project.vproj
E} B My Computer
[;_.I Project Documentation

- Deploy or download files | L& Buid Specicstions

= q ryRIC-1900 (0.0.0.0) [Unconfigured IP Address]
to 'ta rg ets 5§ Chassis (myRIO-1900)
=- & FPGA Target (RIO0, myRIO-1900)
G- Audio
& [J CennectorA
L_.I ConnectorB
& [J CennectorC

- Manage code for build ¢ oweraio
. Sub VIs
options

- ¥B 40 MHz Onboard Clock
[l myRIO-1900 Customized FPGA.vi

. Executables, installers, and g o, SulSpecications
le flles ++_ Build Specifications
NATIONAL
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Parts of a VI

Vls have three main components:

ﬂ add&sub.vi Front Panel | |

lcon/Connector pane

File Edit View Project Operate Tools Window Help

> |@| I:_IIE’ | 15pt Application Font |~ || fov H'-]E' || “

A+B

J

( ﬂ add&sub.vi Block Diagram BIOCk dlag ram
B . File Edit View Project Operate Tools Window Help B
Io |°| | ( |@ . . ‘Lpu“-' 3 ‘ 15pt Application Font |~ H | | B>

~

A Add A+B
i @4’_[_» -

2 Front panel
B Subtract A-B
(T —— yobL ]|

1 | »

7 NATIONAL
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Parts of a VI — Front Panel

Front Panel — User interface for the VI

( {3 Using Temperature.vi Front Panel =l®] = ]
Eile Edit View Project Operate Tools Window Help agge
[>[8] @[] [15pt Application Font |~ |[2o~ e~ (e~ ] (@~ ||+ search 4 25 il
. Number of Measurements S Measurements I_
The front panel is i | [ )
constructed using N ™
controls (inputs) ST E%x-
and indicators Zji@:ij N |
(outputs). S =
B s
¢ NATIONAL
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Parts of a VI — Block Diagram

Block Diagram — Contains the

graphical source code

Front panel object
appear as
terminals on the
block diagram.

This I1s where

“programming” IS
done in LabVIEW.

ni.com

{3 Using Temperature.vi Block Diagram

(= © ]

Eile Edit View Project Operate Tools Window Help

l.’.}l@ @)IEI|L.Q|IE' &) |ISpt Application Font |~ ||:p' ||Tu:'||®' |I3ﬁl|' SSSSSS Q ||§!

> I;I;I

Number of Measurements

=

Thermometer (Demo).vi

Temperature Chart
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Overview of NI myRIO
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NI myRIO

Xilinx Zyng FPGA and dual-core
ARM Cortex-A9

Onboard 3-axis
accelerometer

User defined LEDs

Integrated WiFI

T g : 40 channels digital 1/O
Uiy W & (SPI, 12C, UART, PWM,
gy ‘ Encoder input)

10 channels analog input
6 channels analog output

User defined

button Stereo audio I/O

ni.com INSTRUMENTS
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Additional Features

- Fully programmable FPGA
}?NATIONAL through LabVIEW FPGA

INSTRUMENTS
NI myRIO S . Dual—core ARM COFTeX—A9
: . processor

- Expandable ecosystem of
sensors and actuators

- Ready to use projects and
courseware

- Deploy code to real-time
processor and FPGA via USB or
WIiFi

- Minutes to first measurement

- Processor programmable in
C/C++

W7 NATIONAL
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NI myRIO Expansion Port (MXP)

ldentical Connectors

4 Al MXP A MXP B

5DIO 2 AO 1 UART
1 SPI
1 Quad Encoder
112C
3 PWMs
<7 NATIONAL
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miniSystems Port (MSP)

Ty ,--m' W B
RO o AR e o DXO {0.E: V SR .” '
¥ r 15V AR H FOAGND O 0~ Al 20 Qs 12 3 46 7-DoKD BV

D e B B B |
‘ fad

ldentical to NI myDAQ
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Why myRIO Really Matters in Education

e L eading Industry
SRR R  Grade Technology
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Introduction to LabVIE
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Real-Time
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\VWhat is Real-Time?

