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Abstract

The development of fieldbus and industrial Ethernet is
very advantageous for industrial control networks,
nevertheless it results in some new problems and challenges.
The diversity of industrial communication networks provides
broad living and applied space, but at the same time it leads
to a mess of multiple standards. The above problems are
waiting to be solved, moreover, the extensive interests of
commerce and technology have to be considered and the
development of this technology field should be promoted
rapidly. According to these factors the technology of multi-
protocol conversion is effective and practical.

In this paper, the MODBUS/TCP industrial Ethernet,
which is applied widely, and DeviceNet and Profibus-DP
fieldbuses, which are representative device layer fieldbuses
among multiple fieldbus standards, were researched objects.
The message communication processes of these protocols were
analyzed deeply and the principle and performance model of
multi-protocol conversion system were made. Further the
performance of multi-protocol conversion system was
analyzed as to theory and experiment. Finally a small process
control system, in which the core device was multi protocol

converter and the controlled object was a small boiler, was
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constructed. The main contributions are as follows:

1. The conception of multiple composition Petri net was
presented and it was supposed that multiple similar Petri net
models could be composed based on public places or public
transitions, which behaved similarly. The above conception
laid theoretical foundation for principle model of multi-
protocol conversion system.

2. Two specialized conceptions, namely, state constancy
and behavior constancy were presented. Under different
composition situations, the boundness property, liveness
property, state constancy and behavior constancy were all
analyzed and the necessary and sufficient conditions for above
properties were proposed. These conclusions guaranteed the
correctness of principle model of multi-protocol conversion
system.

3. According to the communication processes of
MODBUS/TCP industrial Ethernet, DeviceNet, and Profibus
fieldbuses, all communication state machines were uniformed
into three stages, namely communication preparation,
message communication and communication abort, and
communication models of every protocol were made. Based
on these communication models, the S-multi conversion Petri
net model, in which the public message buffer is public place,
was made, furthermore, the principle model of multi-
protocol conversion system was proposed and the correctness
was proved.

4. Based on principle model of multi protocol conversion
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system and theory of stochastic high level Petri net with
marking variables, by integrating stochastic time factors into
transitions, the performance model of multi protocol
conversion system was presented. By applying this
performance model, the qualitative analysis of utilization
ratio and throughput ratio were performed. Furthermore, the
quantificational analysis of throughput and package loss ratio
was performed based on practical test data. According to
above analytical and comparative conclusions, the relationship of
system performance vs. loads was proposed.

5. The design theme and software and hardware
structure of multi protocol converter, which can perform
protocol coversion function among MODBUS/TCP industrial
Ethernet, DeviceNet and Profibus fieldbuses, was presented.

6. A small process control system, in which MODBUS/
TCP industrial Ethernet, DeviceNet and Profibus fieldbuses
are compatible, was constructed. In this system the core
device is multi protocol converter and the controlled object is
a small boiler, moreover, the field devices are intelligent unit
with MODBUS/TCP industrial Ethernet, DeviceNet and
Profibus interfaces and the monitor is a computer functions as
industrial Ethernet client.

The multi-protocol conversion technologies had been
validated in metallurgy and low voltage electrical apparatus
fields and the successful run shwed that these technologies
could meet users’ practical requirements. Furthermore, the
users’ products had been upgraded and the promotion and
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application of fieldbus technology had been improved. In the
sixth Shanghai International Industry Fair of 2004, the multi
protocol conversion system was awarded creation prize,
besides the system was awarded 2nd class Shanghai Science &
Technology Advance Prize of 2005, undoubtedly multi
protocol conversion system creates extensive social and
economic benefits.

Key words multiple composition Petri net, fieldbus, industrial

Ethernet, multi-protocol conversion, performance analysis
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