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Key Messages

* |IRobot is committed to growing the mobile robot
iIndustry as a whole

- — Provide “deployment grade” products and product
I components with open interfaces

— Encourage third party development

* IRobot understands Autonomous Intelligent
Vehicle technology

— R-Gator and other Intelligent Vehicles (e.g. DARPA
Urban Grand Challenge, 7 meter RHIB AUSV, etc.)

— Multiple Research projects in the area of robot
autonomy (e.g. Sentinel, Overseer, etc.)
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Near-Term Focus:
1/3 Unmanned by 2015

“It shall be a goal of the Armed Forces to
achieve the fielding of unmanned,
remotely controlled technology such that
by 2015, one-third of the operational
ground combat vehicles of the Armed
Forces are unmanned.”

-National Defense Authorization Act for
Fiscal Year 2001 (S. 2549, Sec. 217)
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Basic Architecture for
Autonomous Intelligent Vehicles

Low-Level Control System
— Actuation, Telemetry

Scalable High-Level Control System

— Behaviors, Decision

Environmental Sensing

— Data, Processing

Mission Payloads

— Robot Mission Dependent, Standard Interfaces

Data Links
— Robot and Operator Mission Dependent, Standard Interfaces

Operator Interfaces
— Operator Mission Dependent, Robot Autonomy Dependent
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iIRobot Generic Intelligent Vehicle
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The Problem Areas

« Scalable High-Level Control System
— Complexity of Autonomy ultimately manifests itself as

= a software problem

— Multiple unsolved or immature Research problems
I exist in this area

— How to put a solid software architecture in place that

solves today s problems and can incorporate
tomorrow’s solutions?

* Environmental Sensing
— What is the correct sensor data?
— How much data is enough / how much is needed?
— How to turn sensor data into perception?
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IRobot’'s Approach

* Find “Best of Breed” providers for stable areas of
the architecture
— Low-Level Control System
I — Mission Payloads
— Data Links
— Operator Interfaces

« Encourage stable infrastructure that can scale in
unstable areas of the architecture

— iRobot Aware™ 2.0 Robot Intelligence Software
— ASC Solid State Flash LADAR
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IRobot Aware™ 2.0 Robot
Intelligence Software

« Major iRobot Development Project

[

Web — Builds on a decade of experience with robot
Framework SW
| Wy : [ )
— o . / - AR * iRobot Aware™ 2.0 project delivers:

— Robot intelligence software for robo
autonomy and sophigdi
integaction
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I Add-On
Modules
— Stabilized, qualified, and documented as
product
— Extensible and open for future development

] OSTaget  Aware™ 2.0 increases the capability of our
. robot systems

— Create and use high level behaviors &
Aware™ 2 0 Software interactions on day one
C t . dC ti — Share robot behaviors & interactions
omponents an onnections seamlessly

— Easily troubleshoot, support, and extend the
SW - 5
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Aware™ 2.0 Value Chain

. Web Workb h
ngh-PayOﬁ Inter;:\ces —
Capabilities 3 Party |73 Party || | iorraces
(Many, FaSt to Plug -Ins Be);:;a\‘/rinc:rcs Mission
ngh RO') Drivers

MI

Infrastructure
(Build Once)

Robot Host and Payload Node Hardware
PPC, x86
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Aware™ 2.0: Extensive Software Test and Quality
Regime

2008-11-13-0200. _ERRORS! _TEST FAILUERES!!

HAvare? Wightly Build Feport,

Fitch, Osa

From: Aware2 Build Maching on eargrey. wardrobe.irobot.com [Duildbot@Eirobot.com]
Sent: Thursday, Movember 13, 2008 7:48 AM

Ta: awarel-team

Subject: AwaraZ Nightly Build Report,2008-11-13-0200... ERRORSIN. TEST FAILURESM

If you have trouble viewing this email, please visit:
hitp:

‘earlerev. wardrobe. irobot.comy/artifacts mightlvmightly-2008-11-13-0200/ summary/

Aware2 Nightly Build Report, 2008-11-13-0200...ERRORS!!!...TEST FAILURES!

