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Abstract—The SmarFuel project aims to develop a new
generation of AFMS (Aircraft Fuel Management System). It
proposes a Distributed Avionics Control Architecture (DACA)
based on networked Smart Fuel Components (SFCs). This
decentralized solution (opposite to conventionally-centralized
approaches) reduces avionics wiring whilst the AFMS is fault
tolerant. The DACA is realized by distributing the control system
through microcontrollers embedded in SFCs and across a
fieldbus. Thus, SFCs are able to implement advanced functions
such as auto-calibration. The AFMS operation modes considered
are three: pressure refueling, engine supply, and fuel transfer.
The operation sequence of AFMS events is not fixed which makes
the SFC decision-making process critical. The above DACA for
AFMS was already realized and evaluated successfully in
laboratory prototypes. This paper presents experimental results
from verification and validation tests of the DACA realization
carried out in a real-scaled helicopter rig. These ground
experiments are based on the above fuel system operations. This
paper also presents a verification tool for the SFC state machines.
Conclusions and future research directions are also discussed.
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I. INTRODUCTION

The context of this research work is a European research
project called SmarFuel [1]. The project goal is to develop a
new generation of the AFMS (Aircraft Fuel Management
System). It entails a Distributed Avionics Control Architecture
(DACA) as well as networked Smart Fuel Components (SFCs).
This decentralized solution aims to reduce avionics wiring
which mainly means less weight, reducing potential connection
problems, and easier maintenance as well as a fault-tolerant
AFMS by nature.

The main challenge is to replace the conventional
(centralized) fuel control system [2] which involves a central
computer connected point to point with each system
component (valve, pump, level sensors, etc.) by a distributed
control system. The DACA is realized by distributing the
control process through microcontrollers embedded in SFCs
and across a fieldbus (no central computer). SFCs can
implement advanced functions such as auto-calibration, auto-
testing, etc. since they have embedded microcontrollers. SFCs
know when they must interact with each other since they make
their decisions based on the sequences of actions in the AFMS.
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The AFMS of one helicopter is considered as a particular
application example. The DACA for AFMS was already
realized and evaluated successfully in a laboratory prototype
[3]. This paper presents experimental results from verification
and validation tests of the DACA realization carried out in an
aircraft rig (real-scaled helicopter rig from Eurocopter [4]).
These ground experiments are based on the fuel system
operations clearly specified. In addition, a verification tool for
the SFC state machines is presented. Remarking conclusions
and future research directions are also discussed.

The rest of the paper is organized as follows. Section II
recaps main concepts from the Smartfuel project. Section III
introduces the verification tool for the state machine of the
SFCs. Section IV describes details of the testing helicopter
platform. Section V shows experimental results from
verification and validation tests on the above rig of the DACA
realization. The last Section presents the conclusions and future
research stages.

II. BACKGROUND

This Section presents functional details of the control
approach for the SmartFuel project [5].

A. The SmartFuel Project

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.
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B. System Operation Modes

The fuel system operation modes considered are three:
Pressure Refueling (PR), Engine Supply (ES), and Fuel
Transfer (FT). During the flight, the fuel is useful to balance
aircraft. Hence, the fuel is moved from a tank to another while
always assuring fuel supply to the aircraft engines. During a
normal flight, there are some events to which the AFMS must
respond activating and deactivating components, e.g. opening
or closing valves, and starting or stopping pumps. Smart valves
or pumps (i.e. SFCs) must know when they have to activate or
deactivate themselves without the need of receiving orders
from a central computer, or even from pilots. Thus, the AFMS
becomes more fault-tolerant to failures, and the degree of
automation is increased as the pilot’s workload is reduced.

The operation sequence of fuel control system events is not
fixed. For example, for a fuel transfer operation, an engine can
consume much more fuel than other (for any reason), and then
the system must respond automatically to this unbalance
through special transfers. Another example for using fuel
transfers is when a component (valve or pump) fails, the
system must also respond automatically to this abnormal
behavior somehow. In any case, the SFCs must know by
themselves how to deal with such an abnormal situation.

C. Hierarchical Automata-Driven Control

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 through a State Vector (SV) which
encapsulates all the AFMS/SFC states. Each SFC broadcasts.

The ECS consists of the Common Core Controller (CCC)
Basic Software (CBS), the State Machine Software (SMS), and
the Component Specific Software (CSS). These three software
parts are layered as follows (Fig. 1):

e (CBS: This layer is the same for every smart component
and includes the programming about the
communication protocol: bus management, peripheral
modules, and the entire working settings.

e SMS: This layer implements all the automata defined.
According to the Identification (ID) numbers (detected
via hardware) of the smart component, the smart
component will choose a particular automaton code.

e CSS: This layer is the specific software (the driver) to
control the mechanical component behavior.
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Fig. 1. Embedded Control Software (ECS) layers

The philosophy behind a layered ECS is that every time a
new or modified AFMS is designed, the only code that changes
is the SMS (there is also a tool to automatically generate the
SMS code [6]). The other two layers, i.e. CBS and CSS, do not
change. Thus, only the SMS needs to be developed.

