
4 B&H Electrical Engineering Bosanskohercegovačka elektrotehnika

Abstract: A smart Remotely Operated Vehicle, ROV LATIS, is a prototype platform to test and validate OceanRINGS - a suit of smart tech-
nologies for subsea operations, developed at Mobile & Marine Robotics Research Centre, University of Limerick. It is a next generation 
smart ROV with unique features, including multiple modes of operation, advanced 2D and 3D displays, intuitive, versatile and easy to use 
pilot interface, built-in autotuning of low-level controllers, voice navigation and fault-tolerant control system. With integrated state-of-
the-art navigation sensors/instruments, the vehicle can achieve precision navigation and subsea positioning. Other features include ROV 
high precision dynamic positioning (DP) in absolute earth-fixed frame or relative to ship, robust speed/course controller with independent 
heading control and improved ROV – ship link. System validation and technology demonstration was performed through a series of test 
trials with different support vessels off the north, south and west coast of Ireland, in Donegal, Bantry Bay, Cork Harbour, Galway Bay, 
Shannon Estuary and La Spezia, Italy. This paper highlights the main features of the system, presents selected results of test trials and 
discusses implementation issues and potential benefits of the technology.

Keywords: smart ROV, fault-tolerant control, control allocation, real-time visualisation, auto-tuning, voice navigation.

Sažetak: Pametna podvodna bespilotna ronilica (ROV LATIS) je prototipno vozilo, razvijeno za potrebe testiranja i validacije OceanRINGS 
-sistema pametnih tehnologija za podvodne operacije, razvijenog u istraživačkom centru za mobilnu i podvodnu robotiku na Univerzitetu u 
Limericku. ROV LATIS je pametno vozilo sljedeće generacije s nizom jedinstvenih svojstava, uključujući višestruke modove rada, naprednu 
2D i 3D vizualizaciju, intuitivno i jednostavno korisničko sučelje, ugrađenu proceduru za automatsko podešavanje kontrolera, upravljanje 
pomoću glasovnih komandi i kontrolni sistem s automatskom prilagodbom na kvarove u propelerima. Navigaciona oprema i senzori zadnje 
generacije omogućavaju veoma preciznu navigaciju i upravljane ronilicom. Ostala svojstva uključuju vema precizno dinamičko pozicioniranje 
(DP) ronilicom u apsolutnom koordinatnom sistemu vezanom za Zemlju ili relativno u odnosu na prateći brod, robusni kontroler brzine i kursa 
s neovisnom kontrolom headinga i poboljšanu vezu između ronilice i pratećeg broda. Validacija sistema i demonstracija implementiranih 
tehnologija  obavljena je kroz seriju testova s različitim pratećim brodovima u priobalnim zonamasjeverno, južno i zapadno od Irske (Donegal, 
Bantry Bay, Cork Harbour, Galway Bay, Shannon Estuary) i u Italiji (La Spezia). U ovom radu su opisana glavna svojstva sistema, prikazani 
odabrani rezultati iz ovih testova, i analizirane mogućnosti primjene i prednosti implementiranja tehnologije.

Ključne riječi: pametna ronilica, kontrolni sistem otporan na kvarove, alokacija kontrola, vizualizacija u realnom vremenu, samopodeša-
vajući kontroler, upravljanje pomoću glasa.
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INTRODUCTION

Background

Future deployment, installation & maintenance of ocean en-
ergy devices require use of underwater robots and support 
vessels. However, the same technology will also be used by 
other offshore industry e.g. off shore oil & gas. These vessels 
may be very expensive and their costs are very volatile, de-
pending on offshore peak demands. 

Thus, it is important to address the requirements for ves-
sels to be used in ocean energy deployments and how 

these requirements may be configured to reduce the 
costs of these vessels and, simultaneously, affect tech-
nology development.

