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Abstract—a sea demining system using autonomous marine 
surface vehicles (AMSV) is introduced. The research involves the 
development of exemplars of these vehicles, and the procedures 
for area scanning and coverage. The demining is made by field 
influence, towing a submerged “fish”. This study is made both 
with simulations and with scale experiments. 

Keywords-sea demining, autonomous surface marine vehicles, 
unmanned surface vehicles (USV), robot area coverage. 

I. INTRODUCTION  

There exist sea regions with dangerous mines that should be 
eradicated for humanitarian reasons. For instance, the Baltic 
Sea is plenty of second war mines: some references say there 
are some 100,000 mines there [1]. It is clearly convenient to 
use robots for demining, with no risks for humans.  

 

Figure 1. Sea demining example. 
 

Several methods are available for sea demining, which are 
more or less suitable according with the case. If it is a matter of 
floating mines, there are some mechanical methods to 
deactivate or detonate the mine. If mines are buried in the mud 
or ocean floor, or in undetectable submerged location, it is still 
possible to use significant electric and magnetic fields to cause 
the mine detonation. This last method is influence demining 
[2]. Indeed, submersible robots are in use for submerged mines 
deactivation or detonation, but this requires previous 
localization of the target mine. If there are reasons to believe 
that there are difficult to detect mines in a certain area, a 

convenient method is to systematically scan the area with a 
surface autonomous vehicle causing a combined electric and 
magnetic field. Then here is a problem of robot area coverage 
[3, 4, 5]. 

The target in our research is to develop an autonomous 
marine surface vehicle (AMSV) for influence demining, and 
the procedures to use it in automated manner. 

The basic idea is that the AMSV tows a submerged “fish”. 
Both the towing cable and the fish are used to radiate electric 
and magnetic fields.  

The scanning of an area with the towing system constitutes 
a peculiar problem, which requires experiments, models and 
simulations. In order to acquire experience, our research has 
started with the development of scaled AMSV, so experiments 
can be done in ponds near our laboratory of robotics. There is 
an extensive survey of AMSV in [6]. 

The first section of the paper is devoted to towing, focusing 
on modeling and simulation. The second section deals with the 
AMSV development. The next section describes experimental 
activities to verify models and simulations. This is followed by 
a section on trajectories for area scanning, based on 
geographically based simulation. The final, short section draws 
some conclusions. 

II. STUDY OF “FISH” TOWING 

It is desired that mine detonations do not destroy the 
AMSV: the length of the towing cable is relatively large, of the 
order of 200m for a 4m. AMSV. Next photograph shows 
something similar with a manned ship. 

 

Figure 2. Towing a “fish” for sea demining 



   
 

 
Suppose you tow a small plastic buoy on the sea. You try to 

follow a scanning procedure by corridors and turnings [7], 
figure 3. 

 

Figure 2. Corridors and turnings 
 

If you are navigating along a straight corridor, the main 
problem is to counteract course perturbations due to wind and 
currents. For the moment, this is not our most important 
problem to solve. What is more important is what happens 
when you turn [8, 9]. If the cable looses tension, you risk 
colliding with the fish, or being near the fish just when a mine 
explodes.  Relevant references about towing cable behavior are 
[10, 11].  

It is important to develop a model in order to study control 
and trajectory issues pertaining turning. 

At this stage of the research a somewhat simplistic model 
has been developed. The model should be refined after several 
experiments.  Future more evolved models could be based on 
[12, 13, 14]. 

The model consists of a 3 DOF (Degrees Of Freedom) 
equations of motion. Figure 4 shows a sketch of the model. 

 

Figure 3. Sketch of the model 
 

The blue box represents the boat and the red box represents 
the trailer (the “fish”) that is being towed. F is the thrust force 
given by the boat’s engine,  is the rudder angle and  is the 
boat’s heading (the angle between the bow and the North). 

The boat is governed by the following equations: 
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The following table lists the initial coefficients being used: 

t  3Kg  s1 

r  2Kg  m2  s1 

m  3Kg 

dcm  0.5m  

 
Table 1. Initial simulation coefficients. 

 

The trailer movement is a bit different. There are two 
different possibilities depending on the distance between the 
trailer at time t-1 and the boat at time t. 

If the distance between the trailer at time t-1 and the boat at 
time t is less than the length of the string, the trailer doesn’t 
suffer any acceleration. It moves due to its inertia and is 
decelerated according to its linear drag coefficient. 

