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Welcome to the NI myRIO Design Real Systems, Fast Hands On


Agenda

- Introduction to NI
- Introduction to LabVIEW

- Introduction to NI myRIO

- Introduction to LabVIEW Real-Time @

- A simple control system with Labview and
myRIO
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This hands on is meant to be an introduction to both NI myRIO HW and SW. These are the topics that we will be covering today. You have all received a manual that accompanies the slides I’ll be presenting today. The manual is meant to be a resources for you to use today as well as after this hands on and contains details on the topics we are covering today. We will refer to the manual in this class when we do exercises.


Introduction to NI
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Now that we have a basic understanding of the NI myRIO hardware, let’s begin to take a look at the real magic of myRIO. It’s all about the programming experience. 


The World of Converged Devices

¢ NATIONAL
’ INSTRUMENTS



Presenter
Presentation Notes
Technology is moving at an unprecedented pace.  Our customers across every industry are seeing technologies converge, resulting in the increased complexity of their systems.  This is true in connected cars, in smartphones, in semiconductor chips, and in smart factories.

More and more of the functionality of these technologies is being defined in software; therefore, their capabilities are rapidly changing.  Engineers who are designing and testing these systems are struggling to create monitoring, control, and test systems that can improve at the rate of these technologies and not just keep up but take advantage of these trends in a way that enables them to get their jobs done faster and more efficiently.


NI Mission

NI equips englneers and sC|ent|sts W|th systems

that accelerate productivity, innovation, and
d|scovery

''''''
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NI has been addressing these challenges by creating highly productive systems for engineers and scientists.  We fundamentally believe that by making engineers and scientists more productive we can have the greatest impact on your business and on society overall.



Accelerating Engineering for More Than Four Decades

1977 1986 1991 2004 2013
Introduces GPIB to LabVIEW starts Creates the Alliance Makes FPGAs Introduces
connect instruments the computer-based Partner Network to accessible to engineers software-designed
to mini computers measurement revolution strengthen ecosystem and scientists instrumentation

L / 7 7
L L 8 88

1976 S 3 1987 1998 2006 2014
NI founded Introduces first GPIB board Releases data acquisition ~ Creates PXI| and expands Announces Leads prototyping
to connect instruments solutions to provide opportunities with CompactDAQ of bG systems
to IBM PCs accurate measurements complete to increase
system solutions measurement accuracy
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And for 40 years, NI has been a catalyst in accelerating engineering innovation to meet these kinds of challenges. 

We’ve pioneered a software-based approach to test, measurement, and control that has enabled our customers to build systems to meet the unique requirements of their applications.  And we’ve been on the leading edge of technologies like graphical software, modular hardware standards, and FPGAs.  Our mission has been to leverage the advancements in these technologies and deliver them to engineers and scientists in a way that shortens their time to build a test, measurement, or control system.  For example, NI has been at the leading edge of applying user-programmable FPGAs to design high-performance measurement and control systems; this capability has enabled our platform to become a leading solution for prototyping the next generation of communications systems in 5G wireless.

