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Robots for use in Space

General-purpose devices where the precise 
function or mission sequence is not 
specified at the time of design that can:

• explore, 
• assemble, maintain, and repair space 

hardware, and 
• assist humans in space.



Major Laboratories and
Investigators (I)

Jet Propulsion Laboratory
Planetary Exploration Focus

• Planetary rovers (MER, 
Sojourner, MSL) for reaching 
and sampling sites of scientific 
interest

• Subsurface Explorers to get 
pristine or otherwise 
unreachable samples.

• Aerobots (atmospheric robots) 
for Mars, Venus, Titan

Johnson Space Center
Astronaut Assistant Focus
• Robonaut (a dexterous 

human-form robot that 
can use tools and fixtures 
designed for suited 
astronauts)

• Aercam (a free-flying 
spherical "flying eyeball" 
for EVA inspection)



Major Laboratories and 
Investigators (II)

• Ames Research Lab plays a major role in researching 
advanced software techniques using K9 rover and PSA 
free-flying intra-vehicular inspection robot as key 
development platforms.

• Goddard Space Center is developing capability for 
robotic repair/upgrade of Hubble Space Telescope.

• Langley Research Center has significant expertise in 
robotic assembly of space structures.

• Carnegie Mellon University has had substantial funding 
over many years to develop advanced space robots.

• University of Maryland, Stanford, MIT and other 
Universities have or had substantial NASA funding.



Major Laboratories and 
Investigators (III)

• Lockheed Martin (then Martin-Marietta) had a ~$400M 
project in the 1980's to build the Flight Telerobotic 
Servicer

• The Canadian government "donated" the Shuttle Remote 
Manipulator System, Station Remote Manipulator System, 
and the Special-Purpose Dexterous Manipulator.

• Boeing started an effort in space robotics in the 1980's and 
acquired MacDonnell-Douglas (who had a significant 
effort going at the time).  Boeing is the integrating 
contractor for the Army Future Combat Systems, 
coordinating efforts of major robotics contractors such as 
General Dynamics.



Major Theoretical Accomplishments and 
Practical Embodiments (I)

• JPL's Sojourner and MER Mars Rovers demonstrate 
practical work on Mars despite once-per-day 
commanding using 3-D waypoint and activity-site 
designation in frozen stereo images, real-time range 
mapping, hazard detection and avoidance, visual 
odometry, and instrument arm compliance control.

• JSC's Aercam and Robonaut demonstrate practical 
inspection and teleoperation in space or space-like 
settings with small closed-loop time delay.  Practical 
autonomy for operation with several-second time 
delay (Earth operators) is being developed and 
demonstrated with no apparent show-stoppers.



Major Theoretical Accomplishments and
Practical Embodiments (II)

• Canadian Shuttle and Station RMS arms have performed 
valuable service but are difficult to control (two 3-dof hand 
controllers, no force control, no predictive dynamics 
control)

• University of Maryland "Ranger" flight experiment 
incorporated many advanced features but was not flown. 
Neutral buoyancy experiments were also seminal.

• JSC "Charlotte" robot flight experiment demonstrated 6-
DOF control using only wires in tension.
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Major Unsolved Problems
• "Human Equivalent" operations:

– driving over rough terrain, 
– "seeing" interesting scientific phenomena,
– manipulating objects,
– autonomous drilling, digging, excavation
– responding to voice input and human gesture
– diagnosing anomalies
– responding to emergencies
– keeping the system safe



Research Goals
• Approach the performance of a human 

teleoperating driver with zero time delay in 
driving over rough natural terrain.

• Approach the performance of a human in 
performing dexterous manipulation of 
samples or tools, drilling/digging, etc.

• Approach the performance of a human in 
performing real-time diagnosis and 
recovery from anomalous conditions.



Major Accomplishments
in Other Countries

• Russia (the Soviet Union) built the Lunakhod 
rovers and flew them to the moon (early 1970's)

• Canada built RMS, SRMS, and SPDM (early 
1980s to current).

• Germany (Herzinger) built and flew ROTEX on 
the Space Shuttle - the first robot designed for 
time-delayed manipulation (1993)

• Japan built and flew the ETS-VII satellite with 
"model-based telemanipulation", "Robustness 
against Modeling Errors", and "Compact 6-DOF 
Haptic Interface" (1997)



International Cooperation
• JPL (A. Bejczy) collaborated with 

Herzinger on ROTEX
• JPL and JSC collaborated with Japan 

(NASDA) on ETS-VII.
• Others ?


