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Abstract

In recent years, because of the development of marine military science tech-
nology, there is a growing interest in the unmanned systems throughout the
world. Also, the demand of Unmanned Surface Vehicles (USVs) which can be
autonomously operated without the operator intervention is increasing dra-
matically. The growing interests lie in the facts that those USVs can be manu-
factured at much lower costs, and can be operated without the human fatigue,
while can be sent to the hostile or quite dangerous areas that are inherently
unhealthy for human operators. The utilization and the deployment of such
vessels will continue to grow in the future. In this paper, along with the tech-
nological development of unmanned surface vehicles, we investigate and ana-
lyze the cases of already developed platforms and identify the trends of the
technological advances. Additionally, we suggest the future directions of de-
velopment.
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1. Introduction

In marine environments, autonomous USVs are increasingly deployed to the
missions that require a very long patrol time in dangerous areas. It is very ad-
vantageous to utilize such unmanned system due to the facts that those vessels
are being operated without humans onboard, while the vessels can be manufac-
tured at a considerably lower cost. Because of those inherent benefits of un-
manned systems, there has been a steadily growing interest all around the world
[1] [2]. In recent years, the military USVs have been actively developed around

the world and major missions are being expanded not only for marine research
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but also for military purposes such as target tracking, surveillance, reconnais-
sance, mine sweeping, and anti-submarine warfare [3]. In many ways, the USVs
are very different from the manned counterparts. The manned vehicles are con-
stantly monitored and stationed by the operators, who actually feel and sense the
surroundings and the workings of the vehicles. Therefore, the manned systems
have no problem in terms of responding to the changing situations [4] [5]. In
this regards, the control of the manned vehicles can be instantaneous and im-
mediate. However, the unmanned vehicles (USVs) are completely different [6].
The USVs are remotely operated without any human operators onboard. This
means that any changes in the surroundings of USVs must be sensed by the on-
board sensing devices, and electronically transmitted to the remotely situated
human operators. The human operators, in turn, monitor the sensor signals, and
internally construct the 3D images of what the USVs are facing. The sensitivity
of the sensing devices and how the sensed information is graphically presented
to the human operators can greatly influence the way in which the remote ve-
hicles are responding to the changing environments [6] [7]. Therefore, the USV
itself and the ground control station (GCS) where the remotely situated human
operators are controlling the USV have to be concurrently designed and consi-
dered in terms of how to reach the intended functions and performance levels
for the USVs [8]. In this regards, according to our initial study, the majority of
the USVs that have been developed by many nations resemble each other as to
the vehicle shape, the operating methods, and the missions that are being carried
out [9] [10]. The purpose of this paper is, therefore, to investigate the recently
technological development of USVs and identify the concept of USV operations.
Such analysis has not been properly addressed, hence the study results will pro-
vide good insights towards the development of the USVs in the complex marine
environment [9] [10] [11] [12] [13].

2. Review of Recent Development

The main differences between the USVs and the manned surface vehicles in-
clude the following. 1) The overall mechanical workings of both vehicles are al-
most identical. However, the USVs must have onboard communication devices
that can constantly transmit the various signals (ie, system status data and sen-
sor signals) to the GCS. 2) The USVs must have a ground control station for re-
mote operations. 3) Most recent USVs are equipped with intelligent and auto-
nomous functions for navigation and mission execution. The main missions that
can be performed by USVs in military are classified into intelligence, surveil-
lance and reconnaissance (ISR), mine countermeasure (MCM), anti-submarine
warfare (ASW), special operations support, rescue operations, and electronic
warfare [14]. In fact, the application areas are increasing every year, and the
trend will continue in the foreseeable future. In this paper, we classified devel-
opment cases based on ISR, MCM, ASW missions. We analyzed most countries,
which include USA, Israel, Singapore, and other countries that are actively de-

veloping advanced marine unmanned vehicle systems. We identified the trends

K2
035: Scientific Research Publishing

93



J.Heo et al.

of the technological advances, while suggesting the future directions for devel-

opment.

2.1. United States of America

Anaconda 2.0 USV

USSOCOM is developing Anaconda 2.0 USV for marine control and coun-
ter-terrorism operations and so on. The Anaconda 1.0 is operated by remote
control in the zone without obstacles, and the Anaconda 2.0, a fully auto-
nomous USV which has the artificial intelligence is capable of quicker and
more complex maneuvering.

