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Abstract 

There is an increasing interest to develop 
methodologies to reduce costs and risks in the 
development process of control software systems. A 
suitable solution is a shortcut in the classical 
development V-diagram to verify and validate the 
software requirements at early development stages, 
and automation of the code generation from models. 
This paper presents the simulation outcomes of a 
Helicopter Distributed Fuel Control System 
(HDFCS) that is developed by following the above 
software design methodology. It involves Smart Fuel 
Components (SFCs), and deals with an automated 
design tool and a simulation process for SFCs. The 
methodological approach chosen addresses the 
functional aspects of a HDFCS as to design and 
synthesis automation, and simulation. The software 
synthesis automation is carried out by the design 
computer tool that captures the behavior of the SFCs 
and system in flowchart diagrams. The software code 
generated by the above tool is utilized by the 
simulator for functional verification and validation. 
This paper also shows procedural aspects of the 
methodology for the automated software design and 
synthesis, illustrative test case studies showing how 
the control software code is tested, and simulation 
results. 

1 Introduction 
There is an increasing interest in the engineering 

research community to develop methodologies to 
reduce costs and risks in development processes of 
control software systems. A current, suitable solution 
is a shortcut in the classical development V-diagram 
to verify and validate the software requirements in 
simulations at the design stage. Thus, any problem 
can be fixed before the software is deployed and 
tested in experimental rigs.  

The early verification and validation is even 
more effective if the software code synthesis is 
automated. This automation simplifies the code 
generation from models, and favors the software 
certification.  

This paper presents the simulation outcomes of a 
Helicopter Distributed Fuel Control System 
(HDFCS) to contribute to a research project.  It 
comes from the second phase of a European project 
named “Smartfuel” that implements the above 
software design methodology. The project deals with 
a third generation for digital liquid management 
systems, with a particular focus on HDFCSs. The 
first project phase has already demonstrated the 
concept of Smart Fuel Components (SFCs) for the 
fuel management in aircraft. SFCs are networked 
devices with embedded control hardware/software 
that carry out aircraft fuel operations automatically.  

The second project phase develops and tests an 
automated design tool and a simulation process for 
SFCs. The methodological approach chosen 
addresses the functional aspects of a distributed fuel 
control system as to design and synthesis automation 
and simulation. The former involves the system 
requirements specification, a formal software 
specification, a machine readable fuel system 
specification, and the state machine code generation. 
The latter involves the simulator definition, the 
component simulation modules, a modular simulator, 
and flow simulation integration.  

The software (state-machine) synthesis 
automation is carried out by a computer tool that 
captures the behavior of the system components and 
system by flowchart diagrams. This tool is developed 
by the project partners who provide the SFCs to be 
integrated in the HDFCS. The software generated for 
each SFC is the same (it includes all the component 
state machines), and is utilized by the simulator for 
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functional verification and validation. The simulator 
includes a data bus model (supporting a time-
triggered protocol), and individual behaviors of each 
component (including piping).  

This paper also shows procedural aspects of the 
methodology for the automated software design and 
synthesis, illustrative test case studies showing how 
the control software code was tested, and simulation 
results. 

The rest of the paper is structured as follows. 
Section 2 presents the background for this research 
work, including fundamental concepts of the 
SmartFuel project, the experimental rig, and a review 
of the literature. Section 3 presents aspects of the 
methodology of automated design and synthesis. 
Section 4 describes architectural details and 
realization aspects of the simulator. Section 5 
presents the simulation results. Last Section is 
devoted to the conclusions, and future direction for 
this research. 

2 Background 
This Section presents a overview of the 

SmartFuel project [1], the research test-bed (i.e. the 
Helicopter Distributed Fuel Control System [2]), and 
a literature review regarding the research work 
presented. 

2.1 Project Overview 
Classical avionic fuel management systems have 

currently a centralized structure with point-to-point 
connections between a central computer and each 
system’s fuel component. This system architecture 
requires a lot of wiring. SmartFuel proposes a new 
distributed fuel system generation without a central 
computer, by using a fieldbus, and the so-called 
SFCs. This last term was defined by SmartFuel to 
describe conventional mechanical fuel components 
(valves, pumps, sensors) when are enhanced with 
local decision making capabilities.  

SFCs typically extend the functionality of 
conventional fuel components by having adaptive, 
auto-diagnosis and reconfiguration features. The 
fieldbus has many advantages. It lowers the weight, 
reduces the chance of a faulty connection, and 
simplifies maintenance. In addition, this network 

topology makes it possible to deploy distributed 
control applications (it is a fault-tolerant architecture 
by nature) on the different system devices. 

The fuel movement in the HDFCS is clearly 
specified by the project SmartFuel to verify and 
validate the system. Three operation modes are 
required to carry out tests on the fuel system. They 
are pressure refueling, engine supply, and transfer. 
Pressure refueling is related to the filling of the 
thanks, engine supply is related to the feeding of the 
engines, and transfer is to move fuel among 
subsystems of fuel tanks (e.g. fuel balance). 

