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Abstract— In this paper, we propose a generalized method
to represent multilateral teleoperation system as an electri-
cal network with dependent effort/flow sources which allows
us to implement Time Domain Passivity Approach (TDPA)
to passivate the system. Using the conventional mechanical-
electrical analogy, the multilateral teleoperation system with
mechanical nature is modelled as an electrical circuit. Power
correlated signal are then identfied to extract the augmented
network representation in which time-delay is taken into
account. The passivity of multilateral teleoperation system are
also analyzed and the method of using TDPA to passivate
the network is proposed. This framework is independent of
control architecture and communication delay. Experiment on
a trilateral teleoperation system has been done and showed
good performance with proposed method.

I. INTRODUCTION

Teleoperation system, one of the first domains in robotics,

has become one of the most challenging issue in robotic

field[1]. Although autonomous robots have been developed

and logged many successes, many applications require robots

to perform complex tasks at remote sites and human inter-

vention can not be replaced. In teleoperation system, human

operator conducts the tasks by using master and slave robots

which communicate through a network. With the develop-

ment of network technology, teleoperation technology gains

more and more attention due to its promissing applications

to tele-surgery, tele maintenance, etc... Moreover, in teleop-

eration systems, force feedback can considerably improve an

operators ability to perform complex task by kinesthetically

coupling the operator to the environment[2]. However, due

to the distributed master-slave nature in teleoperation system,

time-delay can not be avoided. Time-delay, even though it is

small, causes unstable behavior when force feedback makes

the system closed [3].

In many applications[4][5] that a number of operators

cooperate to perform a complex task, a multilateral teleop-

eration system in which multiple operators control multiple

slave robots is needed. The distributed nature of the multi-

lateral teleoperation system makes the problem of commu-

nication time-delay become more critical. Several methods

have been proposed to solve this issue such as adaptive

control[6], PD control[7], wave variables[8]. The adaptive

control approach requires system dynamic and range of

parameters while the PD control method assumes that the

maximum time delay is known, the wave variables method

has many advantages but also has difficulty in system with
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ambiguous causalities. The well-developed framework TDPA

proposed by Ryu et. al. [9] which can guarantee system

stability under arbitrary communication time delay and data

lost, compatible with any control architecture, has been

recently extended using Time Delay Power Network (TDPN)

to deal with bilateral teleoperation system with ambiguous

causalities. Quang et. al. [11] has successfully utilized TDPA

and TDPN to stabilize mobile robot teleoperation system

in rate mode with various types of force feedback and the

combination of these forces. In [10], Michael et. al. proposed

a general method to stabilize trilateral teleoperation system

with any control architecture and any communication delay

using TDPA. Experiment results showed good results for

roundtrip delays up to 200ms but this method was limited to

trilateral control architecture with given control structure.

This paper proposes a generalized framework to design a

stable multilateral teleoperation system independent of the

number of masters/slaves, amount of time-delay, control and

communication architecture. The major contribution of this

paper is proposing a network representation method of a

multilateral teleoperation system to have clear energy flows

for the implementation of TDPA. It was unclear where to

locate and what is conjugate energy pairs especially when

a number of masters and slaves are exchanging signals

with communication time-delay. This paper addresses how

to tackle this issue and proved passivity with TDPA. The rest

of this paper is organized as follows: network representation

of multilateral teleoperation system is introduced in section

II, passivity analysis and proposed framework are presented

in section III, section IV shows experiment results for a

trilateral teleoperation system with proposed framework.

II. NETWORK REPRESENTATION OF MULTILATERAL

TELEOPRATION SYSTEM

Fig. 1 shows a multilateral teleoperation system in which

m masters are used to operate n slaves through a network. In

teleoperation system, generally velocity and/or force signals

are exchanged to kinesthetically couple masters and slaves. It

is well known that stabilizing such a complicated multilateral

teleoperation system is difficult, and there haven’t been many

trials to tackle this issue.

In this research, we proposes a general framework to

stabilize a multilateral teleoperation system with TDPA

which successfully used as a controller for time-delayed

teleoperation system. However, in order to used TDPA, it

was essential to represent the system as a electrical network

circuit with clear energy flows.

In order to convert the conventional representation of a

multilateral teleoperation system with signal flows only into
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Fig. 11. Position/Force tracking without TDPA

Fig. 12. Position/Force tracking with TDPA

are shown in Fig. 11. It is obvious that because of time-

delay, it was very difficult for operators to control the system

and the force feedback made the system unstable instead of

supporting operator. On the other hand, Fig. 12 shows posi-

tion and force tracking in case of with proposed framework.

As can be seen from these figures, our proposed methods

were successfully stabilize the system and the operators can

control slave robot to interact with environment easily.

V. CONCLUSION

In this paper, a generalized framework to stabilize mul-

tilateral teleoperation system is proposed. The network rep-

resentation of such system is introduced and TDPA is im-

plemented to stabilize the network system. The proposed

network representation method clarify energy flows in a

multilateral teleoperation system with multiple masters and

slaves for the implementation of TDPA. Passivity of the

system is proved with TDPA. The biggest advantage of the

proposed framework is that it can be generally implemented

to any multilateral teleoperation system regardless of the

amount of time-delay, the number of master/salve, control

architecture and dynamic uncertainties. The proposed method

is experimentally verified with tri-lateral teleoperation exper-

iment.

In this research, the passivity of the communication chan-

nels at a terminal is guaranteed by satisfying the passivity

of each channel independently as shown in Eq. 9. Since this

is a sufficient condition, it might lead to over dissipating

energy and possition drift. Although there was a research

work to compensate position drift in bilateral teleoperation

[14], we’re working on satisfying Eq. 8 directly to make the

system less conservative.
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