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Abstract — What is the optimal ASW sonar performance ttaat be achieved on a small manned or unmanned
vessel? Unmanned maritime platforms range fromlsioal cost systems that network together as swiomgsds to
provide wide area coverage, through to large gulaliforms (that can be partially manned) capableanfying high
power, long range sensors with performance andrandas similar to traditional ASW. The optimal ASMWnar
solution will harness the benefits that unmannesdesys bring, including:

« flexibility; transportability; low costs; covertngssafety and efficiency, whilst still offering apdéionally

viable ASW that requires:

« wide area coverage; persistence; low FAR; detectiwh classification; tracking; methods of respaiesa
target (defensive/offensive) and self-protection.

This paper looks at the system trades-offs requoedinimise weight and space and maximise sondoimeance in

a littoral threat detection environment. Sonampagters such as operational frequency, source deveHirectivity

are assessed alongside practical aspects suchybmgasize, deployment\recovery mechanisms andopfat

endurance. The possibilities offered by currerslsranmanned systems and sensors are exploreglsmuemerging

technologies are considered that may change tde-tfi space such as energy sources, sensing tegiem and

communications.

It is concluded that a slimmed down Active son#eéi to a compact surface vessel capable of eittemed or
unmanned operation can be an attractive and viaidlgion for several ASW scenarios in its own righirthermore
the solution could also act as a key enabler fallslow cost systems and integrating link with tiagler force.

1 What is the opportunity of using small
manned or unmanned vessels for ASW?

For many countries, the submarine threat is both re
and local. Mini-subs with limited range, operatiny

Study 232 goes on to further define these threpastss
as:

a) Protected Passageclear the way for a task group or
High Value Unit (HVU) to proceed at speed to a

shallow, congested waters may be used to threateyegiination of choice while minimizing the risk of

infrastructure and shipping, gather intelligenaesinply
to present a strategic threat against neighbowgongtries.
The operational environment may be non-militaryerop
sea lanes with high levels of commercial trafficdan
typically in the littoral zone with often shallowaters.

submarine attack.

b) Sea Shield clear a static area of operations around an
expeditionary task force or other HVU for a sustain
period, minimizing the risk of submarine attack.

¢) Hold at Risk: monitor a choke point, maximizing the
probability that passing submarines are succegsfull

The US Navy's Task Force ASW's document on concepts yatected and classified.

of operations for the 21st century [1], written 2005,
describes how the foreseen areas of operation astlym

By operating as a stand-alone capability or asraefo

coastal, expecting asymmetric threats. They expectyiiiplier, unmanned systems have the potential to

operations in the future to “be centred on domiratiear-

land combat, rapidly achieving area control despite

difficult sound propagation profiles and dense acef
traffic” [2]. Furthermore, the expectation is thatost

increase effectiveness in high risk choke pointsl an
persistent picket-fence operations around a HVUr Fo
area-constrained operations such as these theatiter
approach of using unmanned systems with ASW sensors

enemy submarines are foreseen to be “conventionaly, 4 offer a search-effective and cost-effectiofitions.

(diesel-electric) and designed for local or reglar@astal
defense” [3], allowing for smaller submarines, whizan
submerge close to home ports, resulting in asynienetr
warfare with the objectives of (1) hold enemy fare
risk, and (2) secure friendly manoeuvre areas.

The three main operational
discussing the use of unmanned systems in ASWitkae t
in the USN master plans [2][3] as ‘Hold at Risk’,
‘Maritime Shield’, and ‘Protected Passage’. NATOAS
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There is an opportunity to exploit the benefitscobt-
effective sensors capable of detecting submerged
submarine, mini-submarine and large diver delivery
vehicles at sufficient range such that a poteatii@ck can

be countered.

scenarios used when

Unmanned systems also enable a shift in ASW from
‘platform-intensive’ to ‘sensor-rich’ operationspplying
network-centric warfare to dominate the environmieyt
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using unmanned vehicles, common operating pictares,

Deployed & Mobile Sensors

thought to be too limited in payload, speed anduesnace

standoff precision weapons, sensors & networks overto be effective in ASW [5]. Communication back tet

weapons & platforms.

