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Abstract – This paper describes the development and 
testing of a robotic capsule for search and rescue operations 
at sea. This capsule is able to operate autonomously or 
remotely controlled, is transported and deployed by a larger 
USV into a determined disaster area and is used to carry a life 
raft and inflate it close to survivors in large-scale maritime 
disasters. The ultimate goal of this development is to endow 
search and rescue teams with tools that extend their 
operational capability in scenarios with adverse atmospheric 
or maritime conditions.  

I. INTRODUCTION 
Deaths associated with maritime accidents occurred during 

fishing, recreational or sports activities are still a major social 
concern. Due to this problem, many search and rescue teams 
are trained in order to act swiftly and in a feasible way, aiming 
to reduce the risk of death associated with such accidents.  

It is important to highlight that during maritime search and 
rescue operations, the safety of the rescuers is a major issue 
and must be ensured in any circumstance. Therefore, these 
teams are often forced to adapt, or even to suspend their 
operations due to external factors and conditions, such as lack 
of visibility or atmospheric and/or maritime adverse 
conditions. It should be pointed out that rescue response time 
is a major factor for success in these operations due to the 
reduced survival time of victims that fall overboard. 

Robotic assets can therefore complement the role of search 
and rescue teams, as they can operate in dangerous scenarios 
and under adverse environmental conditions without putting 
human lives in danger. This is the fundamental idea behind 
ICARUS (Integrated Components for Assisted Rescue and 
Unmanned Search Operations) – a FP7 Project lead by the 
Belgium Royal Military Academy [1]. This project aims to 
develop robotic tools for search and rescue operations, both in 
urban and maritime scenarios, with a particular focus on large-
–scale disasters. These scenarios are characterized by the 
mismatch between the size of the disaster and the dimension 
of the existing search and rescue response. 

 

II. ICARUS PROJECT AND MARITIME SEARCH AND 
RESCUE (MSAR) OPERATIONS 

As part of the ICARUS project, particularly in the 
maritime scenario, multiple heterogeneous unmanned 
platforms (by air or surface) will cooperate, in order to detect 
and assist castaways. This assistance may include providing 
means for the floatation and thermal protection, preventing 
from fatigue, drowning or hypothermia, thereby increasing the 
survival rate. Furthermore, when the conditions do not permit 
the manned SAR operations, a fast and effective operation 
within the disaster scenario by the robotic assets, makes it 
possible for the rescuers to evaluate and remotely assist the 
castaways before resuming action as soon as the safety 
conditions are ensured. 

This paper describes one of the components of the 
ICARUS tools for the maritime scenario – a robotized capsule 
able to move (autonomously or remotely operated) towards 
survivors, while carrying an inflatable life raft. 

Projects such AGAPAS (Autonomous Galileo-Supported 
Rescue Vessel for Persons Overboard) and EMILY 
(EMergency Integrated Lifesaving lanYard) are projects that 
aim as well to develop robotic assets for maritime search and 
rescue. The AGAPAS is a project orientated specifically to 
person overboard situations, where an automatic system 
perceives that someone fell from the vessel and deploys a 
USV capable of fetching that person [2]. The EMILY is a 
remotely operated/ autonomous vessel that aims to assist the 
life guards in crowded beaches, providing them a safe and fast 
response mean [3]. 

III. SYSTEMS OPERATION AND COORDINATION DURING 
LARGE-SCALE MARITIME DISASTERS 

In the scope of the ICARUS project two different segments 
of unmanned platforms are planned, one aerial segment 
responsible for detection and tracking of castaways in the 
disaster area, and a maritime segment that will directly interact 
with the victims. 
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The aerial segment is composed by UAVs of two types: 
fixed-wing and rotorcraft. They will perform the sweep of the 
areas where victims are probable to be located, and will track 
the located victims providing updated information to the 
maritime segment. Those locations will be treated by the 
maritime segment in order to be translated into waypoints and 
deployment spots. 

