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1. Introduction

The history of military robots can be traced back to the times of World War II. During the time of World
War II and the Cold War, these robots were in the form of German Goliath tracked and Soviet teletanks. It is
also believed that military robots history can be dated back to the 19" century, precisely in 1898. The history
begins with the invention of radio controlled boat intended for military use by Nicola Tesla.

For the last few decades, robots are becoming very popular and common in military organizations. There
are many military robots used by military organizations for taking many risky jobs that cannot be done by
human.

Military robots find major applications in surveillance, reconnaissance, location and destruction of mines
and IEDs, as well as for offense or attack. The latter class of vehicles is equipped with weapons, which at the
present time are fired by remote human controllers.

2. Military Robots

2.1. International overview

The age when unmanned robots will replace soldiers on the battlefield is not far off.
Research is under way in the Army to develop a future combat system by 2025 where soldiers engage in
combat alongside military robots. Around the world combat robots that mimic a wide range of organisms
including humans, dogs, scorpions, centipedes, lizards, fish and even grasshoppers are being developed.
China, France, Japan, Switzerland, the U.K. and the U.S. are developing robots that resemble fish which can
function as unmanned submarines. The Massachusetts Institute of Technology already tested the "Robotuna,"
while research is under way for China's "Dongle," France's "Jessiko," Japan's "Robotic Koi" and
Switzerland's "Boxybot." Research is also under way for snake-like amphibious robots.

The United States leads the world in the development of military robots. "Packbot," which has already
been tested in Afghanistan and Iraq, is equipped with a shotgun capable of sustained, long-distance fire,
while a mounted camera relays images in real time. The U.S. military's favorite robots are the "Talon,"
designed to defuse explosive devices, the "Panther," which removes mines and the "Predator" drone used for
unmanned aerial surveillance and bombing missions. Robots are especially useful on dangerous missions
such as scouting enemy territory or removing explosives.
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The Korean military deployed the "Aegis" robot for troops sent to Iraq. It is capable of guard duty and
lethal attacks on enemy targets. The military plans to deploy Aegis robots along the demilitarized zone.

3. Ground Robots

The Army makes use of two major types of autonomous and semi-autonomous ground vehicles: large
vehicles, such as tanks, trucks and HUMVEEs and small vehicles, which may be carried by a soldier in a
backpack (such as the PackBot). The PackBot is equipped with cameras and communication equipment and
may include manipulators (arms); it is designed to find and detonate IEDs, thus saving lives (both civilian
and military), as well as to perform reconnaissance. Its small size enables it to enter buildings, report on
possible occupants, and trigger booby traps. Armed robot vehicles are, for example, the Talon SWORDS
(Special Weapons Observation Reconnaissance Detection System) made by Foster-Miller, which can be
equipped with machine guns, grenade launchers, or anti-tank rocket launchers as well as cameras and other
sensors. While vehicles such as SWORDS are able to autonomously navigate toward specific targets through
its global positioning system (GPS), at present the firing of any on-board weapons is done by a soldier
located a safe distance away.

Among the larger vehicles, the US Army has developed a 5.5 ton, six-wheel unmanned vehicle known as
the Crusher, capable of carrying 2,000 Ibs. at about 30 mph and capable of withstanding a mine explosion,; it
is equipped with one or more guns.

One special category of ground robot is the carrier type that aims to release the soldier’s burden of his
equipment (fig. 1.d). In this sense also there are developments on different type of exoskeletons that should
increase soldier strength and make him able to carry a bigger load (fig. 1.¢).

Fig. 1: Ground Robots

Aerial Robots

The Army’s, Air Forces, and Navy’s have developed a variety of robotic aircraft known as unmanned
flying vehicles (UAVs). Like the ground vehicles, these robots have dual applications: they can be used for
reconnaissance without endangering human pilots, and they can carry missiles and other weapons. The
services use hundreds of unarmed UAVs, some as small as a model airplane, to locate and identify enemy
targets. An important function for unarmed UAVs is to serve as aerial targets for piloted aircraft. Some
reconnaissance UAVs, such as the Shadow, are launched by a catapult and can stay aloft all day. The best



known armed UAVs are the semi-autonomous Predator Unmanned Combat Air Vehicles (UCAYV) built by
General Atomics which can be equipped with Hellfire missiles. Both the Predator and the larger Reaper
hunter-killer aircraft are used extensively in Afghanistan. They can navigate autonomously toward targets
specified by GPS coordinates, but a remote operator located in Nevada (or in Germany) makes the final
decision to release the missiles.

The military services are also developing very small aircraft, sometimes called Micro Air Vehicles
(MAYV) capable of carrying a camera and sending images back to their base. Other AUVs include a ducted
fan vehicle being used in Iraq, and vehicles with flapping wings.