In the SmartFuel project, the physical behavior 
of each system fuel component is specified by 
automata where the states are possible physical states 
of the fuel component (e.g., a pump has two states: 
“stopped” or “running”), and transitions were defined 
by conditions and operation modes of the fuel system 
(e.g., a tank is full when refueling, etc.).  

The automata control logic is implemented by 
programming code which is the Embedded Control 
Software (ECS) of each SFC. The ECS (identical 
across SFCs types) allows the SFCs to communicate 
with each other for coordination and cooperation. In 
addition, the ECS can reconfigure the SFC in case 
another SFC fails. For instance, when a SFC fails, the 
operational SFC/ECS recognize it, and take 
subsequent action(s) according to the failure. The 
communication among SFCs is accomplished by 
sending a fixed data structure (state vector) which 
encapsulates all of the system and component states. 
Each SFC broadcasts the “state vector” to the all of 
the SFCs. Thus, each SFC is aware of the state of all 
the other SFCs in the system. 

An aircraft fuel platform is chosen to set the 
testing scenario: a helicopter fuel system. From a 
functional viewpoint, this experimental rig matches 
the real structure of the fuel systems for the above 
aircraft since it implements the full fuel system 
functionality to be evaluated. It is a useful proof-of-
concept platform. 

2.2 Experimental Rig 
Figure 1 shows a schematic top view of a 

helicopter fuel system.  
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Figure 1. Helicopter Fuel System 

Table 1 shows a list with the fuel components. 

Table 1. Fuel Components 

Components Description 
BV Balance Valve 
BP Balance Pump 
SP11 Supply Pump 11 
SP12 Supply Pump 12 
SP21 Supply Pump 21 
SP22 Supply Pump 22 
RV Refueling Valve 
FGT1 Fuel Gauge Transmitter 1 
FGT2 Fuel Gauge Transmitter 2 
FGT3 Fuel Gauge Transmitter 3 
FGT4 Fuel Gauge Transmitter 4 
FGT5 Fuel Gauge Transmitter 5 
FGT6 Fuel Gauge Transmitter 6 
CV2 Control Valve 2 
CV4 Control Valve 4 
CV6 Control Valve 6 
VV Vent Valve 

There are two subsystems. One of the 
subsystems consists in tanks 3 and 5/6/7; tank 6 and 7 
are connected through a pipe for gravitational fuel 
transfer. The other subsystem consists in tanks 1/2 
and 4; tank 1 and 2 are connected through a pipe for 
gravitational fuel transfer.   

There is a refueling inlet for both subsystems at 
the bottom right corner in the figureFigure 1 which 
ends in a Refueling Valve (RV). Engine supply is 
provided by tanks 3 and 4 through supply pumps 
SP11 and SP12, and SP21 and SP22, respectively. 

The two subsystems are also connected with 
each other through pipes in two different places: tank 
3 (subsystem 1) and tanks 1/2 where a four-position 
valve selects what tanks to connect, and tank 3 and 
tank 4 through a pipe with a valve (BV) and a pump 
(BP). 

The transfer mode is activated when: 

• A balance of subsystems is required, (1) a 
transfer from tank 4 to tank 3 or from tank 
3 to tank 4 through BV and BP; (2) a 
transfer from tank 4 to tank 6 (subsystem 2 
to subsystem 1) or from tank 6 to tank 4 
(subsystem 1 to subsystem 2) through CV4 
and CV6; and (3) a transfer from tank 2 to 
tank 3 (subsystem 2 to subsystem 1) or 
from tank 3 to tank 2 (subsystem 1 to 
subsystem 2) through CV2. 

• Tanks are running out of fuel, (1) a 
transfer from tank 4 to tank 3 through BV 
and BP when tank 3 is running out of fuel; 
(2) a transfer between subsystems from 
tank 2 to tank 3 through CV2 and CV4, 
and from tank 5/6/7 to tank 4 through CV6 
and CV4 when tank 4 is running out of 
fuel. 

• Fuel components fail, if both SP11 and 
SP12 fail (engine supply mode) a transfer 
from subsystem 2 to subsystem 1 takes 
place. If SP21 and SP22 fail (engine 
supply mode) a transfer from subsystem 1 
to subsystem 2 take place.  

There are six Fuel Gauge Transmitters (FGTs) 
distributed in each tank (one per tank; tank 7 does not 
have any FGT) to measure the fuel level analogically. 
There is also a vent valve (VV). 

Authorized licensed use limited to: Univ Complutense de Madrid. Downloaded on May 06,2025 at 10:04:41 UTC from IEEE Xplore.  Restrictions apply. 



 

 7A1-4 

2.3 Literature Review 
Some software development tools such as 

CoSMIC [3], and DECOS (Dependable Embedded 
Components and Systems) [4] provide functional 
analysis, design synthesis, and simulation 
capabilities. CoSMIC is a toolset which implements a 
Quality-of-Service-enabled component middleware. 
DECOS is an integrative project that will develop the 
basic enabling technology to move from a federated 
distributed architecture to an integrated distributed 
architecture in order to reduce development, 
production and maintenance cost and increase the 
dependability of embedded applications in many 
application domains. Other engineering tools such as 
ASSERT (Automated System and Software 
Engineering for Real Time) only has design synthesis 
and simulation capabilities [5]. In particular, the tool 
SCADE® (a model-based development for safety-
critical and mission-critical embedded control 
applications) only has functional analysis and design 
synthesis capabilities [6]. There is also a framework 
called CORFU that only has functional analysis and 
simulation capabilities [7]. 

