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Figure 22. The time history diagram showing input velocity vectors (translations and rotations 
along and around the OX, OY, and OZ axes) using the 3D Space Mouse devices (the dashed blue 
lines) and the Mobile Platform (MP) velocities (the magenta lines). 

4. Discussion 
This paper presents the control architecture and preliminary validation results per-

formed under laboratory conditions. A master–slave architecture was implemented, 
where the master console consists of two commercially available devices (3D Space 
Mouse, version Space Mouse Pro, developed by 3DConnexion, Munich, Germany, 2001), 
with each offering six-DOF. This setup is well-suited for the six-DOF parallel robot that 
controls the laparoscope and positions the robotic modules responsible for manipulating 
the laparoscopic instruments. The master console generates linear and angular velocity 
vectors, which are further used to control the mobile platform. The developed GUI incor-
porates controls that facilitate switching seamless transitions between the parallel robot 
control and the manipulation modules for the surgical instruments attached to the mobile 
platform. Notably, the same master console is also used to manipulate the tips of the sur-
gical instruments. 

Based on the results presented in Figure 22, namely, the comparative time history 
diagram of the velocity vectors for both the input (generated by the master console) and 
output (resulting from the actuators’ displacements), it can be concluded that the output 
closely tracked the input signal. It is important to note that there was a significant differ-
ence in the sampling time of the recordings (input vs. output signals), namely, ~0.01891s 
(with a standard deviation of 0.0065) vs. 0.005 s, respectively, which is why the output 
signal had approximately eight times more values than the input one (23,822 vs. 2747). To 
compute the root-mean-square error between the two signals, the input signal, which had 
fewer values, was interpolated using the “spline” method in matrix laboratory 
(MATLAB). The spline method has provided good results [52] for 1D vectors compared 
with linear or even polynomial interpolation. Even if it can be a source of errors when 
comparing the input–output signals, the accuracy of the spline interpolation is expected 
to be good because of the large number of points. The normalized results are presented in 
Table 2. 

  