ACTUYV (Anti-Submarine Warfare Continuous Trail Unmanned Vessel)
ACTUYV is a diesel USV developed for automatic tracking of submarines by
DARPA. ACTUV not only keeps track of the submarines detected by its so-
nar sensors but also can share information with other unmanned vehicles.
Analysis between Anaconda and ACTUV

Both platforms in Table 1 represent the currently most advanced unmanned
USVs from the USA [15] [16]. The mission planning systems and the au-
tonomy levels represent the highest sophistication among the competitors. In
its current form, both are still under development and a various set of tests is
undertaking. When they are actually deployed, they will be reaching near
100% automated mission carryout capabilities. Anaconda will also be used by
Special Forces.

CUSV (Common Unmanned Surface Vehicle)

CUSV is a maritime security system of the US Navy and is a fleet-class un-
manned surface vehicle. In addition, CUSV is a stand-alone littoral combat
ship that is used for reconnaissance surveillance, torpedo detection, and
asymmetric operations and so on. It also includes a side scan sonar, a mines-

weeper module, and a non-lethal weapon system.

Table 1. Anaconda 2.0 and ACTUV.

Model Anaconda 2.0 ACTUV

Figure
Length 10 m Length 40 m
Weight - Weight 40 tons
Spec Velocity 50 kts Velocity -
Engine Diesel Engine -
Operation Time 8 hr Operation Time -
Main Mission ISR, MCM, ASW ISR
Manufacturer Swiftships DARPA
K2
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ASW USV

ASW USV is a fleet-class USV for anti-submarine warfare. It was built on the
basis of an open type, high-speed rigid-hull inflatable boat (RHIB) technolo-
gy, which can be operated remotely and can mount the anti-submarine mis-
sion equipment (that is, unmanned dipping sonar). The core subsystem in-
cludes a surface search radar and an enhanced communications system.
Analysis between CUSV and ASW

Both platforms in Table 2 look similar in terms of hull shapes [17] [18].
However, the ASW is much larger and much heavier than the CUSV. ASW is
designed to stay afloat for a very long time, because its main mission is to
loiter, find, and detect the enemy submarines. Therefore, its hull size has to
be enlarged, not only it has to carry much fuel, but also it has to withstand
rough seas. CUSV on the other hand is used for coast patrol around the shal-
low sea areas, hence its size is much smaller and lightweight.

2.2. Other Nations

KATANA (Israel)

KATANA in Table 3 is an unmanned surface vehicle developed by the Israel
Aerospace Industries (IAI) [19]. Its main mission is coastal and port security.
Also, it is equipped with the remote control system and non-lethal weapons
and can be operated at sea state from 4 to 6.

PROTECTOR (Israel)

PROTECTOR in Table 3 is currently being operated by Israel Navy for the
coastal reconnaissance and harbor security, minesweeping, and enemy sub-
marine detection [20]. Also, it can shoot the guns by the remote control sys-
tem because it is equipped with a Mini Typhoon.

Analysis between KATANA and PROTECTOR

Table 2. CUSV and ASW USV.

Model CUsv ASW USV
|
Figure
Length 42m Length 11m
Width 1.8 m Weight 7700 kg
Spec Velocity 28 kts Velocity 35 kts
Operation Range 1200 nm Engine -
Operation Time 24 hr Operation Time 24 hr
Main Mission ISR, MCM, ASW ASW

Manufacturer

Textron Systems, AAI Unmanned . X
. General Dynamics Robotics Systems
Aircraft Systems
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Table 3. KATANA and Protector.

Model KATANA Protector

Figure
Length 12m Length 9.5m
Width 2.8m Weight 4000 kg
Spec Velocity 30 - 60 kts Velocity 50 kts
Engine Diesel Engine Diesel
Operation Time - Operation Time -
Main Mission ISR, ASW ISR, MCM, ASW
Manufacturer Israel Aerospace Industries Rafael

Protector is the predecessor of the Katana, and smaller in terms of size. Pro-
tector is the Israel’s first unmanned USV that has been actually deployed and
even exported to the USA. Protector, however, is controlled remotely and
there is not much automated or intelligent mission carryout capabilities. All
tasks must be watched and controlled by the remote operators. Even Katana
is the more recent development, its autonomy levels have not been publically
announced yet.

Silver Marlin (Israel)

Silver marlin is equipped with equipment such as day and night surveillance,
obstacle avoidance sensor, remote control shooting system. It was developed
in 2007 for coastal reconnaissance, harbor security, minesweeping, and com-
bat purposes. It has been operated by Israel Navy since November 2009.
Vigilant (Singapore)

Vigilant completed its development in September 2013 by Zycraft and is an
USV of stand-alone type capable of carrying out various missions, such as
coastal monitoring mission, rescue mission, special mission, and others. It
can perform a wide range of operations over a long period of time

Analysis between Silver Marlin and Vigilant

Both platforms in Table 4 are quite similar in terms of the types of mission
they are carrying [21] [22]. In terms of size, Vigilant is much bigger and it is
claimed that it can stay in the sea for about 30 days. Since Singapore puts
great emphasis on the safety of its fleet operations and the security of its sur-
rounding seas, the purpose of Vigilant is rather clear. Both are operated by
remotely situated operators. In addition, the autonomy levels are not yet dis-
closed.

