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Abstract 
 

Fieldbus networks are widely used as the communication support for the 

Distributed Computer Controlled Systems (DCCS), or what is referred to as the 

Integrated Communication and Control Systems (ICCS), also known as Network 

Controlled Systems (NCS). Usually there are many control loops that are attached to 

the fieldbus common bus. The applications of the Fieldbuses have a wide range from 

the process control to the discrete manufacturing; in addition to that fieldbus are used 

in Textile Industry, Home Automation, Trains, Mining Industry, and Automotive 

Applications. There are Real-Time constraints that are imposed by the DCCS onto its 

communication network (Bus), which means that the traffic of the periodic and 

sporadic must be bounded within a well-defined time interval; otherwise a timing 

fault occurs, which may lead to critical situations. This motivates the designers to use 

special types of communication networks in which the Medium Access Control 

(MAC) protocol is able to schedule the different types of traffic according to their 

real-time requirements. 

In this thesis we review the history of the Distributed Computer Controlled 

Systems communications which are used to connect the industrial systems. We 

introduce the definition of the term "fieldbus" and its relation to the OSI network. 

Finally and before we compare various types of the fieldbuses, we demonstrate three 

fieldbus protocols.  

We go through the main FIP protocol specifications especially, the ones that 

are related to the real-time requirements. Then we demonstrate many real-time studies 

that were done on the FIP protocol, like the change of the scheduling method of the 

FIP. We concentrate on the real-time aspects of the aperiodic FIP traffic, like the 

estimation of the Worst Case Response Time (WCRT) of the FIP's aperiodic traffic, 

and the stability of the closed-loop systems that are attached to the FIP common bus. 

Our main objective in this thesis is to analyze the appropriate scheduling 

algorithms to guarantee before the run-time that the real-time constraints of the FIP-

based distributed computer controlled systems (DCCS) are easily verified. 



 xxiii

In this thesis, we analysis the Data Link Layer (DLL) of the WorldFIP in order 

to formulate an enhanced analytical formula for the evaluation of the Worst Case 

Response Time of both types of the aperiodic variables (Urgent and Normal 

Aperiodic variables) in the FIP. The WCRT is a powerful metric in analyzing the real-

time system requirements. Then we verify our formula using a simulation test 

program that simulates the FIP network traffic. 

There is another main objective of this thesis which is how to preserve the 

control closed-loop system stability of each one of the control loops that is attached to 

the FIP common bus. We propose a modified scheduling algorithm in order to 

guarantee the stability of those closed-loop control systems. In addition we refine our 

proposed scheduling algorithm to assure there will be enough time available for the 

aperiodic traffic. At the end, we study the performance of our modified algorithm 

using the Matlab Simulink simulator.  

 


