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Abstract— Underwater robots play an 

important role in the offshore oil and gas 

industry, the Defence sector, maritime search 

and rescue, oceanographic research, underwater 

Archaeology and environmental monitoring. 

Many of these applications are conducted with 

remotely operated vehicles (ROVs) that are 

tethered to and controlled from a Surface vessel, 

but as with the trend in terrestrial and airborne 

robots, autonomous operation is of increasing 

importance. The emerging field of deep-sea 

mining will push the capabilities of ROVs to 

unprecedented levels. Development of 

Underwater Robotics is an important field of 

research and a promising industrial application 

since it represents a sustainable solution to 

exploit ocean resources with a reasonable 

environmental impact. During the 1990s, 

numerous worldwide research and development 

activities occurred in underwater robotics, 

especially in the area of autonomous underwater 

vehicles (AUVs). As the ocean attracts great 

attention on environmental issues and resources 

as well as scientific and military tasks, the need 

for and use of underwater robotic systems has 

become more apparent. Great efforts have been 

made in developing AUVs to overcome 

challenging scientific and engineering problems 

caused by the unstructured and hazardous ocean 

environment. It is just the beginning for more 

advanced, yet practical and reliable AUVs. The 

new millennium will bring advancements in 

technology that will enable the development of 

more practical, reliable AUVs. The paper 

describes some key areas in current state-of-the-

art underwater robotic technologies and presents 

future research direction. 
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I.  INTRODUCTION 

Underwater robots play an important role in the 
offshore oil and gas industry, the defense sector, 
maritime search and rescue, oceanographic 
research, underwater archaeology and 
environmental monitoring. Many of these 
applications are conducted with remotely operated 
vehicles (ROVs) that are tethered to and controlled 
from a surface vessel but as with the trend in 
terrestrial and airborne robots, autonomous 
operation is of increasing importance. Autonomous 
underwater vehicles (AUVs) are now finding 
growing uses, driven largely by the improved 
capabilities arising from various technological 
developments. This article aims to provide details of 
the technologies and applications of underwater 
robots. 
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II. REMOTELY OPERATED VEHICLES  

Remotely worked vehicles are fastened submerged 

robots, fueled by a physical connection from the 

surface and controlled by dispatch borne 

administrators. The British and US naval forces 

directed a great part of the early ROV improvement 

amid the 1950s and '60s and an early British ROV 

was the Cutlet, utilized as a part of the 1950s by the 

Royal Navy to recover hone torpedoes and mines 

(Figure 1). These advancements prompted the 

capacity to perform remote ocean protect and 

recuperation activity; an early case being the 

recovery of the nuclear bomb lost in the 

Mediterranean in  

 

 

 

 

 

 

 

 

 

 

Figure 1 The Cutlet, an early ROV used by the 

Royal Navy. (Source: Wikipedia  http://commons 

.wikimedia.org/wiki/File:Cutletrov.jpg)  

1966 when a B-52 slammed amid a refueling task 

(Figure 2). This task utilized an early age ROV, the 

CURV-I (Cable-controlled Undersea Recovery 

Vehicle) and in 1973, CURVIII played out the most 

profound submerged protect in history when it 

safeguarded two men who were stranded 1,575 feet 

(480 m) beneath the sea surface for 76 hours in the 

submersible Pisces III with minutes of air remaining 

(Figure 3). CURVIII was outfitted with a variety of 

TV cameras and lights and a 35-mm camera with a 

500-edge shading film limit. It could work at 

profundities of up to 10,000 feet (~3,000 m), 

weighed around 5,400 pounds (2,400 kg) and could 

be furnished with a scope of mechanical 

instruments and sensors. The CURV group of 

ROVs are still being used and the most recent age 

item, the CURV-21, weighs 6,400 lbs. (2,909 kg), 

works at a profundity of 20,000 feet (~6,000 m) and 

is fitted with high determination advanced cameras, 

sonar and a fiber optic multiplexing framework 

which can join up to eight channels of video, sonar, 

USBL (ultra-short standard) situating information, 

RS232/422/485 information interchanges and route 

information on a solitary fiber. A 400 MHz 

advanced interchanges arrange controls the vehicle. 

