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

Teleoperation

= 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]

Autonomy

= 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

Credit: NASA
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The Next Step in Crewed Exploration of Moon apd"ﬂllars
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On-ground Assistance Robots On-orbit Astronaut Crew
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Force-feedback Telemanipulation from Orbit

DLR

High delays (here 3s) make
direct teleoperation difficult

Passivity needs to be
preserved to avoid instabilities

However, high delays create
high cognitive load

Impact Experiment with Passivity Control

Panzirsch, M., Pereira, A., Singh, H., ... Leidner, D., Albu-Schéffer, A., Lii, N., & Krtger, T. (2022).
Dr.-Ing. Daniel Leidner, 02.06.2023 Exploring planet geology through force-feedback telemanipulation from orbit. Science Robotics, 7(65).




ON SUPVIS JUSTIN

Crrogg

IR - AN y_.
¢ | ' o 1 ' Q
\ / . -
7 Dr.-Ing. Daniel Leid ') = R - | ’ ‘ gl

Hp=1Q

a



Knowledge-enabled Teleoperation Interface
DLR

METERON application at the International Space Station (ISS) Catalog of robot skills

Action Template: spu deactvate

SUPVIS Justin Supervised Autonomy for Space Telerobotics
Symbolic Representation

Protocol Status: SPU1 Commands Ve
. (:action _spu.deactivate: ][z::}

Deactivate SPU1 :parameters (?s - _spu ?m - _manipulator)
:precondition (and (activated ?s)
(free ?m))
o Locate SPU1 :effect (and (not (activated ?s))) B
s )
Navigate to SPU1

2. Conduct

Mission Objectives:

A Solar Panel Unit (SPU)

failed. Investigate the issue with Geometric Representation

felisiiiuo - - B x4 def deactivate(self, manip):
Command Justin to - g 3 e ‘ ‘
1\ . e path = self.get_task_trajectory("deactivate”

Survey the SPU site , / - - ar & initial_config = robot.get_configuration()

Locaté failed SPU : ¢ 2 > initial_ frame = path([0]

(red blinking light) ' o : - )

Navigate to failed SPU - . e T - operations = [

’ S g _ > -~ ("plan_to frame", manip, self.grasp frame, initial frame),

Connect Data Interface
Probe (DIP) to link up
Resolve and Report failure

("set_stiffness", manip, self.tcp, self.stiffness),
("set_force", manip, self.tcp, self.feorce),
("follow_task _motion", manip, path, self.grasp_frame),
("plan_to_config", initial_config),

1

return operations

("follow_task _motion", manip, path, self.grasp_ frame),
("plan_to_config", initial_config),

1

return operations

("follow_task motion", manip, path, self.grasp_frame),

("plan_to_config", initial_config),
Cancel ]
return operations

Birkenkampf, P., Leidner, D., & Borst, C. (2014). A knowledge-driven shared autonomy human-robot
interface for tablet computers. In IEEE-RAS International Conference on Humanoid Robots, pp. 152-159
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Planning with Action Templates, Hybrid Reasoning

p
pidk: collect:
trushright brush brea

handover: collect:

brush right brush bread

DLR

Leidner, D., Borst, C., & Hirzinger, G. (2012). Things are made for what they are: Solving manipulation tasks
Dr.-Ing. Daniel Leidner, 02.06.2023 by using functional object classes. In IEEE-RAS International Conference on Humanoid Robots. pp. 429-435
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Context aware grond support tools
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Intuitive and versatile user interface methods

Robot assistants as avatar or co-worker on the planet
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On-orbit robot command terminal
Telepresence to supervised autonomy in one console DLR
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Final Goal: Seamless Switching of Teleoperation Modalities

DLR

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!

SURFACE AVATAR
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The Issue with Sliding Autonomy
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During supervised autonomy operations... During direct teloperation...
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...the robot is unaware of error situations! ...the robot is unaware any effects it creates!

How can the robot infer arbitrary state changes?
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Semantic State Estimation using Digital Twin Knowledge
DLR

World Representation Physics Simulation Environment
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File Edit Timeline Help

Obgjects  Robot

bive_box
0.977 0014 0214 2087 Code snippets for obyects of type ikeg_tripp_con_small
s 0214 0004 0877 282 Srppet
0.013 1 0.006 0693 Parameters:
2
No Image Yel -~ B =
I 4 D A|C B DI=a -
Object ID Property Value

fioos history  <type 'dict’>
green_box on Lable
table

update

State Inference Module

['opened', 'blue box', False]
['opened', 'green box', True]
['on', 'blue box', 'table']
['on', 'green box', 'table']
['upright', 'blue box', False]
['upright', 'green box', True]

Bauer, A. S., Schmaus, P., Albu-Schaffer, A., & Leidner, D. (2018, October). Inferring semantic state transitions during
Dr.-Ing. Daniel Leidner, 02.06.2023 telerobotic manipulation. In 2018 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS). pp. 1-9.




Context-specific Simulation Ensembles

move_arm_straight

J

move_hand

Action Template
operation
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Baseline 1 Baseline 2 Baseline 3 Our approach
Experiment (pure simulation) (rigid binding) (force binding) (model ensemble)
Depending on the action, different Ball drop (success) 0/5 2/5 0/5 4/5
ensembles of state estimators may Ball drop (fail) 0/5 5/5 0/5 5/5
Peg-in-hole 0/5 0/5 0/5 3/5

result in higher estimation accuracy

N
P
t

pure physics

fixed bind

ensemble (ours)

Bauer, A. S., Kopken, A., and Leidner D. "Multi-Agent Heterogeneous Digital Twin Framework with Dynamic Responsibility

Dr.-Ing. Daniel Leidner, 02.06.2023 Allocation for Complex Task Simulation.” Conference on Autonomous Agents and Multiagent Systems. 2022.
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High Latency (> 5s)
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Where Are we with Teleoperation and Autonomy ‘#7
In Space Robotics with the State of the Art? DLR
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