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1. AIM 

 

 In recent years, unmanned vehicles have become increasingly important for military operations. 

However, there has been relatively little focus on operational employment of unmanned surface vehi-

cles (USVs). The purpose of this research is to analyze how, in what contexts, and to what extent they 

can be employed in sea control activities. This report aims to identify missions and functions for which 

USVs are suitable, while also highlighting operational issues and technological and programmatic re-

quirements that should be considered to ensure that USVs are effectively integrated into naval opera-

tions.  

 

2. INTRODUCTION 

 
“To stay secure, we must look to the future together. We are addressing the breadth and scale of new 

technologies to maintain our technological edge, while preserving our values and norms.”  

NATO Leaders - London Declaration 4 December 2019 

 
The declaration above was, in part, a nod to a significant piece of work the alliance is undertaking 

within the broader mandate of Alliance innovation — The NATO’s Maritime Unmanned Systems Initia-

tive. 

 Granted, on its own, this sounds both technical and a bit narrow within the context of emerging 

technology. This context includes: artificial intelligence, big data, space, hypersonic weapons, bio tech-

nologies, quantum research, autonomy and more. So why are maritime unmanned systems relevant 

now? Simply put, developing Unmanned Systems to keep pace with potential adversaries increases 

operational effectiveness, limits risk to human life and reduces operational costs. 

 NATO’s Maritime Unmanned Systems Initiative was agreed upon in October 2018. The focus is 

threefold: utilize world-leading research to increase allied interoperability between conventional forces 

and unmanned drones, establish new tactics for our sailors to truly leverage these technologies, and 

develop secure digital communications for military drones across all domains (air, sea, land, cyber and 

space).  

 This paper will aim to address and answer why and how UVs & autonomous systems play a role 

in NATOs Maritime dominance. Moreover, it will outline how the use of UVs will enable NATO Allies to 

be more effective in crucial warfighting areas from peace time to MLE. Working alongside traditional 

naval assets, these unmanned systems will improve NATO core tasks and act as force multiplication 

assets to aid commanders in full spectrum of warfare. 
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Historic Background 

“I speak for the Navy, that unmanned systems have to address all of the domains in which the Navy 

operates…. We operate on the surface, above the surface, into space, but then we operate below the 

surface. So, when we talk about unmanned and … as we knit all of this capability together and 

capacity together, it has to take into account that we're operating in all those different domains” 

– Admiral Gary Roughead, Chief of Naval Operations (CNO) 2007-2011 

 
 Unmanned [water] surface vehicles (USV) date back at least to World War II, but it is only since 

the 1990s that a large proliferation of unmanned systems appears due to technological advances. The 

use of these systems represents a paradigm shift for the US Navy, as well as many other navies 

throughout the world, in employing unmanned systems to perform missions for which traditional 

manned systems may not be best suited, or to mitigate risk to the most important resource, people! 

 World War II saw the first experimentation with USVs. The Canadian Military developed the 

COMOX torpedo concept in 1944 as a pre-Normandy invasion USV designed to lay smoke during the 

invasion. COMOX was designated a torpedo because it could only be programmed to traverse a fixed 

course. Although COMOX was not deployed, a vehicle was constructed and a successful test was 

completed. Meanwhile, the US Navy developed and demonstrated several types of "Demolition Rocket 

Craft" intended for mine and obstacle clearance in the surf zone. The "Porcupine," "Bob-Sled," and 

"Woofus 120" were variants of converted landing craft that carried numbers of mine clearing rockets in 

different configurations.  

 Post-war applications of USVs expanded, with the USN using drone boats to collect radioactive 

water samples after the atomic bomb tests Able and Baker on Bikini Atoll in 1946. The 1950s-era US 

Navy Mine Defense Laboratory's project DRONE constructed and tested a remotely operated mine-

sweeping boat in 1954. By the 1960s, the Navy was using target drone boats based on remote-con-

trolled "aviation rescue" boats for missile firing practice, and the Ryan Firefish target drone boat was 

used for gunnery training. Similar to UAVs, target drone USV development and use has continued and 

evolved over the years. 

 Interest in USVs as minesweeping drones and for other dangerous missions continued to grow 

after the 1950s, and further US Navy development included the small "Drone Boat" concept. It consisted 

of a 15ft USV for unmanned munitions deployment. In 1965, it was quickly developed and deployed to 

the fleet in ten vehicle kits in 1965 during the Vietnam War. Larger Minesweeping Drone (MSD) USVs 

were also developed and deployed in Vietnam in the late 1960s. The success of these early USVs, 

showed the value of unmanned minesweeping systems to a number of countries, prompting interna-

tional research and development around the world. 
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 Navies’ interests in USVs for reconnaissance and surveillance missions emerged in the late 

1990s, with the development of the Autonomous 

Search and Hydrographic Vehicle (ASHV), with vari-

ants dubbed the Owl, and the Roboski. The Roboski, 

initially developed as Shipboard Deployed Surface 

Target (SDST), was a jet-ski type target for ship self-

defense training. Additionally, this USV also served 

as a reconnaissance vehicle test-bed. 

