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2.2.1. Hardware Architecture 
The hardware configuration of the command-and-control architecture of the parallel 

robot is organized into three levels, as illustrated in Figure 6. At the user level, input data 
is transmitted to the command-and-control level, which is responsible for the processing, 
conversion, and transmission to the physical level of the robot [48]. 

For the control system, a PLC from Bernecker and Rainer Industrial Automation 
(B&R) is used, specifically the X20CP3586 model, which was selected for its low cycle time 
of 100 µs. The driver modules are also from B&R, specifically the 80SD100XD.C044-01, 
which accommodates two actuators at a time. The configuration consists of 18 actuators, 
13 of which are managed by 7 B&R drivers that control the kinematic chains and the three 
modules attached to the mobile platform. An additional 8 actuators are linked to four 
drivers that are directly connected to the PCBs shown in Figure 6 and are responsible for 
controlling the tips of the active instruments. The connection between the drivers and the 
PLC is achieved via X2X, which requires the use of an additional module, namely, a X2X 
link bus transmitter from B&R named X20BT9100, which was designed for X20 systems 
to facilitate seamless expansion. The encoders, homing sensors, and potential brakes are 
connected directly to the drivers. A comprehensive overview of the entire hardware con-
figuration system is presented in Figure 6. 

 
Figure 6. Hardware configuration of the PARA-SILSROB. 

2.2.2. Software Architecture 
Bernecker and Rainer Industrial Automation (B&R) provides specialized software for 

their hardware solutions called Automation Studio (Version 4.12, Company B&R, 
Eggelsberg, Austria, 2001). This software integrates the configuration and programming 
of their devices, which facilitates a streamlined approach to automation. 

In this setup, a state machine was implemented to execute commands based on input 
data transmitted from peripheral equipment (two 3D Space Mouse devices, keyboard, and 
mouse) and the data collected from the robotic system. Several other programs are de-
signed to run concurrently, thus providing the state machine with the necessary data to 
effectively manage the robotic system. Figure 7 illustrates the software control scheme, 
thus showcasing all the elements involved in this configuration. 

The bundled states handler encodes the data into a simplified representation of the 
robotic system and inputs it into the state machine once the actuator’s parameters have 
been obtained. Another software module, which is known as the Modbus Handler, pro-
vides the management of signal and data reading and writing between the robot and the 
GUI. The state machine utilizes the inverse and direct kinematics model [20] based on the 
given user inputs. The model integrates the actuator parameters and user input through 
a 3D Space Mouse control device to generate the necessary velocity vectors. These velocity 
vectors are then transmitted to the speed and direction handler. The function of this han-
dler is to establish the new parameters for each actuator based on the calculated velocity 
and direction. 


