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Figure 20. Simulating the resection of esophagus tumor using a linear stapler 

 
Figure 21. Simulating the suture of the esophagus with the stomach. 

The time history diagram of the laparoscope tip velocities for the procedure pre-
sented in the previous figures was generated ( , , , , ,E E EX Y Z ψ θ ϕ     ) using both inverse and 
direct kinematic models [20]. The input data for these graphs were collected from the mas-
ter console during the medical procedure and include velocity vectors related to motion 
along and around the axes (encompassing both linear and angular velocities). These ve-
locities were used to determine the positions of the laparoscope tip, which, in turn, were 
further used to determine the inverse kinematic model, thus yielding the displacements 
and velocities ( 1 6,q q  and 1 6,q q  ) of the active joints. Furthermore, the motors’ posi-
tions were determined through the encoders’ signals, and their values served as input for 
the direct kinematic model to derive the robot’s actual motion trajectory, which included 
the displacements and velocities. This actual trajectory was then compared with the theo-
retical trajectory. The graphs representing these results were generated using MATLAB 
software (developed by MathWorks, founded in Portola Valley, CA, U.S, 1984) and are 
illustrated in Figure 22. 


