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Abstract—There have been rigorous research and dev elopment
of unmanned aerial vehicles in the field of search and rescue (SAR)
operation recently. UAVs reduce unnecessary human risks while
assisting rescue efforts through aerial imagery, topographic mapping
and emergency delivery. The app lication of UAVs in offshore and
nearshore marine SAR missions is discussed in this paper. Projects
that integrate UAV technology into their systems are introduced to
highlight the great advantages and capabilities of UAVs. Scenarios
where UAVs could provide invaluable assistance are also suggested.
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I. INTRODUCTION

N Unmanned Aerial Vehicle (UAV) is a type of aircraft
that does not require human pilot on board. Also known
as a drone amongst the general public, it can fly autonomously
based on a pre-programmed flight path or remotely controlled
by a pilot from agrou nd station to execute an assi gned
mission. Due to its potentially autonomous behaviour, the
involvement of a human operator is minimized. UAVs can
also perform a wide range of tasks that humans might consider
as dirty, dull or dangerous to them, for instance, the search
phase of a SAR mission in the aftermath of a natural disaster.
The main purpose o f a SAR operation is to identify and
rescue the target in the shortest possible time. This is critical
as any delay will possibly reduce the chances of survival of
the victims [14]. Due to their advantages in agility, portability
and aerial access, UA Vs have already been deployed for SAR
operations for a number of years. A recent survey showed that
88 percent of civ ilians accepted UAVs for use in SAR
missions [1]. By mounting a high resolution camera on a
UAV, it can provide needed aerial imagery for these missions
much more cost e ffectively than adopting the conventional
manned aircraft approach. UAVs can also cover large search
areas in a shorter period of time and provide access to remote
or difficult to reach lo cations [13]. In general, these flying
robots can monitor the situation from the air using various
sensors and devices, then forward the collected information to
the human operators at the ground station for further action
[23]. Moreover, it is important to understand that the lives of
the rescue team could be in risk as well while they are
conducting the SAR operations. With the introduction of
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unmanned SAR systems, many processes will be much safer
and faster [3].

Generally, UAVs can be categorized as either fixed wing or
rotary wing vehicles. Fixed wing UAVs normally have a
longer flight time and are capable of traveling long distances
whereas rotary wing UAVs can hover for quite some time and
requires only a s mall area for vertic al take-off and landing
(VTOL) [16]. Although multiple UAV systems are available
commercially, there has not yetb een any universal
classification to systematically describe models. For instance,
Kiickelhaus classi fied UAV based on the build t ypes and
included an additional two UAV categories as shown in Table
1[8].

TABLEI
STRENGTH AND WEAKNESS OF DIFFERENT UAV BUILD TYPES [8]

Advantage Disadvantage
Fixed - o Long range o Poor manoeuvrability
wing o Endurance compared to VTOL
» Horizontal take-off,
requiring substantial space
Tilt- Wing o Combination of fixed- e Technologically complex
wing and VTOL » Expensive
advantages
Unmanned e VTOL » Expensive
Helicopter o Good manoeuvrability e Comparably high
« High payloads maintenance requirements
possible
Multicopter  « VTOL o Limited payloads

o Affordable cost
 Easy to launch
o Light weight

o Vulnerable to wind due to
low weight

This paper reviews the application of UAVs in marine SAR
operations both offshore and nearshore.

IT1. OFFSHORE MARINE SAR OPERATIONS

According to Ryan and Hedrick, the U.S. Coast Guard uses
fixed-wing UAVs with o n-board cameras to assist manned
helicopters in marine SAR missions [18] as they prevent
needless human risk and increase the search area with minimal
cost. To integrate UAV into current SAR flight patterns, the
UAVs can be controlled to track helicopter maneuvers using
specially-designed algorithms while maintaining the desired
ground coverage. An expert guidance system for UAVs
marine rescue missions is also proposed using Artificial
Neuronal Networks [4].
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Fig. 1 UAVs in ICARUS UAS platform [3] (a) senseSoar solar
airplane by ETH; (b) Quadrotor by ASCAMM,; (c) Indoor
multicopter — Flybox by SkyBotiX [5]

