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1. Introduction

An Unmanned System (US) or Vehicle (UV) can be defined as an “electro-mechanical system, with no human operator

aboard, that is able to exert its power to perform designed missions” .

UVs can be remote controlled (by a remote pilot) or can navigate autonomously based on pre-programmed plans or more

complex dynamic automation systems . They include vehicles moving in the air (Unmanned Aerial Vehicle or System—

UAV, UAS, commonly known as “drone”), on the ground (Unmanned Ground Vehicle—UGV), at the sea surface

(Unmanned Surface Vehicles—USV) or in the water column (Unmanned Underwater Vehicles—UUV), briefly described in

the following subsections.

2. Unmanned Aerial Vehicles (UAVs)

UAVs, also called drones, are unmanned systems navigating in the air, able to survey wide areas, and are able to reach

human-hostile environments, too. They can be remotely piloted or autonomously controlled .

There exist different types of UAVs, depending on the specific purpose the UAV is designed for. UAVs can differ in size

from the order of centimeters to tens of meters, in weight from tens of grams to thousands of kilograms, in operational

altitude from tens of meters to thirty kilometers, and in range from 100 m to 1000 km .

Rotor wing UAVs are a kind of aerial vehicle possessing enormous diffusion and that is attracting growing interest among

researchers. They have vertical take-off and landing capabilities and are often developed in the form of quadcopters,

thanks to their small size, easy control and high maneuverability.

UAV-related technology is continuously and rapidly evolving, and the number of applications for UAVs is growing

exponentially, and includes real-time monitoring, providing wireless coverage, remote sensing, search and rescue,

package delivery, security and surveillance, precision agriculture, and civil infrastructure inspection, as shown in Figure

1 .
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Figure 1. Unmanned system types and their critical environmental factors.

The environment in which UAVs operate can strongly affect their mission results. Extreme wind, rain and storms can

cause the UAV to deviate from its predetermined path or, especially in the case of small UAVs, not allow the vehicle to

operate and take measurements. Problems related to weather conditions are further exacerbated in the case of natural or

man-made disasters, such as, for example tsunamis, hurricanes or terrorist attacks . Another problem related to the

UAV operating environment arises from the possible presence of obstacles along its path, and this concerns both outdoor

and indoor environments. Moreover, obstacles can be stationary or moving, making avoiding them more complex.

The altitude reached by UAVs is another important parameter that can be influenced by the environment conditions. If the

elevation of the area of interest changes rapidly and significantly, for example in the case of steep terrain, the UAV must

be able to follow these changes quickly, adapting and reaching the required altitude. Moreover, in the case of high-altitude

applications, the UAV must be able to adapt itself to the changes in atmospheric density and temperature, preserving its

aerodynamic performance.

UAV payload can affect vehicle navigation and measurement abilities, as well as the mission endurance and covered

area, which are important requirements for applications when the UAV needs to operate for extended periods of time over

large regions of interest .

The limited payload weight, altitude, and covered distance, as well as the influences of weather condition and handling

obstacles, represent some weaknesses of UAVs (Figure 1) that research is attempting to address. The widespread

popularity of UAVs is not replicated in other classes of UVs.

3. Unmanned Ground Vehicles (UGVs)

UGVs are unmanned systems operating on the ground. They are used for many applications (Figure 1), including space

exploration, environment sensing, and search and rescue, and can have many different configurations, usually defined by

the task they must perform, as well as the environment in which they must operate. UGVs have been developed in

different sizes (varying from 500 g to 25,000 kg ) and configurations, typically linked to the mission they were designed

to carry out .

UGVs are generally equipped with a controller and on-board sensors to observe the environment and make decisions

autonomously or send the information remotely to a human operator . Since UGVs’ on-board sensors cannot see what

is beyond obstacles around them, these kinds of unmanned vehicle can be impeded by their reliance on line-of-sight

sensing (Figure 1) .

Additionally, for this kind of vehicle, the operating environment is a source of some challenges. Dust, smoke and rain can

strongly influence the UGV mission results, limiting the operational speed and the capability of avoiding possible

obstacles, such as, for example, other vehicles, which in this case can be either static or moving. UGVs must be able to

adjust their trajectory and speed in a suitable time to avoid collisions. The higher the UGV speed, the further the distance

at which the obstacles have to be detected, and the shorter the time available in which to change trajectory or stop the

vehicle, also taking into account that UGV braking distance to full stop increases with speed.