The US Navy started several new USV programs in 

2003. The Office of Naval Research (ONR) provided 

funding to the US Naval Facilities Engineering Support 

Center (NFESC) to develop a small ISR USV named Sea Fox1. 

 By increasing the pace of innovation, an unmanned Sea Hunter prototype autonomous vessel 

sailed from San Diego to Hawaii in 2019, leading the world in unmanned, fully autonomous naval ship 

design and production2.  

 

 There has been a great deal interest in development of USVs over the last few decades. As 

systems have matured, sensors and electronics have greatly increased in fidelity and shrunk in size. 

Additionally, developments in communications equipment allow for the growth of small payload pack-

ages with significant information gathering capability for almost any USV platform to include digital and 

                                                           
1 https://nps.edu/web/cavr/usv 
2 https://thediplomat.com/2019/02/us-navys-anti-submarine-drone-ship-sailed-autonomously-from-san-diego-to-hawaii-and-back/ 
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video cameras, Electro-Optical/Infra-Red (EO/IR) sensors, and radars systems. These rapid advances 

in technology will continue to drive innovation and improvements to USVs well into the future. 

 

3. USV CLASSIFICATION 

 

 UVs are one of several new capabilities—along with directed-energy weapons, hypersonic 

weapons, artificial intelligence, and cyber capabilities—that several Navies are pursuing to meet emerg-

ing military challenges and fill mission gaps in a relatively inexpensive (both in money and personnel) 

manner. USVs can be equipped with a variety of sensors, weapons, or other payloads. They can be 

customizable to a specific mission and can be remotely operated, semi-autonomous, or (with techno-

logical advancements) fully autonomous. They can be less expensive to procure than manned ships 

and aircraft because their designs do not need to incorporate spaces and support equipment for sail-

ors/operators. UVs can be particularly suitable for long duration missions that might tax the physical 

endurance of onboard human operators, or missions that pose a high risk of injury, death, or capture 

of onboard human operators. Consequently, UVs are sometimes said to be particularly suitable for so-

called “three D” missions, meaning missions that are “Dull, Dirty, or Dangerous”, as explained in the 

next chapter. Planners at all levels of command should understand the general capabilities and limita-

tions of USV and the effects that employment of these systems provides. Newer unmanned systems 

feature higher levels of autonomy and stealth, making them more attractive alternatives for operations 

than risky deployments of personnel. 

 The US Navy organized its USV acquisition programs into four size-based categories large, 

medium, small, and very small, and its Unmanned Underwater Vehicle (UUV) acquisition programs 

similarly into four size-based categories extra-large, large, medium, and small.  

 The smaller UVs shown in Figure 1 and Figure 2, can be deployed from manned Navy ships and 

submarines to extend the operational reach of those ships and submarines. The large UVs, in contrast, 

are more likely to be deployed directly from pier to perform missions that might otherwise be assigned 

to manned ships and submarines. As shown in Figure 3, the US Navy has identified five key enabling 

groups of technologies for its USV and UUV programs [1]. 
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For the purpose of this study, the following definitions apply: [2] [3] 

 
  Unmanned System(s): The general term for an integrated system, whose primary vehicle 

is uninhabited. The unmanned system includes the vehicle(s), the control equipment, the launch and 

recovery equipment, the payload (sensors, weapons, or cargo), and associated support equipment. 

  Maritime Unmanned System(s): may include assets such as surface vessels, underwater 

vessels or aerial vehicles operating in the maritime domain (and from the maritime domain) with at least 

one component: an unmanned vehicle. 

  Unmanned Vehicle: a powered vehicle that does not carry a human operator, can be pre-

programmed/operate autonomously or remotely, can be expendable or recoverable, and can carry a 

lethal or non-lethal payload. 

  Unmanned Surface Vehicle(s) System: That system whose components include the nec-

essary equipment, network and personnel to control an unmanned vessel on the surface of the water 

without a crew including semi-submerged vehicles. These vehicles displace water at rest and operate 

with near continuous contact with the surface of the water. Interface of the vehicle with the surface is a 

major design driver. 

 A basic classification driven by the level of Autonomy is the following: 

Manual: Man in loop continuously or near-continuously. 
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  Semi-autonomous: Some vehicle behaviors are completely autonomous (e. g. transit to 

station, activate sensors). Vehicle refers to its operator when directed by the operator or by its own 

awareness of the situation (e. g., for permission to fire). 

  Autonomous or Fully Autonomous: The vehicle governs its own decisions and makes its 

own decisions from launch point to recovery point. Most operations will likely be some combination of 

these three modes. 

 

4.  SEA CONTROL 

 
"Whoever rules the waves, rules the world."  

- Alfred Thayer Mahan 

 
 Naval thinkers often write of “Dominance of the Sea,” which is the general condition of superiority 

of one naval force over all contenders. Command of the sea can be regional or global, depending on 

the era under consideration and the nation exercising it, and it exists in peacetime as well as during 

conflict. While it is a useful term for historical analyses, it is less useful in modern parlance. 