There is also an approach that focuses on the 
development of a distributed embedded control for 
aircraft fuel systems. The development process of 
this safety-critical system requires integrated 
engineering tools to automate the process stages and 
blend predictable models when designing, testing, 
and validating the system architecture [8]. 

Most automatic code generation tools help the 
user to write code from flow diagrams such as 
Unified Modeling Language (UML) diagrams [9], 
[10], or other kind of diagrams. The user defines all 
the program flow through a diagram editor, and the 
tools generate the code according to this definition. In 
these kinds of tools, the users, generally, specify the 
“conditional” (if-then-else) on the flow diagram to 
obtain a desired component or system behavior. 

There is a tool for automatic software code 
generation for aircraft fuel systems. This tool starts 
from a description of the fuel management system. It 
defines the system control logic through code 
generation where the “conditionals” to accomplish 
the automata transitions are the development key 
[11].  

3 Design, Synthesis, and Verification 
This Section presents the automated software 

design and synthesis, and verification processes.   

3.1 Software Development Process 
The software development process proposed 

focuses on two automated stages, i.e. design and 
synthesis, and on partially-automated stage, i.e. 
simulation-based verification. 

Figure 2 shows the software development 
process for the HDFCS. It basically involves the 
following documents: 

R1. Specification of functional requirements 
of the HDFCS in natural language. 

R2. Software specification by means of 
representation by means of state flow 
diagrams.  

R3. Design report that includes the state-
machine interpretations according to the 
function requirements specified. 

R4. C-code implementing state-machine for 
Matlab/Simulink based on function 
blocks. 

R5. C-code to be integrated with the target 
hardware. 

R6. Report on the simulation results. 

R7. Report on the Software-hardware 
integration. 

R8. Report on the verification outcomes. 

The above process basically involves the 
following activities: 

A1. Automatic interpretation of the R1, and 
subsequent representation by means of 
state flow diagrams. 

A2. Matching of the design report with the 
functional requirements specifications. 

A3. Automatic code generation from the 
above graphical representation. 

A4. Backward procedure on the logic 
equations of the automata. 
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A5. Software code verification by means of 
extensive simulation based on Simulink 
function blocks. 

A6. Final code software compilation. 

A7. System components and system 
verification. 
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Figure 2. Software Development Process 

3.2 Software Description 
The design stage (A1), software description, has 

as input the specification of functional requirements 
(R1), and the state flow diagrams as output (R2). In 
addition, a similarity-based matching (A2) is 
performed on the design report (R3), and a feedback 
for the specification of functional requirements (R1). 

The justification to use automata as 
requirements is because they are at good at 

describing behaviors of functions from a system. 
These abstract models can be seen as a state-machine 
for a system. Therefore, the functional behaviors of 
the SFCs can be represented by a state-machine 
based on the specification of the functional 
requirements (R1). This machine is automatically 
generated in the design processes in order to produce 
state flow diagrams (R2). This graphical approach is 
chosen and preferred instead of a formal textual 
language. This choice is because of functionality to 
be implemented for a HDFCS is usually very 
complex, and the human capability to understand 
graphical information is better than textual one. 

A state has incoming and outgoing transitions. 
Through conditional transitions other states can be 
reached. Thus, each transition has a source state and a 
destination state. Grammatical rules for conditional 
transitions and states are satisfactory used to notate 
the functional behavior of a HDFCS machine. All 
SFC automata are collected in a global state-machine 
which includes the full functionality of the HDFCS. 

3.3 Automatic Code Generation 
The synthesis stage (A3), the automatic code 

generation, has as input the state flow diagrams (R2), 
and the design report (R3), the Simulink function 
block c-code (R4), and the integration-ready c-code 
(R5) as outputs. 

The development tool for automatic code 
generation turns the logic represented by the state-
machine into c-code source files for Simulink 
function block (R4), and also the final c-code 
versions of SFC software to be integrated with the 
target hardware (R5). In addition, a document to 
report the design specifications is provided by the 
above tool (R3). 

3.4 System Test 
The verification stage (A4) in simulation has as 

input the Simulink function block c-code (R4), and 
the simulation results (R6), and as output. The final 
software code compilation (A6) has the integration-
ready c-code (R5) as input, and the software-
hardware integration (R7) as output. The verification 
stage (A7) in rig, has the system test has the 
simulation results (R6), and the software-hardware 
integration (R7) as input, and the verification report 
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(R8) as output. Both verifications are test-driven 
processes. 

The system test verifies that the specification of 
functional HDFCS requirements is correctly 
implemented. Figure 3 shows where the above 
verifications take place (as pre-verifications) in the 
V-Model for system development. 