III. VERIFICATION TOOL

This section presents a verification tool for the SFC state
machines (automata).

A. Tool Struture

The verification tool consists of two software applications.
The main software application is the user interface which also
entails the CBS as well as the CSS. The second software
application is the SMS (including all the SFC software
automata). Fig. 2 shows the application-based structure of the
verification tool.

Application 1
CCC BASIC VISUAL COMPONENT
SOFTWARE APPLICATION SPECIFIC
(CBS) INTERFACE SOFTWARE (CSS)
Application 2

STATE MACHINE SOFTWARE (BACKGROUND APPLICATION)

Fig. 2. Software applications of the verification tool

The information related to the states of the SFCs is input in
the visual environment of the user interface. Such meaningful
data is directly captured by the CBS which makes use of them
(as input of the SMC) to execute the state machine. The SMC
output comes back to the main application by means of the
CSS that reflects changes of states on the SFCs.

The tool not only allows for simulating the SFC software
but also emulating SFC software. The simulation provides the
behavior of the SFC software. The emulation of the CBS and
CSS allows the simulation of the state machine (SMS).
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Fig. 3. Verification tool user interface

B. User Interface

The tool user interface has two principal sets of screen
areas for visualization. A set corresponds to area 1, 2, and 3,

and entail the CCC software of the SFCs.

Another set

corresponds to area 4, 5, 6, and 7, and entails the testing
operations on the SFCs. Fig. 3 shows the visual interface of the

verification tool.

The visual interface areas on the tool screenshot of Fig. 3

are:

Area 3: this are of the tool screen is for the CSS of the
SFCs. The SFC under analysis can be specified. The
SFC states are shown.

Area 4: this area of the screen is for testing
configurations. The tools allow for saving and loading
configurations for reuse.

Area 5: this area of the screen is to induce faults in the
SFC software whist testing them.

Area 6: this area of the screen is to indicate the

e Area 1: this area is for the CBS of the SFCs. It has the

data received from, and sent to the bus (CAN [7] /
TTCAN [8]). The data form the bus is basically the
SV.

Area 2: this area of the screen is for the SMS of the
SFCs. There is a block that represents the SMS which
has an input (on the left) and an output (on the right).
Data from the CBS are the input for the SMS. Data to
the CSS are the output of the SMS.

operation modes for the AFMS.

e Areca 7: this area of the screen is to indicate the tank
levels for both subsystems in order to set the fluid
quantity in the AFMS.

C. Application Examples

The following application examples are verification
processes (testing) for: (1) a refueling valve whilst refueling,
and (2) a balance valve whilst refueling when there is a fault in
one of the refueling valves.
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1) Refueling Valve in Normal Refueling

The operation mode “pressure refueling” is selected by
means of clicking on the button “ACTIVE Pressure Refueling”
(area 6). The subsystem 1 is set to full by clicking on the button
“FULL SY1” (area 7). This setting makes the SV change (data
column called “SV: State Vector”) according to the operation
mode and subsystem 1 states. Thus, the current state of the fuel
tank system is set for the subsystem 1. The Refueling Valve 1
(RV1) is selected in the CSS area to indicate that behavior of
such a fuel component is to be analyzed.

Fig. 4 shows how the tool user interface looks like when the
above setting is done. Main focus must be on the central area of
the screen (where the SV binary setting is).
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Fig. 4. Tool setting to check RV1 behaviour under normal refueling

The tool is set to test the RV1 with the above setting. The
next step is to click on the button “Execute” (bottom right of
the screen). The tool outcome for this testing process is the
corresponding RV1 and SV states as result of such a transition.

Fig. 5 shows the resulting states for the system operation
mode, the subsystem 1, and the RV1. Main focus must be on
the central area as well as the right-hand area of the screen
(where the binary setting for the SV is and the states for the
SMS and CSS are).
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Fig. 5. RVl is closed as indicated by state machine (SMS)

2) Balance Valve in Abnormal Refueling

The operation mode “pressure refueling” is selected by
means of clicking on the button “ACTIVE Pressure Refueling”
(area 6). Subsystem 1 and 2 are set to half-way by clicking on
the button “HALF SY1” and “HALF SY2” (area 7). Also, the
button “RV1_F ON” (area 5) is clicked to indicate that there is
a fault in RV1.