 

These military improvements set up the innovative 

basis that gave the seaward oil and gas industry 

with purported "work-class" ROVs. These wound 

up fundamental apparatuses in the 1970s and '80s 

when a great part of the new seaward oil and gas 

advancement was at a profundity that surpassed the 

range of human jumpers. 

 

The present current ROVs (Figure 3) are utilized 

broadly in the development of sub-ocean oil and gas 

advancements and in their ensuing examination, 

repair and support and differ enormously is terms of 

profundity rating, size, many-sided quality and 

abilities. A normal business ROV contains a vast 

buoyancy pack over an aluminum skeleton to give 

the essential lightness.  

 
Figure 2 The atomic bomb aboard the USS Petrel, 

recovered by the US Navy with the aid of an early 

ROV from a depth of 2,850 feet. (Source: 

Wikipedia http://commons.wikimedia.org/wiki/File 

:Palomares_ H-Bomb_Incident.jpg PDUSGOV-

MILITARY-NAVY).   
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Figure 3 The US Navy CURV-III ROV during the 

Pisces III rescue operation.  (Source: Wikipedia 

Commons http://en.wikipedia.org/wiki/CURV-III).   

 

Notwithstanding fueling the different electrical 

frameworks, electrical power can be utilized to 

drive a water powered pump that is utilized for 

impetus as a contrasting option to the more typical 

electrically controlled thrusters and to incite high 

power gear, for example, torque instruments, cutters 

and controller arms. Most ROVs are outfitted with a 

camcorder and lights and regularly incorporate 

sonar frameworks and on account of ROVs went for 

logical research or ecological observing, sensors for 

checking water quality, testing frameworks and 

high determination cameras are additionally sent. 

III. DEEP SEA MINING: THE ULTIMATE ROV 

CHALLENGE?  

A developing and especially difficult ROV 

application is remote ocean mining. 

Notwithstanding the complex mechanical issues 

postured by the high weights and temperatures, 

which can extend from several degrees to near zero, 

genuine worries about its ecological effect have 

been voiced by preservationists and the angling 

businesses. In any case, remote ocean mining is by 

and by drawing in developing enthusiasm, as the 

seabed is known to contain colossal amounts of 

minerals. The idea was proposed more than forty 

years prior and amid the 1960s and '70s critical 

entireties were put resources into submerged 

digging innovation for separating manganese knobs. 

Be that as it may, mining the seabed was then too 

exorbitant and past the innovative abilities of the 

time however this is ready to change. Presently, 

some earthbound assets are getting to be exhausted 

and more troublesome and exorbitant to separate, 

some metal costs are at a record high and late 

advances in apply autonomy, submerged boring and 

electronic mineral mapping make submerged 

mining an appealing probability. Organizations 

want to separate metals, for example, gold, silver, 

copper, nickel, cobalt, zinc and uncommon earth 

components and the size of the potential is all 

around showed by the current disclosure by 

researchers from the University of Tokyo that an 

expected 80 to 100 billion metric huge amounts of 

uncommon earth stores lie in the Pacific Ocean; 

very nearly a thousand times more than the flow, 

demonstrated recoverable on-shore saves, as 

assessed by the US Geological Survey. At exhibit, 

China produces 97% of the world's uncommon 

earth metals which are essential in all way of 

electronic gadgets, vehicles, lasers and weapon 

frameworks.  

 

Two organizations are by and by driving this new 

enthusiasm for seabed mining: Canadian Nautilus 

Minerals and American Neptune Minerals. The last 

was built up in 2011 and tries to investigate and 

create "ocean bottom huge sulfide" (SMS) stores. 

These exist on the sea depths around volcanic 

circular segments where aqueous vents have 

breathed out sulfide-rich mineralized liquids into 

the sea and are frequently rich in gold, silver, 

copper, zinc and lead. The organization is still at the 

exploratory stage yet Nautilus Minerals' designs are 

at a significantly further developed stage. A year 

ago, the Papua New Guinean government conceded 

Nautilus a 20-year permit to mine a site 30 km off 

their drift, in the Bismarck Sea in the south-western 

Pacific Ocean. The organization intends to mine the 

site, known as Solwara 1, by consolidating existing 

skill from the seaward oil and gas industry with new 

submerged mechanical innovations to extricate an 

expected 1.3 million tons of minerals for every year 
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from SMS stores at a profundity of around 1,600 

meters.  