In Belgium, the Royal Military Academy has developed a
project known as the Integrated Components for Assisted
Rescue and Un manned Search (ICARUS) operations which
provides robotic support for marine SAR operations apart
from urban SAR. ICARUS consists of UAVs, ground robots
(unmanned ground vehicles) and marine robots (unmanned
surface vehicles) to detect, locate, and rescue h umans.
Working together in the marine environment, the UAVs are
responsible for detecting and tracking victims while the
unmanned surface vehicles provide physical assistance to
victims to increase their chances of survival [3]. De Cubber
stated that UAVs generally could provide topographic
mapping and assist SAR operators in being more situation
aware and plan missions accordingly [2]. UAVs can also be
utilized to track and follow a moving target using a spe cial
camera and program thati ncorporates victim detection
algorithms. If SAR teams cannot reach the victi ms in time,
UAVs can provide emergency delivery of lightweight goods
such as first-aid kits to victims or S AR personnel quickly.
Moreover, they can function as communication relays when a
ground communication network ca nnot be establis hed,
especially in remote areas. To fulfil the above requirements,
ICARUS unmanned aerial system (UAS) includes the use of

three different UAVs: a small long-endurance solar airplane
(fixed-wing UAV), alarge quadrotor, and a s maller indoor
multicopter as depicted in Error! Reference source not
found. [3].

The safety of rescue teams is a top priority during marine
SAR missions and of ten rescuers aref orced to halt or
postpone operations due to unfavourable conditions such as
extremely poor visibility in adverse weather or wickedly
strong currents in water rescues involving divers. Yet, time is
of the essence in rescue operations [14] such as a person going
overboard. Kurowski and Lampe state this as one of the worst
type of accidents. The fatality rate for this type of accident is
very high for several reasons. First, the conventional saving
approach of't he return manoeuvre of the ship, w ith the
subsequent release of rescue vessels, followed by the actu al
rescue operations consumes too much time. Second, the
overboard person may not be able to stay afloat long enough
to be rescued due to exhaustion or hypothermia. Last, crews or
family members on the vessel often fail to notice the person is
missing until it is too late [9].

Several research have been done to save the pers on who
gone overboard. One of th e most promising approachesis a
complex SAR system prototype called Autonomous Galileo-
supported Person res cue at Sea ( AGaPaS) developed by
multiple research groups from the University of Rostock in
Germany. Being a satellite- guided SAR system, AGaPaS
aims to act i mmediately upon incident to reduce the rescue
time factor. The target group for AGaPaS are the crews
working on special ships or offshore platforms as the system
requires crew members to wear a modified rescue vest to
detect and locate the person when an overboard accident
occurs. An Automatic Identification System emergency
transmitter which is self-activated upon contact with seawater
is attached to the life vest along with a GPS signal indicator to
determine the person’s position. Once the emergency message
is received, an unmanned surface vessel is released from the
ship and immediately moves autonomously towards the
overboard crew member and rescues him [9]. By introducing
UAYV into the equation, the AGaPaS system could be further
improved. However, weather conditions such as strong winds
or rain, obviously will impact use o f UAV in marine SAR
operations.

Fig. 2 A major platform fire [17]
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Beside overboard accidents, UAVs can also be applied t o
the emergency rescue sy stem for offshore platform such as
when there is a major fire event as shown in Fig. 2. Last year,
a fire occurred at Bekok C platform, operated by PETRONAS
Carigali Sdn. Bhd. 200km off Terrengganu, Malaysia, during
the night. Luckily all 108 workers were evacuated to nearby
platforms in time with only six injured [15]. The cause of the
fire was suspected to be the sparks from a maintenance valve -
an extremely dangerous situation for an oil and gas platform.
If some of the rig workers had been panic-stricken and jumped
off the platform into the sea, a UAV could be send to lo cate
them or even provide an emergency flotation device that could
keep them afloat until rescue arrived.

III. NEARSHORE MARINE SAR OPERATIONS

With the current technology development, the typical flight
time of a battery-powered UAV is usually around 30 minutes
or less, depending on the battery capacity. Therefore, it is
difficult to deploy UAVs especially the multi-rotor in
emergency incidents that occur s too far aw ay from shore.
However, this type of UAVs could be very useful for
nearshore marine SAR operations. The concept of providing
emergency flotation devices to victims in the water has been
piloted by RTS Ideas to save the lives of drown ing people
nearshore. An aerial rescue robot, Pars, as shown in Error!
Reference source not found.3, was developed by the Iranian
lab to save distressed swimmers near the shore.