Points for each Timeline Milestone:
1976: NI was founded by Dr. James Truchard, Jeff Kodosky, and Bill Nowlin. Working for The University of Texas on a project conducting research for the U.S. Navy, the men were using early computer technology to collect and analyze data. Frustrated with the inefficient data collection methods they were using, the three decided to create a product that would enable their task to be done more easily.  [5]
1977: Introduced first product, GPIB, which connects instruments to mini computers. The group bought a PDP-11/04 minicomputer and, for their first project, designed and built a GPIB interface for it.
1983: Developed first GPIB board to connect instruments to IBM PCs; paved way for new graphical interfaces.
1986: LabVIEW starts the computer-based measurement revolution: Kodosky began a research initiative with the assistance of student researchers at The University of Texas on ways to exploit the new interface. This led to the creation of NI's flagship product, the LabVIEW graphical development platform for the Macintosh computer. The software allows engineers and scientists to program graphically by "wiring" icons together instead of typing text-based code. By allowing people to use a more intuitive, less-structured development environment, their productivity greatly increased, making LabVIEW quite popular. 
1987: Introduced DAQ: Our DAQ hardware and driver software products are “instruments on a board” that users can combine with sensors and signal conditioning hardware and software to acquire analog data and convert it into a digital format that can be accepted by a computer. NI offers customizable measurement software that features all the components you need to acquire, analyze, present, and manage your measurement data. We also provide the widest selection of high-quality DAQ hardware that features high-accuracy analog designs, integrated signal conditioning, and precision timing for any sensor or signal. We offer a range of computer-based DAQ products with a variety of form factors and degrees of performance. 
1991: NI creates the Alliance Partner Network to strengthen ecosystem: To further assist its customers, NI created the National Instruments Alliance Partner Network, attracting a worldwide selection of third-party developers, systems integrators, and consultants who could extend the capabilities of the NI hardware and software.
1998: NI creates PXI and expands opportunities with complete system solutions: Our PXI modular instrument platform, which was introduced in 1997, is a standard PC packaged in a small, rugged form factor with expansion slots and instrumentation extensions for timing, triggering, and signal sharing. It combines mainstream PC software and PCI hardware with advanced instrumentation capabilities.
2004: NI makes FPGAs accessible to engineers and scientists: CompactRIO (or cRIO) is a real-time embedded industrial controller for industrial control systems. The CompactRIO device is a combination of a real-time controller, reconfigurable I/O modules (RIO), FPGA module, and an Ethernet expansion chassis. CompactRIO controllers can be programmed with LabVIEW, C, C++, or Java. LabVIEW must be used to program the embedded FPGA.
2006: NI announces CompactDAQ to increase measurement accuracy: In 2006, we introduced CompactDAQ, a rugged, portable, USB data acquisition system designed for high-performance mixed-signal measurement systems. Since its introduction, we have expanded the CompactDAQ line with wireless and Ethernet technologies that have extended the reach of computer-based DAQ from across the lab to around the world. 
2013: NI introduces software-designed instrumentation: A vector signal transceiver (VST) is a new class of instrumentation that combines a vector signal generator (VSG) and vector signal analyzer (VSA) with FPGA-based real-time signal processing and control. The world’s first VST from National Instruments also features a user-programmable FPGA, which allows you to implement custom algorithms directly into the hardware design of the instrument. This software-designed approach allows a VST to have the flexibility of a software defined radio (SDR) architecture with RF instrument-class performance.
2014: NI leads prototyping of 5G systems: The LabVIEW Communications System Design Suite offers a design environment closely integrated with NI software defined radio (SDR) hardware for rapidly prototyping communications systems. Easily deploy to processors and FPGAs; quickly develop LTE, 802.11, and massive multiple input, multiple output (MIMO) applications; and drive innovation.
 



7500+ EMPLOYEES BILLION
50+ COUNTRIES IN 2016

Long-Term Track Record of Growth
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To do this effectively, and support our customers over the long term, we have to be a good business. For 40 years running, NI has maintained a strong track record of sustainable growth and profitability, and we’re one of the most successful companies in our space. This growth comes from executing a long-term view in decision making, having an unwavering dedication to innovation, and continuing a deep commitment to the success of our customers. 

The stability of our model comes from a very broad base of customers—over 35,000 customers each year, with all the divisions of GE, for example, counting as one of those customers.  

Our long-term commitment is also reflected in our investment in R&D. Because when you chose our platform, you aren’t just buying a system for today, you’re investing in future capability that we’ll deliver in that platform. By investing over 18 percent of our revenue into R&D—the highest percentage in our industry—we are committing to continue to deliver on capability that enables you to upgrade your system over time and keep up with the increasing pace of technological innovation.

NI has a strong track record of sustainable growth a profitability because we are managed for the long term.

We believe that the best way to serve our customers is to ensure a successful stable company which our customers can rely on for products that will be of consistent quality over time, and provide customer service for the decades that our products will be used. 

This sustainable ethic is reflected in our growth, our breadth and our diversity. We also reflect it in our culture of being a consistently great place to work throughout our offices worldwide.  



