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/Eist- of Tetherless Unmanped- Sulmersibles

vehicle
ARCS

AUSS

B-1

Q) RNER

DMT
DOLPHIN

EAVE-EAST
EAVE-WEST

ELIT
EPAULARD
OSR-V

ROBOT 11

SPURV I

SPURV 11

Built By

1SE, B.C., Canada
NOSC, San Diego, USA
NJSC, Rhode Is., USA

Carnegie-Mellon, Univ.
pittsburgh, USA

BMI, UK

ISE, B.C., Canada
Univ. New Hampshire,
m; usa

m' San Dim' USA

CNEXQ/COMEX, France
CNEXO, France
MITSUI, Tokyo, Japan

MIT, Cambridge, Mass.,
0.5.A.

HMNW. Univ, UK

Inst. Oceanology,
Moscow, USSR

APL, Seattle, USA
APL, Seattle, USA
APL, Seattle, USA
NHL, Washington DC, USA

CPA & France, Dunkerque
Shipyard, France

Application
Onder ice, mapping

Search, identification
Laminar flow studies

Feanibility studies

Submarine target simulation

Expurimental tydrographic
surveying: diesel engine

Structure, pipeline inspection:
foasibilicy .

Structure, pipeline inspection:
feasibility

Observation & measurement
Seabed photography & topography
Oceanographic research
Exparimental vehicle

Research vehicle

Ocean research

Oceanographic measurament
Mid-water research
Undar-ice survey

Long range search

Deep ocean module collection
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UNDERWATER INSPECTION

The Role of Tetherless ROVs In
Inspection — A Practical Assessment
for the Future

By ROBIN M. DUNBAR, Heriot-Watt University, Scotiand

In this paper* by Robin M. Dunbar of the Department of
Electrical and Electronic Engineering, Heriot-Watt University,
Scotland, a review of the characteristics of tetherless ROVs is
presented including comparisons with tethered systems and an

indication of applications. Fundamental problems are examined
including techniques of through-water communications, bandwidth-
reduction for TV image transmission, control requirements, and
power storage sysiems.

The problems to be faced in developing tetherless sub-

mersibles with performances similar to or exceeding those

of typical cable-controlled vehicies are formidable and
must not be underestimated, '

A simplistic view of the pros and cons of tetherless
vehicles is as follows:

For: no umbilical cable, therefore greatly reduced
hydrodynamic drag forces to be overcome, and
no risk of cable entanglement.

Against:  no umbilical cable, therefore control and sensor
data must be transmitted through the water,
and a self-contained power supply must be
carried on board.

These rather bland statements hide the extensive tech-
nical difficulties to be overcome in developing guidance,
navigation, multiplexed sensor, and through-water TV,
transmission systems for example, and it will be several
years before tetherless vehicles are capable of being used
with the same ease as many tethered vehicles are at
present.

Several tetherless submersibles do exist however, some
for very advanced applications, and research is increasing
to find practical solutions to the problems of control and
communications.

Applications and typical vehicles will now be discussed,
followed by a more detailed examination of technical
problems.

Inspection Applications for RCVs

Most tetherless submersibles to date have been designed
for open-water applications, some being equipped with
oceanographic sensors and acoustic monitoring eguip-
ment. These will be referred to in Section 3. However,
most interest in “IRM”, Inspection, Repair and Mainte-
nance, centres on requirements for offshore structure
inspection, and this duty creates even more difficulties for
the tetherless ROV. A list of typical survey requirements
puts the problem in perspective.

General Surveys: visual inspection and testing for:
— broken or bent structural members
— corrosion

*This paper was ﬁm presented af the IRM 62 Conference in Edinburgh, 2-4
November 1982, and is reproduced here by kind perntission of the organisets,
Offihore Conferences & Exhibitions Lid, This, and other papers are available
from the company’s managing director, John Daniels, at 30A Sackwille Street,
London WIX IDB. Tel: 01-734-4343.
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cracking and pitting

debris accumulation

marine fouling

effectiveness of anti-corrosion system
scouring at base of platform.

|1 i b

Cleaning: prior to detailed inspection:
—  brushing, chipping, scraping
—  walter jetting

N.D.T. Techniques
magnetic particle

—_ magnctographlc
— iron depth meter
— ultrasonic; thickness and crack
— acoustic holography
— radiography
— corrosion potential