Other flying robots either deployed or in development, including helicopters, tiny robots the size of a
bumblebee, and solar-powered craft capable of remaining aloft for days or weeks at a time.

Fig. 2: Aerial Robots.
Marine Robots

The Navy has also interest in the field of unmanned vehicles. During the time their developments include
surface ships as well as Unmanned Underwater Vehicles (UUVs). Their applications include surveillance,
reconnaissance, anti-submarine warfare, mine detection and clearing, oceanography, communications, and
others. It should be noted that contemporary torpedoes may be classified as UUVs, since they possess some
degree of autonomy.

As with robots in the other services, UUVs come in various sizes, from man-portable to very large. A
large UUV, the Seahorse, is advertised as being capable of ‘independent operations’, which may include the
use of lethal weapons. Large UUV programs exist in USA, Australia, Great Britain, Sweden, Italy, Russia,
and other countries. As with other military robots, most of the vehicles capable of delivering deadly force are
currently human-controlled and not fully autonomous. However, the need for autonomy is great for
underwater vehicles, since radio communication underwater is difficult. Many UUVs surface periodically to
send and receive messages.

Fig. 3: Marine Robots

Space Robots

It is believed that the US Armed Services have significant programs for the development of autonomous
space vehicles: for advanced warning, defense against attacking missiles and possibly offensive action as
well. However, there is very little information on these programs in publicly available sources. It is clear that
the Air Force is building a major communication system in space, named Transformational Satellite
Communication System (TSC). This system will interact with airborne as well as ground-based
communication nodes to create a truly global information grid.



Immobile/Fixed Robots

It should be noted that not all robots capable of lethal action are mobile; in fact, some are stationary, with
only limited mobility (such as aiming of a gun).

There are immobile or stationary weapons, both on land and on ships, which do merit the designation of
robot, despite their lack of mobility. An example of such a system is the Navy’s Phalanx Close-In Weapon
System (CIWS). CIWS is a rapid-fire 20mm gun system designed to protect ships at close range from
missiles which have penetrated other defenses. The system is mounted on the deck of a ship; it is equipped
with both search and tracking radars and the ability to rotate a turret in order to aim the guns. The
information processing ability of the computer system associated with the radars is remarkable, since it
automatically performs search, detecting, tracking, threat evaluation, firing, and kill-assessments of targets.
Thus, the CIWS uses radar sensing of approaching missiles, identifies targets, tracks targets, makes the
decision to fire, and then fires its guns, using solid tungsten bullets to penetrate the approaching target. The
gun-and-radar turret can rotate in at least two degrees of freedom for target tracking, but the entire structure
is immobile and fixed on the deck.

The US Army has also adopted a version of the Phalanx system to provide close-in protection for troops
and facilities in Iraq, under the name ‘Counter Rocket, Artillery, and Mortar’ (C-RAM, or Counter-RAM).
The system is mounted on the ground or, in some cases, on a train platform.

3.1. Romanian Military R&D Developments

Romania, as part of NATO and EU, follows the trend in this are also. Military Equipments and
Technologies Research Agency (METRA) as the main military R&D structure developed several projects at
national level or in collaboration with other nations, under the umbrella of NATO Research & Technology
Organisation (RTO) and European Defence Agency (EDA).

Following the international trends, METRA developed a functional demonstrator for a soldier system,
very often named at international level “Future Soldier” (fig. 4). This kind of programs aims to offer the next
generations of dismounted soldiers, which will be the intermediate step between the classic soldier and a
fully autonomous fighting robot.

Future Soldier Programs usually creates the framework for developing different kinds of military robots
and sensors in order to enhance soldier performances, sensitive capabilities and endurance.

Fig. 4: Romanian Functional Demonstrator for Future Soldier System



Like other countries, METRA in collaboration with different companies from defence industry,
developed several robots to fulfil missions like surveillance, reconnaissance, location and disposal of mines
and IEDs and to enhance the strength and load bearing capabilities of the soldier.

Regarding ground capabilities there are already finished three robots, two for surveillance and
reconnaissance (fig. 5.b and 5.c) and one for location and disposal of mines and IEDs (fig. 5.a). All three
robots are electrical powered and last two can be easily fitted in a car trunk. Also there is planned the
development of an armed robot with a small machinegun. Also, METRA had developed an exoskeleton to
increase soldiers bearing capabilities and relieve part of his equipments burden. This demonstrator still
requires a lot of works, but there are hopes that in the future we will have a fully functional system (fig.5.d).

Fig. 5: METRA’s Ground Robots

Regarding aerial capabilities METRA developed a tactical UAV for surveillance and reconnaissance that
has a range of approximate 10 km. It is a portable system, light and it takes one man to operate and two for
carrying. It can provide live images to dismounted soldiers, vehicles or commanding posts and it has both
controlled or autonomous flight capabilities (fig. 6). Next generation planned will have increased range and
night vision capabilities.