The maritime segment is composed by two different types 
of USVs. A larger USV that will carry on board a few smaller 
USVs, called the Unmanned Capsules (UCAPs). The larger 
USV has the capability of navigating for large distances and 
will carry the UCAPs to be separately deployed in the disaster 
zone. The UCAPs are the platforms responsible for directly 
assisting the castaways providing them means for floatation 
and thermal protection. These means consist of life rafts 
carried on board of the UCAPs, deployed and inflated 
automatically close to the victims. 

IV. UNMANNED CAPSULE (UCAP) 
The requirements for the Unmanned Capsule Platform are 

part of the outputs of a study accomplished in the scope of the 
ICARUS Project, together with end-users that work in 
maritime search and rescue. According to these requirements 
the Unmanned Capsule has to be transported and deployed 
from a larger USV and designed to carry and deploy a 
standard 4 person life raft with a maximum weight of 30kg. 
Some other relevant requirements are that the prototype range 
should be at least 0.6 nautical miles, capable of navigating 
under sea state 3 (wave height up to 1.25m – Douglas Sea 
Scale) and wind conditions 6 (wind speed 22 to 27Knots - 
Beaufort), and the UCAP should be able as well to navigate at 
a minimum speed of 2 knots. 

For the first prototype, see Fig. 1, the design of the hull was 
based on the displacement hull of a small sailboat with a few 
adaptations in order to fit the dimensions and the weight 
versus floatation requirements. The hull is made of fiberglass 
and is covered with a wooden deck. On deck, two hatches 
allow access to the interior of the vehicle, where batteries and 
electronics are installed, and two sealed faceplates provide 
room for electrical interfaces to the outside. Currently, two 
cable glands are installed, one for the cable of the life raft 
deployment system and the other for the antenna cable. The 
antenna is located at the tip of a small mast, in the aft section. 

The UCAP weight is 30kg and the life raft used is about 25 
kg. The total floatation of the UCAP is 90 kg so it navigates 
with approximately two thirds or one third of the hull 
submersed when with or without the life raft on board, 
respectively. 

The used life raft is a Eurovinil 4P Standard International, 
which is a commercial 4 person model measuring 
680x380x250 millimeters before inflation. The life raft 
consists of two independent inflatable buoyancy tubes, 
provided with a single floor and an inflatable arch tube 
supporting the canopy. The material of the hull of the life raft 
is E.M.C (Eurovinil Marine Compound). The inflation system 
is based on a VTE 99 multidirectional firing mechanism. 
Finally, the life raft carries on board aid equipment such as 

drinking water and provisions, a first aid kit and signaling 
equipment.  
 

Fig. 1 - Unmanned Capsule Prototype 

A. Hardware and Sensors 
Aboard the UCAP are installed two 12V14Ah lead-acid 

batteries, yielding a total energy of 336Wh. The total weight 
of the batteries is 9.5kg, and they are installed in the bottom of 
the hull to lower the center of mass and increase roll stability.  

The on board computational system is a PC104 stack 
composed by a 500 MHz CPU board (Pegasus PGS800-256-
2G) and a power converter board (Tri-M Engineering HE104-
DXL). This system communicates with the operations console 
via Wi-Fi, using a WRT54 router from Linksys connected to 
an L-Com 7dB antenna. 

The navigation system is based on a PNI Trax AHRS 
module as an Inertial Measurement Unit and a u-blox NEO 6T 
GPS. 

The propulsion system is composed by two Seabotix 
BTD150 thrusters for differential drive motion, and by the 
motor controller board, a Roboteq AX500 board. Each of 
these thrusters is capable of a continuous thrust of 2.2 kgf, and 
peaks of 2.9 kgf. 

 



 

Fig. 2 - Unmanned capsule system architecture. 

B. Onboard Software 
The onboard software is composed of several modules that 

communicate with each other using a message passing 
mechanism. These modules follow a hierarchical architecture 
similar to the one use in other INESC TEC robotic systems [4] 
[5]. At the lowest level lie the modules that interact directly 
with the sensors and actuation devices, constituting a hardware 
abstraction layer. On top of these two major modules are 
responsible for the navigation (real time estimation of the 
UCAP position, velocity and attitude) and for the control 
(execution of maneuvers and other high level behaviors). A set 
of other specific modules implements supervision tasks, as 
well as communication interfaces with external systems, 
namely for command and control.  

