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The caonference hoged by British
Pugwvash, BASIC and Leiceser
Universtty, brought together exprts
from the ience tedinology, a@demic,
defence ad arity canmunities, ovil
scciety and industry to expore the
nature and potency o evolving new
tednologies, low they may shape uture
warfare, particularly for the urdersea
battle ace wha grategc chalenges
they will presernt and how might they be
countered

The canference luilt on the Bitish
Pugwvash Workshop held in May 2016.
The workshop included s\enteen
sciertists, ednical experts and
aademicsrom the US ad UK who
asesda aurrent and energing urdersea
tedhnologies, heir likely future direcion
of travel, and the inplications d
devdopmernts in £nsing, canputing and
communications or the urdersea attle
space
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The workshop cancluded that: It is
clear tha the trend is bwards increasing
transpaercy in the urdersea
environment. The gd of those
devdoping marine robotics, €nsing and
communications edniques s  be dle
to map and to be dle b nse the enire
ocean in the rext five b ten yeas. Ths
abiity will impad very sighificantly on
the aility of submaines © maintain the
advantage d gealih. Howeer, we do rot
know how long it will be kefore this
advantage s ully canpromised who will
get there first and whether efective and
dedoyable caintermeasires an be
devdoped!

The caonference laoked & this in

further deail and a the wider impad on
the inemational seaurity ervironmert.

* SBNs (Sib-Surface Rllistic Nudear) are
commonly known as kallistic missile
submaines o ‘boomers.
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Summary

The canference marked the wo-yea milesone d
cdlabaration between Bitish Pugvash and BASIC
on energing undersea tednologies, ad defned
multiple averues br the pgojects uture work.
Begnning with a elativey narrow focus m the
potertial vulnerabilities d the UK Successor
programme and Trident to adsersaies undersea
technical capabiities, he pojed has ex@nded to
consider how the ragid devdopment and
dedoymert of new technologies calld afect
strategc dability: for exanple by breeding
suspcion and catalysing ams races,\o
undemining weapors reductions, ad by
providing a emptation for the datainmernt of
strategc daminance br those dates hat fed it is
in read.

The ©m emerging urdersea tednologies is
usal ddiberaely as a atch-al to desribe a vide
vaiety o devdopmerts. The edinologies
preserted herein desribe mly a rarrow ssgmernt
of currernt devdopmerts, and should be vewed as
significant exanples @ trends raher than
definitive difts in thenmsehes. Tlee rends
include brge increags in rage and resolution,
such as or sona and magretic anomaly deecion;
increasing aitonomy within ever-more-integated
sysems d sysems; and the fielding d new types
of detecion sysem rot previously used widely in
ASW the data rom which can be tuse and
analysd in red-time wsing g data edniques.
Crucially, while a sbmaiine @n only be huilt
once with only a randful of major modifications
possible over its lifeime, ASW ednologies ae
progressing in a purality of ways and will likely go
through dazers a even hundreds d devdopmernt
itergions in a mw SBNS lifeime.

On a rationd level, participans expesed
widegpread greemert tha new tedinologies do
not pose a immediate threa to the UKs S8N
fleet, and some were d the @inion tha they
would not be amake a break thred to the
Success@rogramme. Howeer, many agued that
SBN ‘invulnerability’ should not be taken or
granted, and that discourse $ould reflect this by
speakng raher d ‘potertial vulnerability. BASIC
and British Pugvash plan to cantinue © monitor
tednologies in his aena, ad to canmunicate
the efeds d technological devdopments sinply
and objectivey to drategc thinkers.

Democratising urderstarding d the ednical
isaues irvolved will improve public oversight and
accauntability of the UKs rudear weapons
projed.

On a egonal level, energing urdersea
tecdhnologies wil hawe heterogeneouws inpads
depending an the gates ly which they ae
dedoyed the pecise aeas d degdoymerts, and
the readions d other dates. Peent aress d
intereg include te $uth and Eag China ®ss,
the Indian Ocean, and the Arctic Ocean.
Understarding thes canplex edinologies ad
relatonships wil likely depend upon a mixure d
stak and cwil society vigilance; srategc thinkers
mug remain mindful tha any depgoymerts d a
regonal levd might evertually be derdoped for
use in he gen cears.

At the intemational level, the canference
dermonstrated the real for srategc thinkers o
incarporate irnto their clculations the potertial
impad of undersea sytens d sysems a drategc
stablity and grategc dominance Any depgoymert
of new technologies ty major powers, whether by
NATO o other nudear-armed dates, hifts the
balarce d power and cauges kodk on efeds.
Moreower, even the percegion tha such
tecdhnologies ae keing depoyed to undemine
strategc potertial can drive dangerous readions
in adversary gates, vhether a not those
percegions ae well founded. Dr Williams’
apposte a<rtion in her tak tha sates facig
new tednological chalenges en choose © erter
into an ams race & ams caitrol negotiations,
or find ways D adhpt, is a weful gererd
framewok.

British Pugvash and BASIC hope tat this
discusion will encourage participarts that
traveled from &road, particularly from nudear-
armed o hoging gates, o initiate simlar
conversatons @ home © improve ranspaency
and exchang m thes sales, ad tha domegic
participarts will endeavaur to expgore ®me d the
mary new reeard avenues his pojed has
reveded. It remains anly to thark dl participarts
for the hidh qudity of the preparations and
engagemert on the day, and invite reades ©
contad our organisatons if they ae emyaged o
intereged in relatel reeard in this aea.
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Introduction and contextual overview

Sebastian Brixey-W illiams

This & taken fom the paper preened to the
conference etitled ‘Will the Alantic become
transpaent. The paper is included in the
appendices.

Mr Brixey-Williams gae a Ioief history o the
‘transpaent oceans' dscaurse which emergal in
the arly 1970s taan Intemational Pugvash
Conference o energing tedinologies, in viich
one giertist reported tha new tecdnology
‘virtually removes # the ednical barriers ©
ocean-wide ASW sirveillance’

The s31e wa taken p by the drategc
community over the rext twerty years, which
typically cancluded that it was urikely that either
the US othe Sviet Union would be dle
degroy dl of each athers S8Ns simultaneously,
and tha therefore a scond-drike @pablity
remained This wa cedited with creaing the
strategc gability which is ssimed today.

This discourse hes re-energed over the st
couple d years, bllowing devdopmerts in acean
sersing, increasd Lona ranges ad devdopmerts
in unmanned undersea \ehicles ad unmanned
aurface ehicles.

Mr Brixey-Williams €k that the idea that the
oceans calld become 'ranspaert’ is 0o
simplistic, e ranspaerncy is dways elative and
that using ategories sich as 'railing’, ‘taking’,
and 'goen aean eard)’ ae nore gpropriate O
de<ribe degees & submarine deecion.
Submames an move ketween thee ategries,
for exanple, by gving avay their postion or
through intelligent mancewring.