 

 
Figure 4 A modern ROV operating a torque tool on 

a valve on an underwater structure. (Source: 

Wikipedia Commons http://commons. 

wikimedia.org/wiki/File:ROV_working_on_a_subs

ea_structure.jpg).   

 

To accomplish this goal-oriented focus on, the 

organization will utilize three one of a kind ocean 

bottom creation instruments: a helper shaper, a mass 

shaper and a gathering machine, all intended to 

work at profundities of up to 2,500 meters. The 

helper shaper readies the seabed, straightening 

tough landscape, which could incorporate the 

remaining parts of volcanic smokestacks, in this 

manner giving a level working surface to the 

fundamental device, the mass shaper.  

 

The gathering machine sucks in the cut material, 

left by the other two machines. It is reaped as 

seawater slurry which is sent along a pipe to a pump 

on the ocean bottom which at that point raises the 

material to a ship at first glance. The minerals are 

then sifted through and the water is come back to 

the sea depths. A framework schematic is appeared 

in Figure 4. The ``key segment is the mass shaper, a 

monstrous, followed mechanical gadget (Figure 5) 

weighing 310 tons and outfitted with four-meter 

wide cutting edges and driven remotely by two 

pilots in a control room on a surface vessel. It will 

utilize cameras and 3D sonar sensors for exploring 

on the seabed; the last are basic as sediment from 

vents in the sea outside layer will significantly 

lessen perceivability. The robot was planned and 

built by UK-based Soil Machine Dynamics albeit a 

few different organizations and establishments were 

associated with the recreations and test work, 

including CSIRO, Cellula Robotics, Deltares, 

Istanbul Technical University, ContiTech Oil and 

Marine Corp and Paterson and Cooke Consulting. 

The two different machines are under development 

and it is trusted that mining will begin inside the 

following couple of years. 

 
Figure 5 Schematic of the deep-sea mining system. 

(Credit: Nautilus Minerals).  

 

Europe is likewise researching the practicality of 

mining the seabed and an EU-bolstered venture 

named "Blue Mining" started in 2014. With a length 

of four years, a financial plan of €15 million and 

including 19 European industry and research 

associations, this intends to look at the business 
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case and innovative difficulties related with remote 

ocean mining. 

IV. AUTONOMOUS UNDERWATER VEHICLES  

Likewise, with earthbound and airborne robots, self-

sufficient activity is alluring in numerous 

submerged applications and AUVs are presently 

monetarily accessible and additionally being the 

subject of on-going examination. Not at all like 

ROVs, they travel unreservedly submerged without 

requiring contributions from an administrator; an 

element that gives a few advantages. They are 

quicker than ROVs and, in light of the fact that 

they're ready to work self-sufficiently under their 

own particular power, are to a lesser degree a 

deplete on assets: administrators can dispatch them 

and abandon them. In any case, it is the nature of 

the information they suspect that is extremely 

driving their utilization. Having the capacity to 

movement a couple of meters over the seabed or 

near sub-ocean establishments, AUVs enable 

administrators to convey a scope of high recurrence 

sonar frameworks and high determination cameras 

to secure point by point information. Further, 

deficient with regards to a surface vessel, they can 

work in politically touchy or generally difficult to 

reach locales of the sea.  

 

A few developments have enabled AUVs to wind 

up innovatively reasonable. Battery innovation has 

enhanced significantly as of late; higher vitality 

densities permit more noteworthy payloads and 

expanded working circumstances and extents. 