The aims of ASW relevant to unmanned systems are to
Constrain freedom of action

Scare the threat away

Render the threat ineffective

Degrade effectiveness

New capabilities that unmanned ASW have the paknti
to deliver:

Autonomous, semi-autonomous and unattended
operation

Sensor netting and cooperative engagement
Swarms of systems, increasing coverage and
providing sensor redundancy

This paper looks at the system trade-offs requied
minimise weight and space and maximise sonar
performance in a littoral threat detection enviremm
Sonar parameters such as operational frequencygesou
level and directivity are assessed alongside malcti

parent vehicle can also be challenging. Hold ak Riay
be a feasible scenario for the application of snall
medium AUVSs.

2.2 Underwater gliders

Besides propelled autonomous underwater vehicles,
there are also ‘gliding’ vehicles that slowly maweough
the water column changing their buoyancy and di&h
These vehicles are optimised for endurance, trading
speed, navigation and payload capabilities. Typicaky
are fitted with few, low-energy sensors and datstésed
on-board, not processed or transmitted back to the
mothership. Although the endurance can be remaykabl
long, it should be noted that their speed is lichitgpically
1 Knot. As with AUVs data transmission is limiteg
being submerged and low power.

2.3 Unmanned Surface Vessels (USV)

Ranging from 2m up to 40m there are a vast array of
USV emerging onto the market for multiple autonosiou

aspects such as payload size, deployment\recovery,qiam roles. At the small, energy harvesting efnithe

mechanisms and platform endurance. Acoustic senso
options are considered, giving a choice betweerivAct
and Passive systems. The possibilities offerecuosent
small and unmanned systems and sensors are expiored
the context of the trade-off space for unmannedelss

2 What unmanned systems offer ASW
capabilities?

Unmanned maritime platforms range from small, low
cost systems that network together as swarms/scoads

arket similar limitations as for AUVs apply around
power, payload and speed. At the largest size of US
endurance, power and payload become close in dapabi

to traditional assets but the flexibility to forvadaransport

by land, sea and air is lost. There is also anraent that

a platform of comparable size to a frigate coulchisde
unmanned. At this size the USV would match the aens
capabilities, speed, endurance and sea-keeping of
traditional ASW delivery platforms. However, sueh
large platform will also have the same limitati@rsund

provide wide area coverage, through to large scaleshallow waters, manoeuvrability, flexibility andaate all

platforms (that can be partially manned) capable of
carrying high acoustic power, long range sensotth wi
performance and endurances similar to tradition@a\A
The optimal ASW sonar solution will harness thedjis
that unmanned systems bring, including:

flexibility; transportability; low costs; covertngs
safety and efficiency,

whilst still offering operationally viable ASW that
requires:

wide area coverage; persistence; low FAR; detection
and classification; tracking; methods of respoosa t
target (defensive/offensive) and self-protection..

2.1 Unmanned/Autonomous Underwater Vehicles
(UUV/AUV)

AUVs are seen to have great potential for military
applications, reducing risk to manned forces, alhaw
access to previously inaccessible areas, perforoongrt
operations, and providing force multiplication. The
potential to launch AUVs from a submarine is a ueiq
feature that could be used in some scenarios.

AUVs are successfully used in MCM operations [4]
however currently available AUV technology is geaiigr
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costs.

Driven by MCM, there is a medium class of USVs tat
10-13m in length that offer:

Useful payload capacity — 2-4 tonnes

Endurance 12-48 hours

Speeds: transit >20knots, operations 5-10knots
Launch & Recovery from mothership/shore and
land/sea air transportability — 10-15 tonnes all up
weight

Shallow water operation and manoeuvrability

High bandwidth comms

Operation up to 60NM from safe haven

Manned and unmanned operation options.
On-board power 10kW- 20kW to drive sensors and
comms

Cost effective in both capital procurement and
manning

2.4 Sensor Options for USV/UUV/AUV

Sonar sensors are typically either hull mounted or
towed off-board. In order to be effective an admus
sensor must be located below the waterline, ideally
permanently, be physically large enough to provide
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useful array gain, be located where receive flogexdue
to water passing over the sensor is not limiting ae

Deployed & Mobile Sensors

For non-covert operations, USV active sonar systems
should bring a step up in detection ranges comptoyed

separated from the noise and cavitation from the passive but sensor systems still need to be sasted

propulsion system. It is difficult on a smaller USwid
AUV to find a mounting location on the hull that ete
any of these criteria when the USV or AUV is undayw
therefore towed off-board sensors are generallgidened
the most suitable solution.

