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Where Are we with Teleoperation and Autonomy
in Space Robotics with the State of the Art?

▪ Activity plans dictate the mission of Mars rovers step by step [1]

▪ Cameras provide information from different views, also in 3D [2]

▪ Hazard maps inform operators about terrain for safe traversal [3]

Teleoperation

▪ Recent updates in the software architecture allow for 
autonomous execution of longer sequences [4]

▪ Autonomy infused navigation enabled a distance record drive 
of 245.76 meters [5]

▪ However, there is no fallback through either human 
intervention or robotic intelligence available

Autonomy
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Duis autem vel eum iriure dolor in hendrerit in vulputate
velit esse molestie consequat
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On-orbit Astronaut CrewOn-ground Assistance Robots

The Next Step in Crewed Exploration of Moon and Mars
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From Direct Teleoperation to Supervised Autonomy
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ANALOG 1
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Force-feedback Telemanipulation from Orbit

High delays (here 3s) make

direct teleoperation difficult

Passivity needs to be

preserved to avoid instabilities

However, high delays create

high cognitive load
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METERON SUPVIS JUSTIN
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Knowledge-enabled Teleoperation Interface
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METERON application at the International Space Station (ISS) Catalog of robot skills
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interface for tablet computers. In IEEE-RAS International Conference on Humanoid Robots, pp. 152-159



Planning with Action Templates, Hybrid Reasoning
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SURFACE AVATAR
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Multi-robot, Multi-modal, Multi-operator Operations
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On-orbit robot command terminal
Telepresence to supervised autonomy in one console
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Final Goal: Seamless Switching of Teleoperation Modalities
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During supervised autonomy operations, semantic state inference is used to inform 

the crew about errors such that they can take over control using direct teleoperation!



The Issue with Sliding Autonomy
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During supervised autonomy operations…

…the robot is unaware of error situations!

During direct teloperation…

…the robot is unaware any effects it creates!

How can the robot infer arbitrary state changes?



Semantic State Estimation using Digital Twin Knowledge
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Context-specific Simulation Ensembles
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Depending on the action, different 

ensembles of state estimators may 

result in higher estimation accuracy
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Summary and Conclusions
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