The above setting makes the SV change (data column
called “SV: State Vector”) according to the operation mode
and subsystem 1 and 2 states. Thus, the current state of the fuel
tank system is set for the subsystem 1 and 2. The Balance
Valve (BV) is selected in the CSS area to indicate that behavior
of such a fuel component is to be analyzed.

Fig. 6 shows how the tool user interface looks like when the
above setting is done. Main focus must be on the central area of
the screen (where the SV binary setting is).
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Fig. 6. Tool setting to check BV behaviour under RV1 mulfunction

The tool is set to test the BV with the above setting. The
next step is to click on the button “Execute” (bottom right of
the screen). The tool outcome for this testing process is the
corresponding BV and SV states as result of such a transition.

Fig. 7 shows the resulting states for the subsystem 1 and 2
as well as the SMS and the CSS.
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Fig. 7. BV is open as indicated by state machine (SMS)

Authorized licensed use limited to: Univ Complutense de Madrid. Downloadkd on May 06,2025 at 10:00:20 UTC from IEEE Xplore. Restrictions apply.



IV. HELICOPTER RIG

Fig. 8 shows the layout of the research test-bed; the fuel
system of the helicopter used for the experiments carried out.

ENGINE 2 ENGINE 1

TANK 4

LLS
FGT4

TANK 3

TTCAN Bus I
HLS FGT3

PRESSURE
REFUELING

cpu CAN Bus =

Fig. 8. Helicopter fuel system

Table I shows a list of SFCs for the helicopter rig shown in
Fig. 8.

TABLE 1. SMART FUEL COMPONENTS
Type Acronym Description
Controller FMC Fuel Management Controller
BV Balance Valve
BP Balance Pump
SP1 Supply Pump 1
Effector
SP2 Supply Pump 2
RV1 Refueling Valve
RV2 Refueling Valve 2
FGTI Fuel Gauge Transmitter 1
FGT2 Fuel Gauge Transmitter 2
FGT3 Fuel Gauge Transmitter 3
Sensor
FGT4 Fuel Gauge Transmitter 4
HLS High Level Sensor
LLS Low Level Sensor

There are two subsystems. Subsystem 1 consists in tanks 1
and 3; they are connected through a pipe for gravitational fuel
transfers. Subsystem 2 consists in tanks 2 and 4; they are
connected through a pipe for gravitational fuel transfers.

There is a refueling inlet for both subsystems at the bottom
right corner in the figure which ends in the Refueling Valve 1
and 2 (RV1 and RV2) for each of the subsystems. ES is
provided by tanks 3 through supply pumps (SP1) to engine 1,
and by tanks 4 through supply pumps (SP2) to engine 2.

The two subsystems are also connected with each other
through a pipe along with a valve and a pump; tank 3
(subsystem 1) and tanks 4 are linked with a Balance Valve
(BV) and a Balance Pump (BP).

The FT mode is activated when:

e A balance of subsystems is required; a transfer from
tank 4 to tank 3 or from tank 3 to tank 4 through BV
and BP.

e  Tanks are running out of fuel; a transfer from tank 4 to
tank 3 through BV and BP when tank 3 is running out
of fuel.

e  Fuel components fail; for PR mode: (1) if RV1 fails a
FT from subsystem 2 to subsystem 1 takes place, (2) if
RV2 fails a FT from subsystem 1 to subsystem 2 take
place. For ES mode: (1) if SP1 fails a FT from
subsystem 2 to subsystem 1 takes place, (2) if SP2 fails
a FT from subsystem 1 to subsystem 2 take place.

There are also four Fuel Gauge Transmitters (FGTs)
distributed in each tank (one per tank; FGT1, FGT2, FGT3,
and FGT4) to analogically measure the fuel level. Additionally,
there are two level sensors; the Low Level Sensor (LLS) and
the High Level Sensor (HLS).

V. GROUND-TESTED RIG EXPERIMENTS

This section presents experimental results from verification
and validation tests on the above rig of the DACA realization.

A. Ground Testing on the Helicopter Rig

The ground experiments are based on the AFMS operations
as described in section II, i.e. PR and ES (normal and abnormal
conditions). They are carried out in the real-scaled helicopter
rig from Eurocopter presented in section IV.

The route map of the experiments carried out is shown in
fig. 9. It begins with an initial test for adjustments of
configurations (setup and tuning process for the helicopter rig).
Two operation modes are tested; PR and ES. These two
operation modes involve a third operation mode, i.e. Fuel
Transfer (FT) from a subsystem to other, when a malfunction
in SFCs is detected.