Due to the complexity of the underwater environment, the 
vehicle control system must avoid obstacles and com-
pensate for various external disturbances acting on the 
vehicle (ocean currents, drag effects of umbilical for ROVs, 
etc.) in the presence of uncertainties in determination of 
position and orientation (navigation errors). The physical 
shape of vessel body, number, position and orientation of 
thrusters & control surfaces impose constraints that limit 
the freedom of control actions. All these factors add sig-
nificant challenges to the task of maintaining the vehicle 
on the desired path and performing underwater mission. 
If the control system is not designed in an optimal way, 
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Figure 1: Smart ROV LATIS, prototype platform with built-in 
OceanRINGS smart technologies

tracking errors lead to unnecessary extension of survey 
mission time, increasing the survey mission costs. In ad-
dition, a non-optimal control allocation of actuators leads 
to inefficient usage of available energy resources. Future 
intelligent control systems with high degrees of autonomy 
should perform well under significant uncertainties for ex-
tended periods of time, and they must be able to compen-
sate for certain system failures without external intervention 
[1].

Dynamic behaviour of the vehicle depends upon the spa-
tial configuration of the onboard sensors and equipment. 
Some ROV applications require precision navigation and 
positioning capabilities, which can be achieved with fibre 
optic gyro (FOG) based inertial navigation systems (INS). 
These sensor suites are expensive and often ocean en-
gineering companies will forego use of such technology 
on cost grounds and use inferior sensor solutions with 
reliance on piloting skills. Design of smart ROVs is an open 
challenge for the underwater robotics community. For 
ROVs, both with FOG based INS systems and without, 
operation of the vehicles remains a very skilled task and 
the industry is very dependent on the skills of ROV pilots. 
However, with the precision instruments significant levels 
of automatic control functions can be achieved, includ-
ing absolute DP (ROV dynamic positioning regardless of 
ship motion), relative DP (ROV dynamic positioning rela-
tive to ship motion), and robust speed/course controller 
with independent heading control. With added autopilot 
functionality and advanced real-time visualisation, ROV 
operations can be made significantly less dependent on 
the skills of ROV pilots and the range of tasks that can 
be successfully undertaken is expanded [2]. Interesting 
application of ROV serving as a docking station for au-
tonomous underwater vehicle (AUV) during search and 
rescue (SAR) missions has been proposed in [3]. The au-
thors showed in simulation that the ROV has been able 
to capture the AUV in presence of ocean currents and 
wave disturbances. The approach has been extended to 
include docking hoop for recovery of autonomous under-
water vehicle in [4]. This is continuation of work on mod-
elling and simulation software of under actuated ROV [5].

Research Activities in Mobile & Marine Robotics 	
Research Centre

Over the last ten years, researchers in the Mobile & Marine 
Robotics Research Centre (MMRRC) at the University of 
Limerick have been focused on research in a number of ar-
eas, including AUV/ROV systems integration, embedded 
controller development, sensor systems development, 
modelling and real-time simulation of AUV/ROV dynamics 
& acoustic payload instruments and airborne wind ener-
gy (AWE). Since 2006 the MMRRC research team has 
developed the OceanRINGS (previously known as MPPT 
Ring, [6]), a set of components that should be installed 

on an ROV and inside the Control Cabin, in order to in-
crease the level of automation, to make ROV operations 
easier and save expensive ship time by 20% or more. In 
order to test OceanRINGS validity and viability, new flexi-
ble, multi-mode of operation survey class ROV LATIS was 
designed at UL in period 2006 - 2009 [7]. To date, the 
MMRRC team deployed the ROV LATIS (Figure 1) from 
the RV Celtic Explorer & Celtic Voyager (Marine Institute, 
Galway), L.E. Eithne (Irish Navy), Shannon One Multi-Cat 
(Shannon Port Company) and LEONARDO (NATO).

Outline

The outline of the paper is given in the following. Section 
2 describes design requirements and the main features of 
ROV LATIS. Selected results from field trials are present-
ed in Section 3. Implementation issues are discussed in 
Section 4. Finally, Section 5 summarises the concluding 
remarks and potential benefits of the technology.