The type of terrain on which the vehicle moves is another environmental factor capable of influencing its mission results

and operations. The traversed ground can be of highway, urban, country, or off-road types. Urban environments are in

general more complex and dynamic, due to the presence of many cross-roads, vehicles and pedestrians, moving at

different speeds and in different directions. Off-road conditions can be less complex when the terrain is firm and regular,

as in the case, for example, of a desert, but can also be more complex when the terrain conditions are irregular and

unstable, as in the case of forests .

Gravel, pavement, soil of varying firmness, mud, snow, ice, water, and vegetation of various heights and thicknesses are

other challenging kinds of terrain that UGVs have to traverse, while also paying attention to possible bodies of water and

mud that the vehicle must be able to avoid in a timely fashion in order not to risk getting stuck.

Environmental perception and UGV level of autonomy are the main characteristics being focused on with respect to

current and future technological developments for this kind of unmanned vehicle.
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4. Unmanned Surface Vehicles (USVs)

USVs are vessels operating on the surface of water, and can be remotely operated or autonomous. USVs can be realized

in many different forms, depending on the specific application . They can vary in weight from tens of kg to thousands of

kg, with speeds that can vary from 1 m/s to about 20 m/s .

USVs can operate in conditions that are dangerous and risky for human safety. Moreover, this kind of vehicle is compact,

and has low maintenance costs, too.

Although USVs were initially used in typically naval applications, such as, for example, surveillance and reconnaissance,

nowadays they are also widely used in civil applications, such as, for example, environmental monitoring and assessment,

as can be seen in Figure 1.

Autonomous shipping, search and rescue, offshore surveying in the oil and gas industries, seabed mapping, and

inspection of structures above and below water are other examples of USV applications . USVs need to operate in the

presence of waves, currents and winds (Figure 1).

This kind of vehicle operates in contact with two environments, air and water, that have completely different physical

characteristics. It is necessary for USVs to have sufficient environmental perception to detect and avoid obstacles that

may be above or below the water, to estimate their motion and distance, and to perceive, in the case of coastal areas, the

boundary between water and land.

Adverse weather and water conditions such as rain and extreme wind or rough and choppy water can strongly affect

USVs’ mission results and operation.

Endurance for long-term missions and operation under extreme weather conditions, as well as above and underwater

obstacle avoidance are the technological challenges that form the main subjects of research.

5. Unmanned Underwater Vehicles (UUVs)

UUVs operate under the surface of the water with minimal or no human operator intervention. UUVs can be of different

types, varying in shape and size, depth ratings, payload, navigational capabilities, and control. UUVs can differ in length

from little more than one meter to tens of meters, can operate at different depths varying from 200 to 6000 m, and at

different speeds from about 0.5 to 4 m/s, with a weight of up to thousands of kg .

These vehicles can be Remotely Operated Vehicles (ROVs), controlled by a remote operator, or Autonomous Underwater

Vehicles (AUVs), operating independently from direct human input . AUVs are the most complex, having to rely on

autonomous functions in a difficult environment such as the aquatic one.

UUV applications include persistent surveillance, anti-submarine warfare, underwater construction and infrastructure

maintenance support, oceanography, hydrography and mine countermeasures, as shown in Figure 1 .

UUVs must operate in a harsh environment under high ocean current and heavy hydraulic pressure (Figure 1). The

amount of light available underwater is often poor, due to the water particulates scattering light as it enters the ocean, or

to turbidity as, for example, in the case of shallow coastal water. UUV navigation and maneuverability can also be strongly

affected by ocean currents and water density. In some extreme cases, sudden changes in density can even impede the

movement of UUVs through the water. Vehicle stability can also be compromised by the effect of the movement of water

caused by wind or density variations in deeper waters . UUV must also pay attention to the detection and avoidance of

static or moving obstacles, as in the case of the other kinds of UVs.

Moreover, since maintaining a constant connection with remote ground operators can be highly difficult in deep waters,

precise navigation capabilities represent another critical issue .
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