He minted out, howe\er, that it is rot necesary
to try to cantinuously snse and re-ense a
submaine in the en a; rdher it is much more
efficient to deed a sibmaiine in acean 'gdeways'
or 'choke points' and then © maintain contad
with it. Analysis siggess that, within the rext
decade 0 0, it may be ednically possible © trail
submames with a hidh levd of reliability, a
likelihood which is likely to increag wth time.
Howe\er, & Mr Brixey-Williams sid, there s a
gred difference ketween @pablity and intertion,
and whether such sysens ae felded a sufficient
levelk © siquificantly dfed canfidence in $ealth
will depend on whether there i the plitical will
to reource ad depoy these sygens r this
purpose.
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Session 1:

Impact of emerging technologies
on the direction of strategic warfare

Andrew Futter

Dr Futter oke o potertial challenges b Dr Futter addé tha cyber dtadks migt target
confidence in he UK rudear weapm sysem other sysems that cauld cause the sibmaiine ©
from cyber, and noted tha athough this ssie rad  hawe D return to port. Sate adersaies wuld be
ganed more dtertion in recert months, mog likely to target key sysems © canpromise
understarding d its implications remains in is the sibmaitines sealth, reador or fire
infancy. control sysems. Non-state ators

Dr Futter thought it dear, howe\er, There might seek to cause a éunch or

exdosion to exacerlte a CiIsis,
or to target the reador.
The £cond cancem is
interference vith
communications, sich &s

that cyber cdhallenges cald dfed the
whoe UK rudear enterprise,
although cyber dtadks vay
enormousl in reach and
implications, fom hadking and

IS vidence that
hackes have dtempied b
compromi® ystens wsed

by the US Mvy, and ane @n

epionage O sbotag and atads assune atemps fave be@ i ming @ spoofing with
cawsing physicl desruction. made aganst UK mideading information, which
Moreover, atads @n be dired or systens bo. can increag cisis instablity. There
indired, in persan and in stu or renote, is vidence ha hadkers have

and disabling a emading, degending an attenpted to canpromise sytens wseal by
whether the am is gevert function or cauge a the US Mivy and one @n assime dtenpts have

ewert: in the wors case €erario, a mssile launch.  been made ganst UK sysemnms oo.
While mogt UK nudlear sysens ae rot connected A fyrther cocem is gber epionage: he heft

to the Intemet in ay meaningful way, these of operaiona secrets. The pad is litered with
sysems do ely on networks, with canplex allegdions d this rature, including ayanst
softwvare which requires eguar updaing and contractors huilding the rew Successsubmaines
patding. and dekrce catradtors in he US.
The hgges risk for submaiines, sid Dr Futter, In summary, Dr Futter proposed that we ae
i§ that hadkers migjt sabota@ weapors sytenms moving towards a nuch more canplex ad
either o cause accidetal or unauthorized chalenging rudear ervironmert, of which cyber
exdosion or_Iaunch, a more likely to pewert the g aly one d severd camplicating canponerts:
sysem vorking & gdanned The mod likely devdopmerts in aher fields, sich & misile
sceravio is hat maware would be introduced deferce precision targeting and gpace will further
during the gocuremert phag @ during oftwae  cqampound future deerrence halenges. Wile he
updaes, pssibly to be ativated remotely but concluded that this dees ot necesitate £rgpping
more I_|ker to be hilt in to adivate urder cetan  yigent imminertly, it poses inportart quesions
conditions. abou the future airity ervironmert in over a
decade'sime, when the frst boa will be
dedoyed.
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Dr Heather W illiams

Dr Williams began her presentation by posing
wha she elt was the undamental srategc
quedion of the canference: vihether energence d
these rnew tednologies would undemine
capablities ad jeopadize srategc gability and
whether there 5 a famewok tha we @n use ©
approad this.

In the 1960s ew tednology was the impetus
for devdoping the SAI and the ABM teaty,
namey MIRV and missile deénces. Aother
impetus or devdoping the treaies wa the Quban
Missile Ciisis and the real to improve gability.
The tird driver was cos Howe\er the higged
isauue in regotiating SAOD and the ABM teaty was
acceping parity and defning and acceping
aufficiency on both sides, wh the real to satisfy
domegic audiences &0 a ley cansiderdion.

Applying this famewok for devdoping past
treates, ad how that might inform how we del
with new tednologies, e sid that there were
three outes ha cauld be aken: @ ams race;
arms cantrol; adapt; or a canbination of dl three
of thes. Dr Williams' canclusion was that
adaptaion was dten the keg route.

An ams race wuld mean ergaging with an
adversary in a 'lke for like' race inte pursuit of
superiority and 9 rejecing parity.

Dr Williams d¢reseal tha aams cantrol does rot
equae b disarmanent. While it can include a oll
badk of capabilities ad reductions t is esertially
abou the managmen of weapors.

The third option is © adapt but, of caurse dl
three @n work in canjunction with each ather.

When casideling the ‘adpt' route Dr Williams
sad we realed to cansider vha we mean by a
stable ervironment and for her it is ane where
there s a lov risk of exalaton and, within that
sydem, &lf reguation. Measires sich as
transpaency can be included or deveoping
countermeasires in epone D an adversaly's
defence mechanism. Howe\er the key quegion is
wha is sifficiency and whether we ae wlling to
accepit.

Dr Williams psed the quegion of what these
routes vould mean in relaion to Trident and
SBNs. An ams race oute would mean, for
exanple, devdoping simiar undersea robotic
vehicles apabilities b o dter an adversary in
pursuit of superiority. This s coly howe\er.

The ams cantrol route s conplex and it is rot
clear which cauntries ve ae talking @ou, which
are ative in egaging in these rnew tednologies
relaing to S8Ns and what the hlaterd
relaionships ae.

Dr Williams &lt tha the adipt route s the ane
that need turther cansideraion. What would
adaption to these energing tecnologies lak like?
She gae a exanple d how creativity can be
pertinert, a lav tech answer  a hidn tech
problem in the Netherlands where the Dutch
police hawe tained eagdes b pluck illegd drones
out of the ar!

She dso quegioned wha this would mean for
the US / UK ndear relaionship and whether
there wa a pssible cdlabaration on
countermeasires.
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Paul Schulte

Mr Shulte preented a segical unclasified
strategc analysis d the potertial for future
Underwaer Unmanned Vehicles (UUVS) 0
compromise S8Ns. He reminded the aidience
that anti-SBN tedinologies lad leen intersively
studied for the kg 40 — 50 gass.

The physial parameters d the ®a, he vat area,
its gpaque and asorptive qudities, vould
continue © hinder the aility to deed SBNSs,
unles there wa an exraardinary breakhrough in
tednologies: fequertly podulated but never
proven. He pointed out that technological
devdopments would dso include caintermeasires
such as oofing, jamming, launchabe deoys and
enhanced deecion and desruction of UUVs.
Future caintermeasires-cainter caintermeasires
races ee inherertly uncettain.

Geography and law would dso play a heir part.
Any hodile UUV @ught in territorial waers,
within the 12-mie limit, wating to tradk an
SBN's exi would creak a luge sir in peaceime,
and be liabe to quick desruction in times @
crisis.

It is widely believed that no British S8N has
ewer been deected and the Gold War pradice d
‘ddousing’, idding the sibmaitine d tradking
mechaisms a followers, cailld be catinued.
Also during the Gold War, the Sviet Union had
been irtereged in Anti Submaiine Warfare (ASW)
“keep ait zones, o 'bastons’, aeas with a hider
confidence d prewverting efective ASW This, if
necesary caild be ane gabilising gotion to
suppot maintaining nudear deterrence Mr
Schule &l that Russia bday was probably more
concemed than anyone dse dout the survivability
of its S8Ns a sea.

He quegioned the risk to UK Siccesor, gven
its very low ound levek and the legndary ability
of SBN captans b mancewre. UK S8Ns
operde in the Atlantic which has nuch more
badkground noise than the Racific where the US,
China ad athers matrol.

The US an be exmctal to devdop tedinology to
improve ona gealth in that more dallenging
Pacific ervironmert which the UK caild acqiire
or share. Moreoer SBNs ae fat and hawe rear
limitless range and the anly way a UUV caild
matd theee dharaderistics would be by nudear
power. This would be exegionally exgensive and
creak a st d vulnerabilities.

Mr Shulte quegioned what difference pausible
future UUV a other deecion or tradking
tedhnologies would make in a sigificant nudear
crisis:

* Could eremy UUVs rally cansistertly shadow

SBNs, vhich hawe nuch greater hull length end

therefore theoretical peal?

* Could they be diably cantrolled, gven the
difficulties & underwater canmunicatons?

* Could they be adered to timely pre-enpt an
SBN missile launch?