1.	 SMART ROV LATIS

1.1.	 Design Requirements

A number of design requirements have been identified 
prior to start of design & development work on testbed 
platform (ROV LATIS) in 2006.

Key design requirements for the new platform included:
-	 It should be able to support the core survey suite, 

including multibeam, sidescan, Inertial Navigation 
System (INS), Doppler Velocity Log (DVL), pressure 
(depth) sensor and Ultra-Short Base Line (USBL) 
transponder.

-	 It should accommodate both subsea survey activities 
and wide area (surface) survey activities in order to 
maximise equipment utility.

-	 It should be deployable using small surface support 
vessels, such as tugs, trawlers etc. thus reducing 
operational costs for inshore work, as well as suited 
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to operations from larger survey vessels for off shore 
work.

Control design requirements included the following:
-	 It should have built-in auto-tuning features for low-
	 level controllers.
-	 It should be able to detect, isolate and accommo-

date thruster faults.
-	 It should be able to work in full automatic mode, i.e. 

automatic way-points navigation.
-	 It should be able to keep desired position and orien-

tation deeply submerged in the water (dynamic posi-
tioning), in presence of ocean currents.

1.2.	 Features

The main features of ROV LATIS are given in the following 
(for full description see [8]):
-	 Modular design with multiple modes of operation,
-	 Very high positioning accuracy of ROV in deep water,
-	 Semi-Automatic Speed Modes enable robust, stable 

and accurate ROV Course Following & ROV Dynamic 
Positioning with simple mouse click,

-	 Fully automatic way points navigation with auto-com-
pensation of ocean currents and umbilical drag ef-
fects,

-	 Advanced 2D and 3D real-time visualisation – provid-
ing better situation awareness,

-	 Built-in thruster fault tolerance and optimal control 
allocation for any thruster configuration,

-	 Built-in auto-tuning of low-level controllers, providing 
optimal controller performance, regardless of chang-
es in ROV configuration between missions.

-	 Voice navigation - voice instructions are generated in 
real-time assisting ROV pilot to navigate and reach 
the target.

-	 Modular software architecture and extensive inter-
face library enable easy system adaptation to any 
ROV - ship combination.

1.2.1. Operation Modes

ROV LATIS is a vehicle with multiple modes of operation. 
It can be operated on the surface as a survey platform ei-
ther towed (Figure 2.a) or thrusted by 4 horizontal thrust-
ers (Figure 2.b) to allow surge, sway and yaw. It can also 
operate as an ROV fully controllable in 6 DoF by 4 hori-
zontal and 4 vertical thrusters (Figure 2.c) or as ROV with 
submerged tow/holding line for operations in submerged 
tow or on station in strong currents (Figure 2.d). In these 
various modes of operation it is used in conjunction with 
a fibre optic umbilical and winch; the umbilical carrying 
vehicle power, control and data from sensors and instru-
ments.

Figure 2.a: Surface-tow mode

Figure 2.b: Surface-thrusted mode

Figure 2.c: ROV operation mode

Figure 2.d: ROV with submerged tow line in strong currents
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Figure 3: Advanced pilot interface

1.2.2. Advanced Pilot Interface

The Advanced Pilot Interface (Figure 3) presents all im-
portant control data to the ROV pilot using familiar graphic 
controls & indicators. The pilot is able to use a combi-
nation of touch display, joystick, gamepad, mobile de-
vice, mouse or keyboard as input devices to generate 
commands, switch operating modes and enable/disable 
low-level controllers.

Set points can be entered numerically (e.g. using numeric 
control fields) or graphically (e.g. moving instrument point-
ers by mouse). The pilot can also easily switch between 
manual mode, semi-automatic modes (Speed & Course 
Controller, Hold Position and Go To Position) and fully au-
tomatic mode (automatic navigation through way points).

