Dynamic Cell Structur es for Calibration-fr ee Adaptive Saccade Contr ol of a Four-Degrees-of-Freedom Binocular Head

Jörg Bruske, Lars Riehn, Michael Hansen, Gerald Sommer

Institut für Informatik und Praktische Mathematik Christian-Albrechts-Universität Kiel Preusserstraße 1-9 D-24105 Kiel

Bericht Nr. 9608 Juli 1996

Dieser Bericht ist als persönliche Mitteilung aufzufassen

1

This report is replaced by the article

Biologically inspir ed callibration-fr ee adaptive saccade contr ol of a binocular camera-head

(Jörg Bruske, Michael Hansen, Lars Riehn, Gerald Sommer)

in Biological Cybernetics, Vol. 77, No. 6, pp. 433-446 (1997) ©1997 Springer V erlag

All rights concerning reprints of any part and electronic distribution have been granted to Springer Verlag.

Abstract This paper describes fast and accurate calibration-free adaptive saccade control of a four-degrees-of-freedom binocular camera-head by means of Dynamic Cell Structures (DCS). The approach has been inspired by biology because primates face a similar problem and there is strong evidence that they have solved it in a similar way, i.e by error feedback learning of an inverse model. Yet the emphasis of this article is not on detailed biological modeling but on how incremental growth of our artificial neural network model up to a pre-specified precision results in very small networks suitable for real-time saccade control. Error feedback based training of this network proceeds in two phases. In the first phase we use a crude model of the cameras and the kinematics of the head to learn the topology of the input manifold together with a rough approximation of the control function off-line. In contrast to e.g. Kohonen-type adaptation rules, the distribution of neural units minimizes the control error and does not merely mimic the input probability density. In the second phase, the operating phase, the linear output units of the network continue to adapt on-line. Besides our TRC binocular camera-head we use a Datacube image processing system and a Stäubli R90 robot arm for automated training in the second phase. It will be demonstrated that the controller successfully corrects errors in the model and rapidly adapts to changing parameters.