* Could it be asumed tha al the US, UK ad
French S8Ns would be peenmpted in that same
moment?

This grategy would carry high risk becaus t
would precipitate pecisel the nudear retaliation
it was inended to preenpt. By virtue d the wy
that these podulated nudear UUVs would have
operae, their dose pesnce wuld, in itsdf,
indicate tha a mesile launch was in poged.

Thes were daunting dojecions r anyone
thinking 1o adivae and cantinuously maintain a
fleet d expensive aitonomous rudear UUVS.

He remarked that scegicism dout the
continuing uility of the Bitish S8N program
had keen wdely reported in UK antinudear
publications (and in Russian media €en &
instruments d transnationa Information
Warfare.) He suspectd tha many would like ©
bdieve in the inevitabe doom of UK Tridert,
degite the bk of conclusive evidence and that
this midht complicate casciertious asesmen of
the ednical risks and vunerabilities ¢ national
searity arangemens.
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Dr Nick Ritchie

Dr Ritchie doserved tha the padice d nudear
deterrence emains an ebdrad concefual sysem,
with only a §m enpirical base and tha our
appraach to energing tedinologies eies ypon
populaing the uture by imagning the impads o
exising a ‘plausibleé tedinology. In ather words,
there s irevitably a gea deal of peculaion.

Dr Ritchie ercouraged us dso to cansider he
political role d Britain's nucdear weapons
dedoyed & sea an submairines. Tke govemment
narrative has narrowed the mle d UK
nudear weapors, ad their political
utility, to the idea d lag resort.
Howe\er, he agual tha they ae
currently usel for other purposes,
including ceercion and political
signalling, intimidation and 0 o,
without necesarily an exstertial
dimension.

Dr Ritchie consideed the
possibility of Russia dtempting to hold
at risk a UK lallistic nudear submaiine,
and thought that thes energing tecdnologies
would not affed the @pacty o the UK
govemmert to issie a cedible nudear thred in
times @ crisis. The Russians would nee to
consider a uncettain pre-enptive drike that
would egalae a cisis, @rticularly if the UK
submaie wa o dert on 15 mirutes o fire (s t
would be in a cisis). He thought this would be
beyord accepable levelk d risk and uncertainty
for Russia.

The logc of nudear deterrence as defoyed by
the UK govemmert to justfy our continued
retertion of nudear weapors, s \ery much under
thred, howe\er. The ggvemmen narrative
routinely frames he @< fr Trident in terms d
cettainties, & the ultimate insurance and
‘guarantor’ of protecion from dl ‘nudear nastes.
This ress a the idea d an assured scond-drike
capablity. Howe\er, he agudl tha this s a ftse
narrative, depoyed for marketing purposes.
Numerous sudies lave $iown that there ae
fundamertal uncertainties asciated with the
theory and practice d nudear deterrence

What these
emeging tedinologies
do is © add to these
uncertairties and aeae
new goerational
uncertainties o top o
exiging pditical
ones.

What these energing tedinologies do $ © add
to these urcettainties ad creae rew gperdional
uncertainties o top of existing political ones. Ths
gives tirther weight to exsting quegions dout
the deemrence véue d UK nudear weapors.

He adde there ae canpound uncettainties
creatal by cyber apacty to disrupt submaine
command and cantrol operdions and adrances in
balistic missile intercegion over the caning 20-
40 years. W nmug be pepared he sid, to

consider he possibility that the ednical
feasibility to canfidently are a
seond drike fom nudear weapons
Is ging to diminish and, on the
basis d tha understarding o
nudear deterrence the padice d
nudear deterrence cald be
rendered intrinsically unstable.
This rases gegions over the
efficacy o nudear-basel cancepions
of nationa seaurity, and cauld prompt
changes in mdear pradice ad
invegmert in dtemative rudear ddivery sysens.

Dr Ritchie el tha there wa insufficiernt
incertive or subgantia invesmen in a mass
sydem d detkecion, traking and targeting,
particularly of SBNSs, in ader © hold them a
risk and, more likely, we would see lccdised
networked sysems © target dtadk submairines.
This cauld possibly be sded up in future © an
ocean-wide surveillance sygeem. Howe\er, if
nudear adversaies calld be rought to a fared
understarding d deterrence one that privileges
submame-base& nudear second-drike &
inherertly gabilizing, then we may not see the
devdopmert of thes edinologies in mlitically
meaningful ways.

More likely, the direcion of trave would be for
technologically-induced nudear instablity and
therefore insearrity, o the type we ®e expesed
by Russia with regped to the US nssile deénce
and canvertional globa prompt srike,
compounded by any future US apacty to negae
Russian SBNs.
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Audience and p anel discussion

Audience members roted that there ae UUVs
already devdoped by the US ad China that have
the @pacty to match the peal of SBNs urles
the sibmatines boke caoer and traveled & higher
speed, tius canpromising their ailities b
maintain gealth. It was dso noted that there may
be ro neal for individual UUVs © 'dhae’ a
SBN, as instead many networked
sysems, ircluding arborne ats,
could be wd to tradk an SBN and
relay informaton between a<ts.
The rintroduction of the
maritime patrol arcrat (MPA)

was a1 exanple.

It was suggesed that, in future,
there cald be dallenges in
procesing and filtering the $heer
quantity of data gahered to make t
meaningful and useful.

Much of the dscusion focusel on the
effed that this rend towards geater accean
transpaency will have an drategc dability. This
raised the canectal quedion of how percegions
of drategc dability have danged ae inerpreted
differertly by different nations, aad now include
area dher than military force such as alture and
€conomics.

...there may be
no need ér individual
UUVs b 'dhhase’ an SBN,
as nstead many netwaked
systens, ncluding arborne
assés, ould be sed D track
an S8N and relay
information beéween
assés

It was aguel that the peal of devdopmernt,
proliferaion and accesibility of this rew
tedhnology will mean tha traditional ams cantrol
modds will also neal to evolve taking into
accaunt issies aound \erification, trust,
confidence liilding measires, he pssibilities br
asymmetric ams cantrol, and accegable limits

arms cantrol. It was et by some
participarts tha this wa a
particularly unpropitious moment
for arms cantrol, end that the
intemationa environmert will
neel to mellow before there
could be turther proges.

Howe\er it was roted that
there s arren intellectual
engagemert on this rew ams
control architecture that would be
inclusive d percegions d accepability
from China and France dsa
The sipremacy of US adancad canventional
weapors wa dso rased as a caplicating fador
in engaging Russia and China in rudear weapons
reductions.

The camplications aising from cyber wafare
were discussé and particularly how it might
drastically impad the percegions, urderstarding
and egalaton of a cisis stuation. The reed for
invegmert in peofde and cyber hygiene wa klt to
be the key to canbating this.
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Profesa Makris poke o devdopmerts in
instantaneos acaistc ensing d the urdersea
environmern over aeas panning ters d
thousand d square klometres sing adive and
pasive Ccean Acoustc Waveguide Rmote
Srsing (QAWRS/PAAWRYS). Tles sytens
rely on the @pacty o the aean
ernvironmert to behae & an acaistc
waveguide in which sound
propagées @er long ranges va
trapped modes. Tlerefore,

gereraed sound waves siffer

only gylindrical spreading los
rather than the nmuch geaer
spherical loss siffered in
convertiona fish finding
tedhnologies.

Profesa Makris $ated that his god as a
sciertist is ©b make the aceans & transpaen as
possible, in arder © understard it better, focusing
on acaustic techniques. A und travek d
1.5km/s in wder, Rrofesa Makris roted that
using CAWRS edniques, hs ean is dle o view
a 100kn diameter aea in @out 90 £conds and
updae the image every 90 sconds b make a
'movie’.

...using a Rissive
Acougic Aray his eam
can deted and localize
many eces d whales oer
areas panning 400 kn in
diameter from hundreds d
thousand d whale alls
each day.

