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Abstract – The final aim of this paper is to create 
peculiar strategies in order to optimise the use platform 
for underwater scientific research that can 
accommodate a wide range of different payloads. The 
main mission profiles and the related employment 
strategies are optimized, according to the dedicated 
environment: we will examine in detail the three types 
of typical mission (pure drift, corrected drift and 
glider) finally a hybrid one (Jellyfish). 
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 I. INTRODUCTION 
The final aim of this paper is to create peculiar strategies 

in order to optimise the use platform for underwater 
scientific research that can accommodate a wide range of 
different payloads. 

The automatic exploration of the abyss requires highly 
sophisticated machines capable of withstanding a very 
severe environment. The use of ROV is limited both by the 
need to be constantly connected with the support vessel by 
umbilical cord, and by the manoeuvrability due to the 
length of the cable. This reduces their use to "spots" of 
relatively limited area, such as the exploration of a sunken 
vessel: the possible recognition of a pipeline line would 
require the contextual displacement of the support vessel 
with relative increase in operation times and costs. 

The sea gliders project has now reached maturity and 
can be well integrated with other architectures for marine 
exploration: we will examine a series of mission profiles 
and consequently strategies of use and use of different 
underwater drone architectures [1]-[5].  

 II. THE MEDITERREAN SEA 
Since ancient times, Mediterranean Sea has always been 

a crossroads of civilization due to the great variety of 
populations he embraced; the ancient Romans called it 
"Mare Nostrum" (Our Sea) to indicate that the Empire 
extended well over all the territories it touched. Beyond its 
placid aspect and apparent smallness, the Mediterranean 
can become very stormy and treacherous, rich in intense 
currents and water basins as the Man who crosses it since 
ancient times knows well. 

The Sea is located at mid-latitudes between Europe, Asia 
and Africa and is an enclosed sea, communicating with the 
Atlantic Ocean to the west across the Strait of Gibraltar 
and with the Sea of Marmara and the Black Sea to the east 
across the strait of the Dardanelles. In the Mediterranean 
Sea occurs almost all of the bio-geophysical processes like 
the great oceans occur so it can be considered a "sea 
laboratory".  

It can be subdivided into two large sub-basins, the 
Western and the Eastern Mediterranean linked together by 
the Strait of Sicily, which exhibit a noteworthy 
bathygraphy difference, which prevents the free 
circulation of great volumes of water.  

 

 
Fig. 1. –  An ancient portolan nautical chart of the 
Mediterranean Sea.  

 
The bathymetry values of the Sea have a very wide range 

of variations: e.g.:  to the continental shelf (like the 
Adriatic Sea and the Tunisian platform) have a depth 
below 100 m, in other areas, like the Tyrrhenian Sea, the 
Ionian Sea and some areas of the Near East Sea depths 
reach 4000-5000 m [6]-[9].  

The difference between the Mediterranean and the other 
open oceans lies precisely in the great variety of depth and 
variation of use scenarios, within a rather narrow area of 
the sea. A sea glider drone, within its own spatial "flight 
envelope", can pass from the shallow to the abyss of 
thousands of meters: it is carried, for example near the 
island of Capri, a warm shallow sea become a ditch so deep 
as to serve as a test area for the "Trieste" bathyscaphe. 

The Mediterranean Sea is a “concentration basin”: the 
losses of water due to evaporation exceeds the water 
entrances coming from rivers and rains. To compensate for 
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the increase in density and the decrease in the average sea 
level with respect to the Atlantic Ocean, a large number of 
underwater currents have been activated not only 
horizontally, but also vertically, causing, seasonally, a 
strong mixing of the salt layers [10]-[13].  

This great environment variety cannot be explored with 
only one aircraft configuration or better: to optimize 
exploratory performance it is necessary to use, at the state 
of the art, different architectural solutions [14]-[18]. 

 III. MISSIONS 

 A. Payload and range 
It cannot be denied that the drone has reason to exist is 

identified with its payload, indeed we can say that the 
drone is the payload because without it would be useless. 
In the final analysis, depending on the payload and the 
range, the mission profile is defined which, in turn, must 
be optimized according to the architecture of the sub 
glider. In the following section we will examine in detail 
the three types of typical mission (pure drift, corrected drift 
and glider) finally a hybrid one (Jellyfish). 

