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ARTICLE INFORMATION ABSTRACT

Original Research Paper Stability and transparency are both very important conditions in bilateral teleoperation systems. For the
Received 14 January 2016 design of such systems, different methods have been suggested. Among the approaches presented,
Accepted 03 May 2016 passivity framework is widely utilized in which human and environment is considered passive. The

Available Online 13 July 2016 operator does not make the closed-loop system unstable. In addition, it is passive against an external

input. Thus the adoption of this assumption is correct for the human. Nevertheless it is a conservative

Keywords: . : : Pt B

Bilateral Teleoperation presumption _for the enV|r(_Jnr_nent and according to some moderr_1 applications of teleoperation systems
Active Environment such as cardiac surgery, it is absolutely not acceptable. In this paper a novel control structure for
Passivity, Stability nonlinear bilateral teleoperation systems interacting with active environments is addressed. In this
Proportional-Derivative (PD) control approach, first a criterion for measuring activity of the environment is presented. Then by developing a

PD controller, an algorithm that guarantees master-slave position coordination and static force reflection
is introduced. The overall stability of closed loop system is proved using passivity concept and
Lyapunov-Krasovskii technique. Simulations are performed to verify the performance of the proposed
bilateral teleoperation systems in contact with passive and non-passive environments. Experimental
results were carried out to validate the theoretical consequences.
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Fig. 1 Block Diagram of a teleoperation system
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Fig. 2 Coupled systems
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Fig. 3 The Schematic of an environment with positive feedforward
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Fig.4 Schematic of a 2 DOF revolute planar robot
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