To detect today's quieter submarines passivelyiregan
array design with characteristics that drive largaher
than smaller aperture length and diameter. The siz
diameter of the acoustic aperture that is requvedthieve
useful sensitivity, within the likely bandwidth ofterest,
affects drag that in turn affects vehicle enduraaod
controllability. An option is to use large quaig# of small
passive sonar systems to cover an area, for thisrthed
to be low cost. With this solution comes logistic
challenges of launch and recovery and the quesfibow
gathered data is transmitted and managed. ASWbens
currently require an operator in the loop to previd
detection performance. Passive sonar systems esquir
greater skill level to interpret data and ident#ggets from
sonar Time-Bearing and LOFAR displays. Automated
contact followers are available but the presencemafy
contacts, such as in commercial shipping lanes;adieg
performance and progress has been limited in radubie
reliance on highly skilled operators.

Active sonar systems provide more consistent agaret
contact data, particularly in cluttered environnseand
thus offer greater potential for automation. Opanstor
expert systems are typically presented with autmaidy
generated tracks, and their role is to monitor thiaek
behaviour to filter out unwanted tracks and highlithe
threat-like ones. The operating frequency is afeeyor
in determining the detection performance, acoystiwer
requirement, size and tow load of the sonar. Lowegro
small platforms like AUVs have been deployed wittpha
frequency active sonars for mine hunting [7], but
operational ranges are rarely suitable for ASW.wé&io

sufficiently to provide the acoustic power needed f
viable ASW roles; this limits their potential foise on
AUVs, gliders and small USVs. An AUV could carmy a
active sonar source (free flooded ring transducer f
example) but it would be fitted outside of the Alitself,

for example at the underside of the AUV hull, tmiav
internal reflections. However, this external moogtuill
increase the hydrodynamic drag of the vehicle aoddce

its endurance and speed; its ability to be subrearin
launched will also be compromised.

Medium and large USVs can be fitted with activerseu
dipping sonars or towed active source, towed passiv
arrays, depth sounders and effectors like a torpedo
launcher, countermeasure launchers or other expénda
sensors. All off-board towed systems will requs@me
form of handling or deployment system that enaldess
transit to the search area before deployment o$¢neor.

A dipping sonar usually needs to be stationary sthil
deployed to ensure a stable acoustic aperturenignit to
sprint and drift operations where the sensor isaitable
during sprint. USV dipping sonars have been fotmd
have lower area coverage overall compared with & US
towed array sonar due to the need to be statiomagn
sensing combined with its comparatively lower ditec
range [8]. A hydro-dynamically stabilised towedstm
provides greater flexibility as it allows patrol peebility
whilst the system is deployed as well as the gbtiit
conduct classic sprint and drift.

Considering these available options and the custaie
of the art, we conclude that a medium sized US\in(10
13m) with an endurance of 12 to 48 hours fittechvein
active towed sonar system offers the optimum traftief
unmanned vehicle and sensor system combination for
utility in ASW. This solution will provide continues
detection, classification and localisation (DCLjurther
trade-offs within the sonar solution space are oaven

frequency active sonars have been favoured on ASWithe following sections.

frigates due to the long range detection posgimslit
because sound absorption in sea water is dependent
frequency. However, this generally comes at theepof
large acoustic projector and larger receive apenith a
high weight, size and power demand. Scaling upsire
of the USV to accommodate a lower frequency sorey m
be the answer for independent blue water ASW oozt
effectively replicating the capabilities traditidlyeoffered
by an ASW frigate. It is a relatively expensive gmn
however and does not necessarily address thealittor

shallow water challenges and loses some of ther othe

benefits of a smaller USV such as mobility and
transportability for rapid redeployment. A tradé toffind
the most suitable active operational frequency bend
clearly required, which is discussed further in thext
section.
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3 Key Characteristics of USV ASW Sonar

