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Abstract- In recent years, although there are many researches 

on bilateral control, there is only little research on improvement of 

operationality. It will be so effective for operators to improve the 

operationality of the bilateral control system. In a bilateral control 

system, the law of action and reaction between master system which 

the operator manipulates, and the slave system which has contact 

with the environment is realized. Objective of this research is to 

eliminate the chattering and to reduce the impact on human 

operator at contact motion and to introduce controlling force to the 

slave manipulator to provide more comfort at the human operator's 

end. In this paper, a new method of improving the operationality 

which is based on a virtual torsional spring between master and 

slave system is discussed. Disturbance observer is used as the 

disturbance compensation tool and also to improve the system 

robustness. Then proposed method is applied by altering the 

bilateral control system. Finally the experimental results show the 

viability of the proposed method. 
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I. I N T R O D U C T I O N  

The prefix 'tele' from Greek origin means "at a distance" and 

teleoperation naturally indicates operating at a distance. 

Teleoperation extends the human capability to manipulate 

objects remotely by providing the operator with similar 

conditions as those at the remote location. This is achieved via 

installing a similar robot manipulator called the master, at the 

human's end that provides motion commands to the slave 

which is performing the actual task. [I] 
 

The human imposes a force on the master manipulator which in 

turn results in a displacement that is transmitted to the slave 

that mimics the motion. If the slave possess a force sensor, it 

The principle of bilateral teleoperation is depicted in fig. I .  To 

allow force feedback, position and/or force measurements must 

be made at the slave and sent back to the master. The master is 

provided with actuators to be able to exert forces on the user. 

The actuated master is also called a haptic interface where the 

term 'haptic' refers to the sense of touch [4]. Basically the 

sense of touch is made of the components: the sensation, 

position and the force acting on them. This information is 

gathered by different sensors. 

Some researchers have tried to introduce added functionalities 

to the conventional bilateral control systems to be used where 

one to one control is not preferable [1]. The idea had been to 

implement different tool sensations virtually which can be 

widely used in medical surgeries. In conventional bilateral 

control systems where the sampling frequency is less and the 

encoder accuracies are low, system tends to have high level of 

chattering in the contact motion. One of the objectives of this 

research is to embed a spring feeling to the operator especially 

in the contact motion which reduces the chattering problem. 

By incorporating the virtual spring sensation to the master­ 

slave system, the operator can exert the controlled force to the 

remote object which could be felt by the master manipulator. 

When the slave manipulator hits an object, its impact is 

reflected to the master operator in the conventional bilateral 

control system. However by incorporating a virtual spring in 

between the master-slave, the impact sensation could not be 

felt as it is at the operator's end. In simple terms the proposed 

method promotes operationality. This is done at the expense of 

the transparency [5], and it should be used in applications 

where one to one bilateral control is not desired. In this paper a 

novel concept of "soft manipulation" is introduced. 
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being performed to the master, which input 

master,     and the     teleoperator is said to 

bilaterally. [2] [3] 
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 A.    Virtual Torsional Spring Model 

The proposed concept is built by considering a 

simple torsional     spring,     damper     and     two     masses     

which     are interconnected as shown in fig. 2. 

 
F i g . 1  B r o a d e r  o v e r v i e w  o f  b i l a t e r a l  t e l e o p e r a t i o n  
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