Everyday Engineering Challenges

Do more with less
Integrate code and systems

Get increasingly complex
products to market faster

Adapt to evolving
application requirements

Protect existing investments

Minimize power consumption
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We all know the immense impact that engineers have. They are increasing wealth by saving companies and people time and money, and improving the quality of life and safety for all of us. 

As they are doing this, they are faced many challenges on a daily basis, including building systems using disparate tools, integrating existing equipment with new hardware, and adapting to changing requirements over time. These days, they have fewer resources, and less time to get solutions completed. 




A software-centric platform that accelerates the development and
increases the productivity of test, measurement, and control systems.
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Our approach is to accelerate productivity, innovation, and discovery through a software-centric platform for developing any system that needs test, measurement, and control. 

When spending time and energy making technology work gets in the way of focusing on a solution, we know that’s a big problem. So, our goal is to enable engineers to get their job done faster regardless of their application or industry. 

Let’s take a deeper look at the main components of our platform.



Graphical System Design

A platform-based approach for measurement and control

Des':ktops and NI CompactDAQ PXl and Modular NI CompactRIO
aptops | Instruments .
=il

NATIONAL
ni.com 11 INSTRUMENTS



Presenter
Presentation Notes
We believe LabVIEW is the key as system design software that  graphically simplifies the complexity of integrating all these elements in a single open environment. It scales across different deployment targets with the same architecture so that you can choose the instance of the platform that best fits  your specific application, but if your needs change, you can easily migrate to other options, ruggedized, high performance, etc. 

Talk about the different hardware platforms we have to solve a lot of different applications and LabVIEW is the common theme between all of them which ties them together.

Transition sentence: For this seminar we are going to focus specifically on the measurement application so let’s take a quick look at what is important to consider and how NI can help you address those.



Our Customers' Success

Industrial Machinery ‘ Aerospace and Defense ‘ gfr%ﬁisoonrigigt%? ‘ Academic and Research

Industrial Machinery ‘ Aerospace and Defense ‘ Efr%ﬁrcoonrigigt%? ‘ Academic and Research
Wireless ‘ E?agxs/golfrgat}iigpnaerr]]? ‘ Automotive ‘ Energy
Wireless Transportation and Automotive ey

Heavy Equipment
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NI products are in every industry that uses technology and creates things. This is possible because of our platform-based approach. Traditionally, engineers in their respective industries haven’t seen the value of companies in other industries using a single-platform approach. Of course, this notion is not hard to understand. In fact, industries often had technologies and requirements that were wholly unique to their industry. But in today’s world of converging technologies, this is no longer true. Now, we’re often asked by companies in one industry how a particular approach to test, measurement, or control is done in a different industry.

It’s safe to say that regardless of the technology you’re trying to incorporate into your product or system, there’s an NI customer who has already explored or experienced using NI’s platform for a similar set of needs. If not, you can take advantage of the NI platform and ecosystem to create a solution to meet your application needs. 

Now I’ll share some real-world application examples to illustrate the benefits and business impact of this platform-based approach.
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...Including 90% of Fortune 500 manufacturing companies
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In fact, each year more than 30,000 companies integrate National Instruments products into their systems to maximize efficiency and reduce development costs. In hundreds of industries and thousands of applications, the world’s most innovative companies use the NI graphical system design platform to create next-generation automated test systems, control critical machine operations, and quickly design sophisticated embedded systems.

http://www.intel.com/index.htm?iid=homepage+hdr_logo
http://www.xilinx.com/

INDUSTRIAL
MACHINERY

“LabVIEW graphical system design allows us to design modular software that can be easily scaled to
meet the growing requirements of rapidly evolving wind energy technology.”

—Morten Pedersen, CIM Industrial Systems A/S

ni.com/innovations
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http://sine.ni.com/cs/app/doc/p/id/cs-12344


"By adopting FPGA-based simulation using the NI hardware and software platforms, we achieved the
simulation speed and model fidelity required for verification of an electric motor ECU. We reduced test
time to 1/20 of the estimated time for equivalent testing on a dynamometer.”

