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Quimera: The Easy Way to Simulate

Foundation Fieldbus Applications

Abstract — The paper presents a simulation tool that emulates the development environment
of Foundation Fieldbus (FF) applications. The idea is to use the resources provided by
LabVIEW - in particular its dataflow programming paradigm — to design, execute and
debug FF control strategies. Function blocks are implemented as virtual instruments, data
links are represented by virtual wires, and bus monitoring tools are replaced by LabVIEW
debugging tools. The simulator can easily be connected to virtual (simulated) processes or
to physical (real) processes. Tests were made to evaluate the capabilities of the simulator
and to assess its degree of fidelity against commercial FF systems. The goal was to release
an effective, easy-to-use, low-cost training tool to disseminate knowledge about process
control using the FF technology.

Keywords — Foundation Fieldbus, simulation, computer-assisted instruction, process

control.

1. Introduction
The Foundation Fieldbus (FF) is a local area network targeted for process control [1-4] supported

by the FieldComm Group (http://www.fieldcommgroup.org). The FF provides all the features

typically associated with process fieldbuses, including power over bus, real-time communications
and digital data from the primary transducer up to the supervision room, all added to a substantial

reduction of cabling costs.
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The main drawback of FF systems is that, in general, they are complex and hard to configure
and debug. The learning curve of FF systems is quite slow as it requires good background in
areas as diverse as instrumentation, process control, communication networks and computer
programming. The training process is expensive because it requires expert trainers and last-
generation technology, preferably in real operating industrial plants, which is almost impossible
for safety and economic reasons. Even bypassing the need for a real plant, designing and
mounting a small pilot plant, targeted for training purposes only, is expensive, time-consuming

and little flexible as it limits the range of experiments that can be done.

In this context, the use of training simulators is extremely valuable [5-9]. With these tools,
trainees can simulate process dynamics, train device configuration, tune control loops, try start-
up, stop and shut-down sequences, and test safety mechanisms. Simulation is less expensive
because it eliminates the need for real equipment, and is more flexible because it allows the
programming of new training scenarios. Simulators require little maintenance, do not pose

problems in terms of safety, and can be accessed anywhere provided they are web-enabled.

This paper presents a training simulator that emulates the FF application layer. The proposed
solution allows the design, execution and debug of control strategies, including the possibility of
interacting with the field through DAQ (Data AcQuisition) boards. The goal is to release a low-
cost education tool that might be used in industrial training programs as well as in academic
courses. The simulator was named Quimera (ki’mera), the Portuguese word for chimera, an

illusion of the reality.

The development of FF simulators is not new. Some well-known companies provide
commercial solutions, usually integrated in larger software packages, as is the case of

SimulationView from Smar [10], MiMiC Simulation Software from Mynah [11], and SoftFF

2
John Wiley & Sons

Page 2 of 31



OCoO~NOORAWN-=-

Computer Applications in Engineering Education Page 18 of 31

Once again, the Quimera simulator showed good match with the reality, meaning that it can
effectively simulate abnormal operating conditions.

Last but not least, it is useful to compare the cost of the Quimera simulator with that of the
commercial FF system. Table 2 lists all the items included in both proposals and the total cost of
each. The Quimera simulator requires only 1/5 of the money, which represents a significant

saving.

<Table 2>
Cost comparison between the Quimera simulator and the commercial FF system

(all prices are approximated values in US dollars).

6. Conclusions

The paper presented Quimera, a simulation tool that makes use of LabVIEW’s dataflow
programming paradigm to emulate the application layer of FF. The proposed solution offers a
real feeling of FF (as it complies with FF specifications), is very user-friendly (as it benefits from
all the resources provided by LabVIEW), provides a high degree of connectivity (as it can be
connected to virtual or physical processes), and is low-cost (when compared to commercial
setups).

The Quimera simulator was used to control a first order system with dead time, in parallel
with a commercial FF system. The results obtained were very similar, both in normal operation
conditions as well as in fail state conditions, meaning that the Quimera simulator can effectively
replace commercial equipment at a much lower cost.

The authors believe that the proposed solution is a good education tool that might be used in

industrial training programs as well as in academic courses to teach the principles of process
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control using FF. Moreover, the idea can be extended to include other flow-based programming

environments (such as Simulink) and other block-based fieldbuses (such as Profibus-PA).
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