3.1 Operational Frequency, Source Level and
Directivity

The size and weight constraints of the acoustic
transmission system are a key factor in determiniveg
overall system solution. In general terms, for segi
frequency and projector type an increase in sdercs of
3dB implies at least a doubling in weight and f¢he
projector and associated power amplification. Sinhyl
for a given source level an octave move lowerégfiency
implies at least the same increase in weight azrel sThe
methodology and analysis utilised during the assens
and trade-offs of low frequency active sonar systenthe
early nineties [9] remain broadly valid when comesidg
USV based sonar systems, but the severe size agtitwe
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constraints lead to a quite different conclusiothwegards

to the choice of the optimum frequency and souewell
For example, the curves in ref [9] figure 7, shdve t
nominal source level required for asonarto achieve
detectionat a specifiedrange, as function of frequency.
These graphs usthe standard active sonar equations,
detection theory and assumptions for noise and@téeon
described in [10].

As a typical rule of thumb for a keen, weight-opted
design, the designer would likely choose an opegati
frequency close to, but just beyond, the upwand iiany
given absorption curve. If designing a systemdaieve
significant detection range in open water, uncemséd by
troublesome coast lines and sea mounts, one ciy &=

the argument for designing to a lower frequency and
scaling up the size and weight of both the sondrteost
platform accordingly, but this would tend to moweaway
from what can be practically integrated into thedinen
class of USV discussed earlier. However, in shaltow
littoral water where extremely complex acoustic
propagation and reflection conditions are in playis
discrimination and flexibility, rather than detemtirange
that becomes the key design parameters.
frequency sonar would seem a more suitable sefefiio
this environment and is certainly more optimised do
medium sized USV platform. Furthermore for a given
frequency one can clearly see that increasing sdexel|

to achieve greater detection range suffers frorava df
diminishing returns due to absorption loss and
reverberation, so the extra weight gain from power
amplification and additional projectors again mayriot
worth the extra calories.

The directivity of the receiver array is determingdthe
size of the acoustic aperture and the frequenopefation

by the spacing and configuration of the hydrophones
Assuming a neutrally buoyant towed array, the dsg
determined by the length and diameter of the arfeor. a
given frequency of operation, the longer the leragftthe
array the higher the value of directivity achievethus,

for a given array length, as the frequency is iasegl so
the directivity is improved.

When the array is not deployed its dry weight beesihe
issue as it needs to be accommodated within theelies
payload capacity. Therefore a very long, densalkpd
receive array is undesirable.

To recap, our weight optimised ASW solution sui¢atar

a medium sized USV would be operating in the medium
frequency range at relatively low source level witide
bandwidth and with a relatively short receive array
optimised for active detection. It is worth higjhiting
that traditional bow or hull mounted sonars tyfigéitted

to larger ASW vessels are often designed with tisasee
broad characteristics however we have earlier disteul
mounting the sonar to the hull of the USV due tocsons
over flow-noise and self-noise, as well as space
constraints, and instead favoured a towed varidbfgh
arrangement. This variable depth arrangement msy al
Copyright © ATLAS ELEKTRONIK UK Ltd 2019
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provide advantages in exploiting the acoustic emvirent
compared to a hull mounted sonar, which will bel@xgd
briefly in the next section.

3.2 Outboard Characteristics

A USV deploying a variable depth towed sonar gives
flexibility of continuous operation with the sonar
deployed; in this case the speed will be limitedtimge
main factors:

i. The tow capacity of the USV with the tow body
deployed to an operationally useful depth.
Endurance also comes into play here as the USV
needs to be operating at an efficient fuel usage
rate to provide mission endurances in the range of
12-48 hours;

The flow noise effect on the receive array;

The mechanical strength of the tow winch,
connectors and cabling when there is a need to
also keep system weight as low as possible.

Typically the operator of an active variable deptmar
will seek to place the towed body at the best [bssiepth
within the vertical water column to achieve the mos

A mediumayourable acoustic conditions to detect the thr&ats

will be dependent upon the sound speed profile taed
likely threat depth, but will often be as deep [iuss
subject to the water depth, in order to be beloe th
thermocline if one exists as shown in figure 1 ides to
have an opportunity to exploit the so called “SOFARct
[11]. This is particularly important in tropicaliclates
where the isothermal layer is often very shallow sands
to limit detection coverage at shallow depths.