Requirements
specification

Software
description

Software
implementation

Components
simulation 

System
simulation

Design

Pre-verification Synthesis

Functional
requirements

Analysis

Pre-verification

Pre-verification

Ground &
flight tests

Pre-validation

A2

A4

 

Figure 3. Development V-Model 

A2 (Figure 3): The functional requirements 
specifications are pre-verified by carrying out a 
similarity-based matching process on the software 
description (state flow diagrams). This activity is 
based on a language specification and format 
definition. 

A4 (Figure 3): The software implementation are 
pre-verified by test cases obtained from careful 
examination of the flow-chart diagrams, and the logic 
equations which govern the transitions between state 
nodes. It is done by applying a modified backward 
procedure to the above equations so the set of test 
cases can be obtained. 

4 Modular Simulator 
This Section presents the architecture, and 

realization of the simulator.   

4.1 Simulator Overview 
The simulator objective is to run system 

simulation tests and verify these tests against 
component requirements. The simulator has a 

modular nature that is achieved by selectable 
simulation levels. 

The system simulator implements all the defined 
functions. The logic simulation is established to be 
able to validate the functional requirements 
specification (software implementation, including 
state-machine). The operation of the systems logic 
and the validation of the above specification are 
included in a verification report to define the state-
machine functionality and logic simulation. 

The simulator integrates two main simulation 
models: (1) the modules of the HDFCS components 
(including SFCs), and (2) the modules of the fuel 
flow using respective tanks, and fuel pipes. The 
former provides a detailed simulation of the internal 
processes of the HDFCS components. The latter is 
described in the next Subsection. 

 Figure 4 shows the architecture of the overall 
system simulator. The coupling of the both model 
raises the challenge of integrating two different 
domains: discrete and continuous simulation. This 
simulator faces the typical integration challenge of 
continuous-time and discrete-time simulations as in 
cyber-physical systems [12].  
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Figure 4. Simulator Architecture 

4.2 Fluid Model 
The modeling of HDFCS components is made 

by following the specifications given in requirements 
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reports. The approach considered to model the fluid 
flow is based on the key fluid variables: pressures 
and flow rate. The fuel is considered as 
incompressible so the flow quantity is considered as 
invariant, i.e. the total flow remains constant from 
pressure sources to pressure sinks. It means the 
following equation to model the flow across the 
different elements (valves, pipes, pumps) which 
connect pressure sources and sinks (tanks, fuel 
supply hoses and engines, system2) can be applied, 

 Pout – Pin =½ρR(v)v2               (1) 

where Pin and Pout represent the pressure in the 
ends of the element, υ is the fluid velocity, ρ the fluid 
density, and R is a generic resistance coefficient. 
Equation 1 can be rewritten in terms of the fluid flow 
rate Ф as follows, 

                     Pout – Pin =½ρR(Φ/A)Φ2/A2                (2) 

where A represents the section of the element. 
Equation 2 is used to carry out the instantaneous flow 
rate along. It is called a flow line, 

Φ =sign(ΔP)√(|Pout – Pin |/ρR/2A2R(Φ/A))      (3) 

where sign (ΔP) represent the sign (+/−) of the 
pressure difference between the ends of the element. 
A positive flow rate has been implicitly associated 
with a fluid flowing from the pressure source Pin to 
the pressure sink Pout, and a negative flow rate with a 
fluid flowing in the opposite sense.  

Figure 5 show a schematic view of a flow line, 
connecting a tank, which acts as a pressure source, 
with an engine (a pressure sink). The elements 
included in this line are a pipe, a pump and a valve. A 
flow line comprises every serial-connected element 
between a pressure source and a pressure sink. 

Supply tank 2 Engine 2

P. Source
P. Sink

P1 P2 Sht. Off

S. Pump

pipe

Flow line
 

Figure 5. Flow Line 

Equation 3 is an implicit equation, as far as the 
resistance factor R depends on the flow rate Ф. From 
the numerical-solution viewpoint for a dynamic 

system, this problem leads to the formation of 
algebraic loops. Several solutions can be proposed, 
and the election depends on the drawbacks between 
degree of precision and computational speed 
requirements. 

On the other hand, equation 2 provides a model 
of the fuel system in a modular manner. Several 
elements can be concatenated between a pressure 
source and a pressure sink. In this case, the resulting 
system can be described by the next two equations, 
which can be combined in a single equation to obtain 
again the flow rate along the complete flow line, 

          Pout – Plink =½ρR2(Φ2/A2)                               (4) 

          Plink – Pin =½ρR1(Φ2/A2)                                (5) 

Φ =sign(ΔP)√(|Pout – Pin |/(ρ/2A2R2+ ρ/2A2R1))   (6) 

The generalization for a set of n elements in the 
flow line is trivial, 

Φ =sign(ΔP)√(|Pout – Pin |/(ρ/2A2Rn+…+ ρ/2A2R1))   
(7) 

The whole HDFCS system can be described in 
terms of flow lines. Figure 6 shows partially the 
above description. 