Fig. 3 Pars robot developed by RTS Ideas in Iran [18]

The UAS can be operated by lifeguards or rescue team
members via radio control. This eight-rotor machine flies to
the victim carrying life rings and drops them to the victim in
distress in the sea. The selling point of this drone is its speed.
In a trial experiment where it raced against a human lifeguard,
Pars managed to launch a float to the target victim located
75m from the shore in 22 seconds, while the lifeguard took 90
seconds toreach the person [10], [11]. With an on-board
camera, Pars can locate the victim’s position to release the
emergency floating device at the right place. By clinging to
the life rings, the victim can stay afloat and this provides more
time for the person to wait for rescue. Capable to carry three

life buoys in a single flight, Pars can save up to three lives at a
time. This is especially helpful when there is only a single
lifeguard to save multiple people [18]. The first shipment of
Pars robots which cost up to $10,000 each, will be in mid-
2015 [10].

Another entrepreneurial endeavour is the Ryptide project.
Initiated by Bill Piedra in January 2014, the project also
focuses on carrying life-rings ina ir to rescue di stressed
swimmers. Unlike Pars, Ryptide is actually a piece of
equipment designated to be installed onto UAV to carry an
inflatable life-ring. After the drone reaches above the
swimmer, the deflated life-ring is released and self-inflates as
it hits the water [21].

Two PhD students have won a top prize at the Innovation
Works! student prototype competition organized by Australian
Institute of Innovative Materials and G lobal Challenges
Program, for anoctocopter that helpsr escue distress
swimmers [22]. The drone carries a floating device using
magnets. It is then released by remote control to the swimmers
in distress. This provides the lifeguards a safer alternative to
assist the swimmer in ti me. It lowers the risk of lifeguards
rushing their way through rough sea condition just to reach the
swimmer as soon as possible and putting their own life at high
risk. A similar invention but with night vision capabilities was
developed by students of Ajman University in association with
Microsoft, as shown in Fig. 4.

Fig. 4 The UAV, equipped with a Kinect and a Surface Pro device,
will not only carry a tube but be able to detect individuals in distress
and deliver the tube [6]

Fig. 5 The fatal ferry disaster in South Korea in April 2014 [12]
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The concept of delivering floats to distressed victims in the
water has received great support from the research or project
groups such as those mentioned above to be rapidly integrated
into the UAV technology. Life buoy delivering UAVs could
have save hundreds of lives during the fatal South Korea ferry
disaster in April 2014 if the ferry or the r escue vessels were
equipped with such UAVs. The sinking ferry is shown in Fig.
5. Among the 476 people on board, almost 300 people
drowned with most of them being Danwon High School
students. Some survivors claimed that they had not received
any help from the ferry crews which abandoned the ship when
there were s till hundreds of passengers trapped inside [20].
The ferry also tilted at an angle that caused lifeboats on board
unreachable for the passengers as it listed and started to sink
[7]. With autonomous UAVs, additional life buoys could have
been provided on scene during the critical moments for the
passengers to cling to and wait for rescue. It w ould have
provided an alternative to crew directed instructions and given
more passengers a chance of survival.

IV. CONCLUSION

UAVs can be served as a valu able emergency life-saving
technology to save more lives while racing against time in
offshore and nearshore SAR op erations. UAVs reduce
unnecessary human risks during rescue operation in adverse
weather andar e capable of finding victims quickly.
Researchers around the world have come up with practical
technologies incorporating UAVs to save lives, especially
nearshore and in man overboard situations. This r esearch
should be furthered and expanded. The authors argue that the
civil integration of UAS SAR activities should happen as soon
as possible to save lives.

REFERENCES

[1] Bloss, Richard. 2014. "Unmanned Vehicles While Becoming Smaller
and Smarter Are Addressing New Applications in Medical, Agriculture,
in Addition to Military and Security." Industrial Robot: An International
Journal 41 (1): 82-86.

[2] De Cubber, Geert. 2013. Operational Rpas Scenarios Envisaged for
Search & Rescue by the Eu Fp7 Icarus Project. Accessed Jan 5,
http://www.fp7-icarus.eu/operational-rpas-scenarios-envisaged-search-
rescue-eu-fp7-icarus-project.

[3] De Cubber, Geert, Daniela Doroftei, Daniel Serrano, Keshav
Chintamani, Rui Sabino, and Stephane Ourevitch. 2013. "The Eu-Icarus
Project: Developing Assistive Robotic Tools for Search and Rescue
Operations." Safety, Security, and Rescue Robotics (SSRR), 2013 IEEE
International Symposium on: IEEE.

