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IntroductionIntroduction

Exploration initiatives place a Exploration initiatives place a 
strong emphasis on roboticsstrong emphasis on robotics

Operation of robots on Operation of robots on 
planetary bodies from orbiter planetary bodies from orbiter 

Robotic Sample Collection 
Image credit: NASA

Assembly of Large Space Structures 
Image credit: NASA

Robotic operations for Robotic operations for 
assembly and maintenance assembly and maintenance 
of spacecraftof spacecraft

For efficiency, autonomous For efficiency, autonomous 
operations requiredoperations required
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Concept of Avatar RESCUEConcept of Avatar RESCUE

Avatar Operator Station

Amateur radio link

Russian Segment on ISS
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AutonomyAutonomy and and demodemo moviemovie
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CSA's Automation & Robotic CSA's Automation & Robotic TestbedTestbed (CART)(CART)

TwoTwo 77--dofdof armsarms, Maximum , Maximum payloadpayload of 10 kgof 10 kg

2/3 scale satellite mockup of 2/3 scale satellite mockup of QuicksatQuicksat

Laboratory SetupLaboratory Setup
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SelfSelf--AdaptingAdapting RoboticRobotic AuxiliaryAuxiliary Hand Hand 
(SARAH)(SARAH)

Developed by Developed by UniversitUniversitéé Laval Laval 

UnderactuatedUnderactuated: 10 : 10 dofdof but only two but only two 
motors motors 

Laboratory SetupLaboratory Setup
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Laser Camera System (LCSLaser Camera System (LCS--DTO) from DTO) from NeptecNeptec
Short range sensor only using triangulationShort range sensor only using triangulation

Target 3D pose determined at 2 Hz with 0.5 second delayTarget 3D pose determined at 2 Hz with 0.5 second delay

Extended Extended KalmanKalman filter to obtain a continuous 3D posefilter to obtain a continuous 3D pose

Laboratory SetupLaboratory Setup
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Avatar Operator StationAvatar Operator Station

Kenwood TMKenwood TM--D700AD700A
BuiltBuilt--in Terminal Node in Terminal Node 
Controller (TNC)Controller (TNC)

IBM ThinkPad A31IBM ThinkPad A31

Operator Station GUIOperator Station GUI
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Avatar Operator StationAvatar Operator Station
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Avatar Controller StationAvatar Controller Station
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ISSISS--CSA Ham Radio LinkCSA Ham Radio Link
Communication Communication linklink uses AX.25 uses AX.25 protocolprotocol equivalentequivalent to IP to IP 
protocolprotocol in the TCPin the TCP/IP paradigm./IP paradigm.
Delay Tolerant Protocol (DTP) was developed over the Delay Tolerant Protocol (DTP) was developed over the 
AX.25 protocolAX.25 protocol
TNC connected to ham radio through serial link with TNC connected to ham radio through serial link with 
KISS protocolKISS protocol
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Communication ArchitectureCommunication Architecture
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AutonomyAutonomy SoftwareSoftware
DevelopedDeveloped usingusing ARGO architecture ARGO architecture 
((AutonomousAutonomous RoboticsRobotics and and GroundGround
Operations)Operations)

Cortex Autonomy Cortex Autonomy 
EngineEngine

Toolbox for Reactive Toolbox for Reactive 
AutonomyAutonomy
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AutonomyAutonomy SoftwareSoftware
DevelopedDeveloped usingusing ARGO architecture ARGO architecture 
((AutonomousAutonomous RoboticsRobotics and and GroundGround
Operations)Operations)

Cortex Autonomy Cortex Autonomy 
EngineEngine

Toolbox for Reactive Toolbox for Reactive 
AutonomyAutonomy

Finite State MachinesFinite State Machines
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Avatar Avatar OperationOperation ModesModes

ReadyReady

ConfirmConfirmConfirmConfirmTrackingTracking

ConfirmConfirmConfirmConfirmInitial Initial ApproachApproach CompletedCompleted

ConfirmConfirmConfirmConfirmTarget Target SpottedSpotted

Capture + Capture + ExecuteExecuteCapture + Capture + ExecuteExecuteCapture + Capture + ExecuteExecuteReadyReady

Release + Release + ExecuteExecuteRelease + Release + ExecuteExecuteRelease + Release + ExecuteExecuteCapture Capture CompletedCompleted

NONOYESYESYESYESCommComm. Link . Link RequiredRequired

ReleasingReleasing

CapturingCapturing

Final Final ApproachApproach

Initial Initial ApproachApproach

SearchingSearching

AutonomousAutonomousAutoAuto--PilotPilotSemiSemi--AutonomousAutonomousStatesStates

AutomaticAutomatic InputInputOperatorOperator InputInput
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Avatar Capture Avatar Capture MovieMovie
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Avatar RESCUE Avatar RESCUE StatusStatus

Software delivered Feb. 12, Software delivered Feb. 12, 
20082008

Training performed Feb. 13, Training performed Feb. 13, 
20082008

ExperimentsExperiments plannedplanned for for 
ExpeditionExpedition 17 (17 (LaunchLaunch on on 
April 8, 2008)April 8, 2008)

CableCable problemsproblems delayeddelayed experimentsexperiments
CommComm. check on . check on OctoberOctober 9, 20089, 2008
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Next: Avatar EXPLORENext: Avatar EXPLORE

Avatar Operator Station

Amateur radio link

Russian Segment on ISS

Rover in Mars Emulation Terrain
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Avatar EXPLORE MissionAvatar EXPLORE Mission
PlannedPlanned for the flight of Bob for the flight of Bob ThirskThirsk on ISS on ISS ExpeditionExpedition 20 20 
(May to (May to OctoberOctober 2009)2009)

Exploration of CSA Mars Exploration of CSA Mars EmulationEmulation TerrainTerrain

Identification of a hot spot over few orbital passesIdentification of a hot spot over few orbital passes

AutonomousAutonomous operationoperation of the P2of the P2--AT roverAT rover
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ConclusionsConclusions

Avatar RESCUE will demonstrate:Avatar RESCUE will demonstrate:
Robots operation over lowRobots operation over low--bandwidth comm. linkbandwidth comm. link

New Delay Tolerant Protocol developed at CSANew Delay Tolerant Protocol developed at CSA

Cortex autonomy software in a realistic settingCortex autonomy software in a realistic setting

Avatar EXPLORE will be much more Avatar EXPLORE will be much more 
challenging:challenging:

More data over same low bandwidth comm. linkMore data over same low bandwidth comm. link

More autonomy for operations during LOSMore autonomy for operations during LOS