—Tomohiro Morita, FUJI Heavy Industries, Ltd.

ni.com/innovations
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http://sine.ni.com/cs/app/doc/p/id/cs-15982


ACADEMIC
AND RESEARCH

MANCHESTER
1824

The University of Manchester

ta
&mm&

“Electronics used to seem so cryptic to me, but using NI tools in the new labs made everything so much
more understandable. It's given me the confidence to experiment with electric circuits and try out some
of my own projects.”

—Joshua Elijah, Second-Year Student, The University of Manchester

ni.com/innovations
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http://www.ni.com/landing/118/en/


Confirm Logo Permission.



Direct Operations in More than 40 Countries

- Global team of technical sales
engineers

- Systems engineers to assist
with reference and
application designs

- Local technical support
worldwide

- World class NI Services

- 600+ Alliance Partners
worldwide

>
-
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To ensure your success and satisfaction, the NI global team of technical sales consultants works with you to develop the right solutions for your application needs. NI technology specialists offer expert advice on the latest industry trends and can simplify system development by personally guiding you through the NI product line, performing on-site demonstrations, and assisting with reference and application designs.

Full spectrum of support. From the office to the field – you can get someone on the phone who is technical (ISR, FSC, DSM, BDM, RSM, ASM) Dedicated staff from the office (sales leadership, ISR organization) to the field to specialty focus areas



Introduction to NI LabVIE
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Now that we have a basic understanding of the NI myRIO hardware, let’s begin to take a look at the real magic of myRIO. It’s all about the programming experience. 


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 ﬂ]—DvH@bv”%qJ\ |‘? =

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

Waveform Graph Power Spectrum

Untitled Project 1/My Computer <
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LabVIEW works on a dataflow paradigm where the wire colors indicate data types and data is transferred across wires from left to right


LabVIEW Getting Started \Window

ni.com 20

{3 LabviEw oo )
File Operate Tools Help
E2 LabVIEW myRIO ( "'*
(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 ctl
Doesnt Matter lviib
tonoer test wi v
.'. Set Up and Explore k| Do a Project k| Get Support
Set up and leam how to use NI myRIQ! " See examples and get ingpired! \ T (Getanswersto your questions!
E) LabVIEW News Introducing the LabVIEW Intro iPad App for Beginners
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<<Instruct attendees to launch LabVIEW>>

The Getting Started Screen of LabVIEW is customized when the myRIO Module is installed to ensure that users have relevant resources right here in the SW.


LabVIEW Getting Started \Window

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

Set up and leam how to use NI myRIO! " See examples and get inspired! 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
tailored to NI myRIO users.

13 Labview [EENE

File Operate Tools Help |

- B LabVIEW myRIO

|"\ B} Create Project

Wb Set Up and Explore »| Do a Project k' | Get Support
Set up and leam how to use NI myRIO! " See exampies and get inspired T Get answersto your gquestions!
) TEW N Jucing th TEW 1 d App

7 NATIONAL
ni.com 21 INSTRUMENTS




.
Create a Project

- Click the Create Project
button

- Select Blank Project. PE—

All Blank Project 7er

Templates @ Creates a blank project.

] [ ] [ ] Desktop
myRIO
L I C I I I IS - Robotics Blank VI
| 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 ‘o, e

other. This template makes exte

nt tasks that communicate with each
s. More Information

myRIO Project

- File >> Save e

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

a e Faadhark Fuannrativa 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
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Here are the steps to create a project in LabVIEW. 
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Project Explorer
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LabVIEW Projects are the way that we interact with remote hardware targets in LabVIEW. 

The project explorer is a system that LabVIEW employs to control resources that are all related to an application. These resources might include multiple VIs, controls, meta-data, images, text documents, configuration information, build information, and deployment information. Utilizing the project structure allows for quick and easy resource control, and the project explorer can be used to allocate resources to multiple devices (typically called targets). 

Notice how the project is arranged in a hierarchical fashion. My Computer and myRIO are on the same hierarchy level because they are both “computers” that can run code. You get to decide which “computer” you want to run your code on. Additionally, under myRIO, you have the option to place code on either the processor or FPGA. Right now in the picture, a VI called RT Main.vi will run on the processor while a VI called “myRIO-1900 Customized FPGA.vi” will be placed on the FPGA.