Forward-looking sonar is additionally a noteworthy 

advance forward. And also enhancing crash 

evasion, such frameworks have made it simpler for 

AUVs to fly at a steady demeanor over the seabed 

and smooth out the shapes, yielding huge 

enhancements in the nature of the information 

accumulated. Sensors have likewise assumed a key 

part, as MEMS (smaller scale electromechanical 

framework) innovation has yielded single bundle 

gadgets including three-pivot magnetometers and 

accelerometers or gyrators that rearrange 

submerged route. Route is, obviously, one of the 

key mechanical difficulties confronting submerged 

activity as radio signs can't enter water essentially 

and a standard path for AUVs to explore is through 

dead retribution. Route can be enhanced by utilizing 

a submerged acoustic situating framework. While 

working inside a variety of ocean bottom conveyed 

pattern transponders this is known as long 

benchmark (LBL) acoustic situating or LBL route. 

At the point when a surface reference, for example, 

a help transport is accessible, ultra-short standard 

(USBL) or short-gauge (SBL) situating is utilized to 

compute where the vehicle is in respect to the 

known position of the surface art by methods for 

acoustic range and bearing estimations. To enhance 

the estimation of its position and diminish mistakes 

in dead retribution an AUV can surface and take a 

GPS settle. Amongst fixes and for exact moving, an 

inertial route framework ascertains through dead 

retribution the AUV's position, quickening and 

speed. Exactness can likewise be enhanced by 

including a Doppler speed log that measures the rate 

of movement over the ocean depths and a weight 

sensor ordinarily measures the vertical position 

(profundity).  

AUVs are currently broadly utilized by both the 

oceanographic inquire about group and the 

resistance division, where their capacity to work for 

long stretches, far below the surface and to return 

point by point information, makes them appropriate 

to a scope of uses. Presently, be that as it may, 

enhancements in abilities, joined with the 

unquenchable interest for vitality, are driving the 

developing utilization of AUVs in the seaward 

vitality segment. The oil and gas industry utilize 

AUVs to make point by point maps of the ocean 

bottom before they begin developing sub-ocean 

frameworks and pipelines and AUVs permits 

review organizations to lead exact overviews of 

zones where customary bathymetric procedures 

would be less powerful or too expensive. Another 

key pattern driving the take-up of AUVs is the oil 

and gas area's want to abuse undiscovered holds in a 

portion of the more remote and more profound 

locales of the sea. As per a current give an account 
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of the AUV showcase by industry examiner 

Douglas-Westwood, profound water tasks have 

been in charge of 67 for every penny of the 

development in oil generation over the previous 

year. Another imperative part is calamity reaction 

and a Bluefin-21 AUV, worked by the US Navy, is 

by and by testing the seabed for indications of the 

missing Malaysia Airlines Flight MH370 in the 

expectation of copying the accomplishment of a 

comparable vessel which broadly found the Air 

France flight lost off the Brazilian drift in 2009.  

 

 
Figure 6 The robotic bulk cutter at Soil Machine 

Dynamics. (Credit: Nautilus Minerals).  

 

One of the main makers is Kongsberg Maritime, 

which delivers the Hugin group of AUVs (Figure 

6). The most economically effective result of its 

kind, the Hugin is generally utilized by the 

safeguard business and relying upon the design, it 

can work at profundities of 4,500 meters, has a 

greatest perseverance of 80 hours and a greatest 

speed of six bunches. The vehicle is secluded and 

can oblige a wide cluster of sensors including 

conventional geophysical acoustic sensors, for 

example, side scan or engineered opening sonar yet 

in addition compound and ecological sensors. 

Pressure tolerant lithium-polymer batteries that are 

promptly changed between plunges control it. Fugro 

Survey, which works one of the biggest business 

armada of Hugins, has utilized the framework for 

probably the most aggressive profound water 

overviews yet directed. The firm as of late 

completed the world's biggest AUV study off the 

shore of Mozambique, where it utilized the 

innovation to look at a region of around 1,440 km2 

at profundities of up to 2,700 meters. Another 

generally utilized item is the REMUS (Remote 

Environmental Measuring Units), a minimized, 

lightweight AUV intended for activity in waterfront 

conditions at profundities of up to 100 meters 

(Figure 7). This is the main conservative AUV to be 

chosen by the US Navy for their mine 

countermeasure activities. Impetus is by an ordinary 

3-bladed propeller that is coupled to an immediate 

jump, brushless DC engine, controlled by a 

rechargeable lithium-particle battery. It can work 

for 22 hours at three bunches and more than eight 

hours at five bunches and route is by Doppler-

helped dead retribution, an inertial route framework 

and GPS.  

