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LabVIEW and RIO Applied: Introduction
to LabVIEW Robotics
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Session Agenda

 Introduction to RIO technology

 Why FPGASs for robotics?

 Introduction to LabVIEW Robotics
— Sensors and actuators

— Obstacle avoidance and path planning
— Mapping and localization
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An Ildeal Embedded Architecture
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The Challenge
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» Multicore * Low-level tools « Custom drivers
programming Verilog & VHDL and middleware
challenge * Fixed-point
algorithms
« Custom digital « Custom timing for
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The Need

Processor

111

-

“There exists a need within the embedded market for a standard
hardware architecture combined with a single software tool for
quickly designing custom embedded systems.”

-Dr. James Truchard, CEO and Founder of National Instruments
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NI RIO Technology Platform

Processor FPGA
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NI RIO Architecture Benefits

" Processor Y| FPGA 110 )
Enet uUSB RTOS Analysis IP Control IP Analog 1/O Digital I/O
-
Analysis Control Timing IP Comm IP Comm I/O Motion I/O
\ \ Logging Comm ) \ IPNet 3 party IP 3 party 1/0 /)

Standard architecture for design, control and test

Standard tool-chain across technologies and
platforms

Integrated FPGA for co-processing, timing and control
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NI RIO Hardware Benefits
Reconfigurable, off-the-shelf hardware
Breadth of high-quality I/O (analog, motion, vision, RF,...)
Variety of packaged and board-level form factors

Open platforms for integration with 3"9-party hardware
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NI RIO Software Benefits

Graphical programming for multicore/real-time
processors and FPGAs

Advanced signal processing and control algorithms

llllll

& LabVIEW

Built-in drivers and middleware for 1/O and
communication

Open for integration of existing code/IP
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NI RIO Applications and Industries

Embedded Design

Test &

Communications

Embedded
prototyping and
control

* Medical devices

* Robotics

a@.

* Machine
prototyping

* Industrial control

* Optimized
automation

*RF, wireless and
custom test

* Hardware-in-the
loop (HIL)

« Custom timing
and triggering

« Custom signal
processing and
control
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Decision Making in Software

Processor-Based System
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Decision Making in Hardware
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2 LabVIEW Robotics

ni.com/robotics

y NATIONAL

INSTRUMENTS




T
“What is” LabVIEW Robotics ?

» Getting Started « Search algorithms « Sensor drivers
Window - Robotics visualization - Actuator drivers

* Getting started wizard - Obstacle avoidance » Driver project wizard

* RIO hardware wizard « Kinematics

» Template
architectures

Robotics Examples
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LabVIEW Robotics Offerings Today

Data Acquisition LabVIEW LEGO® LabVIEW Robotics 2009
Machine Vision MINDSTORMS ® NXT
ImagingLab Robotics Module

Library for DENSO FIRST Robotics
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Blind Driver Vehicle



http://video.google.com/videosearch?hl=en&rlz=1T4ADBF_enUS319US319&q=blind driver video VT&um=1&ie=UTF-8&sa=N&tab=wv




FIRST Robotics Competition



Dual-Controller
Research
Platform



DARPA Autonomous Vehlcle
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Rescue Robot Platform



RoboCup Mobile Robot




Advanced Humanoid Robot
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NASA Space Exploration Robot




Remote Surgery DaVinci Robot
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rﬁ Getting Started g [

File Operate Tools Help

& LabVIEW Robotics

Create New Open Recent... Getting Started ... Online Resources

Discussion Forums
Azk questions, share answers,

J Getting Started with ] and learn From your peers,
éui - LabVIEW Robotics -

Robatics Blank Blark W1 Code Sharing

Praject Project Downlaad additional rabatics
examples, sensor drivers, and
parktner products

[ Click here for more file options. ..

Request Support

Find Robotics Examples ask For help from LabIEW
J Browse through example experts and download the
— programs with source code, latest drivers
Browse Documentation Getting Started Tukorials
—] Learn more about the Follow step-by-step instructions
LabWIEWY environment,

functions, and concepks in

the £ ab MEW Higp.

