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Vibration control of a flexible arm for ITER using using unknown unknown visual visual features features from from inside inside the the vessel vessel Contact : Gregory Dubus, CEA LIST Interactive Robotics Unit, 18 route du Panorama, BP6, FONTENAY-AUX-ROSES, F-92265 France. [email protected]



Addressed problem:



Our approach:



The main difficulties when positioning long-reach flexible carriers (e.g. IVVS deployer) result from the vibrations due to their high flexibility.



Stabilization without considering any extra sensor except the embedded rad-hardened vision process inevitably used to provide real-time visual feedback to the operators



Objective:



Advantages:



To propose a vibration suppression scheme which controls the oscillatory behaviour of such robotic structures



• No contact • No markers



Most of the time additional sensors can be added to a system to control its flexible states: accelerometers, strain gauges,…



Proposed strategy:



• No need for dedicated components and cables • Reduced probability of failures (limited number of sensors)



Experimental validation: Flexible link in front of a reproduction of the considered environment (the JET inner wall)



Images



Extracts and tracks feature points from the camera images



Tracker



Experimental setup • Link: 3m-long circular cross-section beam



2D Features displacement ∆X



• Payload: a 14kg calibrated tip mass (415N.m)



Gives a robust estimation of the environment overall displacement seen by the camera



M-estimator



• Actuator: a single axis joint driven by a motor through a Harmonic Drive based speed reducer • An optical encoder (for joint position)



Environment overall displacement ∆ξ



• Industrial camera in eye-in-hand configuration (640x480, ~ 70 fps)



Filters



∆ξ slow Image Jacobian on-line estimator



• Controller running the real-time OS VxWorks (sampling time = 1 ms)



∆ξ fast Joint position θ



Modified Kalman Filter Jˆimage



Estimates the vibration to be rejected



(two time scales)



Estimated vibration ∆e



∆θ low



LQR controller Controlled position



Perspectives: Extension to higher level tasks • extracting not only feature points but more complex geometric shapes • following trajectories defined thanks to the in-vessel components, e.g. edges between two blanket modules



Vibration suppression



Controls both joint position and vibration suppression Position control and vibration suppression for different adjustments of the LQR controller



Other fields of application: Microsurgery



Inspection of historic sites, large industrial structures and electric lines



Space applications



vision-based trajectory servoing



EURATOM CEA
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