1.2.3.  2D Topview Display

The 2D Topview Display (Figure 4) shows a top view of the 
working zone and includes features like auto zoom, navy 
info display, floating heading indicators, visualisation of way 
points, real-time visualisation of sensors measurements 
(INS, DVL, USBL, GPS, etc.), distance & angle measure-
ments tools, ROV-fixed, SHIP-fixed and free Lever Arms etc.
 

Figure 4: 2D Topview Display

1.2.4.  3D Real-Time Simulated Reality Display

The 3D Real-Time Simulated Reality Display (Figure 5) 
provides 3D real-time visualisation of the support vessel, 
ROV, underwater structures, ocean surface, seabed, etc.

Figure 5: 3D Real-Time Simulated Reality display

Since numerical values and indicators are moving togeth-
er on the screen, this intuitive high-contrast display is 
comfortable for ROV pilot’s eyes, enabling long operation 
hours without eye focusing problem, commonly present 
on commercial pilot displays with separated displays of 
numerical values and indicators.

Virtual components (ROV, support vessel, underwater 
structures) have the same appearance as corresponding 
real-world components (same dimension, colour, etc.). 
They are driven by real-time measurements obtained 
through component interfaces. Waves on the surface are 
generated from estimated sea state, while the seabed is 
built from previous bathymetry data. The 3D Real-Time 
Simulated Reality Display provides better situational 
awareness for ROV pilot. Since this display is real-time 
aiding tool for ROV pilot, there is a significant difference 
when compared with ROV simulators: the main design 
requirement for 3D Real-Time Simulated Reality Display 
was to make it “as clear as possible” (high visibility, trans-



8 B&H Electrical Engineering Bosanskohercegovačka elektrotehnika

parent ocean, etc.), in contrast to typical ROV simulator 
displays, whose main design requirement is to make it “as 
real as possible”.

1.2.5.  Fault-Tolerant Control System

In contrast to most common control architectures used 
in modern ROV industry (where ROV is equipped with 
basic I/O modules, while control synthesis is performed 
topside), ROV LATIS is equipped with a full real-time em-
bedded control system, which performs all necessary 
data processing and synthesis online, aboard the vehicle 
in real-time. The control system includes fast auto-tuning 
of low-level controllers, automatic thruster fault detection 
and accommodation, semi-automatic and fully-automatic 
control modes, and optimal control allocation of thrusters.

Between successive ROV missions, it is likely that some 
of the onboard instruments/sensors/equipment will be 
added/removed/replaced, leading to changes in dynamic 
properties of the ROV (mass, moments of inertia, drag 
properties, etc). Controllers optimally tuned for a particular 
vessel configuration will not give the optimal performance 
in the case of a change in configuration. Autotuning of 
low-level controllers (LLC) is an advanced feature of the 
control system, yielding optimal controller performance 
regardless of changes in configuration. Two types of auto-
tuning algorithms have been developed. Velocity control-
lers are tuned by recording and utilising the force-speed 
static characteristics. Autotuning of position controllers 
(Heave (Depth) and Yaw (Heading)) utilises self-oscilla-
tions. The autotuning process [9] involves the following 
steps: (1) Generate self-oscillations; (2) Wait for tran-
sient stage to finish; (3) Measure amplitude and period of 
steady-state oscillations; and (4) Find new values of con-
troller gains using tuning rules. A novel set of tuning rules 
for underwater applications has been developed, which 
provides the optimal performance of low-level controllers 
in the case of configuration changes and the presence of 
disturbances (waves & sea currents).

Performance of Heave (Depth) and Yaw (Heading) LLCs 
after autotuning is shown in Figure 6. It can be seen that, 
regardless of cross-coupling present due to simultaneous 
control of depth and heading, tuned LLCs yield excellent 
time responses, with minimum overshoot and optimal 
control allocation. Cross-coupling stems from the fact 
that vertical thrusters, while operating, generate torques 
that rotate vehicle in the horizontal plane. Also, horizontal 
thrusters generate torques that change roll and pitch in 
the vertical plane.

