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A Fieldbus Control System (FCS) is a distributed system composed of field devices and
control and monitoring equipments and it is integrated into the physical environment of a plant
or factory. The FCS is increasingly being used in the automation arena because of the
advantages of the fieldbus. In recent years, more than 50 different names of available fieldbuses
have emerged. However, research works for the FCS lag far behind their current practice. This
thesis investigates several important issues of the FCS.

In Chapter 1, differences between an FCS and a conventional control system are
summarized, and related researches are reviewed with focus on timing analysis, evaluation,
control algorithms, modeling and simulation, development and applications.

Chapter 2 presents models of different fieldbus protocols from basic to complete ones to lay
fundamentals for this study. Main fieldbuses are introduced briefly and their characteristics are
discussed. The fieldbus medium access control mechanism is also discussed. As a result,
several classification methods of fieldbuses are proposed.

In Chapter 3, the timing characteristics of the FCS are analyzed in details. The control period
of a control loop in the FCS is formulated and analyzed. The stability condition for normal
operation of the fieldbus control loop is derived. The analysis and experimental results show that
the execution time and the margin time are dominant in a control period, whereas the
communication time is secondary. It is also shown that the execution time of function blocks
depend on the configuration of application software. The effects of the communication time, the
computation time, and the jitter of control period on the control performance are evaluated.

In Chapter 4, a complete set of evaluation indices is proposed from the user point of view by
analyzing the requirements of data communication and installation environment for fieldbuses.
As a case study, experimental results for FOUNDATION Fieldbus are presented. A general
procedure with a complete set of detailed indices for selecting a fieldbus system is also
proposed.

Chapter 5 considers how to overcome bad effects caused by the delays of communication



and computation time, and the jitter of control period. A modified PID
(Proportional-Integral-Derivative) control algorithm and a predictive control algorithm are
applied and the effectiveness of these algorithms are analyzed and verified by simulation study.

Chapter 6 proposes an object-oriented, hierarchical, and hybrid modeling approach for the
FCS development. Based on this approach, a simulation platform for the FCS including fieldbus
devices, fieldbus segments and the plant is developed using the Matlab environment. In this
simulation, both computation times of application software and communication delays are
considered at the same time. Also both the control and the communication performances are
evaluated through simulation runs.

Chapter 7 illustrates the development of two fieldbus systems by describing both the
hardware and software of the system. The contributions of this thesis are summarized with

directions for future work in Chapter 8.
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