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OverviewOverview
The use of robotic systems in space The use of robotic systems in space 
applications continues to growapplications continues to grow

Space Shuttle, ISSSpace Shuttle, ISS
Spirit and Opportunity Rovers, Phoenix Spirit and Opportunity Rovers, Phoenix 
LanderLander

Construction of space solar power Construction of space solar power 
systems at geostationary orbits imposes a systems at geostationary orbits imposes a 
unique set of technical challenges that can unique set of technical challenges that can 
be overcome by the current set of be overcome by the current set of 
technological solutions in the field of technological solutions in the field of 
roboticsrobotics
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Space Shuttle RoboticsSpace Shuttle Robotics

Shuttle Remote Manipulator System Shuttle Remote Manipulator System 
(SRMS)(SRMS)
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ISS RoboticsISS Robotics

Mobile Servicing System (MSS): Space Mobile Servicing System (MSS): Space 
Station Remote Manipulator System Station Remote Manipulator System 
(SSRMS)(SSRMS)
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ISS RoboticsISS Robotics

MSS: Mobile Base System (MBS)MSS: Mobile Base System (MBS)
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ISS RoboticsISS Robotics

MSS: Special Purpose Dexterous MSS: Special Purpose Dexterous 
Manipulator (SPDM)Manipulator (SPDM)
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ISS RoboticsISS Robotics

Japanese Experiment Module Remote Japanese Experiment Module Remote 
Manipulation SystemManipulation System
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Mars Exploration RoversMars Exploration Rovers

Panorama stereo camera and 
viewport for infrared spectrometerChemical analyzer, iron-bearing 

mineral analyzer, microscopic 
imager, rock abrasion tool

Mobility
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Mars Exploration RoversMars Exploration Rovers
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Mars Exploration RoversMars Exploration Rovers

Azimuth (J1)

Elevation (J2)

Elbow (J3)

Wrist (J4)

Turret (J5)

APXS

MI

RATMB (hidden)

Front Hazcams
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MER Robot Arm OpsMER Robot Arm Ops
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MER Robot Arm OpsMER Robot Arm Ops



1313

IDD Motion Simulation

MER Robot Arm OpsMER Robot Arm Ops
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Phoenix LanderPhoenix Lander
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Robot Control MethodologiesRobot Control Methodologies

Teach/RepeatTeach/Repeat
Principal method for controlling fixedPrincipal method for controlling fixed--base base 
factory robotsfactory robots

TeleoperationTeleoperation
Control from a distanceControl from a distance
Principal method forPrincipal method for
controlling Space Shuttlecontrolling Space Shuttle
and ISS robots (onand ISS robots (on--orbitorbit
or from ground)or from ground)
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Robot Control MethodologiesRobot Control Methodologies

Autonomous OperationAutonomous Operation
High level commanding with no human High level commanding with no human 
intervention requiredintervention required

Sliding AutonomySliding Autonomy
Human operators and autonomous agents are 
assigned control over different elements of a 
single system or multiple systems
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Physical ArchitecturesPhysical Architectures

AERCamAERCam (JSC) (JSC) 
ISS MSS (CSA)ISS MSS (CSA)
RobonautRobonaut (JSC)(JSC)
Ranger (UM)Ranger (UM)
LEMUR (JPL)LEMUR (JPL)
SkyworkerSkyworker (CMU)(CMU)
Teams of heterogeneousTeams of heterogeneous
multimulti--robot systemsrobot systems
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Concluding ThoughtsConcluding Thoughts
Significant acceleration in the use of spaceSignificant acceleration in the use of space--
based robot systems (11 manipulators, 3 mobile based robot systems (11 manipulators, 3 mobile 
platforms) spanning from LEO to Marsplatforms) spanning from LEO to Mars
Key questions still remainKey questions still remain

Defining physical architecture including number of Defining physical architecture including number of 
robots, robotic functions, cooperating features, etcrobots, robotic functions, cooperating features, etc
Addressing life issuesAddressing life issues
Deciding on levels of autonomyDeciding on levels of autonomy

Current stateCurrent state--ofof--art in art in spacespace robotics points to a robotics points to a 
feasible approach to robotic assembly of Space feasible approach to robotic assembly of Space 
Solar Power systemsSolar Power systems