 
Figure 7 The Hugging AUV. (Courtesy: Kongsberg 

Maritime).   

 

A capacity that will additionally solidify the non-

military part of AUVs is the capacity to drift. For 

example, a cruising AUV can direct a review 

around the base of a seaward breeze turbine or other 

submerged structure however in the event that the 
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need is to examine the structure itself it is important 

to keep up position while securing high 

determination video or pictures. Floating AUVs are 

beginning to show up and the drifting movement 

emerges from the utilization of both level and 

vertical thrusters. A case is the HAUV-3 created by 

Bluefin Robotics, a MIT turn off, in conjunction 

with the US Office of Naval Research. This is a 

little, shallow water, two man-versatile AUV went 

for send structure and submerged foundation 

examination which additionally has military uses, 

for example, port security observing 

V. SUB-SEA GLIDERS  

Another class of AUV is the sub-ocean lightweight 

plane. Grown initially for oceanographic inquire 

about, these utilizations a type of impetus in light of 

wings and little changes in lightness. At the point 

when at first glance, the vehicle attracts a little 

measure of water that modifies its lightness and 

makes it sink. As it does as such the wings change 

over the sinking vitality into forward movement and 

when it achieves a specific profundity it directs out 

the water and rises and is again determined forward. 

Lightweight flyers in this way move in a crisscross 

direction.  

 

On account of ACSA's historic Sea Explorer control 

is gotten from rechargeable lithium-particle 

batteries and the lightweight plane has a mission 

span of two months and can travel 1,200 km at a 

normal speed of 0.5 bunches on a solitary battery 

charge. These accomplishments spoke to a twofold 

world record (separation and length) for an 

unmanned submerged vehicle fueled by 

rechargeable batteries. An incorporated equipment 

and programming suite permits consistent 

supervision and mission control of the vehicle from 

anyplace on the planet. At the point when the Sea 

Explorer surfaces, it sends its GPS position and 

gathered information aground and gets new mission 

summons through the worldwide Iridium organize. 

A comparable item is Kongsberg Maritime's Sea 

glider that was produced in the 1990s through a 

cooperative exertion with the University of 

Washington and was subsidized by the US Navy's 

Office of Naval Research. Route is accomplished 

through a mix of GPS fixes while at first glance and 

inward sensors that screen the vehicle's heading, 

profundity and disposition amid jumps. As opposed 

to the Sea Explorer, it utilizes non-rechargeable 

lithium sulfuryl chloride essential batteries, 

permitting a mission term of up to 10 months and 

can travel a separation of up to 4,600 km. In excess 

of 190 Sea gliders have been conveyed to look into 

establishments, maritime associations and business 

administrators around the globe. Notwithstanding 

research applications, lightweight flyers are 

currently being considered truly by the seaward oil 

and gas part. They are being utilized as a part of the 

Gulf of Mexico to recognize gyres - turning sea 

streams which constrain certain kinds of work to 

stop around oil fixes and are being assessed for use 

amid decommissioning work in the North Sea. The 

innovation can likewise be utilized to screen 

dangerous spills and releases and an armada of 

lightweight flyers was conveyed by the Woods Hole 

Oceanographic Institute in the wake of the 

Deepwater Horizon oil slick in 2010. 

CONCLUSION 

In the last 50 years, advancements in submerged 

mechanical autonomy has enabled the innovation to 

rise up out of an absolutely military part to one that 

now finds across the board use in the seaward oil 

and gas ventures, together with different 

applications, for example, sea pursuit and protect, 

oceanographic look into and natural checking. The 

developing field of remote ocean mining will push 

the capacities of ROVs to heretofore phenomenal 

levels. Similarly, as with their earthbound partners, 

groups of submerged robots that work self-

sufficiently have been created and emerged from 

propels in control sources, sensors, route innovation 

and interchanges. While initially went for examine, 

AUVs are presently being utilized by the military 

and beginning to be received by the seaward vitality 

enterprises. Submerged robots are the point of a 

progressing research exertion that, joined with 

mechanical advancements, will without a doubt 
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grant them with enormously improved capacities 

later on. 
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