 Sea Control, on the other hand, denotes a condition that can be temporally and geographically 

constrained. When a navy has established sea control, it can exercise the full range of operations of 

which it is capable within and from that area. In exercising sea control, a navy dominates in all domains. 

 Sea control is a condition that exists when a naval force is capable of mounting the full range of 

combat operations within acceptable levels of risk given the threat and the desired combat objectives. 

Sea control can be either actual—in which case combat operations have occurred and maritime territory 

has been seized; or assumed—in which case a preponderant naval force reasonably can expect to be 

able to exercise the full range of combat operations should they become necessary [4]. 

 Naval forces provide a broad, agile and scalable capability which can operate across all domains 

and can bring all tenets of national power to bear. They can enable the integration and deployment of 

Joint forces for the ongoing or subsequent operations. The attributes of naval forces have utility across 

a broad range of operations, which may occur. These operations are grouped under the three general 

activities of warfare and combat, maritime security and security cooperation and can be conducted at 

a scale that ranges from individual units to large task groups. 

 At the lower end of the conflict spectrum, the presence of naval forces may ensure freedom of 

navigation. In many other cases, when conducting operations in the littoral, such as the protection of 

ports and anchorages, amphibious operations, or providing support to the land battle, sea Control must 

be achieved and maintained up to the shoreline. Control of the air and land may then be also required 

at some distance inshore. 
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 The need for sea control is not dependent upon the existence of a substantial threat. Even if 

there is a small risk to freedom of action, the establishment of sea control may be necessary and may 

require disproportionate effort. 

 Sea Control can be achieved in essentially two ways: annihilation of the adversary or contain-

ment of the adversary’s naval forces through blockade. Alternatively, adversaries can be contained 

through deterrence. The level of sea control required and indeed achievable, will depend upon the 

threat, the mission, size and capabilities of the maritime force. 

 To exercise sea control, the force commander must have the means, the authority and the de-

termination to use his power accordingly. In the contemporary operating environment, the political will 

and a suitable set of Rules of Engagement are major factors which need to be addressed during the 

planning stage of any operation. 

 In many maritime operations, sea control is necessary to enable power projection. Gaining sea 

control is indeed a major component of any maritime or expeditionary operation. 

 The geographical extension of sea control needed by the commander may vary from requiring 

local control of strategic choke points or limited zones of concentration of forces, to dominance of large 

sea areas, moreover, it may or may be not contested. Because of the complexity of the maritime envi-

ronment, achieving sea control is a more complex task in littoral regions than on open ocean areas and 

it can demand extended multi-domain battle space dominance, including the surrounding airspaces 

and deep inland areas. 

 All force commanders delivering sea control will ensure effective coordination with other force 

commanders when conducting independent operations in the same area or in the immediate vicinity. 

 Sea Control is generally achieved using maritime assets, including unmanned systems with mul-

tiple combat capabilities and is carried out via Anti-submarine, Anti-air, Anti-surface, Naval Mine, Elec-

tronic and Acoustic Warfare, Strike, Amphibious, Special and Riverine joint or single service activities. 

 There are many misperceptions about sea control. First, sea control is only a means to secure 

the privilege of utilizing the water-space. The main utilization of the water-space is transportation of 

goods or information. We therefore may conclude that the freedom of use of the sea-lines of commu-

nication (air and surface routes or cables and communication hubs) should be the main purpose of sea 

control operations. Second, the water-space could not be occupied or controlled like land territories, 

though blockade operations can still be practical in a maritime campaign. Blockade operations are 

actually executing a form of sea denial as a function of sea control [5]. 

 Last but not least, there are three major factors: force, space and timing, that at the operational 

level are closely interrelated in exercising sea control. The forces necessary for conducting a sea con-

trol scheme are decided by the scale of the maritime space and the length of duration expected by 

utilizing the maritime activities there. Also, the capability of the adversaries’ forces to challenge this 
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privilege is a primary variable in the overall sea control formula. The process of sea control is always 

interactive. 

 

5. EMPLOYMENT 

 
 Operational experience with current unmanned vehicles, especially with UAVs such as the Pred-

ator, Global Hawk, and special-purpose systems used during recent conflicts, has demonstrated that, 

when employed by warfighters, the value of these vehicles (AV) becomes self-evident and builds sup-

port to further incorporate these vehicles in future operations [6]. 

 
General 

 In general, USVs can enhance situational awareness, reduce human workload, and improve 

mission performance, yet often do not bring capabilities that are superior to manned systems. USV 

provide persistence, versatility, survivability, and reduced risk to human life. In many cases, USV are 

the preferred alternatives for missions that are dull, dirty, dangerous, or require prolonged endurance 

in harsh environments. Dull missions are long-duration mundane tasks that are ill-suited for manned 

systems. Prolonged observation, such as airborne ISR, harbor security monitoring, or bottom mapping 

are examples of missions where unmanned systems can provide value. Dirty missions have the poten-

tial to expose personnel to hazardous conditions such as chemical, biological and nuclear threats. Un-

manned platforms can perform missions in that hazardous areas without any exposure of personnel. 

