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in [3]. The final stage consisted of assembling the mechanical structure using the infor-
mation obtained from the first two stages (the kinematic scheme and the 3D design). 

The kinematic scheme shown in Figure 3 illustrates the three identical kinematic 
chains (KCi, i = 1…3) and provides a detailed view of the mobile platform (MP) of the 
PARA-SILSROB robot. The fixed coordinate system (OXYZ) is positioned on the first kin-
ematic, which consists of two active translational joints (q1, q2) connected by two cylindri-
cal joints (C11, C12). One cylindrical joint serves the main link (denoted as l1 + l2—the length 
between the revolute joint C11 and the spherical joint S1), while the other serves the sec-
ondary link (denoted as l1—the length between the revolute joint C12 and the revolute joint 
R12). Additionally, the chain includes four passive revolute joints (Rf1, R11, R12, R13) and a 
passive spherical joint (S1), which connects the kinematic chain to the mobile platform. 
The structural synthesis analysis of the PARA-SILSROB robot is detailed in [20], which 
means that the system has six degrees of freedom (6-DOF). This capability allows for the 
manipulation and orientation of instruments along the three axes (OX, OY, OZ). 

The active instruments and the laparoscope are mounted on the mobile platform of 
the PARA-SILSROB robot using three serial modules. Two of these modules each provide 
3-DOF for the orientation and insertion of the active instruments (two active revolute 
joints for the left and right module denoted as q1ins1 and q1ins2, and four active prismatic 
joints denoted as q2ins1 and q3ins1 for the left module and q2ins2 and q3ins2 for the right module). 
Additionally, there is a third module with 1-DOF dedicated to the insertion of the laparo-
scope (denoted as qlap). These modules were specifically designed to ensure that the RCMs 
(remote centers of motion) of the instruments are architecturally constrained, which is a 
critical feature for robotic-assisted surgery [44]. 

Figure 4 illustrates the 3D CAD model of the PARA-SILSROB robot and a detailed 
view of the mobile platform. The modeling was performed using the Siemens NX software 
program (Version 12 provide by Siemens PLM Software, founded in 1963 in Torrance, CA, 
USA, country Germany, Office Plano, TX, USA) [45]. 

 
Figure 4. The 3D design of the PARA-SILSROB robot. 

Figure 5 illustrates the development stage of the experimental model of the PARA-
SILSROB robot (1), which features a detailed view of the mobile platform (2) and torso 