Increasing numbers of tethered ROVs are being de-
signed or modified to carry one or more NDT sensor, and
large, sophisticated vehicles' like MMIM and DAVID
are appearing, custom built for platform inspection and
maintenance. When one considers the various dimen-
sions, masses, and power requirements of different types
of NDT equipment, the problems of cleaning prior to
detailed inspection, and the difficulties of holding station
to the precision required by some of the methods, one soon
realises that it would probably be unwise to attempt to
design a tetherless submersible “capable of doing every-
thing”. Consequently it is to be expected that when
tetherless ROVs do start to appear on the IRM scene they
will be designed to suit specific tasks, with a resultant
variety in shapes, sizes, performance and cost, ranging
from “eyeballs” like the RCV 225 to sophisticated mons-
ters like MMIM, and beyond.

Examples of Tetherless RCVs

There are relatively few tetherless submersibles in exist-
ence, compared to the proliferation of tethered unmanned
vehicles and manned submersibles. Ten vehicles which
can be studied from open, unclassified literature are
compared in Tables 1 and 2.

Tetherless Vehicles compared with Tethered

Unmanned and Manned Free Swimming

Vehicles

The position of two tetherless vehicles on an overall

league table of submersibles is illustrated in figure 1.
Continuad on page 10
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ROLE OF TETHERLESS ROVs IN INSPECTION — A PRACTICAL ASSESSMENT

Table 1 — List of Tetherless Unmanned

Submersibles
NAME BUILT BY APPLICATION
DEEP MOBILE E.M.I. Limited, UK. Submarine simulation
TARGET (DMT) for ASW & training.
VE-EAST Univarsity of New Pipeline instrumentation
Hampshire, Durham, platform.
U.S.A
EAVE-WEST Naval Ocean Systems  Experimental free-
Conter, San Diego, swimming vahicle
USA
EPAULARD C.N.EX.0., France Deeanographic
research.
OCEAN SPACE Mitsul Shipbuilding and Oceanographic research
ROBOT {OSR-¥}  Englneering Co. Ltd.,  submersible.
Tokyo, Japan
PAP 104 Societs ECA, Meudon, A wire guided
France submersible for sea-bed
exploration and the
identification of
underwater objects.
ROBOT N M.L.T., Department fo  Experimental robot
Qcean Enginesring, submersible.
Cambridge, Mass.,
U.S.A
SELF-PROPELLED Applied Physics Lab, Oceanographic
UNGERWATER Seattle, Washington, paramater
RESEARCH VEHICLELU.S.A. measurement,
(SPURY) recording and
telemetering.

UNMANNED ARCTIC Applied Physics Lab.,

Exptoration of near-

o ..'.'.'."':.:".':.7':-"‘...‘."..._*.‘.‘; 1(-)
i iEe / ~(
- -/ =/
EE: E?é:u ."! :-n—'
HE R -
: » - - - }J' / :'
| " Fef| [
= - / /

Fig. 1.

Here the performance of SPURV-2 and PAP 104 clearly
stand out from the rest in that they are capable of con-
siderably higher forward speeds for a small power input,
not being constrained by cable drag, or by the large mass
of some manned vchicles, It should be noted that PAP
104 is not stricly “tetherless” since it pays out a fine
communications cable as it travels through the water.
However, the drag on the vehicle is very small and it is
hence virtually tetherless.

FUNDAMENTAL PROBLEMS

RESEARCH Seattle, Washington, surface, under-ice
SUBMERSBLE  US.A region; sub-ice-surface An Outline Design Specification ,
{UARS) profiling In e\cr;cf\:v of the'] comments made in Section 3 regarding the
need for application — constrained design, an outline
PSS mlra?;?yu ﬁashincton :&nn%::‘g:s t)ewn.gﬁlse design for a vchicle will be postulated so that fun-
D.C., US.A. damental problems can be discussed with more realism.
Table 2 — Comparison of Vehicle Characteristics
Py Max Powssr Prapul- Spand Special
YEWCLE Lesgth  Beam  Height  Mam hadé  Depth  Storage s Duration Enuipment
] m ~ ] Iy n N.P. mizhons {son code)
D.M.T. 3.28 0.32 0.324 236 ? 366 35’; 30 41186 P.5
EAVE-EAST 1.52 1.52 1.04 359 45 50 7.5kWh 0.5 0.7 3
v
EAVE-WEST 2.74 0.53 0.53 182 ~20 600 §30Ah ~% 2.41 CLP
EPAULARD 40 11 20 20 0 6000 o8 ? 1060  CDLOPAS
OSR-V 48 215 115 2076 0 230 4N 10 2 ma? CLOPAS
PAP-104 280 12 1% 80 1% 150 3o ? 2.8 max DLPT
ROBOT-I 231 037 087 110 14 61 it <% 1.MEA 0.P.S
SPURV 11 305 061 061 454 s 1w ¥ 2 2080 0.p
130Ah
UARS 305 048 048 408 457 ny % 1512 0P.RS
UFSS 61 122 1.2 ? 7 457 ? w 2o m v
Special Equipmeni Code:
€ — stili camera(s) P — pinger(s), homing device(s}
D — droppable mass R — profiter(s), echo sounder(s}
L — light{s) 8 — sonar(s)
M — cine camera(s) T — television camera(s)
0 — oceanographic transducer{s) V. — VLF radio navigation Continued on page 12
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ROLE OF TETHERLESS ROVs iN INSPECTION — A PRACTICAL ASSESSMENT