Otherwise, the trailer moves along direction L (see figure 
5). The displacement along L is such that the distance between 
the trailer and the boat is the length of the string. 

 

Figure 4. Trailer movement 
 

The tension T on the string at time t can be calculated as 
follows: 
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Using the model, a first simulation tool has been developed 
for AMSV control studies. Our idea is to use at the beginning 
conventional PID control for heading and speed. In a further 
step we plan to use fuzzy control [15]. The model includes the 
dynamics of the AMSV, so responses to control can be 
observed in terms of AMSV transients along trajectories. 

A simple trajectory for sea demining using corridors and 
turnings can be simulated as seen in figures 6 and 7. More on 
how these trajectories are simulated on a later section. 

 

Figure 5. Simple corridors and turnings simulation. 

 
Figure 6. Tension on the string. 

 

III. DEVELOPMENT OF THE AUTONOMOUS VEHICLE 

In general, the AMSV is equipped with actuators for 
heading and speed control. The most conventional solution is 
by using a propeller and a rudder. In our laboratory we have 
several scaled ships, some of them with water jets that can be 
oriented, so there is no rudder. Some others have propellers 
mounted as in boats with external motor: the propeller works 
also as “rudder”. Anyway, we consider there are two virtual or 
real servos, one for heading control, and the other for speed 
control. 

In order to control and monitor the ship, the following 
sensors and components are used: 

 Compass for the heading. This sensor uses a 
standard TWI interface. 

 Pressure sensors for local speed estimation. Two 
pressure sensors are used, one for speed estimation 
on the direction of the bow and the other for the 
perpendicular axis. These sensors use an ADC 
interface. 

 GPS receiver for global positioning. A serial 
interface using Trimble’s Standard Interface 
Protocol (TSIP) is used to interact with it. 

 Radio link for external control and monitor data. 
We are using XBee radio modules from Digi as 
this will make adding more vehicles to our 
experiments very easy. A serial line is used to 
interact with the radio modules. 

 All data read from the sensors is saved in an SD 
card. A standard SPI bus is used to control the 
card and all data is saved using the FAT32 file 
system. Using FAT32 makes it easy to recover 
logged data after experiments. 

 A DC motor and a standard servo. These are 
controlled using PWM signals. 

This is summarized in figure 8. 
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Figure 7. Hardware subsystems and interfaces. 
 

Our purpose here is to develop a sort of “universal control 
box”. Using standard input and output interfaces with actuators 
and sensors, it is possible to use the same control board for a 
scaled ship, or for a real ship. 

 

Figure 8. PCB boards with all the components. 



   
 

For the first experiments, the AMSV is a scaled zodiac, 1m. 
long. The size of the zodiac fits well with the dimensions of the 
ponds near the university, in order to study scanning 
trajectories and area coverage. 

GPS
antenna
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Battery for electronics
Antenna for radio link

PWM electr.
Battery for motor

Propeller & rudder

GPS
antenna

Electronics box
Battery for electronics
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PWM electr.
Battery for motor

Propeller & rudder  

Figure 9. Deployment of subsystems on the zodiac 
 

As shown in figures 10 and 11, two different boxes are 
used to separate analog and digital parts of the system. This 
isolates both systems to avoid interferences. 
 

 

Figure 10. Zodiac with electronics and actuators boxes. 
 

Two LiPo batteries are used to power the system. One is 
used to power the electronics box and the other for the 
actuators (servo and engine). A standard RC servo is used to 
move the helm and a DC motor to power the propeller. 

The software runs a tight loop running the following tasks 
at certain frequencies (these frequencies were chosen so that 
they are faster than the dynamics of the vehicle): 

 Read data from radio as soon as it is available and 
act upon it. This usually means moving a certain 
actuator. 

 Read data from the GPS sensor as soon as it is 
available. This happens, on average, once per 
second. 

 Read data from the pressure sensors and compass. 
This is done 10 times per second. 

 Write current state to the SD card. This is done 10 
times per second. Every two seconds a 
synchronization signature is written to the log file 
to aid in recovering tasks in case of data 
corruption. 

 Send state information through the radio link 5 
times per second. 