Engine 1 Engine 2

Supply 
tank 2

Storage tank 1

Storage tank 2

Supply 
tank 1 Flow line

Flow lineFlow line

 

Figure 6. HDFCS Flow-Line Model 

5 Simulation Results 
This Section presents the results obtained from 

the simulation of the software code generated for two 
well-defined fuel operations, and fuel component 
statuses.   
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5.2 Fuel Transfer for Balance 
The simulation of the balance system 

demonstrates the automation performance of such 
operation. It shows an automatic balance after 
takeoff.  

Figure 7 and Figure 8 show the evolution of fuel 
volume in system 1 and system 2 during an automatic 
balance just after takeoff. It is to compensate the 
initial fuel imbalance between both systems.  

 

Figure 7. Fuel Volume in Tanks of System 1 

 

Figure 8. Fuel Volume in Tanks of System 2 

The imbalance is detected by the state-machine 
after the starting up of the (model) system. After 
starting both engine and setting the WoW signal to 
flight, the balance pump starts to send fuel from 

system 1 to system 2. It is interesting to notice how 
the effect of the balance is a decrease in tank 5 and 
tank 6 levels and the corresponding increase of tank 1 
and tank 2. The reason is that tank 3 and tank 4 are 
completely full, and the jet pumps activity tends to 
hold the tank full. Thus, although the transfer of fuel 
during the balance process takes place between tanks 
3 and 4, tank 3 is automatically replenished by the jet 
pumps of system 1. In subsystem 2, the fuel arriving 
to tank 4 is immediately sent back to tanks 1 and 2 
through the respectively tank overflow connections. 

Figure 9 and Figure 10 show the evolution of the 
fuel flow along the balance line during the first 30 
second of the test. The WoW signal is set to flight 
around second 4. Right after, the flow in the balance 
line begins to rise. The lower graphic of Figure 10 
shows the evolution of the pressure drop between 
both sides of the balance pump. As it can be seen, 
after roughly 520 s the pump stops because the 
imbalance between the two systems is less than 25 
kg. 

 

Figure 9. Flow in the Balance Line 

 

Figure 10. Pressure in the Balance Pump 

5.3 Refueling of Tank Systems 
The simulation of the refueling of tank systems 

demonstrates the automation performance of such 
operation. It sets the preselected value for refueling to 
300 kg. In this way the total amount of fuel refueled 
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fits into tanks 3 and 4. Figure 11 and Figure 12 show 
the evolution of system 1 and system 2 respectively. 
There is an unexpected event that takes place at time 
~24s. Although the preselected fuel mass should fit 
into tanks 3 and 4, part of the fuel enters into the 
other tanks (1, 2, 5 and 6). 

 

Figure 11. Fuel Level in System 1 during 
Refueling 

 

Figure 12. Fuel Level in System 2 during 
Refueling 

The evolution of the refueling circuit valves 
during the process can be observed. It is interesting to 
notice the oscillation in signal 

Tank34_mass_user_input. This signal controls the 
refueling mode, indicating whether the preset fuel 
quantity fits or not in tanks 3 and 4 and, 
subsequently, determines the refueling mode. The 
state of the components of the refueling system also 
oscillate following the value of this signal and 
opening or closing the access to tanks 1, 2, 5 and 6. 

The above oscillations are not observed and only 
tanks 3 and 4 are refueled in other tests performed 
decreasing the preset fuel quantity down to 200 kg. 
Another effect observed is the imbalance between the 
quantities of fuel loaded in system 1 and system 2. 
This is a consequence of the different length of the 
refueling pipes that reach each tank. The time 
employed to complete the refueling is (approx.) 60s, 
according to the prescribed refueling rate of 300 
kg/min. 

6 Conclusions 
Automated design and synthesis processes to 

develop a HDFCS have been presented. Tests carried 
out on simulations demonstrate that the results (main 
focus on the software code automatically generated, 
i.e. state-machine) obtained from the above processes 
are according to what has been specified. The state-
machine generated works as expected in the 
simulator. However, there are some cases (near the 
limits of the tank capacities) in which the state-
machine (software implementation, i.e. code 
generated automatically) makes some states of valves 
oscillate. It could be an effect of the inertia of the 
physical system but needs further investigation. 
Therefore, future research will tackle the above 
problem. A possible solution could be to modify the 
entry and exit condition to the state of the system in 
other to ensure a certain tolerance so the problem of 
oscillations can be fixed. 

Future research work will include the integration 
of different modeling languages by means of 
combining models with diverse nature. This makes it 
possible to pre-verify the HDFCS at early stages of 
development (analysis and design) by considering the 
cross-domain impact of changes from different 
viewpoints. 

Authorized licensed use limited to: Univ Complutense de Madrid. Downloaded on May 06,2025 at 10:04:41 UTC from IEEE Xplore.  Restrictions apply. 



 

 7A1-10 

References 
[1] Insaurralde, C., Seminario, M., Jimenez, J., 
Giron-Sierra, J., 2004, “Distributed Control System 
for Fuel Management Using CANBus”, in proc. 23rd 
Digital Avionics Systems Conference, Salt Lake 
City, UT, USA, pp. 8.D.2-1 - 8.D.2-9. 