 B. Lagrangian Profile (drifting buoy) 
The first system is a pure drifting buoy (Lagrangian) that 

can adjust the depth of navigation and emerges only for the 
short time necessary to connect with the satellite (see Fig.2 
below). 

 
Fig. 2. – Lagrangian mission profile: drifting buoy  

 
Historically, one of the first solutions adopted was 

ALACE, a drift buoy that could suitably adjust its 
operational depth: once it reached the surface, it 
transmitted the data collected to the Argos satellite system.  

Today we use buoys that are technologically advanced 
and have better autonomy and more sensors, but the 
mission profile remains the same as the first attempt in the 
50s of the last century [19]-[21]. 

The architecture is quite conventional: a constant 
diameter cylinder that includes the instrumentation, the 
communication systems and the device that regulates the 
buoyancy [22]-[25]. 

 C. Quasi Lagrangian Profile 
The need to get rid of the randomness of the currents, 

and an ever-expanding miniaturization of electronic 
components, have led to the natural development of the 
underwater gliders that have the ability to move both on 
the horizontal plane and on the vertical plane [26]-[30]. 

 

Fig. 3. – Quasi Lagrangian mission profile: manta 
Architecture 

 
The system can be considered as "quasi-Lagrangian" 

one, because it is possible to use it as a simple emerging 
buoy and capable of a variable depth: it essentially 
includes the whole mission profile of the mentioned 
system. Furthermore, the innovation lies in the fact that, 
with very little expenditure in terms of energy, it can also 
be moved to the horizontal plane, compensating for 
currents and drifts, thus having the possibility of changing 
the mission and purpose until the end [31].  

Not least the possibility of being able to conduct an 
active "volumetric" exploration of a stretch of sea [32]. 
The ideal architecture for this type of mission is the so-
called "manta" (see Fig.3): an all-wing vehicle, with very 
low hydrodynamic drag and a payload optimized to be 
inserted in the streamlined wing [33]. 

 D. Normal Sea Glider Profile 
An underwater glider moves up and down in the sea like 

by changing its buoyancy: it uses its hydrodynamic wings 
to convert the vertical motion to horizontal, moving 
forward with negligible power consumption [34]-[36].  

While not as fast as conventional AUVs, gliders using 
buoyancy-based propulsion increase the range and the 
duration (autonomy) compared to motor-driven vehicles, 
may extend the mission from hours (or weeks) to months 
(see Fig.4), and to several thousands of kilometres of 
range. An underwater glider follows an up-and-down, 
sawtooth-like profile through the sea, providing data on 
temporal and spatial scales unavailable to previous AUVs.  

Furthermore, unlike gliders in air, AUVs can have 
ascending glide slopes if the net buoyancy is positive, 
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producing a negative sink rate.  
 

 
Fig. 4. – A conventional architecture Sea Glider 

 
An underwater glider is unable to proceed straight and 

level, because is motion is due to the difference between 
the forces of weight and buoyancy, thus converted by the 
wings in a smooth dive/climb trajectory 

 

Fig. 5. – Sea Glider Sawtooth glide path (typical) 
 
The glider has a buoyancy engine that allows it to 

alternately change its net buoyancy between positive and 
negative states, thereby imparting it with the ability to 
string together a succession of descending and ascending 
glide slopes referred to as a sawtooth glide path (see fig.5) 
[37]. 

 E. Jellyfish mode Profile 

a b 
Fig. 6. – Two common types of Mediterranean medusae 
a) Rhizostoma Pulmo; b) Pelagia Noctiluca.  

This is a mission profile that we have called "jellyfish": 
it has been developed in response to a very peculiar 
requirement: being able to follow and monitor surface 
debris, drifting plastic garbage or oil spills [38]. 

Locomotion in jellyfish (see fig.6) is very efficient: the 
muscles contained in the mesoglea expand radially and 
contract, generating a toroidal vortex that pushes forward 
the body. Once the contraction is over, the mesoglea 
elastically relaxes and returns to its original form, creating 
a stop vortex without extra energy input and thus giving 
the possibility to the process to start again [39]. 

 

Fig. 7. – Jellyfish vehicle 
 
Our vehicle moves similarly to the jellyfish: it contracts 

and expands the bladder and, through significant changes 
of depth, follows the current avoiding being captured by 
small natural vortices, outcropping rocks or divergent 
lateral currents. All this in order to complete the mission 
[40]. For this reason, we have chosen the vehicle shown in 
Fig. 7. 