The navigation module processes data from the GPS and 
IMU systems. The GPS system provides the information about 
location and velocity. The IMU has incorporated 
magnetometers, accelerometers and gyroscopes providing 
information about yaw, pitch and roll states, acceleration and 
rotational movements decomposed in the three system axis. A 
data fusion algorithm is used to estimate the position of the 
capsule whenever the GPS receiver loses track, possibly due 
to excessive roll or pitch caused by stronger waves. At the 
same time, the inertial data is used to obtain updated 
information on the external disturbances, allowing to a better 
characterization of the navigation environment. 

The control module is responsible for the definition in real 
time of an actuation commands for the two thrusters. Usually 
this is done by specifying the common mode (used to define 
speed) and the differential mode (used to define rotation). 
Different feedback loops can be established to allow the 
UCAP to carry out missions with different degrees of 
autonomy, performing different types of maneuvers in several 
different modes.  

The different UCAP operating modes are: 1) Autonomous 
Mode which consists of autonomous operation with a pre-
programed mission described in a proper mission file. 2) 
External Mode which consists of autonomous operation with 
remotely programed mission in real time. 3) Anchor Mode 
that allows performing station keeping, where the USV will 

keep its position compensating drifts caused by winds, 
currents or other influences. 4) Remote Control Mode where 
the UCAP can be remotely controlled by the user. 5) Idle 
Mode where the UCAP actuation is shut down, causing it to 
drift according to external disturbances (winds and currents). 

A UCAP mission is composed by a combination of several 
basic maneuvers that the UCAP is able to perform 
autonomously. These maneuvers are: navigation to a 
determined waypoint, path following, station keeping and 
waiting for an external condition or event. 

In order to be able of executing such maneuvers, the UCAP 
has implemented routines that are based on PID controllers for 
speed and heading in a lower level and line or anchor 
controllers in an upper level. These controllers are responsible 
for defining the proper actuation for the thrusters so that the 
expected behavior is observed and the navigation offsets are 
compensated and minimized. 

The speed controllers are responsible for defining the 
actuation for thrusters so that a determined navigation speed 
for the UCAP is observed. The heading controllers are 
responsible for adapting the differential actuation for thrusters 
so that the UCAP heads to the goal adjusting constantly its 
attitude. 

With the mentioned low level controllers suited, it is 
possible to implement the higher level controllers that allow 
the UCAP to follow a defined path or to keep its global 
position under external influences such as wind, currents or 
others. So the line controllers are responsible for setting the 
proper heading and speed parameters according to the goal 
waypoint. The anchor controllers are used when the UCAP is 
doing station keeping and controls constantly the distance 
from the point and its relative orientation. Taking these 
parameters into account the controllers will set the proper 
heading and speed parameters so that the lower level 
controllers are able to set the proper thrusters actuations. 

The supervising module is responsible to monitor a set of 
internal values, such as temperature, power consumption, or 
available energy, and send alert messages or trigger emergy 
behaviors whenever faults are detected. It also monitors the 
communication link to make sure that the UCAP is put into 
idle mode or returns to a safe place whenever this link is 
broken, and remote control of the UCAP is lost. 

C. UCAP Control and Supervision 
The user can interact with the UCAP through a graphical 

user interface running in an ordinary Laptop. It allows 
controlling the UCAP, supervising mission executions and 
monitoring its state data and on board parameters. A snapshot 
of this console is presented in Fig. 3. 



 

Fig. 3 – UCAP operations console 

The operations console allows the user to set the different 
operating modes of the platform, to define mission parameters 
and attribute tasks to the platform, to refine control parameters 
used by the platform control routines, and to control directly 
the platform throw the usage of an ordinary joystick. 
Moreover, this console allows monitoring in real time all data 
concerning to the platform, such as the operating mode, the 
maneuver data such as distance to goal or off-track distance, 
sensors data such as position, attitude, speed, thruster’s 
actuation, batteries status, temperature, voltage and current 
consumption. 

