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Using a Pneumatic Bellows and a Motion Sensor 
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 In this paper, a lightweight master interface for a surgical robot system is proposed. The position of the human 

hand is measured by a non-contact motion tracker, but the force feedback is realized by a handheld haptic device. A 
gripping force is displayed by a pneumatic bellows, which is smaller and more lightweight than electric motors. As 
for the slave manipulator, the gripper of a surgical forceps is actuated using a pneumatic cylinder. Force estimation is 
possible due to the back-drivability of the pneumatic actuator. Experimental results show the control performance of 
the haptic device and a constructed master-slave system. 
 
Key Words: Surgical Robot, Haptic Device, Pneumatic actuators, Master-Slave system, Motion Sensor. 
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Figure 1 Proposed master system 
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 (a) Natural length        (b)Pre-pressurized state       (c)Device in use 
Figure 2 Principle of the proposed device 

 
Figure 3 Structure of the proposed haptic device. 
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!!"!"#! Target grabbing force [N] 

!!"!"#! Target Spring force of bellows [N] 

!!"!"#! Target driving force of bellows [N] 

!!"!!"! Response force of bellows [N] 

!!"! Input voltage of valve controlling bellows [V] 
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!!"! Spring constant of bellows [N/mm] 

!!"!"#! Supply air pressure to the bellows [kPa] 

!!!"! Effective cross-sectional area of the bellows [!!!] 

Figure 4 Block dialog of the control system of the pneumatic bellows. 

 
Figure 5 Performance experiment 

  (a) Reference force 1N      � �   (b) Reference force 15N 

 
(c)Stepped reference force 

Figure 6 Force and position response 



 
    � (a) Leap Motion     (b) Measurement points  

Figure 7 Motion sensor 
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Figure 9 Proposed slave system 

 
Figure 10 Pneumatic forceps 

 
Figure 11 Forceps holder 

Figure 12 Block dialog of the control system of the forceps 

 
Figure 13  Block dialog of the control system of forceps holder 
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Figure 14 Estimation and presentation of grasping force 

 
Figure 15 Forceps tip position of master-slave experiment 

 

 