 F. Performance comparison 

 
Fig. 8. – Architecture tasks comparison 

 
The first consideration to make about the use of the 

various vehicles is that the only one who manages to cover 
all the designated roles is precisely the classic sub glider: 
apparently, it manages to be endowed with remarkable 
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serendipity which indicates it as the ideal candidate for 
everything, like it is easy to understand from the Fig. 8 
below [41]. 

In fact, it can accomplish the mission of a drifted 
Lagrangian buoy but also like the quasi-Lagrangian Manta 
and, finally, that of the jellyfish mission. 

Consider instead the envelope (area) duration / range of 
the vehicle as shown in Fig. 9, the approach must change 
drastically. 

From the same figure, it can be seen immediately that 
the vehicle with a Lagrangian architecture is optimized for 
extremely extensive missions over time but due to its 
displacement on the horizontal plane of eventual sea 
currents that generally do not exceed 7 knots in the 
Mediterranean, the range is extremely reduced. 

 

 
Fig. 9. – range/duration envelope comparisons 

 
The vehicle with a semi-Lagrangian architecture has an 

intermediate range, which spread well with the duration, 
whereas the jellyfish architecture allows for long ranges 
but for missions rather limited in time (but low energy 
consumption). 

It is now evident how the pure sea glider, while 
performing in an honourable way, all the previous 
missions, does not excel in any. Its use must then be in 
mixed missions that are a fusion of two or more scenarios. 

 IV. CONCLUSIONS 
The extreme specialization that is emerging in the field 

of UAVs could give rise to a spread-out of types and 
models that can often confuse the end user who will then 
have to configure the payload. We have examined in detail 
the four main mission profiles and dedicated a particular 
drone architecture to each of them, finding the appropriate 
optimization. Employment strategies have been found for 
each vehicle and the rational criteria for every architecture. 
Now is clear that there is no vehicle that possesses the 
perfect configuration but everything must be born 
according to a well-tempered compromise between 
payload and specific mission.  

REFERENCES 

[1] S.Wood “Autonomous underwater gliders” In: Underwater 
Vehicles, Chapter 26, edited by A. V. Inzartsev, 499-524, In-Tech, 
2009 Vienna, Austria. 

[2] Jenkins, S.A. et al., “Underwater Glider System Study” Scripps 
Institution of Oceanography, Technical Report No. 53, May 2003. 

[3] Davis, R. E., D. C. Webb, L. A. Regier and J. Dufour. 1992. “The 
Autonomous Lagrangian Circulation Explorer (ALACE).” Journal 
of Atmospheric and Oceanic Technology. 9:264-285. 

[4] Byrel Mitchell, Eric Wilkening, Nina Mahmoudian, "Low cost 
underwater gliders for littoral marine research", American Control 
Conference (ACC) 2013, pp. 1412-1417, 2013, ISSN 0743-1619. 

[5] D. Meyer “Glider Technology for Ocean Observations: A Review” 
Ocean Sci. Discuss., doi: 10.5194/os-2016-40, 2016. 

[6] Davis, R. E., C. C. Eriksen and C. P. Jones. 2003. Autonomous 
buoyancy-driven underwater gliders. In: Technology and 
Applications of Autonomous Underwater Vehicles, ed. G. 
Griffiths, pp. 37-58. Taylor and Francis.  

[7] C.C, Eriksen,., T.J. Osse, R.D. Light, T. Wen, T.W. Lehman, P.L. 
Sabin, J. W. Ballard and A. M. Chiodi. 2001. Seaglider: A longr 
ange autonomous underwater vehicle for oceanographic research. 
IEEE J Oceanic Eng. 26:424-436. 

[8] D.L. Rudnick et al. “Underwater Gliders for Ocean Research” 
Marine Technology Society Journal, Spring 2004 Volume 38, 
Number 1. 

[9] J.G. Graver, J. Liu, C. Woolsey et al., “Design and Analysis of an 
Underwater Vehicle for Controlled Gliding,” in Conference on 
Information Sciences and Systems (CISS), Princeton, 1998. 

[10] D.L. Rudnick, R.E. Davis, C.C. Eriksen et al., “Underwater Gliders 
for Ocean Research,” Marine Technology Society Journal, vol. 38, 
no. 1, Spring, 2004. 