Fig. 6: METRA’s Tactical UAV.



Also in connection with Future Soldier System, METRA developed a Portable observation and
surveillance systems and solutions for indoor real time broadcast image (fig. 7). The system’s purpose is to
locate the people that are in closed spaces. The sphere with the video-audio sensors is thrown or rolled into
the interested area in order to observe, monitor, oversee, detect possible threat etc. The sphere is
continuously transmitting real time video images with sound to the display unit. The operator is able to see
the video images received from the sphere on the display unit and can act accordingly.

Fig. 7: Portable observation and surveillance systems and solutions for indoor real time broadcast image

3.2. Ethical Issues on Robot Use
The use of robots for military purposes raises some new issues that must be recognized in any
comprehensive assessment of risks from military robotics. These challenges fall into categories related to law,
just-war theory, technical capabilities, human-robot interactions, general society, and other and future issues.
For instance, such issues are:
- If a military robot refuses an order, e.g., if it has better situational awareness, then who would be
responsible for its subsequent actions?
- How stringent should we take the generally-accepted ‘eyes on target’ requirement, i.e., under what
circumstances might we allow robots to make attack decisions on their own?
- What precautions ought to be taken to prevent robots from running amok or turning against our
own side, whether through malfunction, programming error, or capture and hacking?
- To the extent that military robots can help reduce instances of war crimes, what is the harm that
may arise if the robots also unintentionally erode squad cohesion given their role as an ‘outside’ observer?
- Should robots be programmed to defend themselves, given that they represent costly assets?
- Would using robots be counterproductive to winning the hearts and minds of occupied populations
or result in more desperate terrorist-tactics given an increasing asymmetry in warfare?
Given these issues, although robotics made impressive progresses, there is still a long way until we will

have fully autonomous robots involved in military operations.

4. Conclusions

The use of military robots represents a new era in warfare, perhaps more so than crossbows, airplanes,
nuclear weapons, and other innovations have previously. Robots are not merely another asset in the military
toolbox, but they are meant to also replace human soldiers, especially in ‘dull, dirty, and dangerous’ jobs. As
such, they raise novel ethical and social questions that we should confront as far in advance as possible—
particularly before irrational public fears or accidents arising from military robotics derail research progress
and national security interests.

A gap in robotics between military users, industry and research actually does exist. The gap between
users and industry is caused partly by some ideas of military users on the way they would like to deploy
robots for their tasks still needing to mature, and partly by the approach of industry of developing robots
without very specifically digging into military specified needs and requirements. The gap between industry
and research is caused partly by industry not being aware of some developments going on in research and
partly by research not being involved in and focused on real-life applications of military robots.

Gaps do exist on technological fields of interest like:

1) Communication;
2) Robot platforms;
3) Sensing and world modeling;



4) Navigation and mission planning;
5) Human-robot interaction; and
6) Multi-robot systems.
Without closing the identified gaps, it will not be possible to have well usable robotic support for the

military.

5. Acknowledgements

A very special thanks goes out to our colleagues involved in the development of these projects and who

supported us with a lot of materials and photos and time.

6. References

METRA. Technical Development Documentation on Portable observation and surveillance systems and solutions
for indoor real time broadcast image. Bucharest. 2010.

METRA. Technical Development Documentation on Tactical UAV. Bucharest. 2010.
METRA. Technical Development Documentation on Observation Robot. Bucharest. 2008.

P. Lin, K. Abney and G. Bekey. Autonomous Military Robotics: Risk, Ethics and Design. US Department of Navy,
Office of Naval Research. 2008.

Lee, Steven. “Double Effect, Double Intention, and Asymmetric Warfare”, Journal of Military Ethics, 2004, 3.3
pp. 233-251.

M.Hajduk, M.Sukop: Multiagents system with Dynamic Box Change for MiroSot. FIRA RobotWorld Congress
2009, Incheon, Korea ,ISBN 3-642-03985-5, Springer-Verlag Berlin

M. Hajduk, J. Semjon, M. Vagas : Design of the welding fixture for the robotic stations for spot welding based on
the modular concept. Acta Mechanica Slovaca, No.3/2009, p. 30-36, ISSN: 1335-2393

Hajduk, M., Balaz V., Sukop M., Semjon J., Vagas M., Ignath I., Voronko, A., Lipcak M.: Laboratorii robotov na
kafedre Proizvodstvennych masin i robototechniki Masinostrojitelnovo fakulteta TU Kosice. In: Konstruktorsko -
technologiceskije aspekty informatiki v promyslennosti : Lublin, 2009. Lublin : Lubelskie Towarzystwo Naukowe,
2009. p. 84-88. ISBN 978-83-87833-95-4.




<<
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Basemic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /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
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /FangSong_GB2312
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZSY--SURROGATE-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /Kingsoft-Phonetic
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /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-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 150
  /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 0.76
    /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


