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training (3). This control architecture includes two graphical interfaces (4 graphical inter-
faces for the engineer and 5 graphical interfaces for the surgeon). 

 
Figure 5. Experimental model of the PARA-SILSROB robot including the main components and 
the movements of the serial modules: (1) PARA-SILSROB; (2) Mobile platform; (3) Torso training; 
(4) Graphical user interface for engineers; (5) Graphical user interface for surgeons; (6) 3D Space 
Mouse devices with keyboard and mouse; (7–9) Serial modules used for instrument handling). 

The surgeon operates the robot (slave) using a keyboard and two commercially avail-
able 3D Space Mouse devices (6), which are integrated into the command-and-control 
logic detailed in Section 2.2. The figure also illustrates the movements of the three serial 
modules (7, 8, 9) attached to the mobile platform. These modules are used for orienting 
and inserting the active instruments, which are commercial products developed by Intui-
tive Surgical, as well as the laparoscopic camera. These motions are achieved through 
seven actuators attached to the mobile platform (three for modules A and C, and one for 
module B). Additionally, the training simulator kit used for the experimental tests is 
shown in the figure. At this stage of the robot’s development, the active instruments used 
are commercial models for which custom mounting brackets and tip control mechanisms 
were designed using two printed circuit boards (PCBs). These boards control the actuators 
(four per active instrument) that manipulate the tips of the active instruments. A more 
detailed explanation of these components can be found in [46] and in the next subsection. 

2.2. Command and Control Architecture of the Parallel Robot PARA-SILSROB 
The command-and-control system integrates both hardware and software compo-

nents, which allows it to execute the surgeon’s commands and convert inputs from pe-
ripherals (3D Space Mouse devices, version Space Mouse Pro, developed by 3DConnex-
ion, Munich, Germany, 2001) into controlled movements. The master–slave architecture 
is used to restrict the robot’s ability to move autonomously. Safety measures [47] are im-
plemented through hard limits configured within the software part of the system and 
though signals that are either tied to mechanical emergency buttons or graphically repre-
sented in the graphical user interface (GUI). 

The robustness and low cycle times of an industrial-grade programmable logic con-
troller (PLC) proved adequate for this purpose. This capability allows the control system 
to be easily scaled to accommodate additional actuators, sensors, and other devices as 
needed. Consequently, it provides the necessary resources for future developments while 
ensuring that the existing functionalities remain intact. 