Dangerous missions involve high risk. Advances in system performance and automation will reduce 

the risk to personnel and increase dangerous missions such as ISR in contested or perilous areas like 

for example mine field [6]. 

 Developing such systems transcends a desire to minimize human casualties and extends into 

the need to operate in an environment that is so physically stressing and hostile that humans cannot 

effectively operate in it, even assuming that the decision-makers have a tolerance for human casualties. 

The point of advanced autonomous technology for the military is not solely to avoid casualties, it is also 

to enable operations in environments where manned systems simply could not deliver. 

 

Capabilities and their Challenges 

 Advancing technologies will certainly expand USV functionality. Indeed, over time, they may fully 

or partially replace manned assets in performing certain missions, as they offer a number of advantages 

over manned systems. Among them are cost, endurance (a key capability in performing tracking mis-

sions), greater ISR coverage, and stealth. Moreover, USVs do not need the infrastructure to support 

onboard personnel and the transportation capacity of unmanned systems typically exceeds that of 
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equally sized manned surface vessels or submarines. Perhaps most significantly, the future is certain 

to witness the collaborative use of USVs within networks, like the US Navy’s Integrated Undersea Sur-

veillance System (IUSS), established to monitor large swaths of the oceans and provide early warning 

and information superiority in the maritime domain. 

 However, USVs also have disadvantages relative to manned systems. They are more reliant on 

communications in the sense that a loss of a communications link can sometimes disable them entirely, 

or at least impair their functionality or usefulness. Additionally, USVs may have design limitations that 

render them ineffective in certain circumstances to which the crews of manned systems might be better 

able to react (malfunctions). Similarly, manned systems are generally more adaptive to situations that 

might not have been considered when developing equivalent USVs [7]. 

 Although this means that most USV scales can provide some level of "Intelligence, Surveillance, 

and Reconnaissance" (ISR) capability, for larger and more complex towed sensors, which are required 

for a robust mine warfare or anti-submarine warfare capability, USVs must have significant payloads 

and towing capabilities, as well as platform stability, and endurance which are key factors in determining 

the utility of modular USVs for multi-mission applications. 

 

Mission Sets 
 USVs can contribute in Sea Control activities, as described in the previous chapter and could be 

highly effective in overcoming challenging A2/AD environments, particularly in C4ISR, military decep-

tion, information operations, electronic warfare, and cyberwarfare missions just below the threshold of 

war or/and above. [6] 

 Further, because USVs operate from the surface they are more versatile in the sense of engag-

ing in activities with respect to the water column, surface, and super-jacent air space. By contrast, the 

stealth capabilities of Unmanned Underwater Systems (UUVs) tend to be significantly greater than 

those of USV because the very features that limit communications underwater can act to shield them 

from detection. 

 As presently envisaged by the US Navy [3], the primary USV missions, in priority order are: mine 

countermeasures (MCM), anti-submarine warfare (ASW), maritime security (MS), surface warfare 

(SUW), special operations forces (SOF) support, electronic warfare (EW), and maritime interdiction 

operations (MIO) support. 

 The first, mine countermeasures, are conducted to clear large areas at sea in order to operate 

safely, maintain transit routes and lanes, and open areas in which operations are about to be con-

ducted, particularly those in shallow waters where manned mine sweepers or hunters cannot support 
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littoral operations such as amphibious landing. Various methods can be employed to perform these 

functions. Some navies, for instance, use influence minesweeping to detonate mines3.  

 Other concepts of operations may include USV that deploys a remotely operated vehicle (ROV), 

which propels itself to a suspected mine, verifies it as such, and launches a submunition to destroy the 

mine. Another involves the deployment into a mined area, by a USV transporter, of a UUV capable of 

placing charges on mines. The ultimate mine countermeasure objective is for USVs to perform all four 

countermine functions – detection, identification, localization, and neutralization – in a single sweep. 

 USVs can be designed or modularized for Anti-Submarine Warfare (ASW). They can be used 

as a single sensor in certain conditions or they can be part of a manned surface task Unit in order to 

detect, identify, track, and, in some cases, attack enemy submarines. USVs can deploy buoys and rely 

on active and passive towed or hull-mounted sonar sensors to clear routes ahead of High value assets 

in transit. Also, USVs may also carry out missions, which involve tracking and reporting submarines as 

they leave port or pass through a chokepoint. 

 In their maritime security role, USVs can be launched from a host platform or from ashore to 

collect information. Data are transmitted back to the operating forces either continuously, in real-time, 

or when the system ascertains that certain pre-defined criteria (like the existence of a specified threat) 

have been met. Such operations may involve directing the USV against a specified vessel(s), or putting 

it on patrol within a specified area. USVs may also take a more direct role in maritime security opera-

tions. Examples include warning away vessels by means of a ‘loud-hailer’, marking them with paint 

balls or radio tags, and engaging them with onboard guns, missiles, or torpedoes. Similar capabilities 

can be employed to execute the surface warfare mission. 