Communication between the console and the UCAP is 
based in a standard Wi-FI link, using standard UDP messages. 
These messages convey commands from the console to the 
UCAP and telemetry or payload data from the UCAP to the 
console. Each message is composed by the header and the 
payload. The header contains the information about the 
origin/destination of the message and the type of exchanged 
data. Commands are sent directly to the destination, while 
telemetry and payload data are sent to a common repository 
that allows subscriptions from relevant clients. In this way it is 
possible to have different configurations for the command and 
control of the UCAP, either having for example a common 
command a control station for multiple UCAPs or a separate 
command and control for each capsule, with a possible 
common supervision console. 

This protocol also allows for the use multiple 
communication links between the UCAP and the control 
station. This feature might be useful for scenarios where a 
long range, narrow bandwidth link might be used for remote 
operations. 

D. Life Raft Deployment System 
As soon as the UCAP is close enough to the castaways, the 

life raft is deployed and inflated autonomously. The electro-
mechanical system developed to deploy the life raft is shown 
in Fig. 4 and Fig. 5: 

Fig. 4 - Life Raft deployment system. 

Fig. 5 - Life Raft deployment system with the Life Raft. 

The life raft is transported on a mat of rollers and held in 
place by thin wires that act as mechanical fuses. To deploy it, 
there is a compressed spring inside a PVC pipe, connected to a 
life raft pusher by a line that passes through a pulley system, 
see Fig. 4.  

The spring is similar to the ones that are used to hold the 
trunk of a car, see Fig. 6.  

Fig. 6 - Spring decompressed. 

This spring is initially compressed by an own made 
mechanism, shown in the following figure, Fig. 7.  



Fig. 7 - Compressing mechanism. 

After being compressed, the spring is held in that position 
by a nylon cable, as shown in Fig. 8.  

Fig. 8 - Spring on the compressed position. 

When the system is fully assembled, the compressed spring 
is introduced inside the PVC pipe, which is fixed to the 
UCAP. The nylon cable that holds the spring is involved by an 
electrical wire, connected to the main computer. Upon a signal 
from the main computer, a current runs through this wire, 
melting the nylon cable and therefore starting the 
decompression movement. This extension of the spring acts on 
the pulley system, breaking the mechanical fuse that holds the 
life raft in position and deploying it into the water.  At the 
same time, a tensioned cable fixed to the UCAP and in the life 
raft will act on the life raft's inflation system, causing its 
automatic inflation during deployment.   

V. ROAZ 
The ROAZ USV [6] was used as the deployment platform 

for the UCAP preliminary prototype tests.  
ROAZ is a twin hull autonomous surface vehicle developed 

for oceanic robotics research and monitoring. It is based on a 
high density polyethylene 4.2m long catamaran capable of 
operating in ocean environment equipped with electric 
propulsion (two 2kW thrusters). With an autonomy of 
operation (depending on the battery configuration and speed) 
8h to 10hr it can reach 10knots of maximum velocity. 

A. Hardware and Sensors 
The vehicle main control computer is mounted on a central 

watertight enclosure and the 8 50Ah LiFePo batteries are 
installed in two additional enclosures. 

The vehicle main communications are achieved by an IEEE 
802.11a link with the antenna mounted in an upper platform. 
This platform also houses the vehicle vision system, 
comprised of a pan & tilt infrared camera unit (ThermalEye 
5000XP), a digital color camera (Bashler 1300ac GigE) and an 

analogue pan&tilt dome camera used only for streaming video 
purposes. 

The vehicle navigation sensors are a precision L1/L2 RTK 
GPS (Septentrio PolaRx2) and an inertial motion unit 
(Microstrain 3DM).  

Also mounted in the tower there is a low power broadband 
radar (Lowrance 3G) and the GPS antenna. 