In fault-free case, the fault-tolerant control system uses 
thrusters over maximum-sized attainable command set in 
an optimal way, minimizing the energy consumption, the 

Figure 6: Performance of Heave (Depth) and Yaw (Heading) 
low-level controllers after autotuning

most suitable criteria for underwater applications (Figure 
7). Commercial ROVs with the same X-shaped config-
uration of four horizontal thrusters use truncated pseu-
doinverse solution for control allocation (Feasible Region 
for Pseudoinverse), which is a subset of Attainable Com-
mand Set. In case of thruster faults, the control system 
automatically accommodates faults, keeping full control-
lability of ROV for low speeds and providing opportunity 
for safe continuation of a mission in presence of thruster 
fault(s). Full description of ROV LATIS control system can 
be found in [10].

Figure 7: Feasible Region for Pseudoinverse and Attainable 
Command Sett for X-shaped configuration



9Volume 11  January/December 2017

1.2.6.  Technical Specifications

Technical specifications of ROV LATIS are given in Table I.

Table I: Technical Specifications

Base Vehicle

Chassis Marine grade Aluminium

Payload 100 kg

Max. depth 1000 m

Thrusters Seaeye SM4 (4H, 4V)

Power supply 11kW, upgradable

Instruments & Navigation Suite

Multibeam sonar Reson SeaBat 7125

Sidescan sonar Tritech SeaKing sonar 325 kHz

Sound velocity probe Reson SVP-24

INS ixSea PHINS

Depth CDL Microbath (Digiquartz)

DVL RDI WorkHorse Navigator 600

USBL interface ixSea GAPS, Sonardyne

GPS (surface)
CSI-Wireless Seres or Submersible 
GPS GPRS-6015G

Obstacle avoidance 6 Tritech single-beam echosounders

Cameras

Bowtech Explorer-3K 
monochrome
2 LCC-600 monochrome
Tritech Typhoon colour

Pan & tilt Bowtech SS-109

Lights
3 Bowtech LED-1600
1 Bowtech LED-800
2 Tritech LED lite

Control System

Embedded
Digital Logic EBX945
National Instruments Compact RIO

Topside
Control PC
Visualisation PC

Control & Visualisation 
Software

LabVIEW 2011

Umbilical

Length 400 m

Diametar 25 mm

Core 6 AC, 4 DC, 8 single mode fibres

1.2.7.  Sensors and Survey Equipment

The sensor systems integrated on ROV LATIS (Figure 8) 
include: Black and white & colour video cameras, Reson 
7125 multibeam sonar, Tritech sidescan sonar and an 
ixSea fibre optic gyro (FOG) based navigation system 

Figure 8: ROV LATIS Navigation Sensor Suite

When deployed off research vessels in deep operations 
a transponder for USBL acoustic positioning is also in-
tegrated to give best possible navigation and positioning 
up to the target depths of 1,000 m. GPS is used to keep 
position accuracy during surface operations.

FOG basic principle of work is described in the following:
-	 2 wave ring interferometer made of a multi-turn fibre 

coil is mounted for each plane,
-	 Light is divided into two counter-propagating waves,
-	 Waves recombine perfectly in phase after having 

travelled along the same path in opposite directions,
-	 FOG rotation induces a difference of transit time 	

(relativistic Sagnac effect),
-	 This time is measured by interferometric means,
-	 Pure INS resolves the inertial measurements in the 

navigation frame and updates the attitude, heading, 
velocity and position,

-	 Extended Kalman Filter integrates measurements 
from the pure INS with external aiding sensors and 
provides corrections to inertial system errors.

2.	 FIELD TRIALS

The list of field trials performed with ROV LATIS onboard 
different research vessels is given in Table II. The main 
objectives of these trials included testing of smart tech-
nologies in various scenarios, such as high-resolution 
multibeam/video survey of ship wrecks, inspection of un-
derwater structures, etc. Selected results from these trials 
are given in the following.