The relatively simple (apparently) requirement of a
visual inspection device for operation near the seabed in
say 300 m water depth will be chosen, for applications
such as pipeline inspection, The payload in this case will
be taken as a low-light T.V. camera, requiring only
modest electrical power for itself and lighting. When one
considers the design of such a vehicle one will probably
be led to a low-drag, streamlined shape, of adequate
dimensions to house a battery supply capable of power-
ing the vehicle at a design speed for a specified duration.
That oversimplifics the problem but it is a fair step to
take here since design techniques are available for its
solution. More severe problems appear when one consid-
ers requirements for automatic heading, height and posi-
tion control, and communication between submersible
and support vessel, for control purposes and transmis-
sion of data, visual or otherwise from. the vehicle.

Guidance and Control

For many reasons, including the fact that communica-
tion through the water may be interrupted, interfered
with or simply lost in an acoustic shadow zone, it is
virtually essential that the vehicle has its own on-board
decision-making computer. This is a complex branch of
high technology but it is achievable. In 1981 full automa-
tic computer control of vehicle heading, height and posi-
tion was demonstrated using the ANGUS 002 tethered
submersible as a test vehicle, and the research is con-
tinuing with a view to producing an autopilot for a free
swimming vehicle. Details of this research are reported
in reference 2. A further development of this work is the
graphical presentation of vehicle position and attitude to
pilot and observer. Work is progressing® on developing a
3-dimensional presentation of position and seabed
topography, using all available sensor information in-
cluding short-baseline navigation and sonar. This is
necessary since it is impossible (with forseeable technolo-
gy) to get a real-time high resolution image of the seabed
over a through-water path from a moving vehicle. The
problem is even more complex when both vehicle and
observer are moving.

Through-Water Communication

Electromagnetic Wave Communication

While there is little doubt that long-range (100 m to 10
km) through-water communications are best achieved at
present by acoustics, E-M wave techniques should not be
discarded out of hand for short range work. The high
electrical conductivity of sea-water, about 4 s/m leads to
high attenuation of E-M waves propagating in the seat,
particularly at higher frequencies, but with carrier fre-
quencis below 10 kHz ranges of up to about 100 m
become achievable. Experimental “Magnetic Field™*

and “Conduction Ficld”® signalling systems have been
described in the literature. Long range radio com-
munication with deeply submerged submarines is a very
different story, requiring enormous powers and antenna
systerns’ beyond the reach of the average civil user.

Semi-Tetherless Submersibles

If a fine insulated wire or optical fibre is fed out from a
dispenser reel on-board a moving vehicle the resulting
hydrodynamic drag force can be negligible, leading to a

12

virtually tetherless mode of operation. A miniature twin-
wire transmission line can permit signalling at tens of
kilohertz over very long lengths while an optical fibre can
transmit signals with bandwidths of tens of Megahertz
over many kilometers. Studies® show this to be an
excellent engineering solution for many applications.

Acoustic Communications

The “outline design” arrived at in Section 4.1 is close to
the design specification aimed at in research currently
carried out by the author and his colleagues. The basic
problem to be faced is that an unprocessed T.V. signal is
inherently wide-band (around 6 MHz} whereas an
acoustic channel is inherently narrow-band (a 10 kHz
darta rate is considered to be very good}. Consequently
there is 2 bandwidth mismatch ratio of around 1000:1.
Research under the “Communications” heading is prog-
ressing in two main directions, one to increase the acous-
tic data rate to a maximum reliable value, and the other
to reduce the information (T.V.) bandwidth to a mini-
mum value, using slow-scan and coding techniques.