[11] Teledyne Webb Research. 2013. Slocum electric glider. Available 
at: http://www.webbresearch.com/. 

[12] S.Wood – “State of Technology in Autonomous Underwater 
Gliders” Marine Technology Society Journal, Volume 47, Number 
5, September/October 2013. 

[13] Leccese, F., Cagnetti, M., Giarnetti, S., (...), Bozzi, L., Formisano, 
C. “A simple Takagi-Sugeno fuzzy modelling case study for an 
underwater glider control system” 2018 IEEE International 
Workshop on Metrology for the Sea; Learning to Measure Sea 
Health Parameters, MetroSea 2018 – Proceedings 8657877, pp. 
262-267 

[14] C.Waldmann, A.Kausche, M.Iversen – “MOTH an underwater 
glider design study carried out as part of the HGF Alliance 
ROBEX” 

[15] N. A. A. Hussain, M. R. Arshad and R. Mohd-Mokhtar “Modeling 
and Identification of An Underwater Glider” Proceedings of the 
2010 International Symposium on Robotics and Intelligent Sensors 
(IRIS2010) Nagoya University, Nagoya, Japan, March 8-11, 2010. 
ISBN: 987-4-9905048-0-9, ISSN: 1884-1023 

[16] B.J. Bohenek “The Enhanced Performance Of An Integrate 
Navigation System In A Highly Dynamic Environment” Air Force 
Institute Of Technology – ref.: AFIT/GE/ENG/94D-01 

[17] R.W. Beard, T.W. McLain “Small Unmanned Aircraft - Theory and 
Practice” Princeton University Press (2012). 

[18] Petritoli, E., Leccese, F., Ciani, L. Reliability assessment of UAV 
systems (2017) 4th IEEE International Workshop on Metrology for 
AeroSpace, MetroAeroSpace 2017 - Proceedings, art. no. 7999577, 
pp. 266-270. DOI: 10.1109/MetroAeroSpace.2017.7999577. 

[19] A.C. Watts, V.G. Ambrosia, E.A. Hinkley “Unmanned Aircraft 
Systems in Remote Sensing and Scientific Research: Classification 
and Considerations of Use” Remote Sens. 2012, 4, 1671-1692. 

[20] Daniel L. Rudnick, Russ E. Davis, David M. Fratantoni, Mary Jane 
Perry, “Underwater Gliders for Ocean Research,” Marine 
Technology Society Journal, v 38, n 2, pp 73-84, Summer 2004. 

[21] Petritoli, E., Leccese, F. Improvement of altitude precision in 
indoor and urban canyon navigation for small flying vehicles 
(2015) 2nd IEEE International Workshop on Metrology for 
Aerospace, MetroAeroSpace 2015 - Proceedings, art. no. 7180626, 
pp. 56-60. DOI: 10.1109/MetroAeroSpace.2015.7180626. 

[22] A. Pereira, H. Heidarsson, D.A. Caron, B.H. Jones, and G.S. 
Sukhatme. An implementation of a communication framework for 

257



the cost-effective operation of Slocum gliders in coastal regions. In 
Proceedings of The 7th International Conference on Field and 
Service Robotics, Cambridge, MA, July, 2009. 

[23] G.Parthasarathy, Degala Shravya Sree, B.Lakshmi Manasa – 
“Design Mathematical Modeling and Analysis of Underwater 
Glider” International Journal of Science and Research (IJSR) ISSN 
(Online): 2319-7064. 

[24] R.N.Smith, M.Schwager, S.L.Smith, D.Rus, G.S.Sukhatme 
“Persistent Ocean Monitoring with Underwater Gliders Towards 
Accurate Reconstruction of Dynamic Ocean Processes”  Robotics 
and Automation (ICRA), 2011 IEEE International Conference. 

[25] Wilcox, J. S., J. G. Bellingham, Y. Zhang and A. B. Baggeroer. 
2001. Performance metrics for oceanographic surveys with 
autonomous underwater vehicles. IEEE J Oceanic Eng. 26:711-
725. 

[26] Petritoli, E., Giagnacovo, T., Leccese, F. Lightweight GNSS/IRS 
integrated navigation system for UAV vehicles (2014) 2014 IEEE 
International Workshop on Metrology for Aerospace, 
MetroAeroSpace 2014 - Proceedings, art. no. 6865894, pp. 56-61. 
DOI: 10.1109/MetroAeroSpace.2014.6865894. 