 USVs can support special operations forces by providing ISR, transporting or infiltrating/exfiltrat-

ing SOF forces, maintaining a presence in the vicinity of a SOF operation to provide security, and 

resupplying forces ashore. 

 Their electronic warfare capabilities include providing indication and warning on specific threats, 

as well as deception and jamming. However, because of their typically low profile, USVs will generally 

lack the ‘height of eye’ to engage in such activities over long distances (although some towed aerial 

vehicles have been tested in recent operational experimentation events like the annual Robotics Ex-

perimentation and Prototyping (REP) MUS Exercise that take place in Portugal).  

 Finally, USVs may assist in maritime interdiction operations. Scenarios illustrating this role in-

clude conducting an initial approach of a suspect vessel to determine if it is hostile by, for example, 

monitoring all sides of a vessel being boarded to provide situational awareness and check that cargo 

                                                           
3 The SWEEP autonomous minesweeper system – designed to defeat the threat of underwater sea mines and safely clear sea lanes – developed by Atlas Elektronik (AEUK) 
for the Royal Navy can pull three coil auxiliary boats behind it, with each emitting magnetic, electric and acoustic signals that can detonate a variety of mines. 
https://www.navalnews.com/naval-news/2020/04/royal-navys-autonomous-minesweeper-proves-it-capabilities-in-cold-weather-trials/ 
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is not being jettisoned or that its crew is not escaping, checking the underside of the vessel with sen-

sors, or possibly a small UUV, to identify trapdoors, moon pools, drop tanks, and other features, and 

using onboard sensors to find and locate hidden cargo, such as groups of trafficked individuals or 

chemical, biological, nuclear, radiological, or explosive material. 

 
Warfighting Role 

 ‘Kill chain’ refers to the sequence of events required to achieve a warfighting effect. The use of 

‘kill’ is not meant to imply that the result of the process is physical death for someone or something, 

rather, it is intended to imply that multiple related process steps have resulted in a definite and desired 

outcome. Although kill chain appears in numerous documents and is understood by most users, it does 

not appear to have a doctrinal definition. However, across warfare areas, the steps of a kill chain gen-

erally contain some combination of find, fix, and finish—or, more broadly, intelligence preparation, de-

tection, localization, targeting, and engagement.  

 The kill chain approach has been used to describe processes ranging from targeting high-value 

individuals to enhancing force readiness [8]. 

 USVs are likely to augment, not replace any existing capabilities, in part due to the multi-mission 

role of most, manned platforms, at least initially. USVs will likely change, shift, and/ or impose additional 

human functions on personnel in supported vessels or command nodes, and these new functions will 

need to be reconciled with existing mission responsibilities. 

 According to the capabilities/ sensors/ payloads of the USVs and from the perspective of the 

Officer in Tactical Command - OTC, the deployable USVs will be just another asset for him to accom-

plish his objectives and tasks without significant deviations from doctrinal use of manned assets, with 

the advantages and disadvantages each one of them brings. 

 

Future Practices and Challenges 

 Research and development are moving at a rapid pace and prototypes are in danger of being 

obsolete before they reach Full Operational Capability. Continued advances in sensor technology, cam-

eras, and Artificial Intelligence will continue to facilitate this pace; however, today’s USVs are capable 

and relevant but are not without their challenges. Advances in autonomy have been progressive, but 

the transition to systems capable of reacting to unexpected changes in the environment has not yet 

occurred and might not occur for a long time. 

 

Autonomy 

 As the autonomy level of AVs increases, the number and complexity of the missions that they 

can perform will increase. More complex tasks require more decision-making capability. For example, 
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certain USVs may have the capability to provide high fidelity imaging regardless of its maneuvering 

capability. Capabilities and limitations of current and future USVs must take into account early on in the 

planning process. Lastly, increased autonomy will allow for increasingly complex missions and will pro-

vide more value to the Commander, especially for systems where communications capabilities are 

compromised or are not feasible (e.g. GPS Denial or sub-surface UVs) 

 As the development of adaptive and increasingly intelligent autonomy, control capabilities 

must/will become more robust. The potential for these systems to engage in cooperative autonomous 

behavior will grow, allowing groups of these vehicles to operate together as robust, fault-tolerant, and 

adaptive networks. Both UUVs and USVs offer the potential for significant contributions to the conduct 

of naval warfare tasking, particularly when integrated in groups with other manned and unmanned plat-

forms, sensors, and communications nodes into a system of systems configuration. 

 Although development efforts focus on multifunctional, modular highly complex systems, some 

of the more promising uses of autonomy might be in using simple systems with limited autonomy for 

most functions. Additionally, we must begin to build the capacity for the systems to coordinate with 

each other, again as a part of the systems of systems concept. Having a large number of cooperating 

single-sensor platforms could significantly speed up the kill chain timeline (swarming). 

