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Abstract—This paper describes the development of a graphic
computer tool that facilitates the generation of control software
for a new distributed fuel management system for aircraft. The
system has been the result of a three-year European Community
Research Project. The goal was to move from a centralized control
architecture to a fully distributed one, where each component of
the system makes a decision by itself and the control of the whole
system is a shared task. The interchange of information between
components is performed via fieldbuses. The graphic computer
tool developed is able to perform an automatic code generation
starting from a graphic description of the system provided by the
user. Thus, different aircraft fuel system configurations can be
considered. According to the specific aircraft under study, they
can include more or less tanks and components in the system.
For each case, the control code of the distributed system can be
quickly modified. It can, then, be integrated in each component
device to operate in the system. This paper describes the main
ideas of the new distributed avionic system and the graphical tool.
Some experimental results in a laboratory plant simulator are also
shown.

Index Terms—Automatic code generation, automata techniques,
avionic systems, component design, distributed control systems.

I. INTRODUCTION

FUTURE control systems should be able to work in dis-
tributed, asynchronous, and networked environments; they

should also exhibit high-level coordination and autonomy, and
their developments should be able to generate control algo-
rithms automatically with integrated validation and verification.
Following this direction, a new-generation digital fluid manage-
ment system for aircraft has been proposed in the frame of a
European research project [1].

The project is particularly interested in focusing on the control
of the fuel system. Fuel is usually the most critical fluid that an
avionic system must deal with. Other aircraft fluids (water, oil,
etc.) could also be managed in a similar way.

Distributed control systems using fieldbuses [2] are being ap-
plied in different environments such as industrial automation,
cars, etc. The advantage is primarily the reduction in cabling:
lower costs, problems in the connections, and simpler main-
tenance. Nowadays, these distributed control techniques are
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Fig. 1. Centralized system architecture.

also being used on more sophisticated vehicle systems such as
avionics control systems, where fewer cables means less weight
(which is extremely valued in aerospace transportation).

Avionics systems are hard to study and implement because
of the high-security measures in the developments and the need
for standard certification. The current demand in aircraft fuel
systems is the high pressure needed to transfer fuel from and to
the exterior of the fuel tanks, which means the fuel components
(valves, pumps) must work faster and their controllers must
react quickly to these changes.

The classical avionic fuel management systems, currently,
have a centralized structure with point-to-point connections
between a central computer and each system component (see
Fig. 1). This system architecture needs a lot of wiring and a cen-
tral computer (only one controller) to manage the fuel system.
It means a considerable amount of cables.

The new generation proposes a distributed system without
a central computer, the use of a fieldbus, and so-called “smart
components”1 (see Fig. 2). Being based on a fieldbus, the
wiring is simplified; it provides less weight, a lower possibility
of problems in the connections, easier maintenance, and a
simpler system.

Fieldbuses correspond to a simplified networked digital com-
munication system [3] for industrial purposes. Smart com-
ponents are components such as pumps, valves, and sensors
equipped with some kind of electronic device, which provides

1Term defined by the SmartFuel Project to name the conventional mechanical
components (valves, pumps, sensors, etc.) with limited and specific skills, which
operate in an aircraft fuel distributed control system.
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Fig. 35. Levels of tanks during pressure refueling. (Top) Tank 1. (Bottom)
Tank 3.

Fig. 36. Levels of tanks during pressure refueling. (Top) Tank 2. (Bottom)
Tank 4.

The next figures show the results obtained using components,
which are running with software code generated by the tool. It
is important to note, at this point, that the operation sequence of
events is correctly accomplished by a distributed control system
without any central computer.

Figs. 35 and 36 show the evolution of the fuel level for each
tank in a pressure refueling operation mode. Subsystem 1 is
represented in Fig. 35 by the top and bottom graphics. At the
beginning of the refueling process, the two tanks of the sub-
system are empty, and they start to fill. The two curves have a
slight difference in angle. The most pronounced corresponds to
the tank 3 directly connected to the RV, while the tank 1 is filled
from the tank 3 through a pipe. Subsystem 2 is represented in
Fig. 36 by the top and bottom curves. As can be seen, both sub-

Fig. 37. RV states during pressure refueling mode. (Top) RV1: Refuel valve
1. (Bottom) RV2: Refuel valve 2.

systems show very similar results. This was an expected result
in so far as both of them have an identical configuration.

Fig. 37 shows the states of RVs during pressure refueling
mode. The RV1 behavior is shown in the top graph, and the RV2
behavior is shown in the bottom graph. The figure represents
the automata (generated by the tool) working for the smart
components (RV1 and RV2). We can see clearly how the valves
take the four states (closed, opening, closing, and open) defined
for them in Section III-E.

Paying attention at the end of activation of RV1, it closes and
reopens two more times before the final close. Valve RV2 only
closes once the refueling process has been completed. These
differences in behavior between subsystems during the same
refueling or even for the same subsystem during different refu-
eling processes are stressed by the lecture errors inherent to the
sensors. In any case, they do not represent a great nuisance for
the fuel management system control, and have been included
in this study mainly to point out the capability of the system to
analyze, in detail, such situations.

VIII. CONCLUSION

A new methodology to systematize the development of a
distributed control fuel system for aircraft has been outlined.
This methodology is associated to the development of a code
generation tool for a new distributed control system based on
smart components.

The tool has some interesting aspects that can be remarked
as follows. The control software development is a fast and easy
process. It provides a friendly tool that paves the way for quick
modifications of the code of the distributed system. In addition,
the physical plant configuration can be saved, for an easy iter-
ative functional improvement of the control system. The tool
allows new components types to be added to the toolbox and
more automatic calculation operations. We have presented a tool
for aircraft fuel systems, but other systems with tanks and fluids
in different environments can be considered.
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