Date: 2008-11-13-0200
Build type: uiahtl'.
Version: mahtl' 3008-11-13-0200

Build Summary:

Buld Wamings: I 0 IBui'.d Ermrors: I 23 I
{ excludes wamings for basetools, wamings and errors

for docs )

csei ! target be55-x86 heS5-5200 u710-x86 be5200 uf4-x86 fes-x86
—_— Sucues; - L,, Success - Log | Success - Log Suc“es: Log Suc“er Log | Success - Log
i fpke (110.0 kB)pke (110.0 kB pko (110.0 kB) fpke (110.0 kB pke (110.0kB) fpke (110.0 k)
bild mmmm Success - Log Cess - Success - Log | Success - Log
]] Er ]B ],].Erl. ]B‘. ],].Erl. ]B‘] ],].Erl. ]B'-. ],].Erl. ]B'-. ],].Erl. ]'B\'
d Success - Log | Success - Log | Success - Log | Success - Log | Success - Log | Success - Log
e pkz J.0MB) Jpka (1.0 MB) | pke (2.0 B pke (1.8MB) ) pke (1.0 MB) ) pko (1.0 MB)
|ezemic_ops e ceos - L0 Al i s s
) - phkg (50.0 kB) pke (50.0 kB | pke (50.0 kB} ELE“W““LB" pke (500 kB) | pke (50.0 kB)
A Success - L: Success - Log | Success - Lu:-s Suc ess - Log | Suecess - LC'E' Suc“es' LDE’
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Aware™ 2 .0: Extensive Software Documentation

800 Aware 2

@ L"C'\] (%} tfﬁ\l [ [ ] hip://prodfiles.ha.irobot.com/software-releases (Aware2 flatest/himl findex.html v Google

Most Visited ¥ Getting Started Latest Headlines  iRobot Internal sw cms

Aware 2
E @ Aware(TM) 2.0 Software Develd

Dynamic Loading Issues

Main Page | Related Pages | Modules | Mamespaces | Classes | Files | Directories

Aware(TM) 2.0 Software Development Kit » Aware(TM) 2.0 Concepts Reference

()

RPC - Remote Procedure Call

Using The Base Framework

About Handles Aware2 RPC provides a mechanism for reliably sending messages between a client and a server which may be on different machines. It is intended for use in situations

where low latency is not a requirement, where the frequency of messages is relatively low, and where it is important that messages not be lost. This places it at a quite
different place than Publish/Subscribe in the space of communication protocols. RPC is typically used for such things as registering or querying configuration or
reporting large scale state changes.

Creating New Components
Connection Variables

Property Variables
. Higher Level Protocols
Creating New Interfaces

The bare RPC mechanisms provide a relatively simple and low-level protocol. Usually RPC-based services should be encapsulated by a higher level APl that operates in
terms of domain types and operations. A client component should be provided which implements those operations by translation into an RPC-based protocol for
communicating with an associated server, with clients not directly using the bare RPC mechanisms. An example of such an encapsulated service is the
Publish/Subscribe configuration APl provided by the aware:ps:RegistryClient class.

How To use PyComponent
Aware(TM) 2.0 Publish-Subscr

Loading Extension Modules

aware:EventLogger Basic Approach

The Aware2 Event System

aware:PeriodicEventPump
The choice of XML-RPC as the protocol underlying Aware2 RPC permits direct use of the standard Python xmlirpclib, SimpleXMLRPCServer, and DocXMLRPCServer
modules for implementing clients and servers in Python. For C++ code Aware2 provides a set of data types for representing XML-RPC values, along with components
for clients and servers. These data types and components are implemented using unspecified backend libraries that perform the heavy lifting of XML generation and
parsing, HTTP data transfer, &etc.