The towed body needs to be deployed at the “idéetith
for acoustic detection conventionally taken to behe
transition between the thermocline and the deegrjdkis
depth differs in the various seas and oceans efést.

Temperature Speed of Sound
————

Sea Surface

Isothermal Layer

Thermocline

~«—yydog—

Deep Layer

Figure 1, Idealised temperature / depth and velocity /
depth profiles

Maximum depth for a given tow scope will occur at
minimum speed through the water such that the sonar
hangs close to vertically below the vessel. Asdpeed
increases, which may be operationally essential,tov

will tend to stream further behind the vessel amderto a
more shallow depth determined by the weight and dra
the tow system. This may not necessarily comprothise
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acoustic attributes of the sensor provided it isigieed
hydro-dynamically such that the required horizorstat
vertical orientation of acoustic sensor is not gigantly
altered. However the change in depth may affect
significantly the acoustic propagation conditioss,there

is a clear trade between operational patrol speetl a
achievable depth. The trade-off extremes are mggthby
very careful attention to the drag, weight and deard
forces applied to the tow with the ideal being stem that
tows vertically down at all speeds. The downwardé is
not easy to achieve with a simple line array aediftimal
solution is considered to be a low drag hard bbdwusing
the active transmit system, with a horizontal reeeirray
attached to the rear. This solution comes aeipense
of an increased drag force normal to the tow cakléch
translates to higher drag at the USV, and therefoee
effect on endurance has to be carefully considered.

Alternatively, the USV can transit at a higher speethe
search location and only then deploy the tow totldep
whilst stationary or at very slow forward spee@khots),
limited effectively by either the tow cable lengthd/or the
available water depth. This ‘sprint and drift’ &ymf
operation is similar to a dipping sonar. In cobeiaters
the available water space would rarely be gredtan t
200m, so to limit weight a maximum cable lengti200m
would seem appropriate.

There are however practical issues with towingeay Yow
speeds. The tow may snag or wear on the vessed ezl

become hydro-dynamically unstable and unpredictable

due to the lack of flow. Careful consideratiortio USV
propulsion and the deployment mechanism can elimina
these issues.  Furthermore, in wind driven waves t
slack-snatch loads on the tow system are at thestm
severe when the tow is near vertical, which caigdiatthe
handling system and tow components, particulasyttiw
cable. Strengthening the handling systems and tow t
accommodate these cases again drives either weight
possibly expense if lighter materials or more canpl
fabrication is required. The slack-snatch loads aso
severely affect stability of the USV unless cargful
considered in the vehicle design and deploymenhaoukt
otherwise the range of sea states in which theesysan
be used may be severely constrained. The rolasstife
the catamaran hull, for example, to surge, headesamy
provides significant advantages.

At the other extreme, a patrol high speed throbhghnater
may be operationally desirable if, for example,aarier

patrol is being performed or if the vessel is reggito keep
pace with a larger flotilla. This also drives adgebetween
weight and propulsion size, endurance (considetimeg
weight of the additional fuel) and tow strength.

Another active transmitter option is an in-line ieet
source offering lower drag, lower weight and fulbglable
deployment, which are on the face of it considerabl
advantages, but with two main disadvantages:
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1. omni-directional transmissions are not possible
meaning it either takes at least three times ag fon
achieve 360° search coverage, or the system is
limited to searching in only specific directionsaaty

one time.

The lack of a natural depressor limits the operatio
depth that can be achieved for a given speed and to

scope compared to a hard body solution.

2.

3.3 Detection, Classification and Localisation

(DCL)

The primary requirement for ASW is the DCL of
underwater threats and key to this is the operakion
frequency and resulting detection range of the isokide
have already discussed that the very large, loguizacy
sonars deployed from primary ships are not suitéire
medium sized USV and concluded that medium frequenc
may be an optimal range to aim for; what perfornesared
compromises does this offer?

3.3.1 Detection Range

The Figure of Merit provides a measure of the gbdf an
active sonar to detect a signal in noise. By egippa
medium frequency, it has been shown in sectionaBd

3.2 that the sonar can be more compact and thus
deployable and towable from a USV whilst still piding
useful detection ranges. An ideal performance iih w
vertically arranged transducers providing omni-clinal
transmissions; the size of which is in proportiorthat of

a 10-12m USV.