[2] Insaurralde, C., Seminario, M., Jimenez, J., 
Giron-Sierra, J., 2006, “Experimental Results With A 
New Distributed Aircraft Fuel Control System Which 
Uses Smart Fieldbus Components”, in proc. 26th 
Digital Avionics Systems Conference, Portland, 
USA, pp. 4D3-1 – 4D12. 

[3] Component Synthesis with Model Integrated 
Computing (CoSMIC), available in: 
http://www.dre.vanderbilt.edu/cosmic. 

[4] Dependable Embedded Components and 
Systems (DECOS), available in: http://www.decos.at. 

[5] Conquet, E., ASSERT: Automated proofbased 
System and Software Engineering for Real-Time 
systems, Architecture Analysis & Design Language 
(AADL) Standardization Meeting, Edinburgh, 2004. 

[6] SCADE Suite, available in: http://www.esterel-
technologies.com/products/scade-suite. 

[7] Tranoris, C., Thramboulidis, K., “An IEC-
compliant Engineering Tool for Distributed control 
applications”, Electrical & Computer Engineering, 
University of Patras, Greece. 

[8] Insaurralde, C., Seminario, M., Jimenez, J., 
Giron-Sierra, J., 2010, “Model-Based Development 
Framework for Distributed Embedded Control of 
Aircraft Fuel Systems”, in proc. 29th Digital 

Avionics Systems Conference, Salt Lake City, UT, 
USA, pp. 6.E.2.1-14. 

[9] J. Rumbaugh, I. Jacobson, and G. Booch, The 
Unified Modeling Language Reference Manual. 
Reading, MA: Addison-Wesley, 1999. 

[10] B. P. Douglass, Real-Time UML: Developing 
Efficient Objects for Embedded Systems, 2nd ed. 
Reading, MA: Addison-Wesley, 1999. 

[11] Insaurralde, C., Seminario, M., Jimenez, J., 
Giron-Sierra, J., 2008, “Computer Tool with a Code 
Generator for Avionic Distributed Fuel Control 
Systems with Smart Sensors and Actuators”, IEEE 
Transactions on Systems, Man, and Cybernetics, Part 
C, vol. 38, no. 3, pp. 431-445. 

[12]  Derler, P., Lee, E. A., Vincentelli, A. S, 2012, 
“Modeling Cyber-Physical Systems”, Proceedings of 
the IEEE, vol. 100, no. 1, pp. 13-28. 

Acknowledgements 
Thanks to the European Community support, 

through a Research Project called “Smartfuel ADSP”. 
The authors also want to thank the collaboration from 
the above project partners. 

Thanks to the Institute of Sensors, Signals, and 
Systems, School of Engineering and Physical 
Sciences at Heriot-Watt University for the financial 
support to attend the Digital Avionics Systems 
Conference and publish this research work. 

 
32nd Digital Avionics Systems Conference 

October 6-10, 2013
 

Authorized licensed use limited to: Univ Complutense de Madrid. Downloaded on May 06,2025 at 10:04:41 UTC from IEEE Xplore.  Restrictions apply. 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.5