In a lowered underwater sensor unit, the USV has a 
sidescan sonar (Imagenex Sportscan), a multibeam sonar 
(Imagenex DeltaT) and a single beam echosounder (Tritech 
digital altimeter). 

B.  Navigation and Localisation 
Due to the high precision (in the order of a few cm with 

RTK), availability in the marine environment and update rate 
(10 Hz) of the GPS system, this is the main localization 
sensor. 

The relatively low quality of the inertial unit leads to its use 
for attitude determination and in particular for heading 
information (when GPS course is not available). 

When required, a loosely coupled EKF filter is used to 
improve the overall localization quality (mainly for correcting 
the yaw angle estimation). 

The GPS system can be used either in a standalone 
configuration or with RTK corrections when available. In 
addition it can have multiple antennas and thus also provide 
heading information for the localization filter. 

The vehicle autonomous control is capable of executing 
waypoint or trajectory defined missions (such as “lawnmow” 
area coverage) or sensor based maneuvers (for ex: vision 
based control).  

In addition, the vehicle can also be directly supervised from 
a remote console or teleoperated. 

C. UCAP Deployment System 
In order to deploy the UCAP from ROAZ USV, a 

deployment system, consisting of a mechanical structure and a 
trigger mechanism, was developed and assembled aboard of 
ROAZ. 

The test structure consists of a ramp that allows the 
gravity to be the main force imposing forward movement to 
the UCAP during launch and a trigger mechanism that is 
responsible for releasing the Capsule in the appropriate 
moment. On it's ready to launch position the Capsule sits on 
rubber rollers that ease the movement in the forward direction 
and constraint it in the transversal direction. 

In future developments the USV should accommodate 
two to four capsules to be released sequentially. 

The trigger mechanism receives its commands trough a 
CAN bus. This type of bus is well tested in the automotive 
industry, is robust to electromagnetic noise and has a 
maximum 1MBit/s data bandwidth. 

 



 

Fig. 9 - UCAP Deployment system installed in ROAZ USV 

VI. EXPERIMENTS 
The experimental tests consisted of three days of 

exercises with the Portuguese Navy in Lisbon, Portugal, and 
five days of exercises in the scope of the ICARUS Project in 
La Spezia, Italy, on coastal sea waters. The aims of the 
exercises were to test, refine and demonstrate the deployments 
of the Unmanned Capsule from the larger USV, the UCAP 
navigation capability while carrying out autonomous missions 
and deploying the onboard life raft. 

A. Exercises With The Portuguese Navy in 
Lisbon/Portugal 

These first tests occurred between July 3rd and 5th, in the 
Atlantic Ocean coastal waters off Sesimbra, Portugal. The 
testes occurred with the support of the Portuguese Navy and 
particularly the Portuguese Naval Research Centre (CINAV). 
The experiments were made aboard a military ship, about 2 
miles from the coast, where the operations setup was set and 
from where the unmanned platforms were launched. 

These tests aimed to 1) evaluate the motion capabilities of 
the developed UCAP, 2) to evaluate and refine the capability 
of the UCAP to be deployed from a larger USV, in this case 
the ROAZ USV and, 3) the capability of the UCAP to deploy 
a life raft in a specific and determined location. For these 
purposes an operational scenario was planned where at the 
first phase ROAZ USV would approach a determined area and 
launch at a specific spot the UCAP. The UCAP would 
navigate towards a specific point representing a victim 
location and at that point the UCAP would deploy the life raft. 

On these first tests, the UCAP has proven to be able to 
navigate despite some difficulties during rotation. These are 
caused by the drag in rotation being very significant regarding 
the small rotation torque provided by the two thrusters, spaced 
only by 30 centimeters from each other. The motion 

capabilities and autonomous navigation capability were tested 
further posteriorly in La Spezia, therefore later in this paper 
this subject is further exploited. 

Another important test was the capability of ROAZ to 
deploy the UCAP. The UCAP deployment system, introduced 
earlier in the paper, proved itself effective. These tests were 
useful to adjust the deployment system according the hull 
configuration and correct some issues. Deployments were 
successfully made, at the correct moment, triggered by the 
ROAZ on board CPU. The UCAP approach the water and was 
operational, capable of carrying out its mission. A video of 
this deployment is available at reference [7]. 