- Rea
- Rea
- Rea

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

must be met to avoid failure

- Determinism is the timing reliability of the
system

ni.com
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Critical Applications to Consider

Event Response Closed-Loop Control Critical Tests

7 NATIONAL
ni.com 32 ’ INSTRUMENTS'




When General Purpose OSs Fall Short

- Design for fairness and user responsiveness vs.
strictly prioritizing tasks

- Focus on multitasking instead of maximum reliability /
uptime

- Not the result of bad products, only certain design
goals

y NATIONAL
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Key Careabouts for Critical Applications

- Jitter: execution time variability of a given operation or

application

Mean = 2.03 ms \

Execution
Time (ms)

ni.com

N

1.9

2.1

2.8

1.3

2.1 I

Iterations

34
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Key Careabouts for Critical Applications

- Determinism: a condition that is met if an operation or
application has bounded jitter

Mean = 2.03 ms \

Execution
Time (ms)

ni.com

N

- ——

1.9

2.1

2.8

systems)

1.3

real-time
2.1 :
I

Iterations

35
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NI Linux Real-Time

- Unlock the vast Linux ecosystem

</>

Database Code Reuse Connectivity

Raima OpenVPN C/C++ Isshd
MySQL IP Tables Shell Scripting IPv6
SQLite System Logging Python SNMP
MongoDB fail2ban Ruby NTP
CouchDB denyhost Perl netstat
| W7 NATIONAL _
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Control System with my

LabV|

RIO and

-\ Real-Time

INPUT
—+®a CONTROLLER f———%

PROCESS

OQUTPUT

i.com _
ni.com/students/learn-rio

FEEDBACK

~,
® 7/
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Raspberry Pl 3

A 1.2GHz 64-bit quad-core ARMv8
CPU

1GB RAM
4 USB Ports
40 GPIO pins
/ Ethernet Port
Combined 3.5mm audio
. e——= Jack and composite
Display video
interface
Integrated WiFi
VideoCore IV
3D graphics .
core Camera interface (CSI)
‘INATIONAL
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LabVIEW

MakerHuI;'

LabVIEW LINX Library

LINX provides easy to use LabVIEW Vls for interacting with common
embedded platforms like Arduino, Raspberry PI, chipKIT and myRIO. Use the
built in sensor Vls to start getting data to your PC in seconds or use the
peripheral Vls to access your devices digital /O, analog I/O, SPI, 12C, UART,
PWM and more.

WWwWWw.labviewmakerhub.com

7 NATIONAL
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ni.com/mvyrio

LEDs & switches DC gear motors/encoders RFID reader kit
7-segment display H-bridge driver Numeric keypad
Potentiometer Accelerometer LED matrix

Thermistor Triple-axis gyro Digital potentiometer
Photo resistor Infrared proximity sensor Character LCD
Hall effect Ambient light sensor Digital temp sensor
Microphone/Speaker Ultrasonic range finder EEPROM
Battery holder Compass
DC motor Hobby servo motors
| W7 NATIONAL _
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Courseware

NI myRIO
Project Essentials Guide

By Ed Doering

‘ ATIONAL
INSTRUMENTS

1 myRI0

23 BASIC MODIFICATIONS

2 Discrete LED

LEDs, or llght emlltmg diodes, provide sim-

Learning Objectives: In this module you will

pleyet ial visual indicators for

tus and error conditions. ﬁg..mg]s}msh
four types of LEDs included in the SparkFun
“LED Mixed Bag (Smm)" kit fizep://www.|

create a lard interface circuit to verify cor-
rect operation of the LED, learn interface circuit
design prindples and related LabVIEW pro-
. make some basic mod-

Epacrkfun. com/products/ 9861}

BR
i

+3. 3V

B/oiog

Figure 22 Discrete LED

a/mo¢

mtmdmrxmlemleOMXPCuan

e i = s

A A AN A AR A AL AraA M AMAA A A M AL

O D T P N W DO

41

ifications to mz...‘i your understanding of the
interface, and then challenge yourself to design

a system that integrates the discrete LED with
additional components or devices.
2.1 Component Verification

Follow these steps to verify correct operation of
the discrete LED component

Select these parts:
» Resistor, 220 ohm
* “Basic Red” LED from Sparkfun 9881
+ Breadboard
» Connecting wires [need details]
ownload the LabVIEW project: Download the

mject Discrete LED demo.lvproj from
wed details].

A AR b AN A A A AN A A N A

|
z
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Learn More About Programming NI myRIO

MiPerfil MyNI Nofificaciones Lista de Productos "= Carro Hello Margaret Barrett (Log out)

All Products and Services > Academic > myRIO

Al Products and Services NI myRIO Getting Started

Leam Learn how to set up your NI myRIO device and write a

NI myRIO . basic program. Then begin integrating NI myRIO into
4 your projects and courses with learning resources and

Whatis NI myRIO? tutorials.

Application Areas

Evaluate NI myRIO

Compare and Buy

Support

Getting Started

Shop By

DeviceModule > Pav KD

Narrow by
Product Line

Getting Started With NI myRIO

X Academic . . .
Discover more resources for using your device.
Product Family

X myRIO

Learn how to program FPGAs
Download the user manual and specifications
Clearall View NI myRIO harware at a glance

ni.com/learn-myrio
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