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Abstract – The technological potential offered by 
Maritime Unmanned Systems (MUS) is recognized by 
many countries as an effective tool for both military 
and civilian applications. The increasing use of MUS 
brought substantial and new challenges to the Test and 
Evaluation process that becomes significantly more 
complicated than traditional systems. Unmanned 
systems have continuously increasing complexity and 
capabilities and can be at different maturity levels.  
These technologies necessitate for specific Test and 
Evaluation tools throughout the whole program life 
cycle. For the above reasons, the Naval Support and 
Experimentation Centre (CSSN) of the Italian Navy 
and the Italian Interuniversity Center on Integrated 
Systems for the Marine Environment (ISME) founded 
a joint laboratory in 2015, called SEALab (Laboratory 
on marine heterogeneous and autonomous systems), 
with the main goal to jointly develop and manage 
applied research and experimentation activities of 
common interest in the field of heterogeneous and 
autonomous marine systems.  

 I. INTRODUCTION 

 Robotics impact in the marine environment has been 

early reference [1], the author identified some benefits from 
using Unmanned Systems: savings on personnel costs, 
reduced workloads for personnel, reduced exposure to 
dangerous tasks and improvement of decision-making in 
stress conditions. Although many of the promises described 
in [1] have been largely met by the technological evolution 
(e.g. [2], [3]), the development in the maritime domain is 
still lagging behind that of its air and land counterparts. The 
intrinsic hostility of the underwater environment, the lack 

of GPS signal, the impossibility of radio transmission, the 
limitations of light penetration, all concur to pose severe 
challenges to the operation of autonomous marine robots.  
In addition, wireless acoustic communication among robots 
is still at development stage, with respect to all the 
capabilities available on land and in air [4]. From [5], it 
emerges that the technological potential offered by 
Maritime Unmanned Systems (MUS) is recognized by all 
Navies as an effective tool for Mine CounterMeasures 
(MCM), AntiSubmarine Warfare (ASW) and Intelligence, 
Surveillance and Reconnaissance (ISR) missions. 
Moreover, this potential can be exploited also for civilian 
applications, such as marine flora and fauna survey and 
protection missions. Despite their great potential, MUS use 
to have a marginal role in these missions due to their 
limitations in persistence, interoperability, modularity, 
costs, scalability, autonomy and information assurance. 
Finally, decision makers and operators perceive 
expectations higher than actual technology development 
capabilities may offer, due to customer versus supplier 
personal interpretation of the “job to be done” [6]. Original 
expectations are thus mismatched by actual activities if not 
supported by a dedicated strategy. They result only in a little 
step toward the desired path requiring anyway a consistent 
effort [7].  
These new technologies necessitate to be assessed by 
specific Test & Evaluation (T&E) tools throughout their 
whole life cycle. Analyzing the gaps between base and 
emerging technologies through the S-Curve behavior [8], 
an area where T&E capabilities are available at different 
stages can be identified. Indeed, these capabilities and 
related skills are already present at different levels in 
various Italian, European and international entities, but it is 
extremely difficult to make the overall technological 
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 IV.  

The increasing use of MUS brought substantial and new 
challenges to the T&E community. In particular, the T&E 
for unmanned systems is significantly more complicated 
than the T&E for conventional systems because of their 
complexity and evolving maturity.  

T&E can be defined as 
the process by which a system and its subsystems are 
compared against some requirements (Fig. 7). This is done 
through testing, that cannot occur only at the end of 
development, but it should be addressed continuously 
throughout the entire life cycle. 

 

 

Over the years, SEALab acquired deep expertise in the 
field of MUS and its sensors. This allows the members of 
the laboratory to approach the problem of robust, well-
structured and cost-effective T&E process. This means 
that MUS systems are not only the object of a T&E 
process, but they become fundamental to test and evaluate 
other systems, whether they are unmanned or not. 
All the preparatory and research activities mentioned in 
Section III are illustrative of how they are necessary to 
carry out all those evaluations in a controlled environment 
that if not done would entail high risks of failure in the 
open sea during operational activities. They have been the 
starting point to providing the laboratory T&E capabilities 
on different interconnected topics (Fig. 8). 
 

       

 

The first fundamental T&E capability is the Modularity 
and Reconfigurability of autonomous systems where the 
basic idea is the possibility to have a single macro-vehicle 
that can have multiple testing and evaluation capabilities. 
This is only possible thanks to the WAVE project which 
allowed the SEALab to have a platform (eFolaga) where 
one can install a big quantity of different module payloads, 
such as the WAVE module, vector sensor, acoustic 
modems, CTD probes, solar panels and so on. In addition, 
we can develop independently or together with SEALab 
partners a software for each module. This is possible 
thanks to the open-architecture (both hardware and 
software) of the vehicle which allows changes with 
extreme flexibility. Persistence and Long Endurance 
capabilities have been addressed thanks to the SeaWHAM 
project. A good expertise in the Underwater 
Communications has been achieved thanks to the 
experimentations carried out during the Underwater 
Navigation tests where the use of acoustic modems with 
particular type of communications has been fundamental. 
Finally, the development of the acoustic payload hosting 
the vector sensor gave us the possibility to test the vehicle 
in multistatic scenarios and increase the signal sonar 
processing capabilities. 
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 V. CONCLUSION 

This paper has outlined the recent developments in 
SEALab studies on the use of MUS for military and dual-
use applications, ranging from ASW to marine mammal 
detection and protection. To carry out such heterogeneous 
missions, the SEALab Program Matrix has been designed 
to address a detailed methodological analysis in various 
fundamental research fields. Finally, SEALab's current 
program of work covers a number of key issues, including 
the implementation of an Underwater Test Range for the 
Verification and Validation of Autonomous Underwater 

-sea assessment of an innovative system 
for the exploitation of wave and solar energies to move 
MUS endurance from hours to months for a persistent 
monitoring 
behaviors in 
the concept of reconfigurability from a single system to a 
system of systems. 
The SEALAb overview given in this paper shows how a 
virtuous example of collaboration between academia and 
the Navy may be strategic for national technological 
development. This is fundamental to create a shared 
background reference aligning the expectations of the 
customer (e.g. military end-user and university researchers) 
to the actual technology supplier capabilities. 
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