They ae dle  deed differert objeds in the
waer, from herring $10ak cataining many
hundreds d thousand d fish, to a snall man
made tjed (a long g/lindrical inflated fire ose
around 10m lang), wsing differert acaustic

frequercies ha excite different reonarces.
While lover frequercies é around
200Hz ae typically dominated by
shipping noise using a Rssive

Acoustic Array his an can deect

and locdize many gecies ¢
whdes wer aeas panning 400
km in diameter, from hundreds d
thousand d whae alls ech day.

His findings hawe keen publishal in
journals including Nature' (pasive

sensing/whaes) ad Siernce (adive
sersing). ®nsors @n be ether kstatc
(sender and recever eparate) @ monodatic
(sender and receiver d roughly the me lacation).

2 'Here we e pasive aean acaistic waveguide emote
sersing (PAAWRS) in & importart North Atlantic feeding
ground to instantaneougl deted, locdize and dassify MM
vocdizations fom diverse pecies @er a goproximately
100,000k gyuare regon? Nature Volume 531, 366370
(March 17, 2006)
www,nature.can/nature/journal/v531/n7594/as/nature16
960.Hml

3 N.C. Makris, PRatilal, D. Ymonds, S.ahanathan, S. kee,
R. Nero, “Fish populaion and behavor reveded by
instantaneos catinental-shef-scde imagng, Scierce
Volume 311, 660-663 ¢bruary 3, 2006)



Profesa Lane peserted on three types @
biomimetically inspred snsing.

Fish lateral line analogues

At present, hydrodynamic imagng uses Aoustc
Current Doppler Rofiles (ACDP) to measire
motion. Howe\er, fish have a snsa down the
sides dtheir bodies @lled a fsh laterd line which
measires fuid flow, and dlows fsh to huild
hydrodynamic images & the animals, djeds, and
water aound them.

Through a conpary alled Lakshmi, Rrofesor
Lanes bb and European partners have keen
devdoping a fbre qtic cade analogue @ the ish
laterd line, laid on the ®a floor to look & the
waer dove Rofesa Lane gae o exanples ¢
potertial gpplications: neasiring the eficiency of
marine renewable erergy turbines, ad aueing
veses in maritime srveillance ircluding
submaines. Tle fsh laterd line anaogue cald
alo be mounted on the side baurface o
underwaer \esek.

Its potertial ranges ad ather pradical issies &
unknown. Howe\er, using these dnologies, he
team expeds © be dle © ‘build images hat give
us god visibility of whats happening in the waer.

In a side nte, owing a Wdeo o a ded trout
seeming to swm upgream, Rofesa Lane dso
ob=erved tha fish bodies cald insgre rew types
of sdf-propulsion for undemwaer \ehicles.

Dolphin sonar is dle o distinguish an objed as
small as a jing pong kall a the lergth of a botball
pitch, and dso distinguish the dersity of wha it
contains. t aso works a low frequercies (10-100
Hz), and can therefore popagae over lang
distarces. B analysing ddphin ‘clicks, Profesor
Lare and his an discovered tha dolphins wse a
‘double dowvn chirp’ dructure: his dlows hem b
use the dope d the davn dhirp, the time
difference etween dirps, ad their repective
power levelk © build up a canplex @cture d the
water ace Moreower, ddphins oo sigals
that will provide the geaeg sigha reslution each
time they dick. Fofesa Lane and his ean,
through a canpary alled Hydrasa, hawe keen
creaing a loinsgred ona platform in order ©
see irside djeds.

This s wseful for viewing dockages in fpelines,
or for sersing mines amauflaged as rodks and
other dbjeds tha hawe keen desiged to bend
into the acean environmert.

Electric sensing

An EU Rojed called ANGELS (ANGulliform
robot with ELectic Sense), which Profesa Lane
helped revew, tried to recreae the dectric nse
that some fsh use b understard their
environmert. This £nse s limited to a w
certimetres, lot it is uraffectel by visibility, can
distinguish between fiends, be and food, and
allow fish to se aound caners (due b the mature
of dectromagretic field pattems). Fsh can dso
bend their bodies b improve teir sensor
procesing. ANGELS deranstrated that a snall,
ed-like AUV equipped with an dectric nse
could navigate aound an dectric dipole in a ank,
and while in the arly gages, his type d
technology cauld be gplied widely to unmanned
platforms in uture.



Mr HamHding presernted on wha he alled ‘weird
scierce'”: sientific discoveries ha are rot fully
understoad and the future ramifications d which
are urclear, but tha could be influertial in future.

Firg, he dscusse weke deécion, &t is vell
known that submaines lawe w&kes atem. The
mog obvious ae the 'V' $iapal wekes lehind the
vese| and marine canmanders ae tained to day
deep in ader © ersure tha thee wkes ae ot
easily picked up by radlr or satelite. Howeer, Mr
Hambling told the audience there ae dher wa/s
to deed wakes, gen d depgh. He gae the
exanple d tedinology modeled on the dility of
harbour seak © pursue a ish from tens d meters
away using anly their whiskers; atificial 'whiskers'
of this mature cauld theoretically be ftted to
unmanned underwater \ehicles br submaine
tradking.

Mr HamHding then dscusseé hiolumineserce
the light emited by marine micio-organisns
when dsturbed This wa recognised as an issle
for submaiines in Wrld Wer |, and today it may
be pssible © deed submarines wing aher knds
of lumineserce autside d the \isible gpectum.

Mr HamHding wert on to discus the ®no-
magretic efed: wes dectromagretic fields
gereraed by mechanical/acaustic vibrations d a
conducting medium in a nagretic field. Though,
in theory it would be pssible to deed a noving
objed under waer wsing this efed, calculations
sugged that the ono-magretic efed of a
submame s aound 1,000imes vealer than the
magretic anomaly causel by the sibmaiine's Hull,
so pracical goplications gem urlikely Howeer,
in 1996 Dr dmes Rddle publishel three papers
on unusud magretic anomdies asaiated with
underwaer dojeds. While there were ro further
references o this work in the literaure, Dr Reddle
was on gpointed Tedhnical Leader @
Detecions §dens d the US [2fense Research
Agercy, and ubsequertly Head d Sernsa Sygens
a DSTL and Defense Attaché in Washington. Mr
Hambling fel it reasonale o assume that his
ideas have rot been enirely ignored.

Dr Peddle wa laoking & the 'Debye efed’,
discovered in 1933: e magretic field generaed
by the difference in novemens ketween ®dium
and chlorine ins in he ®a. The US duncheal a
programme b reeard the goplication of the
'Debye efed' to deed submaiines (lhas Ore),
and, if the reeart proved postive, to build a
detecta (Phase Two). The canpary Cortana has
now been avarded a fhase Two cantrad,
indicating that Phase Ore wa siccesiul. This
work on the 'Debye efed' dso references ‘dreign
work' carried out in this feld.

In the 1990s, Essian publications siggeded that
wake anomaly dekecion was esier han magretic
anomay detcion; howe\er, Russian daims tat
they cauld tradk submairines ing their wekes
hawe raely been aken ®rously in the WWeg. Mr
Hambling geculatd tha the Rissians caild have
been wing this @pacty to deed submaines br
the kg twenty years, urknown to ahers.
Redicing sibmaine w&es s \ery challenging,
but it is execteal that Successwvill be much
stealhier with reped to weke than any past
submame.