PHINS (Photonic Inertial Navigation System) with Extend-
ed Kalman Filter and aiding sensors (RDI DVL, GPS and 
Digiquartz pressure depth sensor).
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Table II:	ROV LATIS Field Trials

Cruise Date Support Vessel Location

CE-09-04
27/02 - 06/03 
2009

Celtic 
Explorer

Galway Bay

Demo
01/07 - 03/07 
2009

Shannon One Limerick Dock

CV-10-029
24/08 - 01/09 
2010

Celtic
Voyager

Shannon Es-
tuary, Galway 
Bay

CV-11-026
05/12 - 14/12 
2011

Celtic 
Voyager

Cork 
Harbour, 
Bantry Bay

Irish Navy
27/02 - 02/03 
2012

L.E. Eithne
Cork 
Harbour

CE-12-012
14/09 - 20/09 
2012

Celtic 
Explorer

Donegal

NURC NATO
13/10 - 03/11 
2012

Leonardo
La Spezia, 
Italy

2.1.	 Ship Wreck Surveys

2.1.1.  La Surveillante (CV-11-026 Cruise)

Multibeam survey of French frigate La Surveillante, locat-
ed 2 km NW of Whiddy Island in Bantry Bay (Figure 9), 
was partially completed. The initial plan included quick 
survey from the surface to locate the wreck, and detailed 
submerged survey close to the wreck to acquire high-res-
olution multibeam bathymetry and video. The first view of 
the ship wreck, obtained during the surface operations, is 
shown in Figure 10. Just before the ROV started the dive 
for near-the-wreck operations, the ship’s anchor pulled in 
rising winds and the ship started to drift backwards (Fig-
ure 11). The mission had to be aborted and a ROV “race” 
with ship started. The main objective was to bring the 
ROV to the safe zone on the starboard side of the ship, 
avoiding any interference between umbilical and ship’s 
propeller. During the race, the Speed Mode “Go To Po-
sition” was activated and the Target Marker was moved 
on the screen by mouse. At the same time, ROV speed 
was increased to 1m/s. Fortunately, the ship stabilised its 
position after 60m drift, as can be seen in Figure 12.

Figure 9: Location of the La Surveillante in Bantry Bay

Figure 10: Screenshot of the wreck during surface operations

Figure 11: Ship started to drift due to inability to hold position

Figure 12: ROV & ship trajectories during the “race”

2.1.2.  RMS Empress of Britain (CE-12-012 Cruise)

Multibeam survey of RMS Empress of Britain, locat-
ed 110 km west of Rosguill, Donegal at 163 m depth, 
was successfully completed in September 2012. During 
this survey horizontal thruster HT4 (aft port) and vertical 
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VT3 (aft starboard) were disabled due to mechanical fail-
ures. However, ROV LATIS fault-tolerant control system 
accommodated faulty thrusters in optimal way, yielding 
excellent quality of acquired bathymetry data. After ini-
tial survey of wreck from the ship-mounted multibeam, 
low-resolution bathymetry image was created and used 
as a background image for high-resolution survey with 
ROV-mounted multibeam (Figure 13). Runlines (desired 
tracks) parallel to shipwreck were defined on background 
image. Advanced features of control system enabled full 
synchronisation of ROV and ship motion: both vehicles 
were moving along predefined tracks with the same speed 
(0.2 m/s) and course (252°) in fully automatic way (Figure 
14). High-quality bathymetry data showing orientation of 
RMS Empress of Britain on seabed is shown in Figure 15.