Parts of a VI

Vls have three main components:
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Parts of a VI — Front Panel

Front Panel — User interface for the VI

The front panel is
constructed using
controls (inputs)
and indicators
(outputs).

ni.com
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Discuss how a front panel is the user interface of the VI and contains controls and indicators.


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
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Do a LabVIEW Demo


Exploring LabVIEWW
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Create a simple, functional LabVIEW application from scratch. The VI shown on the slide is an option... But you are welcome to use whatever “Create a LabVIEW application” demo you feel comfortable with.


Overview of NI my

ni.com _
ni.com/students/learn-rio
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The first thing that we will talk about is what exactly the NI myRIO HW platform is.


Portable system to measure force
occurring In ultra-endurance races

The Challenge The Solution

Develo'p a device capable of measuring and NI myRIO allowed to rapidly develop an advanced
recording the contact forces between the foot and data acquisition system of integrated sensors

the ground for athletes running at a professional installed inside the athlete's shoe sole

and amateur level.

NATIONAL
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Slide Creator: 

Case Study link from ni.com:

Challenge (4-8 bullet points to explain the challenge)

Solution (4-8 bullet points to explain the NI based solution)

Result (2-4 bullet points to explain the results. I would suggest tying the result  back to the challenge... And include any major benefits like reducing time/cost/environmental impact etc)

Pull Quote (include a direct quote from the customer, as well as the customer’s name and job title)



NI myRIO

Xilinx Zyng FPGA and dual-core
ARM Cortex-A9

Onboard 3-axis
accelerometer

User defined LEDs

Student Integrated WiFI

Ready
Enclosure

40 channels digital 1/O
(SPI, 12C, UART, PWM,
Encoder input)

10 channels analog input
6 channels analog output

User defined

button Stereo audio I/O

01171301.tif
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Let’s add links to the actual images that they can use (bottom-left hand corner, full-size image: source url to the media portal or something like that)



Additional Features

- Fully programmable FPGA through
"";"NATIONAL LabVIEW FPGA

INSTRUMENTS.

NI myRIO

- Dual-Core ARM Cortex-A9 processor

- Expandable ecosystem of sensors and
actuators

- Ready to use projects and courseware

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

- Minutes to first measurement

- Processor programmable in C/C++
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NI myRIO Expansion Port (MXP)

|dentical Connectors

4 Al Port A (34-pin) Port B
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Now let’s talk about I/O. myRIO ships with a pre-programmed FPGA which defines the I/O that you see on this slide. Of course students can reprogram the FPGA later if they would like to, but our goal was to offer I/O that would cover a wide range of applications out of the box. These two 34-pin headers are identical, so you get two copies of all of the I/O you see listed on the screen. 

Additionally, you will notice the Multisim icon in the upper right hand corner. This is there to indicate that there are templates available for this connector so that Multisim can be used to do custom hardware design for these connectors.


Top View

Connection to PC

- ;)::!J--'-!-—J—'—Hhﬂﬂﬂﬁ’w‘_\"‘ew- et e T e e g e 8 ey St e ..___.,..,..._.._.._____ At L

USB Port Power
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The top of myRIO has a barrel connector for power. Unlike NI myDAQ, NI myRIO must be externally powered. The power requirement is 6-16V and 14W. NI myRIO can be powered off of 8 AA batteries running all of its I/O for 1.4 hours, but we have seen much longer durations doing more typical applications that use less I/O.

If you are a seasoned NI RIO programmer, you will know that we typically connect to RIO devices over Ethernet. NI myRIO has no Ethernet connection because, again, we wanted to simplify the student experience. Students will connect myRIO to their development computer via USB for initial setup and can deploy code over USB or WiFi.

Finally, we wanted to allow students to plug in other popular USB devices that they may have such as storage devices or cameras. We have placed an open USB port on myRIO which allows many devices to plug and play with myRIO.