Fnally, Mr HamHing discusse the Aqua-Quad,
an amphibious quadcter drone tha can float on
the waers sirface ad lower £nsors irto the
wder. It is hidhly adaptalde and can re-charge
using its olar powered cdls, efore 1ying
elsewlere. While airrertly in prototype $age,
tess hawe keen siccestul to date and it seens
likely that they will be qoeraed by the US My in
large rumbers. The Aqua-Quad @n dso be fitted
with ather kinds d sensor, such as hyperspectal
sersors, hemal sensors, kterd line €nsors, @
ewven uture £nsors & et urknown as t has the
advantage d being ale o degoy in the waer

Mr HamHding cacluded tha hiding from
innovaive £nsing tedniques ha emerge over
the caning decades Wl be \ery difficult, because
they will not have keen anticipated & this sage in
the sibmairine's desig and canstruction.



Profesa Dauvd Cagin gave a pesentation on
devdopments in magretic anomaly deecion.

He kegan by dating that it has keen lang known
that any iron or sed objed gradually becomes
magretised by the Earths magretic field.
Submaines ae reguarly denagretised
(‘degaussed). The efectivenes d degaissing is
clasified, but for the purposes é discusion
Profesa Capin assimes ha a sibmaine weighs
abou 10,000ans and tha a hidhly eficient
degaissing would leave a esidud magretism d
0.1%.

He wert on to e in more deail about one
type d magretometer, the Siperconducting
Quantum Interference Device (SQIID), that
typically can deed a snall bar magret a
hundreds d metres. A t deteds magretic fields
by measiring the magretic flux pasing through a
‘loop; the larger the loop the nore €nsitive the
device Rofesa Cagin showeal that SQUID
detectors ae leing usel to deked the tiny
magretic fields asaiated with dectric aurrerts in
the lrain in magretoencephalography tecniques.

The magretic sighd from a sibmaiine diops
away & a inverse abe lw becoming snaller
than the Earths feld a tundred metres avay. A
submaines sigal may dill be deectalbe by a
SQUID from aound 30km, kut it would be
difficult to discriminate ayang the Earths feld
(requiring sigificant procesing power). The
standad geoplysia goproac to overcome tis
isse 5 © caned two anti-parallel loops © ane
SQUID tha cancd the Earths uniform
badground field, but pick up the magretic field
gradiert of the sibmarine. $atid and temporal
variations in the canplex ccean gace wuld aso
be dallenging to overcome.

The aility o a SQJID to £rse a sbmaiine s
augmented if the sibmatines magretic sighature
is known, and Profesa Capin suggeded that
nava labs ae dle o produce kegpoke magretic
anomay dekctors that are particularly regponsive
to the kinds d sighals gven df by submairines. h
future, Fofesa Cagin expeds tha data from
magretic anomaly deecion will be usel with
other knds d sensing data.

SQUIDs will became significantly more wseful
in ASW if ar or ocean tenmperaure
superconductors ae devdoped Previously
superconductors had b be cwled to nea absolute
zeo tenmperaures wvith liquid helium, kut in
recert yeass, hid-temperaure siperconductors
hawe keen devdoped tha work a tenmperaures @
150K; lowe\er, this gill requires liquid nitrogen
cooling, which canplicates heir depoymert in
anti-submaitine wafare. Yet, gven the many
surprises in he history of superconductivity, it is
possible that materials mey evertually be found
that superconduct a room or ocean tenperdures,
which might alow the depoymert of very much
larger flux loops, &d 0 increag ®rsitivity by
orders d magitude



In the discusion with the aidience vaious
countermeasires vere dscussed

Two methods d degaissing were nmerntioned:
pasing the sibmaiine through a cal of wire, and
intemal cal loops hough which an dectrical
currert can be un, which efectivey reduce he
magretic sighature d the sibmaine ly aout
99%. Hbwe\er, it was pointed out that as, br
exanple, magretic anomal detcton (MAD)
becomes nore advanced, improvemens
counter deecion will be devdoped et, t
is gill very difficult and cosly to
retrofit a sibmaine © maintain the
balarce ¢ deecion and caunter
measires.

Countering oth adive and
pasive acaoistic detcion over
large dstarces hrough noise
reduction, jamming and
spoofng wa dso discussed.
While mise @ancdlation is
possible for low frequercy noise,
such as 5 el in BOSE headphones,
it is significantly more dallenging to
design and depoy a syeem tha can cancd all
the hidh and vaied frequercies entied dong the
length of a sibmairine kull. Acoustic
displacenerts ae tny and it would be a najor
chalenge © implement effective ise @ancdlation
in the @e d submaiines. Omr would neel to
creak canplex ative dsplacenerts over the
ertire hull, and, if these ae rot precisel cared,
the sibmarine will transmit instead, with obvious
opposte irtertion. $oofing and jamming have
their own problems; br instarce a sidden
increa® in roise would be roted by an opponent
and dert them b the pesence d a sibmaine in
the lacdity. Ore would need to know exady
where the psive ®£rsa is lccatel and the
optimum distarce b begn transmitting, and be
alde to transmit through 360 derpes. Agan, it
was thought more likely that atempting jamming
or gpoofing would be cainterproductive.

While roise
cancdlation is psibk r
low frequencgy noise, sich as is
used n BOE headphones, tis
significantly more dallengirg o
design and deploy a ystem that
can cancd all the hgh and
varied fequencies emitted
along the engh o a
submarire hull.

The pradical range or submatine deéecion
using the dnology devdopments discussé in
the caonference wa dso discussedit was
suggeded tha the uture enphasis would be m
smaller distributed sensors with shorter ranges.
Foar exanple, MAD has a rage d only 500 neters
if using ane arcrat but if using 1,000 sl
drones a mch geaker aea @n be coered
simultaneously One participart reflected tha the
technologies sal 25 yass ao had keen thought

incredible d the ime and inspred ave In 25
yeas tme ane @n only imagne the
computatona speal that will be
routinely possible, and the

knowledge and understarding o

propagaion through oceans

that will be avalable; t can be
confidently predicted that
technology then will be \ery
differert from wha we have
now.

Another issie dscusse was
sersa fusion, and the difference
that networked sysems would make in
future. For these © be efective multiple
sensors will have © hawe the @apability to dl work

a campatible ranges ad relutions. Ths 5 a
chalenge & ®me £nsors — @tica sensors, br
exanple — work over $ort range urderwater
while ahers — such as lov frequercy acaustic
sensors — work over longer ranges. nding the
optimum overlap range and relution is the key,
and the potertial resulting @apablity was sid to
be fantasic when wsal propery, and very likely to
be cwucial in future. There ae canmercial
campanies wio ae looking into this; in
oceanography, nsa fusion is happening dready.
'‘Big data’ and macdhine leaming is another aea
that is becoming increasingly important. As a
exanple, the aiginal Sound Surveillance $§gem
(SOLXS) retwork useal to produce @per rraces
that the human gaff had b read and analyse.
Later, canputer analysis kecane the rorm, and
today analysis @n be dae o a snartphone.



In his #cond presentation, Rofesa Lane
discusse some d the energing tecdnologies hat
might influence he rext generaion of marine
vehicle edinologies ad adivities, gating that
autonony will be the nmog important
devdopmert.

We @n think aout control of sysenms lroady
in three wgs: nanud caontrol, hared-autonomy,
or persisternt autonomy The g is dharaderised &
an operdion with limited recaurse b the uman
operdor for exeended lergths d time, adcapting ©
and intera¢ing with unknown ernvironmens ad
recovering from erors in ak execufons.

An exanple d a persistertly autonomous \ehicle
is the Sibsea 7, a advanced autonomous
inspecton vehicle devdoped by SeByte and in
use by Shel for deep waer inspecions. Ths
exhbits independent decision-making apabilities
and the aility to recover from a limited number
of erors. Howe\er, the Sibsea 7 & ot well
equipped to deal with the urexpectel and requires
a mep o its ervironment to goerde. This requires
robug cantrol in the pesence d disturbances, ad
this 5 devdoped using madine-leaming
techniques.