 The major limitations associated with the most complex missions are not necessarily associated 

with autonomy but other factors. Issues like power generation and data storage still pose significant 

challenges. Consequently, under current kill chains and Concept of Operations (CONOPs), autonomy 

is generally employed to replicate items directly in the kill chain; exactly as they would by manned 

systems. Rules of Engagement policy issues, specifically when dealing with weaponization of the USV 

and increasing autonomy pose a variety of challenges that may be difficult to overcome; therefore, 

slowing the decision making of autonomous systems by interposing a human in the loop will likely cede 

a critical time advantage in a high intensity environment. This delay is a choice and cannot be mitigated 

by technical improvements. 

 Elevated levels of autonomy will increase the decision speeds of unmanned systems and enable 

these systems to instantaneously react to immediate threats/actions that far exceed reaction times of 

watch standers and or Commanders (e.g. Ballistic/ hypersonic missile defense). 

 
Artificial Intelligence 

 Artificial Intelligence has come a long way in regards to unmanned systems. Aside from the legal 

issues, discussed in the following chapter, safety, reliability, and trust of AI-based systems must be 

addressed in detail. The bottom line is that Artificial Intelligence must overcome crucial perception and 

trust issues to become accepted and utilized effectively [9]. 
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 Unmanned systems also have unique technical requirements with regards to size, weight, and 

power restrictions. Additionally, many of the current AI data processing platforms run computations in 

cloud environments, which may not be suitable for unmanned systems operating in communications-

denied environments or in under water applications. However, this challenge may be mitigated in the 

future as industries develop systems autonomy with on board solutions that may require less cloud 

computing and data access. 

 Data quality is another issue that must be addressed to integrate AI/ML into unmanned systems. 

Quality data is the foundation of automated analysis and subsequently decisions that are made in sup-

port of operations. This quality data is needed to enable increased automation to support on-board 

tactical processing, swarm technology, time-dominant decisions, and eventually full autonomy. [10] 

 In the near-term, AI/ML solutions will likely have matured to the point where it is possible to 

embed them into unmanned systems. As the systems of systems mentality gradually includes more 

AI/ML capable USVs, it will be increasingly important to refine the CONOPS to include integration of 

these systems in manned/unmanned pairing. Developments in AI should focus on development of 

unique integration capabilities to enhance interoperability between unmanned and manned systems.  

 Increased AI/ML will enable unmanned systems to perform a greater range of tasks, which will 

directly increase operational capability. Higher fidelity AI will also remove the need for constant input 

from human operators. This will allow for higher-level control or supervision of multiple unmanned as-

sets simultaneously, and will increase effectiveness by reducing the operator’s cognitive load, allowing 

operators to make command decisions and perform other high-level tasks. Machine-to-machine inter-

actions between autonomous systems will promote efficiencies, especially in complex environments, 

by enabling self-organization, division of tasking, and the coordination of activities. The ability of auton-

omous systems to ingest, process, and analyze large complex data sets and communicate valuable 

data trends or correlations to humans through data visualization will have benefits for both humans and 

autonomous systems. 

 The expansion of capabilities in unmanned systems over the coming decades will largely be 

dependent on the ability to effectively team humans and autonomous systems in the force structure. In 

the medium-term, autonomy algorithms, improved sensors, and computer processing will improve 

teaming of humans and machines, evolving from task level support to operational support, and will 

allow machines to directly assist humans in a variety of operations. Finally, in the long-term, humans 

will form integrated teams with nearly fully autonomous unmanned systems, capable of carrying out 

operations in contested environments [10]. 

 Military operations will require teaming between unmanned systems and humans (i.e., airman, 

marine, sailor, soldier, or civilian). Human-Machine Interfaces (HMIs) are the mechanisms by which 
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humans operate and gather information from unmanned systems. The extent to which HMIs are intui-

tive and efficient will directly impact mission success. HMIs have historically been domain and/or vehi-

cle specific, resulting in the Department to have acquired multiple stand-alone non-integrated systems. 

Design and implementation have focused on an individual unmanned system control rather than on 

task or mission objectives. 

 In the future, it will be desirable to have each operator control multiple unmanned systems, thus 

shifting the human’s role from operator towards mission manager. To ensure agility, the HMIs must 

support a range of control options whereby the human can be either “off the loop” with no control over 

an autonomous system, “on the loop” supervising the unmanned systems, or “in the loop” exercising 

commands to control a particular vehicle’s path or payload. HMIs enabling multi-vehicle control would 

be able to support new capabilities such as unmanned systems cooperating to provide a wide area 

search; inspecting a target from multiple perspectives; tracking moving targets; and relaying communi-

cations to mitigate “lost link” situations. Additionally, new HMIs are necessary to support future warfare 

teaming concepts (e.g. swarms and “loyal tactical wingman”) in terms of managing the increased avail-

able information and more complex control transfer and coordination requirements. 

 
Legal issues 

 Whether a USV can be considered a “vessel” or “ship” is a determination of legal significance, 

as craft that so qualify have certain entitlements. There is nothing in international law indicating that a 

USV cannot be considered a “vessel” or a “ship.” On the other hand, there is also nothing that says 

they can, or must, be so considered, either. Resolution of the issue is of key significance to USVs but 

unfortunately, there are a number of complications that make this determination extremely difficult. 