Venus 16 (Singapore)

The superstructure of Venus 16 in Table 5 is modular and there are three de-

rived types with 9 m, 11 m, and 16 m in length [23]. Also, a remote weapon
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station (OtoMelara) for defending the fleet, Thales’s synthetic aperture sonar
(T-SAS) and ECA group’s K-STER expendable mine disposal system (EMDS)
for mine countermeasures (MCM) are known to be integrated.

B Inspector MK2 Extended (France)

e Inspector MK2 Extendedon Table 5 is a multipurpose platform that allows
autonomous and remote control and real-time obstacle and target detection
capabilities [24]. Also, it can perform maritime block operations and is capa-

ble of situational awareness.
e  Analysis between Venus 16 and Inspector MK2 Extended

Table 4. Silver marlin and vigilant.

Model Silver Marlin Vigilant

Figure
Length 10.67 m Length 16.5 m
Weight 4000 kg Weight 6000 kg
Spec Velocity 45 kts Velocity 12 - 30 kts
Engine Diesel Engine Diesel
Operation Time 24 -36 hr Operation Time 30 days
Main Mission ISR, MCM, ASW ISR, ASW
Manufacturer Elbit Systems Zycraft

Table 5. Venus 16 and INSPECTOR MK2 EXTEND.

Model Venus 16 INSPECTOR MK2 EXTEND
Figure
Length 16.5 m Length 9.2m
Weight 26 tons Weight 5000 kg
Spec Velocity 35 kts Velocity 35 kts
Engine - Engine Diesel
propulsion Water-Jet Operation Time 30 hr
Main Mission MCM, ASW ISR, MCM, ASW
Manufacturer ST-Electronics ECA Group
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e Venus 16 is heavily armed, as opposed to Vigilant. It can also be used as
manned platform, if necessary. Due to its modular construction, the hull can
be lengthened and more fuel and weapons can be carried. Both are remotely

operated.

3. Analysis

In case of US, a research level of the USV technology has been advanced signifi-
cantly but most countries still lack technology to commercialize it [25]. In this
study, the technology fields to be suggested through our analysis are largely au-
tonomous system, collision avoidance, launching and recovery, weapon opera-
tion and common infrastructure technology for operation. In addition, to im-
prove operability, it is important to upgrade the onboard equipment and to
standardize the interface technology and modularization among the equipment.
The USVs can be categorized by the size, fuel and operation range. Those deter-
mine the endurance of the USVs, which can be very important for reconnais-
sance mission. The onboard sensors determine the type of missions that the
USVs can perform. The autonomy level also determines the USVs flexibility in
terms of when the remote signals are lost or when the situation changes too ra-
pidly for the remotely situated human operators can handle. In this regards, Ta-
ble 6 shows the important design factors closely related to the required perfor-

mance in USV development.

4. Conclusions

In this study, we derived factors and functions to be considered in the USV de-
sign through analyzing development cases of USV in major countries. The de-
mand of USVs which can be autonomously operated without the operator in-
tervention has been increasing dramatically. The growing interests lie in the facts
that those USV's can be manufactured at much lower costs, and can be operated
without the onboard human operators, while can be sent to the hostile or quite
dangerous areas without the fear of losing human lives. The utilization and the
deployment of such vessels will continue to grow in the future and the future
will show the vessels with much higher autonomy levels. In such cases, the USV's
can be operated at a much longer time without the intervention of human oper-
ators, which can fundamentally change the way the maritime warfare has been
conducted. Additionally, the most important trend is the intelligence and au-

tonomy levels of the USVs. With the advent of the AI (artificial intelligence, ‘e,

Table 6. Important design factors for developing USV.

Design Factors

e Operation Time e Operation Velocity

e Autonomous System e Mission Range

e TFuel o Size (Length, Width, Weight)

e Communication e Equipment (Weapon, Sensor, etc.)
e Cost e Payload Capacity
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deep learning), previously impossible task such as recognizing enemy vessels

through the camera images can be automated. In the future, the capability of the

USVs will be highly dependent on the technology levels of Al and the autonomy

along with the types of onboard sensing devices.
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