Profesa Lare $iowel that robas @n be taught
skills through red-life raining esions, in wich
the moba is cantrolled by en operaor in a kAb.
Rather than leaming a sinple £quernce d adions,
the oba learns a sries ¢ probabiities b erade
it to dffset urpredictable exemal disturbances
during depoymernts. n a vdeo, one roba was
being trained to dean anchar chans, while
another wa aitonomousy mappng a rew and
unfamiliar environmert off wesem Satland and
adapting its mission in the pesence d new dbjeds
of intereq.

Profesa Lanes ean has keen cacertrating an
an ‘intemet d things gpproad, to dlow vaious
vehicles b synchronise their stuationa avareres
and cdlabarate. Snce andwidth is limited in the
undersea ervironmert, thee retworks nug be
smart and synchronise the nog importarnt data
fird. As an exanple, Fofesa Lane siowad a
video o an aeral drone working in cdlabaration
with, and providing navigaional informaton for,
a dione an the gound that had limited visual
information aout its ervironment. He sresed
that these \ehicles siould not be thought about in
isolaion, kut in a sygenms catext and purpose d
data cdlection.

Operaors @nnot dways canmunicate
effectivey with a patform on mission under the
ocean. Rofesa Lanes ean invented the bad to
the uture ergine, wherely the qeraor is gven a
prediction of wha should be happening urder the
waer basel on vehicle mission plans, uril
connecion is re-esablishal and the dsplays ae
resynchronised.

Profesa Lane pedicts that, in future, the
hardwvare d future obotic platforms will become
increasingly generic and innovation will move
towards davnloadabe oftware tha increags he
hardvares @pablities; ke dravs an analogy
between gps and smartphores. h the marine
ernvironment, he bdlieves hat we wll see a
convergence in unnanned surface ad undewaer
vehicle hardware, which cauld be asigned
multiple knds d mission.

He inishel by quoting Bll Gaes: We dways
overegimate the dange tha will ocaur in two
yeas lut underegimate the dange that will ocaur
in ten’. Profesa Lare el tha change wa caning
faster than we know and that in ten years t would
be \ery intereging 1 e where we ae.



Profesa Wynn's pesntation focusel on the
ervironmenal researd gplicatons d
devdopmernts in marine robotics hut noted that
the cossower o deknce wa €f-evident. He sid
that there wa a |lo happening in this feld. He
talked of the huge dicrepancy in cos between, br
exanple, the National Environmenal Resarch
Council (NERC) wesd RRS Dscovery, which cos
£75M and upwards d £20K per day to run, and
unmanned underwater \ehicles (UUVS) hat are
much cheager o purcha® and operae. There s a
huge invedmert a present in marine aitonomy,
with the lng-term god of ganing more hidh-
qudity data d a lover cos to support sciertific
reeard.

The NERC MARS feet now gperaes nore than
40 marine aitonomous sytens ad the NERC
community has the @pacty to devdop innovative
Sensors b measire marine ervironmerts.

A typical high-powered, short range,
autonomots urderwaer pgropeler driven \ehicle
(AUV) can operae d up to 6,000 reters waer
degh for two o three days, @d can do many
different taks, fom mappng the abel to
performing kiological measiring. Thee sytens
hawe keen in we r a caiple d decades.

Another gatform is e sibmaine dider, the
US Nawy being the biggeg purcha®r o these.
NERC MARS las 30 6thes relative) low-cog
vehicles. Tley hawe a lioyancy ergine and can
travd through the waer, urfacing every few
hours b transmit data and receive canmands.
The= \ehicles nove relativel dowly but have an
endurance d marny wees.

More recertly, a umber d unmanned aurface
vehicles (USY hawe keen depoyed on high profile
missions cdlecting data fom the arth-sea
interface the mog well known being the Wave
Glider. Pofesa Wynn sad there wa a rw USV
coming aut amog every month, with many
differert designs with different utilities, ad that
there would be many new desigis in the rext ew
yeas.

Howe\er, he addd tha training is key and that
all these \ehicles real experiencal pilots ©
operae them.

The evolution of these \ehicles & in devdoping
differert capabilities. Or s in increasing
endurance fom a caiple d hours b a w days D
months & a ime. Another is in fexibility, through
platforms that do not recuire a Rip but tha can
be ragidly and essily launched from a RIB 0 a
dipway o bead.

Another devdopmert is in ircreasing
compatibility of AUV to work together with ather
platforms. For exanple, a long-range AUV
working & deph for a ew wees @n transmit to a
USV va a acaustic link and then b the geraing
vehicle via satelite, raher than to hawe b surface
to transmit data. Ths pocedure dso improves
navgaiona acaracy o the AUV.

Other conbination exanples @ae a USVhat can
releae ®\erd small AUVSs for rapid repons;
submaine diders tha can be dioppel from a
plare; @ vehicles hat can fly to an aea and then
into the waer to do AUV work. Hybrid vehicles
are frequently caning aline.



Profesa Wynn said that NOC ddiberaely
operdes 'dimb’ wehicles, vith intelligert pilots
and <ciertists, hut the rend is b hawe nore
intelligence mboad the \ehicles. H gae a
exanple d an AUV at 6,000 neters deph that can
recognise when t has bund something intereging
and, rather than cantinue with its pre-
programmed mission, will hone in o that feaure
of intereg. Vehicles @n dso proces te tuge
amaunt of data they gdher to deemine which
data ae d intereg for transmission, © keepgng
cogs dovn and reducing the lurden an the
interpreters d base.

Platforms ae reducing in cos, from around
£1m br a arge dep-wder AUV with
multiple high-power ®nsors © snaller
USVs coBng jud tens d thousand,
with miniaturized platforms even
cheager.

To adieve long erdurance
speel has © be kept down,
mary reeard vehicles tavd a
waking a running ed for long
perods.

AUVs @n now operae urder ice
and in the deepes parts d the acean, &
6,000 neters for example, and in very
chalenging ervironmens. They ae dle o map a
canya, for exanple, in 3D in hidh reslution and,
if they note a éaure d intereg, can be wsal in
conjunction with a Remotely Operaed Vehicle
(ROV) to dotain a mep relution of millimeters if
nealed. The ROVs @n relay this informaton in
red time.

By kegping peed
down, with developing
battery peformance and
miniaturizing €nsas,
efficiency is maximized
enabling the \ehicles ©
occupy dhoke ponts for
wee&ks o months & a
time.

Another devdopmert is in popeler-driven
AUVs that can be depoyed for weeks a months
a a ime, dive © 6,000 reters and travel
thousand d kilometers. B/ keepng $eal down,
with developing hbattery performance ad
miniaturizing €nsors, eficiency is maximized
enaling the \ehicles b ocaupy choke points for
wees a months d a ime. Other ehicles @an
potertially be defoyed to an aea then hbemate
for months, w&e p to swtch on snsors and
then hbemate ajan, repeaing the poces.

NERC MARS asts aywhere in the world can
be cantrolled from NOC Suthampta and any o
the fleet data @n be cantrolled from an Intemet

connecion. Fom his iFhone Profesor
Wynn can se te Iccaion of any
menber d his leet and the cata
they ae cdlecting, and can
communicate with the plots o
dired the UUVs & realed in
red time. There i dso the aility
to swtch snsors ;n and off, and
acces images ad ather data via
satelite link-up in red-time.

Submame diders ae particularly
useful for cdlecting and canpressing
mary thousand d profiles, vhile
communicating in red-time. USVs ee keg used
in hogile goen aean environmerts with many
differert types & sensors and data layers,
communicating caitinuously by satelite.

A currert am is b network exsting
infrastructure with these new autonomous
platforms and to hande eficiently the mnasive
amaunt of data gereraed.