Figure 13: High-resolution bathymetry data acquisition: full syn-
chronisation of ROV and ship motion

Figure 14: 2D Topview Display & 3D Real-Time Simulated Re-
ality Display during high-resolution multibeam survey of RMS 

Empress of Britain

Figure 15: High-resolution image of RMS Empress of Britain 
shipwreck

2.2.	 Repeatability Tests

2.2.1.  Rock with starfish (CV-10-029 Cruise)

In the first repeatability test ROV LATIS was flown on a 
low altitude transect off the sea floor and an easily iden-
tifiable reference (a rock with four starfish on its surface) 
was identified in the ROV pilot camera display. Position 
& orientation of the ROV were recorded. The ROV was 
then moved to a new random position (tens of meters 
away, see Figure 16a). Recorded position & orientation 
were used as set points for autopilot, which guided the 
ROV back to the rock position (see Figure 16b – the qual-
ity of image is low, since it was captured by low quality 
camera; the image shows the rock with four starfish on 
its surface). This test was repeated a further four times 
over a 90-minute period with the ROV flying other mixed 
trajectories between commands to station from new posi-
tions and the results of the tests were recorded so that the 
reliability/repeatability of the auto-pilot could be assessed. 

Figure 16.a: Repeatability test - 2D Topview Display

Figure 16.b: Repeatability test - Rock used as reference

Starfish Rock
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After each return the rock was visible in the pilot display 
in almost the same position and errors were hardly no-
ticeable in camera view. This test proved that there was 
not any significant drift in ROV position estimation with 
(USBL-DVL-Depth)-aided INS after 90-minute period. In 
addition, this test demonstrated high quality of control 
system in subsea dynamic positioning.

Figure 16.c: Repeatability test - image of the rock after revisit 22 
minutes later

 

This repeatability test was similar to previous one, but 
this time, in order to evaluate the performance of built-
in fault-tolerant control system, some thrusters were dis-
abled in different stages during the experiment (Figure 
17)1.

1The quality of images in Figures 18-20 is low due to deteriorated 
display on monitors caused by faulty capacitors.

Figure 17: Star experiment

Figure 18: Target as seen from initial position at the beginning of 
star experiment

Figure 19: Target as seen from ROV pilot camera after return to 
initial position from remote point P1

Figure 20: Target as seen from ROV pilot camera after return to 
initial position from remote point P2

2.3.	 ROV Voice Navigation

Similar to voice navigation used in car GPS nav systems, 
the ROV Voice Navigation system has been developed 
to assist ROV control & navigation during different mis-
sion stages, including ROV deployment and recovery. The 
original idea for voice navigation was developed by re-
searcher A. Vasilijevic from LABUST research team, Uni-
versity of Zagreb [11].

Plastic bottle

Rope

Weight

Plastic bottle

Rope

Weight

Plastic bottle Rope

Weight
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Depending on relative position between ROV (R) and target 
(T), a set of the voice instructions is generated and continu-
ously updated to assist ROV pilot to navigate and reach the 
target. In horizontal plane (Figure 21.a) voice instructions 
include LEFT (                        ), RIGHT (                         ) 
and BEEP.

In addition, voice instructions indicating distance to the 
target are triggered when the ROV enters a circle Ci with 
a radius ri centred at T. In the current implementation, cir-
cles are defined with the following radiuses: {100 m, 90 
m, ..., 20 m, 10 m, 9 m, 8 m, 7 m, ..., 2 m, 1 m}.
In vertical plane voice instructions include UP (                                  ) 
and DOWN (                        ) (Figure 21b)

HTR εψψ −<−

VTR zz ε>−
VTR zz ε−<−

Figure 21.a: Voice-triggering zones - Horizontal plane

Figure 21.b: Voice-triggering zones - Vertical plane

ROV Voice Navigation system has been successfully test-
ed during the field trials, as indicated in Figure 22.a & Fig-
ure 22.b. While ROV pilot was absent from the Control 
Cabin, a member of the research team placed the target 
to a new position & depth using mouse, and switched off 
the monitors. Then, ROV pilot entered the cabin and start-
ed search for target, listening the voice instructions on PC 
speakers (Figure 22.a). Using the voice instructions, ROV 
pilot was able to determine distance & direction to the 
target, and its depth, in the first step. Then, modifying the 
speed and course with SOG/COG controls, the ROV pilot 
navigated ROV to reach the target (Figure 22.b).