The term “vessel” appears frequently in the International Regulations for Preventing Collisions 

at Sea (the “ship” term is not defined in the COLREGS). In fact, the regulations only apply to “vessels” 

as stated in the definitions of the regulations. COLREG’s Rule 1 establishes that “these Rules shall 

apply to all vessels upon the high seas and in all waters connected therewith navigable by seagoing 

vessels”. “Vessels” are defined in Rule 3(a) of the COLREGS, which states the word “vessel” includes 

every description of water craft, including non - displacement craft (…) used or capable of being used 

as a means of transportation on water. And Rule 5 compels every vessel shall maintain at all times a 

proper look - out by sight and hearing as well as by all available means appropriate in the prevailing 

circumstances and conditions so as to make a full appraisal of the situation and of the risk of collision. 

This is one of the main obstacles that with greater insistence are being enunciated among the 

commentators on the legal implications of autonomous or unmanned vessels: the necessary human 

presence on board for its effective enforcement. In any case, whether this was still not possible, a 

modification of COLREG Rules could allow the unmanned vessels to operate legally. 
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 To the extent that it is desirable to more precisely define USVs’ status, the fault lines lie in the 

following areas [11]: 

  i.  Should USVs be considered as independent entities, or as adjuncts or components of 

their deploying platform? 

  ii.  Which, if any, USVs can be considered “vessels” or “ships,” and which, if any, cannot 

(in which case they must be considered something else, such as “devices” or “objects”). 

  iii.  For those USVs that can be considered “vessels” or “ships,” which, if any, can further 

be considered “warships?” 

  iv.  For weaponized USVs, which can be considered “launch or delivery platforms” for 

delivering weapons, and which can be considered “weapons or weapon systems” in and of themselves? 

 In short, calling USVs “vessels” or “ships” is not without its difficulties4. Changes in the law may 

be required, or expansive interpretations of certain existing legal provisions will have to occur in order 

for unmanned surface vehicles to be deemed in compliance with laws and regulations applicable to 

vessels.  

 Warships are a special subclass of government ships operated for noncommercial purposes, 

which are themselves a category of ships. UNCLOS, in Article 29, defines a “warship” as: “a ship be-

longing to the armed forces of a State bearing the external marks distinguishing such ships of its na-

tionality, under the command of an officer duly commissioned by the government of the State and 

whose name appears in the appropriate service list or its equivalent, and manned by a crew which is 

under regular armed forces discipline.” At first glance, it would appear that a USV could never qualify 

as a warship since, among other issues, it would not have a crew. 

 A breakdown of the components found in Article 29’s definition of “warship” yields the following 

conclusions: a warship must be a ship; the ship must belong to the armed forces of a State, a warship 

is required to bear external marks indicating its nationality and a warship has to be under the command 

of an officer duly commissioned by the government of the State and whose name appears on the ap-

propriate service list. The essence of the requirement here is that someone – specifically, a duly com-

missioned and listed officer – must actually exercise control over the ship. That person does not have 

to be physically present aboard the ship to exercise the necessary degree of control. 

 Finally, a warship must be manned by a crew which is under regular armed forces discipline. 

Again, the “crew” does not have to be physically aboard a warship; the “manning” requirement is met 

                                                           
4 UNCLOS Article 94 provides, in relevant part, that “Every State shall effectively exercise its jurisdiction and control in administrative, technical and social matters 
over ships flying its flag.” This includes taking “measures for ships flying its flag” relating to vessel construction, equipment, seaworthiness, manning, crew training, 
effective communications, and the like “as are necessary to ensure safety at sea.” These measures “shall include those necessary to ensure (1) that each ship is in the 
charge of a master and officers who possess appropriate qualifications, in particular in seamanship, navigation, communications and marine engineering, and that the 
crew is appropriate in qualification and numbers for the type, size, machinery and equipment of the ship; and (2) that the master, officers and, to the extent appropriate, 
the crew are fully conversant with and required to observe the applicable international regulations concerning the safety of life at sea, the prevention of collisions, the 
prevention, reduction and control of marine pollution, and the maintenance of communications by radio.” 
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with respect to unmanned ships if the remote controllers or programmers are individuals subject to 

regular armed forces control [11]. 

 USV status has important legal ramifications. Resolution of the vessel/non-vessel/warship issue 

will determine the extent to which, it will be entitled to exercise certain navigational rights5, allowed 

particular immunities6, eligible to carry out a number of important maritime functions7, subject to other 

international maritime legal regimes8; and entitled to exercise belligerent rights9 [11]. 

 Characterizing a USV as a warship is optimal for the operating state, in terms of entitlement to 

rights and exemption from obligations. Such a characterization is dependent on two things: satisfaction 

of the definition of “warship” in UNCLOS Article 29, and acceptance of the fact that the USV being so 

characterized can be considered a “vessel.” 