Profesa Wynn mentioned the caoning exercise
‘Unmanned Warrior', in which the National
Marine Faclities MARS leet will take part. He
sad that the gated am of this exrcise s ©
demonstate low unmanned capabilities @n
erhance ad potertially redace nanned forces ér
defernce



WFS Bdnologies lilds gimarily radio-ased
underwater wireless canmunications sysems that
are lranded as ®atooh. Mr Hyland gave a
presertation on undersea WFi and LiFi.

Radio-basel canmunications urderwaer havwe a
shoit-range functionality, &in to Buetooth or
WiFi. Mr Hyland noted that the potertial for
underweer dectromagretic (EM)
communications hes keen roted goradically sirce
the Mctorian period, but little progress hes been
made uril recertly. During the Gold War, sysems
were devdoped in the US, UK, Fance ad Russia
for very low frequerncy radio conmunications for
submarmnes (aound 78-82H), kut work dopped
after the 1960s argeV becaus d the dalenging
nature d EM propagdion in waer and because
stakes vere nore irtereged in longer range
communications ednologies.

WFS Bdnologies kegan devdoping EM
communications edinologies in 2004, ra today
sel off-the-shdf products for a range d
apgications, gimarily in the dl and ga
industries. M Hyland gave the exanple d an all
platform in the North Sea, in which his eam
placal aound a daen wreless modes 30 ratres
apat to carry out long-term asset integity
monitoring. In the kg 12-18 nonths, tey have
been invedigaing the possibilities d deence
apgications.

WiFi sysenms ae efective in lttoral waers, @&
they ae rot affected by turbidity, bubbles @ sea-
life; hey @an easily cross the waer-air boundary;
they can be esily ercrypted & eadh erd; and the
signa ranges en be limited, which cauld be
useful in deence gplications. sing arrier
frequercies in he aders d sewerd kHz a MHz,
the popagaion velocity o EM is dso siquificantly
higher than that of an acaustic equivdent, leading
to low latency within sysemns.

Finally, wireless canmunication sysems ae
relativey low co$ and reslient. Howeer, EM
sysems ae relativey hort range in avaer, with
aggesive dteruation (around 550Cb per , ©
wavdength) and a maximum pradical range in
the ader d 2 ; bhe range 5, b an exert, a
function of the @arrier frequercy o the sytem in
water.

Mr Hyland suggeds that EM canmunications
are reither better nor worse than acaustc or
optical, but rather, hawe differert functionalities
and gpplications. (ptical sysems @n ddiver high
bandwdth, but require a god line d sight and ae
relativey suscepible to turbidity. Acoustic
sysems, tiough long range in deper waer,
struggle in littoral waers. Accadingly, Mr Hyland
advocaes ceaing fusel canmunications sygems,
whereby underwaer conmunications rodes e
whatewer mears ae aalable © transmit the cata,
just as snart phones swp anlesly between
Bluetooth, 3G ad 4G, without any dovious
chang © the weser.

WFS Bdnologies EM de/ices conmunicate
typically & around 100 Ints per sscond (bps),
which is fit for purpose in poces catrol sysems
transmitting sinple data. With relativey low
propagdion loses, hey hawe ranges ¢ around
40m trrough sawaer, 200m hrough ar, o 200-
250m trough the ®abel (but he siggeded this
cauld increag © aound 1km). Thes types @
wireless canmunication can peretrate cancrete
blankets @ severd meters d ice; M Hyland built
a denonstrator sysem a éw years o to find an
AUV log under 5m @ ice with a trther range d
750m in &. Bandwidth increags © 100,000 jos
in 5m avder ranges, ad WiFi-type devices an
be wsal to canmunicate aound 10-100m ps &
abou 1cm, epacing wet mating cannectors.



Mr Hyland preserted a rumber d future
scerarios or thee ednologies, ehang Rofesor
Lanes exgctaton of a sibsea intemet d things
He imagnes lmg networks d wirdes £nsors
extending for severd miles irto littoral waters
from the dore, for environmertal and shipping
channd monitoring, and which cauld even
function as urdersea ‘landing grips. He exgds
data procesing to take dace ircreasingly on the
seabedto minimise the erergy requiremens d
transmission. Although thes ednologies ae
already erergy eficient, gaying in an dways-m
condition for 10-20 yars cn moded battery pads,
the edinologies wil berefit from further
improvemerts in kattery technology.

Optimum sys$ems r undersea canmunications
— and a conparisa between acaistcs, @tics and
wirdes in erms d data transfer, bandwidth and
range — were dscussedit was el that users
would keep t simple and matd the
communications ®lution to the
requiremerts. t was sid to be a
guegion of sysems ermineering,
desigiing the achitecture or the
vehicle's apabilities ad
communications retworks

together. It was roted that it was
information, raher than rawv data,
that was typically required The
'smarter' the \ehicle, the les data will
neal to be ransferred, and therefore, the
less landwidth needed.

The nog likely
diredion of development
for undersea WFi will be

undersea ding gations. A
the nomert, this is béng
driven by the US [@partment
of Defeng wth the Cifice
of Naval Research.

In addtion WFS Ednologies s working an
wireless (inductive) power transfer sysems, geing
a redl for wirdess dacking for AUVs permanrenly
dedoyed & the ®abel in 5-10 pars. He dso
ervisags weles retworks teing a ley erader
for cdlabaration between divers and AUVS,
allowing them © canmunicate transmit data
including video and locae themseles in elaion
to ahers. knally, WFS €hnologies & exforing
ways D integate exsting cawvertional, ebove-
aurface virdess sysems with their underwaer
sysems.

Foar exanple, in ane £erario in which the
operdion lastel weeks d a ime and & a deph of
thousand d meters, he @timum

communications would be acaistic, gving
low bandwidth but able tb maintain
communication for long periods over
a long distarce In another
scerario, in a feld installaton in
the al and ga industry, where
there s a sabel infrastructure,

ROVs @n canmunicate wsing

optical conmunications wsing a

high bandwidth over a &ort
distarce d around 100 neters

maximum. Both thes sytens ae
being devdloped & preser.

The nog likely direcion of devdopmert for
undersea WIFi will be urdersea dacking gations.
At the nomen, this s keing driven lky the US
Department of Defense with the Ofice d Navad
Resard, and will incorporate vaious levek d
wireles canmunications.

One s31e ha was Elt to need more cus or
cdlabaative efort was in third party oftware
searity networks or marine \ehicles, @rticularly
for use in deénce



Mr Ingram introduced the inal sesion, gating
that it would pick up the dscusion from the first
sesion on the conseqiernces othis energing
tedhnology on drategc relatal decisions
dedoymernt, declaatory policy, sitbmaine
patrols, deerrence aad ams catrol.

He posed the quegion of whether
the future possibility of an
emerging @pabiity to neuralize
SBNs would change the

searity caculus d nations.
Shoud the US alieve a
significant adventage through

the depoyment of such
technology would it, for example,
be empted to pursue a plicy of
strategc daminance and wha effect
would this have m drategc dability?

In the cantext d the UK and the pariamentary
decision on Successphe reminded the aidience
that in the 16-17 gars urtil the awrrent predicted
'in service' date or Successpothere will be a érge
number d ASW ednology iteraions. The
tecdhnologies coisiderd in the canference
involved snsors, patforms, retworked sysemns,
cheg disposabde UUVs (lut probably not nudear
powered UUVS), a mix bgatic and unmanned
mobile urderwater, and urface ad darborne
asets.

Shauld the US
achiee a gynificant
advantage hrough the
deploymenm of such tedinology
would it, for example, be émpe
to pursue a pdicy o drategc
dominance, and what effed
would this ave m
drategc gability?

Taken bgether, and with manned as<ts, hese
innovations calld lead b a siuation in which
enhancad ASW canpromises he sealh of SBNSs,
to an exen that grategc dability is dfected.

Given tha the rdionale for S8Ns s kased
on gealh, this rases he quedion of
whether SBNs ae te gpropriate
platform for UK's rudear
weapors.