The AMSV is able of self-localization by using a 
combination of sensors. A main sensor is a GPS, which gives 
information in terms of belonging to a particular tile in a 
regular rectangular tiling. By using pressure sensors and pitot 
tubes, it is possible to get short-term information on motions 
inside the tile; this is complemented with a compass and by 
measuring time along constant speed. 

The development of the AMSV followed an engineering 
protocol along steps. Several generations of hardware 
prototypes have been produced and tested, with a successive 
increase of performances and complexity. Software has been 
developed in modular way, starting from the bottom –
interfaces, drivers – up to vehicle control and trajectory 
following. Complementary tools for testing support have been 
developed. 

IV. INITIAL EXPERIMENTS WITH THE AMSV 

Experiments on the water start by positioning the AMSV in 
certain coordinates and heading. The AMSV actuation uses 
conventional radio-control PWM signals. A specific driver has 
been developed to generate these PWM signals from the on-
board microcontroller. This allows us to transmit orders 
directly to the vehicle using our radio link for manual 
positioning. 

Once an experiment is launched, the radio link between the 
vehicle and the computer is used to make a logging of the 
vehicle. A record of the on-board signals and control decisions 
is obtained for experiment analysis. During experiments, a 
video is taken to support this analysis. 

The first experiments aim to calibrate sensors and estimate 
different radii for turnings. The following procedure is used to 
calibrate the longitudinal pressure sensor: 

 Fix a certain value for the engine signal. Let the 
boat accelerate until the value measured in the 
longitudinal sensor stabilizes. 

 Once it is stable, send 0 for the engine signal. Wait 
until the boat stops. 

These simple tests let us both calibrate the sensor and 
estimate the linear drag coefficient of the boat. This is done by 
comparing the data logged from the sensor and that from the 
GPS receiver. 

To estimate radius for a certain turning the following 
procedure should be repeated for different speed and helm 
values. 

 Fix a certain value for the engine signal, set the 
helm signal to its middle value. 

 Once the speed stabilizes, set the helm signal to 
the desired value. 

 Let the radius of the turning stabilize before 
repeating the experiment. 

The radius can be measured using the GPS data recorded 
during the turning. 



   
 

V. TRAJECTORIES FOR SEA DEMINING 

If no a priori information on mines locations is available, a 
systematic scanning is in order. 

Given a particular sea-demining scenario, the area coverage 
in terms of corridors and turnings must be specified by a 
human manager. We plan to develop tools for helping at this 
demining operation stage. Part of these tools is a simulation 
with geographical support. 

 

 

Figure 11. Geographical simulation support. 
 

Figure 12 shows a simulation using real coordinates. This 
provides the ability to plan and test missions on real places. A 
Keyhole Markup Language (KML) file is generated by the 
simulation tool. This file can be loaded in geographic tools 
such as Google Earth for inspection. 

The AMSV is informed about the trajectories to accomplish 
by a script, in the spirit of [16]. This script is simple. Every part 
of the script consists of a series of open-loop orders and a 
checkpoint. These orders are to be meant to interact with both 
actuators on the ship. The software will advance through the 
different parts as it reaches the different checkpoints. Currently, 
the orders are: 

 set-ship-delta – sets the ship heading. This is only 
useful in an initial configuration part. 

 set-ship-force – sets the amount of force as a 
fraction of the maximum force. 

 set-ship-helm – sets the helm to the desired 
position. 

For now, the only checkpoint supported is a time value. The 
orders will be valid during the time specified in seconds. 

The following lists an example script that makes the ship 
set its engine to half its power and, after 10 seconds, make a 
turn: 

set-ship-delta 10 

checkpoint time 10 

set-ship-force 0.5 

set-ship-helm 0 

checkpoint time 10 

set-ship-helm 30 

checkpoint time 10 

 

The results, in simulation, can be seen in figures 13 and 14. 

 

Figure 12. Trajectories of the ship and the trailer. 
 

 

Figure 13. Tension on the string. 
 

In future, different checkpoints (regarding different sensor 
data) and orders will be added. 

If, in an experiment, there’s something wrong whilst 
running in script mode, the boat can be switched to manual 
mode easily. This makes experiments safer in case of bugs or 
unexpected problems. 

The trajectory following capabilities of the AMSV have 
been tested with experiments using the scaled zodiacs. Next 
photograph shows a moment of an experiment towing a buoy. 



   
 

 

Figure 15. Towing experiment. 
 