[4] Fernandez, F., E. Besada, D. Sanchez, and J.A. Lopez-Orozco. 2011.
"Expert Guidance System for Unmanned Aerial Vehicles Based on
Artifical Neural Networks." Journal of Maritime Research VIIL
www.jmr.unican.es/index.php/jmr/article/download/145/142.

[5] Flybox  from  Skybotix.  2015.  Accessed January, 30,
http://www.i3s.unice.fr/~ducard/ResearchMain.php.

[6] Joseph, George. 2014. "UAE Students' Drone Can Help Save People
from Drowning."

[7] Kim, Sam, Cynthia Kim, and Heesu Lee. 2014. "Two Hours Turned
School Island Excursion to Horror at Sea." Bloomberg Business, April
21. http://www.bloomberg.com/news/articles/2014-04-21/two-hours-
turned-school-island-excursion-to-horror-at-sea.

[8] Kiickelhaus, Markus. 2014. Unmanned Aerial Vehicles in Logistics: A
Dhl Perspective on Implications and Use Cases for the Logistics
Industry. Germany: DHL Customer Solutions & Innovation.

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

http://www.dhl.com/content/dam/downloads/g0/about_us/logistics_insig
hts/DHL_TrendReport UAV .pdf.

Kurowski, Martin, and Bernhard P La mpe. 2014. "Agapas: A New
Approach for Search-and-Rescue-Operations at Sea." Proceedings of the
Institution of Mechanical Engineers, Part M: Journal of Engineering for
the Maritime Environment 228 (2): 156-165.

Leiber, Nick. 2014. "Using Drones to Make Peace, Not War."
Bloomberg Businessweek (4400): 54-56.

Leo, Kelion. 2013. "Iran Develops Sea Rescue Drone Prototype in
Tehran." BBC, November 13. http://www.bbc.com/news/technology-
24929924.

Lianne, Kolirin. 2014. "Nearly 300 Missing and Six Dead as Ferry
Carrying School Children Sinks Off South Korea." Daily Express, April
16.

Lin, Lanny, Michael Roscheck, Michael A Goodrich, and Bryan S
Morse. 2010. "Supporting Wilderness Search and Re scue with
Integrated Intelligence: Autonomy and Information at the Right Ti me
and the Right Place" AAAI

Matos, Anibal, E duardo Silva, Nuno Cruz, José Carlos Alves, Duarte
Almeida, Miguel Pinto, Alf redo Martins, José Al meida, and Diogo
Machado. 2013. "Development of an Un manned Capsule for Large-
Scale Maritime Search and Rescue."

Murali, R.S.N. 2010. "Six Hurt in Oil Plat form Blaze." The Star Online,
December 15.

Murphy, RobinR, Satoshi Tadokoro, Daniele Nardi, Adam Jacoff, Paolo
Fiorini, Howie Choset, and AydanM Erkmen. 2008. "Search and Rescue
Robotics." In Springer Handbook of Robotics, eds Bruno Siciliano and
Oussama Khatib, 1151-1173. Springer Berlin Heidelberg.

NOPSEMA. 2015. Montara Wellhead Platform and West Atlas Modu
Fire. Accessed February 15,
http://www.nopsema.gov.au/assets/images/imagegallery/Image-
A149261 jpg.

RTS Ideas. 2014. Pars Drone.

Ryan, Allison, an d J Karl Hedrick. 2005. "A Mode-Switching Path
Planner for Uav-Assisted Search and Rescue" Decision and Control,
2005 and 2005 European Control Conference. CDC-ECC'05. 44th IEEE
Conference on: IEEE.

South Korea Ferry Verdict: Sewol Captain Escapes Death Penalty. 2014.
The Week, November 11.

Stu, Robarts. 2015. Project Ryptide Drone Flies Life-Rings to Distressed
Swimmers. Accessed January 6, http://www.gizmag.com/project-ryptide
/35437/.

University of Wollongong. 2014. "Life-Saving Drone Takes out
Innovation Competition."

Waharte, Sonia, and Niki Trigoni. 2010. "Supporting Search and Rescue
Operations with Uavs" Emerging Security Technologies (EST), 2010
International Conference on: IEEE.

399