 There is no prohibition per se on autonomous weaponized USVs. Rather, as with all other 

weapon systems, the use of USVs must be in accordance with the laws of armed conflict. This conclu-

sion accords with that reached by the legal advisor to the U.S. State department on drones: “[t]here is 

no prohibition under the laws of war on the use of technologically advanced weapons system in armed 

conflict – such as pilotless aircraft or smart bombs – so long as they are employed in conformity with 

applicable laws of war.” The question then is whether or not the way in which the systems are used 

challenges their legality. 

 

 
 

 

7. CONCLUSIONS 
 
 Despite extensive growth in USV capability over the past two decades, many of the most prom-

ising technological advances remain in the realm of research and experimentation. Autonomy and as-

sured communications are force multipliers in USVs operations, but these capabilities will be limited in 

the near term. USV development could also be enhanced by agreeing on a common USV platform with 

modular payloads, as well as by investing in technologies to increase USV endurance. 

                                                           
5 Innocent passage, Transit passage, Archipelagic sea lane passage. 
6 Immunity from enforcement actions pursuant to UNCLOS, Immunity from exercise of ownership, dominion, or control, Immunity for warships and other government 
non-commercial vessels. 
7 carrying out a seizure on account of piracy (Article 107), conducting a Right of Visit boarding (Article 110), and engaging in hot pursuit of a foreign ship or its boats 
(Article 111) UNCLOS. 
8 IMO conventions: COLREGS – SOLAS - ISM Code – STCW – MARPOL. 
9 Assuming the validity of the principle that only warships may exercise belligerent rights, then it follows that only USVs that qualify as warships would be able to exercise 
such rights. It further follows that only USVs that that are warships could be directly targetable by opposing belligerent forces; otherwise, as a non-warship, it may be 
stopped, visited, searched, and seized if of enemy nationality, but not attacked as a measure of first resort. This limitation on attack of a non-warship does not preclude 
such a vessel/craft from defending itself if attacked. However, any participation in hostilities in any manner whatsoever by a non-warship subjects it to attack by a 
belligerent warship. If the interpretation of the term “hostilities” in the aviation realm carries over to the maritime realm, even the collection of information by a USV 
could subject it to attack by an enemy warship. Either way, pursuant to Article 33, a USV in naval service, as a public vessel of the operating state, is liable to capture at 
any time during hostilities. 
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 A widely accepted lesson learned from UAV and UUV operations is that unmanned systems are 

not really “unmanned”; they are, more accurately, “uninhabited.” It may seem intuitive to expect that, 

as autonomy increases, the number of operating personnel required per unmanned system will de-

crease. However, there may be technical, maintenance, or cultural limitations that require a given num-

ber of USV control and support personnel, particularly to the degree that USVs are operating within a 

mixed naval force of manned and unmanned vessels. 

 Increases in computing power have enabled machines to do more of the repetitive and demand-

ing work that humans used to do. These work duties range from simple automated tasks to more-

sophisticated applications of artificial intelligence, up to the point of self-driving vehicles and farm equip-

ment. Indeed, militaries are increasingly employing autonomous and semi-autonomous machines by 

reducing the risk to humans operating in a dangerous environment for long period or enhancing military 

effectiveness, and navies are no exception.  

 The following advances in artificial intelligence and robotics are very likely to continue and result 

in even wider use of machines, especially for repetitive tasks in hazardous environments, a type of 

environment that is very familiar to people serving in the military: 

 Advances toward full autonomy have been steady, but the transition to systems 

capable of reacting to unexpected changes in the environment has not occurred and might not occur 

for several years. 

 The military applications contemplated for unmanned vehicles are unlikely to be 

developed without substantial investment and development. 

 Under current kill chains and concept of operations, autonomy is generally em-

ployed to replicate actions carried out by manned systems. 

 Policy - legal issues related to autonomous systems and their ability to apply Rules 

of Engagement do exist. It is unlikely that these systems will be engineered in a way that avoids these 

issues, as well as an active supervising by humans. Slowing the decision-making of autonomous sys-

tems by interposing a human action in the loop will likely cede a critical time advantage in a high-

intensity and rapidly changing environment. To accept this delay is, and will be, a Command ethical 

decision that cannot be mitigated by technical improvements. 

 Unless relying on decisive deterrence, Sea Control can be achieved in essentially two ways: 

annihilation or containment of the adversary’s naval forces through blockade and is carried out via Anti-

submarine, Anti-air, Anti-surface, Naval Mine, Electronic and Acoustic, Strike, Amphibious, Special and 

Riverine joint or single service warfare. 

 All the above types of warfare can effectively see a useful integration of USVs especially when 

weaponized, assuring Sea Control in larger areas, for greater periods of time, with less cost, and with 
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less risks than deploying manned platforms. Of course, there are missions where payload weight, en-

durance, and other operational and tactical requirements (including potential hampering legal consid-

erations) would preclude complete reliance on unmanned capabilities, and seek instead synergic team-

ing with conventional manned platforms. In any event, Unmanned Systems and Unmanned Surface 

Vehicles in particular, are very likely to be broadly deployed in support of national and allied strategies. 
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