NI miniSystems Port (MSP)

L i B o e o R TR R R PALLE S it ey,
g L L TR

I e [
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This side of myRIO should look familiar to those of you who are familiar with NI myDAQ. It is the exact same I/O so any custom hardware or miniSystems you have been using with myDAQ can plug into myRIO. This I/O adds an additional 2AI, 2AO and 8 DIO lines which are all programmable through the FPGA. Additionally, there is Audio In and Out.

Again you will notice the Multisim icon indicating that you can create custom hardware designs for this connector using Multisim.


Back View

Built-in Accelerometer

Mounting Holes

Getting Started
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To that point, we also have included a 3 axis accelerometer on NI myRIO which students can use to take their first measurement. Also, we placed mounting holes on the back of myRIO because we anticipate that myRIO will be heavily used in student design where students may be incorporating it into a larger project.

You will see from both the hardware and software that was designed from myRIO that we are passionate about a students first experience with this product. We want to ensure that students can get help when they need it any time of the day or night. To accomplish this, we have placed a URL on the back of the product (ni.com/learn-myrio) which will allow students to view video instruction teaching them how to get started with their device.


Why myRIO Really Matters in Education

Leading Industry
Grade Technology
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The same technology is used In
our latest industry and research
ready Compact RIO systems
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Ultimately, we are excited to be featuring Zynq because it means that students are learning on the latest industry grade technology which will assure that they are prepared to enter industry having already learned on the tools they will see when they graduate.

<animate>

For instance… the same underlying RIO architecture used in myRIO is used in the NI Compact RIO platform.












NI myRIO Product Overview: Front View
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NI myRIO

XILINX Zyng SoC
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The first thing that you will notice is the Xilinx Zynq chip right in the middle of the myRIO window. National Instruments is very excited to be partnering with Xilinx to bring this cutting edge technology to students. Let’s take a closer look at this chip.


B
What is Zynqg?

Traditibnd] IMplegnentation

Analogue Input
AXIl Bus Analogue Output
Processor FPGA
Digital I/0
Custom 1/0

Single System on Chip
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To appreciate what Zynq has to offer, let’s take a look at how the industry has traditionally implemented processors and FPGAs on embedded devices.

Traditionally the processor and FPGA have been two separate, desperate chips… connected with a generic computing bus

<animate>

NI has been working closely with technology leaders like Xilinx and ARM to help bring a new category of system on chip to market… the new Zynq all programmable SOC. 
 
Zynq is revolutionary because it combines both a powerful dual-core processor and the power efficient 7 Series FPGA… and puts then onto a single chip


Introduction to LabVIE
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ni.com/students/learn-rio
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Previously we converted temperature units by running a VI on the Windows operating system on our development machines. When we run code on the processor of myRIO, we are actually taking advantage of a Real-Time Operating System. Let’s learn a little bit about what makes this operating system special.


.

\What 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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What is Real-Time?
First, let’s define the term real-time in the context of this seminar. Real-time does not necessarily mean real fast. Some real-time systems are indeed fast, but it is not always a one-to-one correlation. Real-time systems are designed to be more reliable than standard software systems. Real-time systems are those that have timing constraints that must be met to avoid failure. Lets look at some example application where the requires often warrant the use of real-time systems.

Instructor:
Even before showing the slide, ask the customers what does real-time mean to them? 



Critical Applications to Consider

Event Response Closed-Loop Control Critical Tests
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Let’s start by considering some “critical applications”. 

One type of application that can be considered critical is a category called event response. For example, imagine an air-bag system. The system must perform its intended task (deploying the air-bag) within a certain amount of time very reliably. If it takes too long, then the system is completely useless. The passenger may be seriously injured or even die.

Another type of critical application is closed-loop control. Consider any aircraft. Sensors must detect when the aircraft is tilted in a given direction, and then a control system must act in a certain amount of time to adjust flight surfaces to compensate for that tilt. If the delay between input and output is too great, the aircraft will fall out of the sky.

Finally, a third type of critical application is testing in situations where data is extremely important. For example, imagine a test system that it set up to monitor strain levels on a bridge over the course of a week to evaluate whether certain segments need to be replaced. If the test system takes data periodically and misses some data points, then a large vehicle could drive over and the strain data could be lost during that time. In the end, engineers may make the wrong decision about replacing bridge segments. Here, the system timing requirements may be more relaxed (maybe a sample every few seconds), but reliability is still very important.