The PR testing entails four tests: (1) PR to preselected
value, (2) PR with RV1/RV2 failure, (3) PR to high-level shut
off, and (4) PR to max value. The ES testing entails two tests:
(1) ES normal operation, and (2) ES abnormal operation with
SP1 failure.
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EXPERIMENTS
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Engine Supply Test with SP1 Failure

Fig. 9. Route map of experiment carried out

B. Experimental Results

This subsection only presents two experimental results
from fig. 9; (1) PR test up to preset 1560 kg of fuel, and (2) ES
with a (induced) fault in SP1. The following figures highlight
the key features of the real results that are confidential.

1) Pressure Refueling Test (up to preset 1560 kg of fuel)
Fig. 10 shows the results obtained when carrying out a PR
test up to 1560 kg of fuel.
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Fig. 10. States of RV1 and RV2 as well as level in subsystem 1 and 2

The two refueling values (RV1 and RV2) open just after 0
sec (when the two subsystems start filling in). The 1560 kg of
fuel in the two subsystems is reached about 1700 sec. The
nature of fuel filling for the subsystem 1 and 2 (bottom of Fig.
10) when a PR is underway is similar to the one obtained in
laboratory.

The discontinuity in curve is due to false reading from the
FTGs. There is also a glitching state for RV2 just after its final
state due to a synchronization problem in the SV. These two
problems have been fixed. The RV1 and RV2 states (top of fig.
10) match the correct states set by the SMS. These resulting
RV states match the ones obtained in laboratory [3].

2) Engine Supply with a (induced) fault in SP1.
Fig. 11 shows the results obtained when carrying out an ES
and a fault is induced in SP1.
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Fig. 11. States of SP1, SP2, and BP, BV as well as level in subsystem 1 and 2

The two supply pumps (SP1 and SP2) start working just
after 0 sec (when the two subsystems start depleting). A fault is
induced in SP1 just after 100 secs (when BV, and then BP are
activated to transfer fuel from subsystem 2 to subsystem 1).
The nature of depleting for the subsystem 1 and 2 (bottom of
Fig. 11) when an ES is underway is similar to the one obtained
in laboratory. The SP1 and SP2 states as well as the BV and BP
states (top of Fig. 11) match the correct states set by the SMS.
These resulting states for BV, BP, SP1, and SP2 also match the
ones obtained in laboratory [1].

The experiment reports also mention that there were some
activation and deactivation problems in the SFCs near
minimum level thresholds. This problem is related to the SFC
decision-making process. The solution is to tune the
comparison logic for minimum limits in SFCs.
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VI. CONCLUSIONS

Experimental results from verification and validation tests
of a DACA realization carried out in an aircraft rig (real-scaled
helicopter rig from Eurocopter [4]) have been shown. An
overview of the DACA for AFMS has been presented as well.
These ground experiments are based on the fuel system
operations such as PR and ES (both, with and without faults in
SFCs). Additionally, a verification tool for the SFC state
machines has been presented. The experimental results from
ground tests are similar to the ones obtained in laboratory
prototypes [3]. This confirms two issues. Firstly, the
verification and validation (by means of a real helicopter
platform) of the DACA for AFMS developed. Secondly, the
effectiveness of the lab prototypes used to initially test the
DACA proposed.

Future work will involve experimental tests and results
from the flight-tested DACA for AFMS in a real twin-engine
helicopter. It will also include investigating the use of the
solution proposed in this paper to be applied to other AFMSs.

ACKNOWLEDGMENT

The authors want to thank the European Community
support, through the Research Project “Smartfuel”. Likewise,
the authors want to thank the collaboration of the research
partners.

REFERENCES

SmartFuel: Third generation digital fluid management system, available
at http://www.cordis.lu/express/archive/250304/summary.htm#aaa.

I. Moir, A. Seabridge, Aircraft Systems - Mechanical, Electrical and
Avionics Subsystems Integration, 3rd Ed., Wiley, 2008.

C. C. Insaurralde, M. A. Seminario, J. F. Jimenez, J. M. Giron-Sierra,
“Experimental Results with a New Distributed Aircraft Fuel Control
System which Uses Smart Fieldbus Components”, 25th Digital Avionics
Systems Conference (DASC), Portland, OR, USA, Oct 2006.

Eurocopter, available at http://www.eurocopter.com.

Insaurralde, C., Seminario, M., Jimenez, J., Giron-Sierra, J., “Distributed
Control System for Fuel Management Using CANBus”, 23rd Digital
Avionics Systems Conference, Salt Lake City, UT, USA, 2004.

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

CAN Industrial Automation, available at http://www.can-cia.org.

T. Fihrer et al,, “Time Triggered Communication on CAN (Time
Triggered CAN-TTCAN)”, available at
http://www.cs.put.poznan.pl/wswitala/download/pdf/CiA2000Paper_1.p
df, 2000.

Authorized licensed use limited to: Univ Complutense de Madrid. Downloadéd on May 06,2025 at 10:00:20 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