The quegion, he sated was
q abou asesing and managng
risk. A dhalenging judgement
to make in a depy uncettain
future, in which neither
continued submaiine gealh nor a
technical revoluion can be riably
assired Howe\er, one cetainty is tat
there will be revant tednological
changes, ad the real to addes reducing risks
and managng regponsibilities wa a diver in
putting together this canference



Dr Jerkins roted tha recert historical resarch
shows ha the Admiralty devdoped a hidnly-
effective machinery for managng public
percegions in the arly twertieth certury.

He desribed how the qoeraions d large
batiedhips and nava reviews were wel reported,
yet while the Admiralty wes segical of
sensatonaist daims tha Gemrman battleships were
making Bitain vulnerable to invasion, these
clams were rot deniel publically and Britain’s
adual drategy was kept secret.

Resultantly, while the public believed tha the
big battleship was the Utimate weapm, men d the
cerire d decision making — sich as krst Sea Lord
Admiral Sr John “Jadie’ Fisher and his pupil, the
civilian head d the Foyd Navy Winston
Churchill — took a \ery differert view. Rather,
they believed that industridisaton had made
countries nmore degndert on world trade br food
and rav matenals.

Barores Miller highlighted the importance d the
humanitarian canferences iniative, bringing
together many of the mations d the world to
addres rudear dangers when the rudear
weapors pssesors hawe faled to do ®. e
pointed to the 16-ga salemate in the Gonference
on Disarmanen, and more recert dalled progres
in arms catrol.

Barores Miller expesea disappantmert in the
qudity o recert Padiamentary debates, vinich
were daninated by the glit within the Labaur
Party leaving more sibgantive ssies sch &
emerging vunerabilities ad risk overlooked

They devdoped new technologies — ach &
submames ad torpedoes br defence and fast
cruisers and radio b de$roy canmerce — @ a wg
of maintaining Bitish navd supremacy, & a ime
when Bitain could no longer aut-build its rivas.
Howe\er, in ader © gan the recesaly funds for
this desdopment, they let e public, Pariamernt,
and ministers lelieve that more kattleships were
nealed to deer a Gman invasion.

Dr Jerkins quegioned whether the machinery
for managng public percegions d navd
capabiities rad been dardoned o simply
refined?

His percefion wes thd, in the Bitish case the
red official view may be that advances in AW
may hawe dready made mdear submaiines
vulnerable to deecion. Indeed Dr Erkins
concluded, in the @ d America, revd officials
openly date tha the Uhited Sates fould fund
new ASW ad new SBNs © maintain US ravd
supremacy acoss the world's aeans, raher than
for deence

She dso sad that the younger generdion wes
disengaged even though thes deisions will
strongly dfed their future.

She dew parallels with the dangel goproad to
climate dange which originally had keen
chaaderisad by prejudice ad fixed postions.
This cangel with a drdt bill to discus casensus
around dimate dang tha drew out the ssles.
Sre alled for a cooss-party discusion on Trident
around cansensus-huilding.

Barores Miller dso raseal Brexit and atendant
uncertainties oer Bitain’s postion in the world,
making it difficult to take firm decisions
military and foreign policy.



Mr McKanre kegan by defning the UK's arrent
nudear weapors licy: ane in which a UK
nudear weapm would be ired in only narrowly
defined circumstarces. Tle hrase wseal by dl
govemmerts hes been, ad remains,

that it is b proted the 'UK's ital
national interess'. He caoceded
that it was extemely difficult to
define thes pecisel in the
currert domegic or

intemationa seaurity dimate,
but ill felt that one caild not
rule aut future threds and that
not having the rucear deterrent
could place he UK in g\were reril.
Mr McKanre sid tha the
govemmert was rot camplacen,
howe\er, and tha there were reguar serious
debates wthin govemment looking & differert
aspets d nudear policy and options. He gae the
Trident Altematives Rview (TAR) @& an exanple
of this.

This was rot to

dismiss ®ncerrs m the
tednical vulnerahlity of

SPBNSs, hut rather to note that
there was ittle reasm to onsider
this a evoluion 9 much as an
evoluion in the dd competiti on

bewee the cetedor and the
submarire.

He conmented on the assumed carelation
between $udies @ the energing tednologies
discusse & the canference ad the eficagy of

SBNs. He aked wha other nudear weapon
sygem would give a letter scond-drike
option for the UK. Ths wa rot to
dismiss caicems an the ednical
vulnerability of S8NSs, lut rather
to note that there wa little

reasm to cansider his a

revoluion o much & a

evoluion in the dd

competition between the
detecta and the sibmarine. One
reasm for this s the size bthe
oceans and the avalable gace ér
submaines b gperae in; hese
operdiona advantaces, le $ated ae
unlikely to be overcome. Continuous d-Sea
Deterrence (CAD) would remain the keg option
for dl the reasos ®t aut in the TAR, in any
circumstarce &ort of canplete ranspaency o
the cceans. He @yreal with ather pealers an the
difficulties d venfying the ron-use d theee rew
tednologies.



In the nal discusion, a umber d participarts
gave their iews a points made hroughout the
conference

It was pointed aut tha the humanitarian
initiative wa rot intended purely to be a
discusion on the norality of nudear weapors,
but was dso intended to avaken the ron-nudear
weapm dates, a wel as the rudear gates,
to their reponsibilities br multilaterd
nudear disarmanert. It came
through a desie for adual
disarmanert rather than ams
control and the intiative has
helpal to change the rormative
and legd context d nudear
weapos, lading to
discusions in he UN an the
prohibition of nudear weapors.

One participart expesal the
opinion tha the ednologies
discusse & the canference vere
evoluionary and not revoluionary and that
there wa dready in exstence a goup o
extremely ale, independert sciertists and
tedhnical experts in the UK who hawe a @ill time
role in nonitoring and analysing the vunerability
of SBNs and the cauntermeasires aailable.

Various mints were made m ams catrol in
relaion to energing tednologies dscusseé in the
conference It was siggedted that ways brward
could include a limiation on the devdopment and
/ or use d thee edinologies, lit this wa elt to
be uneedistic becaus d the dud-use rature d the
tedhnologies dscussé and the difficulties in
verification.

The dfferene
to historica tedinological
charges was houglt to be he
gpeed vith which tedinologies ae
being develped the iIkely uneven
developmenof ASW ednologies
conpared b the sibmarines
themselve, and the sibsquent
changirg role or
submarines.

The suggegion of 'bastons’ br submaiines
discusse aarlier in the canference wa dso felt to
be unmedistic, gven the rumber d other
tedhnologies @allable tha we had ot touched on
in the canference ad the possibilities d ballistic
missile intercegion from the oundaries d the
baston; moreower, the devdopmen of gealthy
unmanned vehicles sich as the US Miw's

GhogSvimmer cauld peretrate a
baston covertly.

It was £l to be urdenialde that
chang 5 coning, and the ssie
is how this cauld be managed.
The difference b historical
technological changes wa
thought to be the peal with
which tednologies ae leing
deveoped the likely uneven
devdopmernt of ASW
tednologies conpared to the
submames hemsehes, ad the
subsequen changng role for submairines.
One d the limttations in dscusing this ssle wa
the ®cregy tha surrounds t. Howe\er, it is dear
that the US $ pending a vat anount on both
devdoping UUVs ad in looking & the
vulnerability of submairines, viile they and ather
nations ae catinuing to pursue €a-based
strategc nudear arserals.

It was reiteraed tha the overaching issie wa
one d risk asesmen. Analyss gproad this
from their own perspecties, ad oten fom a
polarized cancegion of risk, with reped to what
nudear weapors dq both postively and
negaively, to the intemational sysem, srategc
stablity, dliance elaionships, dobd govemance
cogs and moral calculations. t was recogiseal to
be a caplex ss1e and one tha until now had
not been popery deébated.
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