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /AcademyEngravedLetPlain

    /ACaslonPro-Bold

    /ACaslonPro-BoldItalic

    /ACaslonPro-Italic

    /ACaslonPro-Regular

    /ACaslonPro-Semibold

    /ACaslonPro-SemiboldItalic

    /AdobeArabic-Bold

    /AdobeArabic-BoldItalic

    /AdobeArabic-Italic

    /AdobeArabic-Regular

    /AdobeFangsongStd-Regular

    /AdobeFanHeitiStd-Bold

    /AdobeGothicStd-Bold

    /AdobeHebrew-Bold

    /AdobeHebrew-BoldItalic

    /AdobeHebrew-Italic

    /AdobeHebrew-Regular

    /AdobeHeitiStd-Regular

    /AdobeKaitiStd-Regular

    /AdobeMingStd-Light

    /AdobeMyungjoStd-Medium

    /AdobeSongStd-Light

    /AGaramondPro-Bold

    /AGaramondPro-BoldItalic

    /AGaramondPro-Italic

    /AGaramondPro-Regular

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Aharoni-Bold

    /Algerian

    /Amienne

    /Amienne-Bold

    /Andalus

    /AngsanaNew

    /AngsanaNew-Bold

    /AngsanaNew-BoldItalic

    /AngsanaNew-Italic

    /AngsanaUPC

    /AngsanaUPC-Bold

    /AngsanaUPC-BoldItalic

    /AngsanaUPC-Italic

    /Aparajita

    /Aparajita-Bold

    /Aparajita-BoldItalic

    /Aparajita-Italic

    /ArabicTypesetting

    /ARBERKLEY

    /ARBLANCA

    /ARBONNIE

    /ARCARTER

    /ARCENA

    /ARCHRISTY

    /ARDARLING

    /ARDECODE

    /ARDELANEY

    /ARDESTINE

    /ARESSENCE

    /ARHERMANN

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /ARJULIAN

    /Arnprior

    /BalloonBT-Bold

    /BalloonBT-Light

    /BaskOldFace

    /Batang

    /BatangChe

    /Bauhaus93

    /Baveuse

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /Berylium

    /Berylium-BoldItalic

    /Biondi

    /Biondi-Light

    /BirchStd

    /BlackadderITC-Regular

    /Blackletter686BT-Regular

    /BlackoakStd

    /BlueHighway

    /BlueHighway-Bold

    /BlueHighwayCondensed

    /BlueHighwayDType

    /BlueHighwayLinocut

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /Boopee

    /Boopee-Bold

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BroadwayBT-Regular

    /BrowalliaNew

    /BrowalliaNew-Bold

    /BrowalliaNew-BoldItalic

    /BrowalliaNew-Italic

    /BrowalliaUPC

    /BrowalliaUPC-Bold

    /BrowalliaUPC-BoldItalic

    /BrowalliaUPC-Italic

    /BrushScriptMT

    /BrushScriptStd

    /BurnstownDam

    /Byington

    /Byington-Bold

    /Byington-Italic

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Calligraphic421BT-RomanB

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /CarbonBlock

    /Castellar

    /CataneoBT-Regular

    /Catriel

    /Catriel-Bold

    /Catriel-BoldItalic

    /Catriel-Italic

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /ChaparralPro-Bold

    /ChaparralPro-BoldIt

    /ChaparralPro-Italic

    /ChaparralPro-Regular

    /CharlemagneStd-Bold

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CooperBlackStd

    /CooperBlackStd-Italic

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CordiaNew

    /CordiaNew-Bold

    /CordiaNew-BoldItalic

    /CordiaNew-Italic

    /CordiaUPC

    /CordiaUPC-Bold

    /CordiaUPC-BoldItalic

    /CordiaUPC-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CreditValley

    /CreditValley-Bold

    /CreditValley-BoldItalic

    /CreditValley-Italic

    /CurlzMT

    /DaunPenh

    /David

    /David-Bold

    /DFKaiShu-SB-Estd-BF

    /DilleniaUPC

    /DilleniaUPCBold

    /DilleniaUPCBoldItalic

    /DilleniaUPCItalic

    /DokChampa

    /Dotum

    /DotumChe

    /EarwigFactory

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EngraversMT

    /EngraversMT-Bold

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /EucrosiaUPC

    /EucrosiaUPCBold

    /EucrosiaUPCBoldItalic

    /EucrosiaUPCItalic

    /EuphemiaCAS

    /EuphorigenicS

    /EurostileBold

    /EurostileRegular

    /FangSong

    /FelixTitlingMT

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FrankRuehl

    /FreesiaUPC

    /FreesiaUPCBold

    /FreesiaUPCBoldItalic

    /FreesiaUPCItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /Gabriola

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /Gautami-Bold

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /GiddyupStd

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /Gisha

    /Gisha-Bold

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Gulim

    /GulimChe

    /Gungsuh

    /GungsuhChe

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HeavyHeap

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoboStd

    /HolidayPiBT-Regular

    /HurryUp

    /Huxtable

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /IrisUPC

    /IrisUPCBold

    /IrisUPCBoldItalic

    /IrisUPCItalic

    /IskoolaPota

    /IskoolaPota-Bold

    /JasmineUPC

    /JasmineUPCBold

    /JasmineUPCBoldItalic

    /JasmineUPCItalic

    /JokermanLetPlain

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /Kalinga

    /Kalinga-Bold

    /Kartika

    /Kartika-Bold

    /KhmerUI

    /KhmerUI-Bold

    /KodchiangUPC

    /KodchiangUPCBold

    /KodchiangUPCBoldItalic

    /KodchiangUPCItalic

    /Kokila

    /Kokila-Bold

    /Kokila-BoldItalic

    /Kokila-Italic

    /KozGoPr6N-Bold

    /KozGoPr6N-ExtraLight

    /KozGoPr6N-Heavy

    /KozGoPr6N-Light

    /KozGoPr6N-Medium

    /KozGoPr6N-Regular

    /KozGoPro-Bold

    /KozGoPro-ExtraLight

    /KozGoPro-Heavy

    /KozGoPro-Light

    /KozGoPro-Medium

    /KozGoPro-Regular

    /KozMinPr6N-Bold

    /KozMinPr6N-ExtraLight

    /KozMinPr6N-Heavy

    /KozMinPr6N-Light

    /KozMinPr6N-Medium

