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Robust Control Design for a Master-Slave Robotic System Considering
Environmental Uncertainties and Communication Delay
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In this paper, a linear robust control system design based on u-synthesis is proposed

for impedance shaped 2-DOF robot manipulators in bilateral master-slave robotic system with
environmental uncertainties and communication delay.
O A general condition based on the structured singular value u for robustness of a bilateral master-
slave robotic system is derived. The proposed control methodology can guarantee the robust stability
and the robust performance for environmental uncertainty, perturbation of operator dynamics,
perturbation of master and slave robot manipulator dynamics and constant communication delay of
the master-slave robotic system. Several experimental results show the effectiveness of our proposed
approach for various environmental uncertainties and constant communication delay.
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Constant Communication Delay
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Fig. 1 Master-Slave system with 2-DOF manipulators
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Fig. 2 Feedback control system
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Fig. 3 Intervening impedance model
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Fig. 4 Communication delay uncertainty
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Fig. 5 Generalized plant with uncertainties

00000000000000000000000
000000000000 Apet ([Apertlle <1) 00
000000000500000000000600



oo0ooooOoooLFTooo0oooboooooon
Ubooo0oobOoboonb AnsOoooonogd

Amss = diag[Aop,Aenv,Am,As;At;Aperf] 37)

codboedOdOOOOODOOOOODOOOOOO
ocoooooo00b0 H.ODOOO 1000000

K

Fig. 6 Robust performance framework
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Fig. 7 u plot of the closed-loop system
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Fig. 8 Slave manipulator and spring environment
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Fig. 9 Force reflecting servo type (FRST)

Table 1 Parameters of K¢ (s) and Kp(s)

Casel | Case2
Kpt 3 1
Kpp | 350 300
Kpp 50 20
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Fig. 10 Experimental results : Case 1 (Slave restricted
by ki, with O[msec] time delay)
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Fig. 11  Experimental results : Case 2 (Slave restricted
by kp, with 15[msec] time delay)
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Fig. 12 Absolute value of all experimental position er-
ror data between master and slave manipulators
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