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can be accessed from various states, including IDLE and other CONTROLLED_MOVE-
MENT states. It enables the application of inverse kinematics [20], which allows for the 
precise manipulation of the end effector’s movement in three-dimensional space, as 
driven by the input from the 3D Space Mouse. The 3D Space Mouse transmits data using 
the Modbus protocol. The CONTROLLED_MOVEMENT_INSTRUMENTS state applies 
inverse kinematics [20] as well, but it restricts itself to a limited number of actuators for 
positioning the instruments, as depicted in Figure 5. Finally, the CONTROLLED_MOVE-
MENT_TIPS refers to a state where the use of all 18 actuators is halted and the control is 
transferred to the two Raspberry PI Pico boards mounted on the two PCBs, which are 
located inside the instrument casings (one PCB for each casing). These Pico boards man-
age four actuators each and utilize four drivers (two drivers for one PCB) and a power 
supply. These actuators provide the two instrument tips with the freedom to adjust and 
grasp as needed. Within the state machine, the CONTROLLED_MOVEMENT_RCM state 
is dedicated to the precise positioning of the laparoscope camera in three-dimensional 
space once it has been inserted. This state utilizes inverse kinematics [20] for the move-
ment control, which allows for rotations limited along the X- and Y-axes. In terms of 
safety, the STOP state can be activated solely by pressing an emergency button. This fea-
ture is designed for the rapid cessation of the drivers’ operation, which enables the robot 
to halt smoothly through deceleration. Upon clearing the emergency button, the system 
transitions back to the IDLE state unless an error is detected. Additionally, the state ma-
chine is equipped to handle rectifiable errors, such as speed or position discrepancies, 
which allows it to recover from minor uses effectively without requiring a system restart. 

2.3. Graphical Interface of the Parallel Robot PARA-SILSROB 
To interact with the robotic structure, a user-friendly GUI was developed. This inter-

face was designed to integrate and display relevant data from the PLC regarding the lap-
aroscope and the active instruments. Two main GUIs were developed: the surgeon’s view 
presented in Figure 9 and the engineer’s view illustrated in Figure 10. 

 
Figure 9. Graphical user interface for the surgeon. 

The surgeon’s GUI is defined by its simplicity, as it displays only what is relevant, 
without cluttering the screen with unnecessary data. Moreover, it shows the image gen-
erated by the laparoscope within the intraoperative field. Thanks to the simplified inter-
face and the robot’s command console, surgeons are expected to adapt easily to the 