The tests made to the life raft deployment system by the 
UCAP were important to evaluate its performance under 
maritime conditions, with thermal and mechanical concerns, 
allowing the refinement of the system. Although the system 
allows a single shot solely, it revealed itself as an effective 
system for that purpose. The life raft was successfully 
launched from the UCAP. The automatic life raft inflation 
when deployed was not tested, that is a short term aim for the 
further developments. 

B. Exercises On Coastal Sea Waters in La Spezia/Italy 
The exercises in La Spezia, Italy, occurred between July 

15th and 19th. These exercises, carried out in the Mediterranean 
coastal waters, occurred together with several entities 
participants on the ICARUS Project, namely the NATO’s 
Centre for Maritime Research and Experimentation, who 
hosted the experiments, the Italian company Calzoni and the 
Belgian Royal Military Academy supervising the exercises. 

As it happened in the Lisbon exercises the UCAP 
experiments aimed to 1) evaluate the motion capabilities of the 
developed UCAP, 2) to evaluate and refine the capability of 
the UCAP to be deployed from a larger USV, in this case the 
ROAZ USV and, 3) the capability of the UCAP to deploy a 
life raft in a specific and determined location. For these 
purposes an operational scenario was planned, identical to the 
scenario planned in Lisbon, where at the first phase ROAZ 
USV would approach a determined area and launch at a 
specific spot the UCAP. The UCAP would navigate towards a 
specific point representing a victim location and at that point 
the UCAP would deploy the life raft. 

After further work according to the Lisbon results, and the 
refinement of the controller parameters, the UCAP was able to 
navigate in better conditions, even though the significant drag 
in rotation. It was evaluated the speed that the UCAP was able 
to reach for the different thruster actuations. Straight lines of 
about 40 meters were covered and the speed data given by the 
GPS was logged and analyzed. The maximum speed achieved 
by the UCAP was 1.39 m/s. For the different actuations (40% 
to 100%) the achieved speed is presented in the Fig. 10 in the 
form of mean speed and standard deviation for each actuation 
level. 

 



 

Fig. 10 - UCAPS achieved speeds for different actuations 

In terms of rotation capabilities, as it happened in Lisbon, it 
was still noticeable some difficulties during rotation because 
of the very significant drag. The performed rotations achieved 
approximately 10 degrees/second in steady state, but this value 
can decrease with wind and waves interference. 

To evaluate the autonomous navigation capability, it was 
given to the UCAP some waypoints to reach and had to do 
station keepings for large minutes.  

Fig. 11 shows the behavior of the UCAP while navigating 
autonomously to a determined waypoint. The distance 
between the starting and the objective points was about 80 
meters and the direction of the movement was west to east. 
The thrusters’ actuation was limited to 60% so the average 
speed of the movement was about 0.55 m/s. The vehicle was 
able to carry its mission and achieve the waypoint, his 
trajectory suffered from off-track errors that did not exceed 2 
meters. 

 

 

Fig. 11 - Autonomous navigation: straight line of 80m 

Another important test to its autonomous behaviors was to 
evaluate its performance while in autonomous station keeping. 
In the Fig. 12 is presented the 2D positions of the UCAP, 
while trying to keep its position, compensating drifting 
movements caused by wind and currents for 25 minutes, with 
the reference point in the chart as the reference position. The 
drifting forces were pushing the UCAP to the western 
direction. The UCAP was able to keep near the point all the 
time, with a maximum error of about 7 meters. It is a good 
performance which allows concluding that the platform is able 
to keep in its position with a precision in order of a few 
meters. 

 

 

Fig. 12 - Autonomous Station Keeping for 25 minutes 

The UCAP deployment system from ROAZ USV was 
tested further in La Spezia. As it happened in Lisbon 
successful deployments were made, at the correct moment, 
triggered by the ROAZ on board CPU. The UCAP approached 
the water fully operational, capable of carrying out its mission, 
see Fig. 13. After being deployed from ROAZ, the UCAP 
headed to a waypoint that represented a castaway position. 
When the UCAP achieved the castaway position it deployed 
the life raft successfully.  