aware:LocalProcessMonitor
aware:MonitoredLocalProcess
aware:MonitoredRemoteProced
aware:RemoteProcessMonitor Data Types
Compiler Configuration - . - . o . . . . . .
P 9 For portability and interoperability with clients and servers written in different languages or using different libraries, the set of supported data types is restricted to

Dependencies and Version Infd those defined by the XML-RPC standard. These are

=

1 0 1 ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 9 )

Component Implementations

escimk |<i4> or <int> |f0ur—hyte signed integer

subunit.mk |<boo|ean> |0 (false) or 1 (true)

Package Management |<string> |string

Deprecated List |<double> |double—precision signed floating point number

Modules |<dateTime.isoBSDl> |date,-’time, precision in seconds

Class List

) [<bases4> [ bases4-encoded binary data
Class Hierarchy

Class Members |<arrav> |sequence of xml-rpc values

*
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| AwareZ RPC is based on XML-RPC.
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Graphical Class Hierarchy |<struct> |sequence of name/value pairs, with names being <string>'s

Namespace List ) ) _ _
We do not support extensions such as Python xmirpclib’s support for None, or xmirpc-c's & byte integers or its NIL type.
Namespace Members

E @ File List C++ Data Types

3 XML-RPC is fundamentally a dynamically typed language, with values including an encoding of their type. In order to fit this into a statically typed language like C++,
Done S|
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Enabling Technology:
Solid State Flash LADAR

* iRobot is teamed with Advanced Scientific Concepts
(ASC)
= — Develop and market ASC’s Flash LADAR for Unmanned Ground
Venhicles

I « ASC’s Flash LADAR technology

— Patented next-generation solid state sensor

— Important advancement for navigation and mapping applications
for all autonomous vehicles

— Flash LADAR sensors provide a 3-D movie-like image of an area
that far surpasses the images produced by traditional sensors

— Flash LADAR sensors have no moving parts and are compact,
light and rugged (highly suitable for military applications)

— Cuts through fog, dust, smoke and other obscurants to visually
freeze the entire geometry of a scene.

— Low observable active sensor
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,Advanced

(ASC)
Concepts Santa Barbara, CA

Inc.

*Real-time 3D “Flash” LADAR
generates range map from time of flight
of laser pulse

*Freezes motion with 5 ns light pulse

*Solid state area array sensor has no
moving parts

Laser is eye-safe even at close range,
and stealthy

*1 meter to 1 km depending on laser
power

*Based on over 20 years expertise in » 3-D Movie Raw Unprocessed Data
solid state sensor and optical optical » 128 x 128 Pixels 10 Hz Frame Rate
expertise, 13+ patents * 4 Orientations from Single Movie
Easily overlaid on other video  False color scale in meters .
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Copyright 2004-2009 iRobot Corporation, 13

All Rights Reserved



ASC Flash LADAR: Unique Potential
for Unmanned Vehicle Guidance
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ASC Flash LADAR: Brownout
(sandstorm) Test Results

Simultaneous
|mages Yuma Brownout Field Test Time : 0.033 sec

— Ladar on left

— Visible camera on
right

Bars represent

Visibility
— Green > |ladar
— Yellow > Vis
camera
IrROUOL
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Modular Solid State Sensor
Architecture
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Summary

* |IRobot is committed to growing the mobile robot
iIndustry as a whole

- — Seek out “Best of Breed” technologies in the
I marketplace

IRobot understands Autonomous Intelligent
Vehicle technology

— Two key enabling technologies

* iRobot Aware™ 2.0 Robot Intelligence Software
« ASC Solid State Flash LADAR

— Other Enabling Technologies will emerge over time
 iRobot encourages third party development
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Back-Ups
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Sensor will embed AWAREZ2 Behavior engine to
provide intelligent ODOA and path planning

Web Services Based
Management and Configuration

Structured Structured
Process Process
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REF IRobot Aware ATV
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ARL IRobot Aware Gator
| lRﬂbnt
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Deere iIRobot R-Gator
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NSWC iRobot AUSV
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