[27] Webb, D. C., P. J. Simonetti and C. P. Jones. 2001. SLOCUM: An 
underwater glider propelled by environmental energy. IEEE J 
Oceanic Eng. 26:447-452. 

[28] H. Stommel “The Slocum Mission” Oceanography, pp. 22 - 25, 
April 1989. 

[29] Sherman, J., R. E. Davis, W. B. Owens, and J. Valdes, 2001: The 
autonomous underwater glider “Spray”. IEEE J Oceanic Eng. 
26:437-446. 

[30] Petritoli, E., Leccese, F. “A high accuracy navigation system for a 
tailless underwater glider” IMEKO TC19 Workshop on Metrology 
for the Sea, MetroSea 2017: Learning to Measure Sea Health 
Parameters 2017-October, pp. 127-132 

[31] D. Titterton, J. Weston “Strapdown Inertial Navigation 
Technology”, 2nd Edition – The Institution of Electrical Engineers 
and The American Institute of Aeronautics and Astronautics. 

[32] Bong-Huat Jun, Jin-Yeong Park, Fill-Youb Lee, Pan-Mook Lee, 
Chong-Moo Lee, Kihun Kim, Young-Kon Lim, Jun-Ho Oh. 
“Development of the AUV ‘ISiMI’ and free running test in an 
ocean engineering basin,” Ocean Engineering, v 36, n 1, pp. 2-14, 
January 2009. 

[33] Petritoli, E., Leccese, F. “A high accuracy attitude system for a 

tailless underwater glider” IMEKO TC19 Workshop on Metrology 
for the Sea, MetroSea 2017: Learning to Measure Sea Health 
Parameters 2017-October, pp. 7-12 

[34] N. E. Leonard and Joshua G. Graver,”Model-Based feedback 
control of autonomous underwater gliders,” IEEE Journal of Ocean 
Engineering, Vol. 26, No. 4, 2001. 

[35] M. Arima, N. Ichihashi, T. Ikebuchi, “Motion characteristics of an 
underwater glider with independently controllable main 
wings,”OCEAN ’08 MTS/IEEE Kobe-Techno-Ocean’08-Voyage 
toward Future, OTO’08, 2008. 

[36] Roger E.O, Genderson JG, Smith W.S, Denny G.F, Farley P.J., 
“Underwater acoustic glider,” Geoscience and Remote Sensing 
Symposium, IGARSS ’04. Proceedings. IEEE International Vol. 3, 
pp. 2241-2244, 2004. 

[37] H. C. Woithe, Ulrich Kremer, "A programming architecture for 
smart autonomous underwater vehicles", Intelligent Robots and 
Systems 2009. IROS 2009. IEEE/RSJ International Conference on, 
pp. 4433-4438, 2009.  

[38] Leonard and Graver, “Model based feedback control of 
autonomous underwater glider,” IEEE Journal of Oceanic 
Engineering, Vol. 26, No 4, pp.633-644, 2001. 

 Petritoli, E., Leccese, F., Cagnetti, M. “A high accuracy buoyancy 
system control for an underwater glider” 2018 IEEE International 
Workshop on Metrology for the Sea; Learning to Measure Sea 
Health Parameters, MetroSea 2018 – Proceedings 8657831, pp. 
257-261 

[39] Petritoli, E., Leccese, F., Cagnetti, M. “High accuracy buoyancy 
for underwater gliders: The uncertainty in the depth control (2019) 
Sensors (Switzerland), 19 (8), art. no. 1831, DOI: 
10.3390/s19081831 

[40] Xiaobo Tan, Drew Kim, Nathan Usher, Dan Laboy, Joel Jackson, 
Azra Kapetanovic, Jason Rapai, Beniamin Sabadus, Xin Zhou, "An 
Autonomous Robotic Fish for Mobile Sensing", Intelligent Robots 
and Systems 2006 IEEE/RSJ International Conference on, pp. 
5424-5429, 2006. 

[41] Ryan N. Smith, Arvind Pereira, Yi Chao, Peggy P. Li, David A. 
Caron, Burton H. Jones, Gaurav S. Sukhatme, "Autonomous 
Underwater Vehicle trajectory design coupled with predictive 
ocean models: A case study", Robotics and Automation (ICRA) 
2010 IEEE International Conference on, pp. 4770-4777, 2010, 
ISSN 1050-4729. 

 

258