The communication system is required to provide in-
itially, from submersible to surface, a binary digital data
link of reasonable accuracy (probability of error = 1073}
at a rate of at least 10 k bits/sec and preferably much
higher. Eventually for a true free-swimming submersible
an additiona! two-way computer data link is required, at
slower data rate, but at much higher accuracy, The first
major decision for an acoustic link is that of carrier
frequency. Increasing attenuation with frequency limits
the maximum frequency for the operational conditions
described to about 600 kHz. A typical path loss for 100 m
at 600 kHz is 55 dB, stll allowing adequate Signal-to-
[thermal] Noise ratio (SNR) at the receiver for only a few
watts of transmitter power.

The most significant source of interference will be from
other sonar systems, particularly high resolution side-
scan sonars which use high frequencies at very large peak
powers. A secondary source will be mechanical and
cavitation or turbulance noise, although this is more of a
problem at lower frequencies.

Multipath Problems

In many acoustic links through the water, the biggest
problem is multipath interference. A ray path study
shows that an unwanted reflection differs from the
wanted direct signal in three ways, (1) angle of incidence
at transducer, {ii) propagation time delay, and (iii) rela-
tive attenuation. Difference (iii) tends to be small and
insignificant. In any practical system the range of these
parameters will be large, but an important correlation
exists between them in that if angular difference is small
at both transducers of the link then time delay tends to
be short, and relative attcnuation is small. However,
when using high data rates, even these delays are long
cnough such that the unwanted reflection is delayed by
10’s of data bits.

Conditions are particularly dilficult in shallow water
where the signal may arrive by many paths, some very
uncertain because of insuflicient information on the
acoustic properties of the prevailing seabed. Mathema-
tical modcls have been devised to aid the sonar system
designer but mulupath propagation under such condi-
tions remains an area requiring further research.
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Bandwidth Reduction

The aim of this part of the current research programme
is to examine various methods of reducing the bandwidth
of T.V. images, so as to permit their transmission across

a through-water acoustic communication link. In order
to achieve this, a PDP 11/23 computer based image
processing system and associated software package have
been developed to allow the digitization, display and
processing of T.V. images. The result of some initial
studies are briefly presented here. An adaptive coding
strategy is also described, as one possible solution to the
problem of the restricted bandwidth channel.

Proposed System for F.S.V.

The spatial and tempora! resolutions of a T.V. system for
a free swimming vehicle are to a large extent dictated by
the missions such a vehicle would be asked to undertake.
In an effort to establish suitable resolution parameters
for a system, two possible. modes of vehicle operation
have been postulated:

(i) Piloting Mode: In this mode the received T.V. im-
ages are used to pilot the vehicle in and around objects of
interest. As the maximum welocity of the vehicle is envis-
aged at ! m/s and in view of the fact that the range of
viewing in turbid waters may only be-a matter of a few
metres, a frame rate update time of 4 frames/sec is
thought desirable. The spatial resolution, however, need
only be sufficient to allow the identification of an object
and an image of 128 X 128 picture elements (pixels) is
thought sufficient. Adaptive resolution is also feasible,
related to vehicle speed, and visibility.

(i1} Inspection Mode: In this mode the received images
are used to inspect objects of interest in order, for exam-
ple, to assess defects and damage in underwater struc-
tures. This mode then requires higher definition images,
but since the objects are in the main stationary, a further
reduction in the frame rate is normally acceptable. For
this mode an update time of 1 frame every four seconds
or more can be tolerated, while a spatial resolution of 512
x 512 pixels/frame is desirable.

Practical Results with Slow-Scan T.V.
Transmitted over an Acoustic Link
As part of the research programme T.V. images were
transmitted over a through-water acoustic link to assess
the effects of fading, multipath interference, and coding
techniques on received picture quality. The T.V. signals
were coded and decoded before and after transmission
using a frequency shift keying (FSK) coding strategy.

The results demonstrated that:

{a} In the absence of multipath effects, i.c. the reception
of a signal and time delayed portions of the same
signal, an error free image is received.

