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This paper introduces a robust adaptive controller for cooperative robotic arms with elastic joints. The
main innovation of this research lies in the use of Bernstein-type rational functions as approximators
for the lumped uncertainty. Unlike previous methods that require numerous and computationally heavy
regressor matrices, the proposed approach employs only a single weighting matrix—for instance, of
dimensions [small size, e.g., low-order]—which significantly reduces the computational burden.
Simulation results demonstrate that this structure leads to substantial improvements in performance
indices; specifically, the ISE (Integral Square Error) index in the proposed method (7.468 x 1073)
shows more than 100-fold improvement compared to conventional fuzzy systems (9.771 x 1073)«
Furthermore, adaptation laws for the coefficients of these functions are derived for the first time
through Lyapunov stability analysis in a form not previously presented in the mathematical or
engineering literature. The uniform ultimate boundedness (UUB) of all signals is guaranteed, and the
effectiveness of the algorithm in the presence of parametric variations and noise is verified through
simulations on two elastic-joint robots.
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Fig 1. The robotic coordinate system
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