VI. CONCLUSIONS 

A robotized method for humanitarian sea demining has 
been introduced. The method is based on influence demining, 
using a towed “fish”. It is proposed to use autonomous marine 
surface vehicles (AMSV) to avoid people risks. 

A scaled version of the method, allowing for initial 
experimental testing, has been described. For this experimental 
purpose, scaled AMSV have been developed and tested. The 
autonomous control is done with a “universal control box” that 
could be used when going to real scale work. 

The application of the method involves trajectory 
generation, and trajectory following, for area coverage in order 
to ensure demining. A simulation tool has been introduced, 
which supports the specification of trajectories in terms the 
AMSV understands. A scripting method has been developed 
for this. 

A series of experiments have been done in ponds near the 
university, to verify dynamic models of the AMSV towing the 
fish, and to test the area coverage methodology. 

The study requires more time for experiments and 
improvement. In the near future, larger AMSVs will be 
equipped and tested. 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
[1] A. Szarejko, J, Namiesnik, “The Baltic Sea as a dumping site of 

chemical munitions and chemical warfare agents,” Chemistry and 
Ecology, vol. 25, pp. 13-26, 2009. 

[2] Committee for Mine Warfare Assessment, “Naval Mine Warfare: 
Operational and Technical Challenges for Naval Forces”, National 
Academies Press, ISBN 978-0309076852, 2001. 

[3] H. Choset, “Coverage for robotics – a survey of recent results,” Annals 
of Mathematics and Artificial Intelligence, vol. 31, pp. 113-126. 

[4] H. Choset, Y. Zhang, E. Acar, and M. Schervish, “Path planning for 
robotic demining: robust sensor-based coverage of unstructured 
environments and probabilistic methods,”, Intl. J. Robotics Research, 
vol.22, n.7-8, pp. 441-466, 2003. 

[5] Y.S. Jung, K.W. Lee, S.Y. Lee, M.H. Choi, and B.H. Lee, “An efficient 
underwater coverage method for multi-AUV with sea current 
disturbances,” Intl. J. Control, Automation and Systems, vol.7, n.4, pp. 
615-629, 2009.  

[6] V. Bertram, “Unmanned surface vehicles – a survey,” In Skibsteknisk 
Selskab, Compenhagen, Denmark, 2008. 

[7] J. Alves, P. Oliverira, R. Oliveira, A. Pascoal, M. Rufino, L. Sebastiao, 
and C. Silvestre, “Vehicle and mission control of the DELFIM 
autonomous surface craft,” 

[8] M.A. Grosenbaugh, “Transient behaviour of towed cable systems during 
ship turning manoeuvres,” Ocean Engineering, vol34, pp. 1532-1542, 
2007. 

[9] D.A. Chapman, “The towed cable behaviour during ship turning 
manoeuvres,” Ocean Engineering, vol. 11, pp. 327-361, 1984. 

[10] M.I. Friswell, “Steady-state analysis of underwater cables,” J. 
Waterway, Port, Coastal, and Ocean Engineering, pp. 98-104. 

[11] P. Williams, “Towing and winch control strategy for underwater 
vehicles in sheared currents,” Intl. J. Offshore and Polar Engineering, 
vol.16, n.3, pp. 218-227, 2006. 

[12] G.F. Clauss, and M. Vannahme, “Nonlinear dynamics of towed 
underwater vehicles,” in Practical Design of Ships and Other Floating 
Structures, Y.S. Wu, W.C. Cui, and G.J. Zhou, Eds., Elsevier, 2001, pp. 
1227-1236. 

[13] T. Shiraishi, H. Sakai, J.K. Choi, and T. Tanaka, “First sea trial of 
underwater observation system using autonomous towed vehicle,” 

[14] M. Toda, “ A theoretic analysis of a control system structure of towed 
underwater vehicles,” Proc. 44th IEEE Conf. Decision and Control, pp. 
7526-7533, 2005. 

[15] G. Lee, S. Surendran, and S.H. Kim, “Algorithms to control the moving 
ship during harbour entry,” Applied Mathematical Modelling, vol.33, 
pp. 2474-2490, 2009. 

[16] M.R. Benjamin, D. Battle, D. Eickstedt, H. Schmidt, and A. Balasuriya, 
“Autonomous control of an autonomous underwater vehicle towing a 
vector sensor array,”  

 

View publication stats

https://www.researchgate.net/publication/221144686


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