Figure 22.a: Control Cabin displays during voice-only navigation 
- Monitor displays showing ROV position are switched off

Figure 22.b: Control Cabin displays after voice-only navigation – 
Switched on monitors confirms that the ROV has reached the target

3.	 IMPLEMENTATION

OceanRINGS technologies are applicable to the growing 
international offshore oil & gas industry, for future deploy-
ment, monitoring, inspection and maintenance of oceaan 
energy devices, for rescue operations, etc. It should be 
emphasized that the OceanRINGS software modules are 
developed in LabVIEW and can be deployed to various 
real-time (RT) targets including NI CompactRIO, NI myRIO 
and mini PC with Windows/Linux operating system. Many 
research groups in underwater robotics use ROS as mid-
dleware to integrate various components. The authors 
have developed interface for fast and reliable interface 
between OceanRINGS LabVIEW modules and ROS envi-
ronment using UDP protocol for data exchange.

OceanRINGS can be used on any ROV/Support Vessel 
combination, and extended to other marine platforms. 
However, full potential is exploited using work-class ROVs, 
due to their payload capabilities. Different implementation 
strategies should be utilised depending on ROV target 
groups: Existing ROVs and New ROVs.

HTR εψψ >−
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3.1.	 Existing ROVs

In order to enhance operations of existing ROVs and im-
plement smart technologies, the overall OceanRINGS 
suite is integrated into the ROV Upgrade Kit (Figure 23). 
The ROV Upgrade Kit consists of Dry Components (in-
stalled inside the ROV Control Cabin on the ship deck, 
see Figure 23.a) and Wet Components (installed on the 
ROV frame/toolskid, see Figure 23.b). Degree of modifi-
cation depends on existing ROV/Control Cabin infrastruc-
ture (availability of INS and aiding sensors, network links 
etc.).

Figure 23.a: ROV Upgrade Kit - Dry Components

Figure 23.b: ROV Upgrade Kit - Wet Components

3.2.	  New ROVs

Full potential of OceanRINGS smart technologies for sub-
sea operations could be utilised during design & develop-
ment process of new, next generation ROVs. Main fea-
tures of new ROVs include:
-	 Universal Architecture,
-	 Ethernet as communication protocol,
-	 Use of off-the-shelf components only,
-	 Normalised control spaces and variables,
-	 Standardisation (connectors, protocols, etc.),
-	 Remote control & supervision via Ethernet/Internet,
-	 Built-in autotuning & fault-tolerance.

Traditional ROV pilot user interface (with pilot joystick and 
trimming potentiometers) will be enhanced with new input 
devices (mouse, tablets, touch screens). More intuitive 
2D & 3D displays will provide better situation awareness. 
Higher level of automation will yield auto-compensation of 
ocean currents and umbilical drag effects, enabling ROV 
pilots with average skills to achieve exceptional results. 
High-accuracy DP in deep water will enable fast move to 
desired location. Built-in thrusters fault tolerance will en-

able optimal control allocation for any thruster configura-
tion. Improved ROV - ship bridge link will provide easier 
synchronisation of ROV and ship motions.

4.	 CONCLUSIONS AND FUTURE WORK

This paper described the main concept of OceanRINGS 
and presented selected results of recent field trials with 
ROV LATIS, the next generation smart underwater vehicle. 
The vehicle was built as a prototype platform to demon-
strate system validity & operability and to prove new tech-
nologies developed in the Mobile and Marine Robotics 
Research Centre, UL. Field trials have demonstrated that 
the ultimate objective (saving ship time & making ROV op-
erations easier) can be achieved through improved user 
interface (advanced 2D & 3D displays – better situation 
awareness), advanced control modes (enabling ROV pi-
lots with average skills to achieve exceptional results), use 
of state-of-the-art positioning and orientation instruments 
(fibre gyro INS), and improved Control Cabin – Ship’s 
bridge communication (better synchronisation of ROV & 
Ship motions).

Further work will include implementation and test trials of 
smart technologies (bundled into the ROV Upgrade Kit) 
on commercial work-class ROV in collaboration with ROV 
manufacturers.
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