Hardware Wizard o For Fundamental robotics basks.
Configure wour hardware to waork
b with the LabYIEW Raobaotics Madule
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Sensing
Connectivity
Protocols

Path Planning
Obstacle Avoidance
Steering

Robotic Arm (kinematics, etc)

Other: JAUS, simulators, etc
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Sensor Drivers

20 NI Example Finder

Browse | Seatch | Submit

Double-click an example ko open it

Infarmation

Browse according to;

':5\ Task

':_\ Directory Structure

LabVIEW Zone

COMMECT TO YOUR COMMUNITY

&) ) aricles

'uﬁ'@ a‘fﬁ;“m” (3 Rasources
€ | Code Ty, || Usar

€. Sharing B Graups
Og || Stutent

L Comer

Visit Lab¥IEW Zone

[Jinclude ni.com examples

J ni.com query timeouk

Hardware

Find hardware

[ Limit results to hardware

(ae]

) Sensor Drivers [~ [A]
Applanix POS LY Examnple, vi =
Crossbow NaV440 Series. lvproj IT_-";
Devantech CMPS03 I2C (FPGA) vproj @;1,
Devantech CMP303 I2C (RT).vproj @;l,
Dewvantech CMPS03 PWM (FRGAY lvproj IE;
Devantech CMPS03 PWM (RT). Ivpraj @;
Dewvantech SRFOS PYWH (FPGA)LIvproj IT_-";
Devantech SRFOS Py (PO bvproj @;1,
Devantech SRFOS PWM (RT). vpraj @;1,
Garmin GRS Series.lvproj E;
Hakuya URG Series, lvproj &l B
MaxSonar EZ1 &nalog (FPGAY.lvproj IT_-";
MaxZSonar EZ1 Analog (RT). vproj @;1,
MaxSonar EZ1 PWH (FPGAY. vproj IT_-"; [v]
MaxSonar EZ1 PWM (RTY.lvproj [l |
MaxSonar EZ1 R5232 (RT).lvpraj E;, 3 Requirements
MicroStrain 30M-GR1,lvproj [l
MicroStrain 30M-GEx, vproj i
HavCom SF-2050.lvproj &l
CQoean Server 054000, hvproj IE; B
Sharp IR 2¥0D02 Digital (FPGA).Ivproj @;
Sharp IR GFZD1Z Analog (FRPGA). vproj IE;
Sharp IR GPZD1Z Analog (PO Ivproj @;1,
Sharp IR GPZD12 Analog (RT).lvproj IT_-";
Sharp IR GP2YOD02YE Digital (PO lvproj [Tl ["]
| Add to Favorites | ’ Setup,., ] ’ Help ] [ Cloze ]

IR Sensors

GPS
Sensors

LIDAR
Sensors

Stereo Vision

Radar
Sensors
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LabVIEW / RIO for Robotics Do-it-yourself

Virginia Tech DARPA Vehicle MIT (C with a 40 core Linux cluster)
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“Nlcholas”
LabVIEW and SingleBoard RIO-based Autonomous System

— MicroStrain
\ E 3DM-GX1

National Instruments
Single-board RIO
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“Nlcholas”
LabVIEW and SingleBoard RIO-based Autonomous

System
Sense Think Act
Acquire Vector Field Histogram
LIDAR Data Obstacle Avoidance Go
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Dr. David Barrett

"The growing robotics industry
badly needs an industrial-
grade, hardened, richly
supported software
development system to build
Intelligent, autonomous,
mobile robots that can sense,
think, and act in the complex

real world around them.”

ni.com/robotics ’\‘ﬂngh%ﬁé‘ms



Why is LabVIEW right for Robotics ?

1) Simplicity: Creating a new robot starts with
defining functionality via white board sketches and
block diagrams. LabVIEW removes the need to
abstract those into procedural code. The white board
block diagram is the code. Less abstraction=good !

Complexity

www.dau.mil/pubs/dam/11_12 2005/war_nd05.pdf

Goodness Maj. Dan Ward, USAF

Simplistic




Why is LabVIEW right for Robotics ?

2) Teach-ability/Accessibility: A $400B robotics
Industry will need ~10M new skilled workers. The
graphical nature of LabVIEW will make it inherently
easy for them to learn\train\work with.

The ability to use one language and one environment
from K through graduate school, from the most
exotic/Ph’d/level robot algorithm developer to the
technicians assembling the robots on the factory
floor is a phenomenal advantage.



Why is LabVIEW right for Robotics ?

3) Community: Imagine what a community of 1000

LabVIEW robotics developers could produce in 10 years.....

NI Developer Zone : 0 Netherlands
Document Type: Tutorial Robotics Fundamentals Series
Pubiéh Date Apr 22,2009 Readm[Engisn_[w]| yPrim 10 ratings |4.10 out o

(3] Subscribe

I.Addto Delicio.us
Autonormous mobile robots essentially
perform three tasks: sense, think, and act.
These three tasks include communication
with sensars to abtain data fram the robot's
environment, execution of algarithms for
localization and planning, and driving
actuators to contral the robot's motion.
LabVIEWW addresses each task by providing
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