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Abstract: Remote center of motion (RCM) mechanism is a mechanism which is bound by kinematics and could rotate about one point not 

belonging to it.  A specific parallelogram RCM is presented in this paper for a surgical robot designed to achieve robot-assisted minimally 

invasive surgery (MIS) for laparoscopic diseases treatment. The parallelogram RCM adopts harmonic reducer and servo motor driver in 

order to avoid the instability of pulley drive. Compare with other RCM mechanism, the transmission mechanism presented in this paper 

provides large output torque and high accuracy. In this paper, the transmission mechanism and structural strength is considered in detail. 

Eventually, a suture simulation test is given and results demonstrate that the repetitive positioning accuracy of the specific RCM 

mechanism meet the demand of practical surgery operation. 

 

1. Introduction 
  

Minimally invasive surgery (MIS) have been widely 

used in laparoscopic surgery. The MIS have great benefits 

for patient due to the less abdominal injuries compared to 

conventional surgery. The remote center of motion (RCM) 

mechanism is designed to realize specific rotate about a 

point not physically belonging to it. Therefore, the RCM 

mechanism is the key factors how to decrease the surgery 

injuries. 

Researchers studied MIS and RCM mechanism for 

surgery operation in the past many years.  They focus on 

various mechanical configurations for achieve mechanism 

innovation. So far, the most MIS is implemented through 

heterogeneous master-slave teleoperation mode [1-3], as 

shown in Fig. 1. However, the transmission mechanism 

among many RCM is not be considered in detail. Hence, 

we should develop the RCM mechanism with the same 

configuration and difficult transmission design in this 

paper. 
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Fig. 1.  The master-slave teleoperation mode. 

 

2. Methods 
2.1 Design requirements 

For general operation demand, the RCM mechanism 

should have high structural stiffness and low backlash.  

Therefore, the surgical tool should be manipulated with 

four DOF. Among of them, three rotations about the 

incision point (Pitch, Yaw, and Roll) and one insertion 

along the tool [4]. Table 1 shows the other functional 

requirements of master robot for MIS. These data are 

based on the survey reports on MIS in the abdominal 

cavity [5]. 

Table 1 Functional requirements for a master robot to 

be used in MIS of the abdominal cavity. 
 

Parameter Direction Value 

Workspace(23,24) Pitch 90º 

 Yaw ±60º 

 Roll 150º 

 Insertion 200 mm 

Maximum velocity Lateral  0.2 m/s 

 Insertion  0.2 m/s 

 Roll 30 rpm 

 
2.2 Transmission mechanism 
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Fig. 2. Transmission mechanism for rotational joint. 
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Considering the trade-off of the maximum between 

torque and velocity, the actuators of each rotational joint 

should select using the maximum load of 10N. According 

to relative kinematics and dynamics analysis, transmission 

mechanism should include high-ratio reducer. Figure 2 

shows the transmission mechanism for rotational joint. 

The high precision harmonic reducer and absolute encode 

ensure the realistic accuracy demands. 

 

3. Result and Discussion 

3.1 Position accuracy 
  As shown in Fig.3 (a), the repetitive position accuracy 

should be given as Eq. (1). 
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Fig. 3.  Parallelogram RCM mechanism is installed on  

prototype of the surgical robot. 
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Here, dx  , dy , dz  represent the error in the direction of 

X, Yand Z, respectively. dl  is the error of l  . And 1  

and 2  is the projecting angle. 

 

Figure 3 (b) shows a prototype of the surgical robot 

developed which is installed on parallelogram RCM 

mechanism. Assuming the angle resolution is 0.25º, the 

position accuracy of master robot is no more than 1 mm 

from the Eq. (1). The accracy satisfies the surgical 

operation. 

 

3.2 Suture experiment 

A preliminary suture test is carried out to verify the 

operational performance for RCM mechanism.  

Firstly, the work space of  master robot was measure,  

which demonstrate its correctness. The results of the 

suture experiment on the prototype of the surgical robot 

shows that  the mechanism is able to work in the entire 

work space mentioned in Tab. 1. 

Sencondly,  the flexibility of the RCM mechanism is 

tested through skilled suture operation, as shown in Fig. 4. 

 

 
Fig. 4. Suture test using a surgical robot developed. 

 

4. Conclusion 
This paper presents a special RCM mechanism, which 

has a particular transmission mechanism and meet the 

realistic suture conditions. Experiments demonstrate that 

the parallelogram mechanism has adequate structural 

strength and high accuracy. Further experimental tests are 

in progress to evaluate the working performance.  
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