    /KozMinPr6N-Regular

    /KozMinPro-Bold

    /KozMinPro-ExtraLight

    /KozMinPro-Heavy

    /KozMinPro-Light

    /KozMinPro-Medium

    /KozMinPro-Regular

    /Kredit

    /KristenITC-Regular

    /KunstlerScript

    /LaoUI

    /LaoUI-Bold

    /Latha

    /Latha-Bold

    /LatinWide

    /Leelawadee

    /Leelawadee-Bold

    /LetterGothicStd

    /LetterGothicStd-Bold

    /LetterGothicStd-BoldSlanted

    /LetterGothicStd-Slanted

    /LevenimMT

    /LevenimMT-Bold

    /Ligurino

    /Ligurino-Bold

    /LigurinoCondensed

    /Ligurino-Italic

    /LilyUPC

    /LilyUPCBold

    /LilyUPCBoldItalic

    /LilyUPCItalic

    /LithosPro-Black

    /LithosPro-Regular

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-DemiBold

    /MaiandraGD-Italic

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothicRegular

    /Mangal

    /Mangal-Bold

    /Marlett

    /MatisseITC-Regular

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MesquiteStd

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftUighur

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /Microsoft-Yi-Baiti

    /MilanoLet

    /MingLiU

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Ming-Lt-HKSCS-UNI-H

    /MinionPro-Bold

    /MinionPro-BoldCn

    /MinionPro-BoldCnIt

    /MinionPro-BoldIt

    /MinionPro-It

    /MinionPro-Medium

    /MinionPro-MediumIt

    /MinionPro-Regular

    /MinionPro-Semibold

    /MinionPro-SemiboldIt

    /MinyaNouvelle

    /MinyaNouvelleBold

    /MinyaNouvelleBoldItalic

    /MinyaNouvelleItalic

    /Miriam

    /MiriamFixed

    /MisterEarlBT-Regular

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MoolBoran

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReference1

    /MSReference2

    /MSReferenceSansSerif

    /MSReferenceSansSerif-Bold

    /MSReferenceSansSerif-BoldItalic

    /MSReferenceSansSerif-Italic

    /MSReferenceSpecialty

    /MS-UIGothic

    /Mufferaw

    /MVBoli

    /MyriadPro-Bold

    /MyriadPro-BoldCond

    /MyriadPro-BoldCondIt

    /MyriadPro-BoldIt

    /MyriadPro-Cond

    /MyriadPro-CondIt

    /MyriadPro-It

    /MyriadPro-Regular

    /MyriadPro-Semibold

    /MyriadPro-SemiboldIt

    /MyriadWebPro

    /MyriadWebPro-Bold

    /MyriadWebPro-Italic

    /Narkisim

    /Neuropol

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NSimSun

    /NuevaStd-BoldCond

    /NuevaStd-BoldCondItalic

    /NuevaStd-Cond

    /NuevaStd-CondItalic

    /Nyala-Regular

    /OCRAExtended

    /OCRAStd

    /OldDreadfulNo7BT-Regular

    /OldEnglishTextMT

    /OneStrokeScriptLetPlain

    /Onyx

    /OratorStd

    /OratorStd-Slanted

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /ParkAvenueBT-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /PlanetBenson2

    /PlantagenetCherokee

    /Playbill

    /PMingLiU

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /PoplarStd

    /PrestigeEliteStd-Bd

    /Pristina-Regular

    /Pupcat

    /Raavi

    /RageItalic

    /RageItalicLetPlain

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /Rod

    /RosewoodStd-Regular

    /SakkalMajalla

    /SakkalMajallaBold

    /ScriptMTBold

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-SemiBold

    /SegoeUISymbol

    /ShonarBangla

    /ShonarBangla-Bold

    /ShowcardGothic-Reg

    /Shruti

    /Shruti-Bold

    /SimHei

    /SimplifiedArabic

    /SimplifiedArabic-Bold

    /SimplifiedArabicFixed

    /SimSun

    /SimSun-ExtB

    /SmudgerLetPlain

    /SnapITC-Regular

    /Square721BT-Roman

    /Staccato222BT-Regular

    /Stencil

    /StencilStd

    /Stereofidelic

    /SybilGreen

    /Sylfaen

    /SymbolMT

    /Tahoma

    /Tahoma-Bold

    /Tandelle

    /Tandelle-Bold

    /Tandelle-BoldItalic

    /Tandelle-Italic

    /Teen

    /Teen-Bold

    /Teen-BoldItalic

    /Teen-Italic

    /TeenLight

    /TeenLight-Italic

    /TektonPro-Bold

    /TektonPro-BoldCond

    /TektonPro-BoldExt

    /TektonPro-BoldObl

    /TempusSansITC

    /TigerRagLET

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TraditionalArabic

    /TraditionalArabic-Bold

    /TrajanPro-Bold

    /TrajanPro-Regular

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Tunga

    /Tunga-Bold

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /Utsaah

    /Utsaah-Bold

    /Utsaah-BoldItalic

    /Utsaah-Italic

    /Vani

    /Vani-Bold

    /VelvendaCooler

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /Vijaya

    /Vijaya-Bold

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Vrinda-Bold

    /Waker

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /ZWAdobeF

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 600

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError false

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <>

    /CHT <>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-bestanden te maken die moeten worden gecontroleerd of die moeten voldoen aan PDF/A-1b, een ISO-standaard voor de langetermijnopslag \(archivering\) van elektronische documenten. Zie voor meer informatie over het maken van PDF/A-compatibele PDF-documenten de Acrobat-gebruikershandleiding. PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>





    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/A-1b, an ISO standard for the long-term preservation \(archival\) of electronic documents.  For more information on creating PDF/A compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [1200 1200]

  /PageSize [612.000 792.000]

>> setpagedevice



