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SYNTHESIS METHOD OF SYSTEMS FOR HIGH-
PRECISION MOVEMENTS CONTROL OF 

UNDERWATER MANIPULATORS 

V.F. Filaretov, A.Yu. Konoplin, A.V. Zuev, N.A. Krasavin 

The paper presents a synthesis method of combined systems providing high-precision movements control of 
multilink manipulator arm tool mounted on underwater vehicles. The proposed method allows precise identification 
of negative torques on the output shaft of the manipulator electric drives that emerged during its motion in a vis-
cous medium and moments of coulomb and viscous friction in these drives. This method begins with a preliminary 
analytical calculation of external moments appearing in underwater manipulator axes of motion by the recurrent 
algorithm of solving the inverse dynamic problem. This calculation is highly coarse due to the complexity of deter-
mining parameters of the real interaction between all links of the manipulator, engaged load, and seawater medi-
um. Additional diagnostic observers are then synthesized using dynamic models of electric drives of every axis of 
freedom, including analytically determined external moments. These observers can more precisely determine the 
values of unpredicted changes of the viscous and coulomb friction moments in drives itself using formed discrepancy 
signals. Then identified torques on the electric drives of all manipulator axes are compensated using self-regulated 
correcting devices capable of stabilizing these drives' dynamic properties on the nominal level. The paper contains 
numerical modeling of the system synthesized by a developed method for a multilink manipulator with a PUMA kin-
ematic scheme, an arm tool of which was moved alongside a complex three-dimensional trajectory. The numerical 
modeling results showed a significant increase in the accuracy of different technological operations performed by 
underwater manipulators using a synthesized system.
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