(b) When multipath effects were introduced (by moving
one transducer at right angles to the signal direction
thus decreasing the direct path signal strength while
maintaining the same strength of signal from the
effected paths) errors occurred. If the multipath
eflects produced single errors the D).P.C.M.* coding
strategy employed by the S.5.T.V. resulted in an
crroneus column which could be effectively removed
using the error concealment facility. However, if a
burst of errors occurred several columns became

*DPCM = differential pulse code modulation.
P
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erroneus and employing the error concealment facil-
ity in this instance did little to improve the image.

The above results, which were recorded on video tape,
indicate that some form of error detection and correction
is required to combat the effects of multipath. Further,
inter-pixel D.P.C.M. as a coding strategy produces
catastrophic results for a single error within a column
while only giving a 2:1 improvement in the bandwidth
required.

Resolution Experiments

In an avempt to simulate the effects of piloting a free
swimming tetherless submersible using a T.V. system
with a greatly reduced frame rate, the S.5.T.V. Receiver
and Transmitter systems were connected back to back,
Employing the cable controlled test bed vehicle ANGUS
002, an experienced pilot was then asked to manually
control the submersible while sitting at 2 monitor driven
from the 8.5.T.V. system.

Spatial Resolution
The results indicated that:

(a) The spatial resolution of 208 X 290 pixels per frame
provided by the 8.5.T.V. was found to be more than
adequate for piloting the vehicle, however it is felt
that for inspection purposes, a higher resolution is
desirable.

{b) The grey scale resolution provided, that of 256
levels, was again found to be more than adequate for
all modes of operation, however the second grey
scale resolution available, that of 16 levels (PCM
mode), is insufficient for even piloting mode.

Temporal Resolution
Several frame rates were examined from 1 frame every 5
seconds to 1.5 frames every second (the highest frame
rate currently available on the slow scan T.V. system).
The results indicated that:

(a) Ewven with a frame rate of 1.5 frames/second piloting
a remote controlled vehicle was found to be difficult
and it is felt 3 or 4 frames/second will be needed for
piloting, while a lower spatial resolution might be
accepted.

(b) The method of frame update employed by the
8.8.T.V. system was found to be unsatisfactory. The
current method of updating is from left to right,
column at a time, which was found to be most
distracting by the pilot.

(c} Familiar objects such as ropes, pipelines, etc. make
the task of piloting considerably easier.

{d} Due to the drastically reduced frame rate, in the
event of image break-up, the pilot loses ali sense of
position.

Comments on Results
When designing a low bandwidth T.V. system suitable
for a free swimming tetherless submersible the designer
must give consideration to the tasks such a vehicle will
eventually undertake. In this way the best compomrise
can be reached between the conflicting requirements of
high resolution/rapidly updated images and a low band-
width signal, and the experiments described support the
piloting and inspection modes postulated earlier.
Continued on page 15
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ROLE OF TETHERLESS ROVs IN INSPECTION — A PRACTICAL ASSESSMENT

FPower Storage for Tetherless RCVs

A variety of battery systems exist and the submersible
designer must make his choice on the basis of energy
density, cell life, safety and cost. A comparison of some
sccondary battery systems is given in Table 3.

Tabias 3 — Properties of Secondary Battery Systems

System Ceft Vot W-hkgpkW-h/litre Remarks'®

Ni-Cd 1.2 35 0.11 Rugged; expensive

Hy-Ni 1.2 40 0.05 Needs gaseous Hy

' (1976); space
applications

Fe-Ni 1.2 4 0.11 Edison cell; cheap

Fe-Ag. 1.3 88 0.14 Proiolype; good
racharge very
expensive

Ni-Zn 1.6 59 0.12 High current rate with
good shielf life

AgO-In 1.8 176 0.42 Recharge with care;
very expensive

.Pb-acid 2.0 4 0.07 Rugged; cheap;
abuse-tolerant

Prospects for the Future

Although the problems described are formidable there is
no doubt that the attraction of a submersible without a
cable, capable of out-performing a tethered RCV, espe-
cially for applications in deep-water, will remain a driv-
ing force for engineers involved in this branch of re-
search,

Solutions are being found to many of the control and
guidance problems, via tethered vehicle research, know-
lege grows on means of combatting multipath interfer-
ence, and solid-state technology is expected to produce a
hardware realisation of large bandwidth-reduction fac-

tors.
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For further Information please contact:

EURO SUBMERSIBLESLTD /

Mickdx TW18 4HR
\ Tel: Staines (0784) 56431 .
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