 

 

Fig. 13 - UCAP Deployment from ROAZ USV 



VII. CONCLUSIONS AND FUTURE WORK 
This paper describes the developed Unmanned Capsule, the 

initial tests that the platform was submitted to and the 
respective results. Initial work has concentrated on the 
development of a platform capable of being deployed from a 
larger USV, capable of navigating and transporting lifesaving 
equipment, and deploying it in precise locations. 

The experiments with the UCAP deployment system from a 
larger USV, in this case ROAZ USV, were useful to 
understand the suitability of the developed system and 
possible enhancements. 

The life raft deployment system was partially tested, it was 
successfully tested the deployment capability of the life raft 
but it is still necessary to validate it while triggering the life 
raft inflation. 

The motion and autonomous capabilities of the UCAP were 
experimented. Although the UCAP revealed to be able to 
navigate and perform autonomous maneuvers, and the basic 
requirements for this platform were validated, it is noticeable 
that there is still some work to be done in order to enhance the 
maneuverability of the developed platform. 

The described work in this paper is a solid base for the next 
two years of developments in the scope of ICARUS. In the 
short term, the described platforms and systems will be 
reconfigured and refined. As mid-term developments the 
framework for communication and interaction between 
platforms will be implemented so that further tests can mainly 
focus on the coordination and cooperation between the several 
different platforms operating in the same scenario. 

ACKNOWLEDGEMENTS 
The research leading to these results has received funding 

from the European Union Seventh Framework Programme 
(FP7/2007-2013) under grant agreement n° 285417 – 
ICARUS Project, and also from the ERDF – European 
Regional Development Fund through the COMPETE 
Programme (operational programme for competitiveness) and 

by National Funds through the FCT – Fundação para a Ciência 
e a Tecnologia (Portuguese Foundation for Science and 
Technology) within project «FCOMP-01-0124-FEDER-
022701». 

The authors would like to thank the Portuguese Navy and 
its Research Center (CINAV) as well as Center for Maritime 
Research and Experimentation from NATO, for their support 
in the experiments conducted. 

REFERENCES 
[1] FP7 Project ICARUS webpage, available at: 

"http://www.fp7-icarus.eu/", April 2013. 
[2] G. F. Clauss, et al., "AGaPaS - Autonomous 

Galileosupported rescue vessel for persons 
overboard," in 28th International Conference on 
Ocean, Offshore and Arctic Engineering, 
OMAE2009, May 31, 2009 -June 5, 2009, Honolulu, 
HI, United states, 2009, pp. 267-276. 

[3] Hydronalix (EMILY developers) webpage, available 
at: "http://www.hydronalix.com/", April 2013. 

[4] Nuno Cruz, Aníbal Matos, Sérgio Cunha, Sérgio 
Silva, "Zarco - An Autonomous Craft for Underwater 
Surveys", Proceedings of the 7th Geomatic Week, 
Barcelona, Spain, February 2007. 

[5] Nuno Cruz, Aníbal Matos, "The MARES AUV, a 
Modular Autonomous Robot for Environment 
Sampling", Proceedings of the MTS-IEEE 
Conference Oceans'2008, Quebec, Canada, 
September 2008. 

[6] H. Ferreira, C. Almeida, A. Martins, J. Almeida, N. 
Dias, A. Dias, and E. Silva, “Autonomous 
bathymetry for risk assessment with ROAZ robotic 
surface vehicle,” in OCEANS 2009-EUROPE, 2009, 
pp. 1–6. 

[7] Video: “ICARUS UCAP Deployment from ROAZ 
USV in Lisbon, Portugal.” Available at: 
http://youtu.be/GGC-V0holFU, July 2013. 


	Select a link below
	Return to main menu
	Return to previous view



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.7
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /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
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /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
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /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
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