What do these all have in common? These systems are characterized by a need for reliability (up-time) and in many cases precise timing as well.


B
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
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So how do we build these systems? Well, a first-pass solution might be to use some kind of a computer running a general-purpose operating system (OS) such as Windows. However, there are a few reasons why this type of system isn’t a good fit for critical applications.

General-purpose OSs are designed to ensure that all tasks receive some CPU time, which is great for users that need a responsive UI (e.g. the mouse cursor updates on the screen even when a program is using a lot of CPU cycles). However, this means that if a critical application is running, it may be ignored for some time so that a lesser priority application receives some CPU cycles. If that critical application is something like a flight control system, then the system may fail (i.e. the airplane could fall out of the sky).

Note that the conclusion here is not that general-purpose OSs are “bad”. They are simply designed for a different use case than critical applications.


.

Key Careabouts for Critical Applications

- Jitter: execution time variability of a given operation or
application

2.8
Mean = 2.03 ms
21 2.1 _
NERY ]
Execution 1.3
Time (ms)
Iterations
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So, if general-purpose OSs aren’t the right solution, then what do we need? Let’s consider the timing between iterations of a critical program (e.g. flight control system). Imagine that the loop rate of the application is programmed to be 2 ms. The first iteration may take 2 ms, while the second iteration may be a bit faster due to less interrupts or other applications that demand CPU time. Likewise, the timing of each subsequent loop iteration will vary by a certain amount.

On average, the varying loop periods should equal about 2 ms. We can then measure the variation in time between the average and the worst-case deviation – this is called “jitter”. In practice, jitter can be measured in different ways, but the main point is that it is a measure of the variation in timing between program iterations.



Key Careabouts for Critical Applications

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

Mean = 2.03 ms \
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For critical applications, we need to ensure that the jitter is small to avoid a situation where one iteration takes too long and the system fails (e.g. the airbag fails to deploy, the plane falls out of the sky, or the bridge measurement isn’t taken). 

Ideally, the jitter would have some maximum bound that would never be exceeded. Applications or operations that have this maximum bound are called “deterministic”. Entire systems that can predictably meet a worst-case time constraint can also be referred to as deterministic.



Control System

with my

RIO and Labview

INPUT OUTPUT
- x& CONTROLLER PROCESS ® >
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Learn More About Programming NI myRIO

MiPerfil Myl Molificaciones Listade Producos = Camo

NI myRIO Getting Started

Lesamm haw b sielup your K myR0 dedos and wile &
Ecasie program Then Begin integraing Mi R0 ins
youR projacts and cOUrSeS with leaming i resources and

http://www.ni.com/academic/students/learn-rio/applications/

7 NATIONAL
ni.com 54 INSTRUMENTS



Presenter
Presentation Notes
Tutorial videos and project guides to get you started with your myRIO projects


MakerHub

LabVIEW LINX Library

LINX provides easy to use Labview Vls for interacting with

common embedded platforms like Arduino, Rasperry PI,
chipKIT and myRIO.

https://www.labviewmakerhub.com/
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Tutorial videos and project guides to get you started with your myRIO projects


ni.com/myrio

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
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NI myRIO
Project Essentials Guide

By Ed Doering
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2 Discrete LED

LEDs, or light-emitting diodes, provide sim-

Learning Objectives: In this module you will

pleyet ial visual indicators for

tus and error conditions. Figure [£1] shows the
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 principles and related LabVIEW pro-
gramming techriques, make some basic mod-

Epacrkfun. com/products/ 9861}

BR
i

13 BASIC MODIFICATIONS

e/onog!

+3.3V

B/oiog

Ay A A AR A A s A AL Rk ah M b aed A A A A A lh

Figure 2.2 Discrete LED verification circuit. schematic diagram, ded breadboard Lay-
out, and connection t NI myRIO MXP Connector B J
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ifications to extend 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].
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Available for download today at ni.com/myrio
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