3.3.2 System False Alarm Rate and Miss Rate

The System False Alarm Rate (FAR) and Miss Rate)(MR
effectively measures of the rate at which the ASW
Operator reports an incorrect threat classificatiecision

up the chain of command. Operator classificatiaygpan
important part in interpreting and filtering thetput from

the sonar automatic tracking detection process.
Complementary sensor data and situational infoonat
expected to be available to the operator to alldurther
improvement in these parameters.

In practice FAR and MR are dependent upon:

a. The operational environment — the use of
unmanned ASW systems in shallow and nosier
waters will make interpreting and filtering the
output more of a challenge. New tools will need
to be developed to aid operators in classification.
The operator competencyinclusive of skill and
training — The ASW picture from unmanned
systems will be more complex due to the
increased numbers of systems and sensors
collaborating to search the area, and the resulting
need to ‘mesh’ together the data. Automatic tools
and Al will be key to supporting operators in the
future.

The operator's workload including the

ergonomics of the system displays and fatigue -
Even in cases where small ASW platforms are
manned by 2-4 crew, it is expected that the sonar
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data will be transmitted off-platform in real-time
to sonar operators at a central command location,
on ship or shore. Automatic tools and Al will be

key to supporting operators to manage and e.

analyse the sonar images.

d. The effectiveness of the sonar trackingn
bringing to the operator’s attention those tracks
that are behaving in “a threat-like” manner and
suppressing others. Tools for this purpose will
need to be tuned and trained to pick out tracks in
congested and noisy environments and to resolve
data about the same track coming from multiple
sonar contacts.

e. The sensitivity of the sonarin detecting and
displaying to the operator signals above noise -
By employing medium rather than low frequency

Deployed & Mobile Sensors

been detected, if it does then speed up to evade
tracking the aims of ‘Constrain freedom of actiand
‘Scare the threat away’ have been achieved.

The Investigate and Prosecution time — With a small
number of USV sensors deployed, operators may face
a reduced time for investigation and prosecutioa du
to the more limited detection ranges. That said, i
shallow, nosier waters a medium frequency sensor
offering wider bandwidth is likely to have greater
discrimination improving the effectiveness of the
tracker making the operators job easier. As the
techniques for sensor netting and cooperative
engagement in ASW mature this will further aid
operators and enhance investigate and prosecttion o
the threat.

the performance in noisier littoral environments 3.3.4 Localisation Accuracy

may be improved but as a result detection rangesThe localisation accuracy determines the accuraitly w
are shorter. Multiple unmanned ASW system can which the system can direct the investigation and
be employed to work collaboratively to give the prosecute team to the threat. The required lodaisavill
required signal above noise across the searchdepend strongly upon the required cueing accurtlyeo

area.

3.3.3 Expected Time to Classification

The speed at which the system, including the operean
classify determines the speed at which an opeiedaor
investigate or prosecute the threat. The time reduio
react is based upon:

a. The likely range from the sensor at which the ahiti

effectors that will be deployed against the threat.

A key difference in the command chain when usingyUS
ASW is that the investigating operator is not ccal@d
with the sensor and may not be co-located with the
prosecute team. Although it is possible to deliseme
prosecution weapons from an unmanned system (light
weight torpedo for example), prosecution may alsme

detection occurs. For USV borne sensors, thiseang from a cued major platform or aircraft. To bendfdm
will be shorter than for traditional LF ASW sensors the potential of unmanned ASW a clear command

giving the operator less time to investigate aratte

structure and reliable, secure communications oflarare

The ASW net can be widened and detection achievedneeded.

earlier by deploying the unmanned system furthér ou

or, increasing the number of systems. Limitatioms

The localisation accuracy that can be achieveti&gonar

communications ranges can be overcome with the usds dependent upon a wide range of random factods an
of mesh networks and Unmanned Aerial Vehicles fixed biases such as:

(UAV) data relays to achieve high bandwidth
communications beyond line-of-sight. The more cost- «
effective each system can be made, the more sealabl «
and therefore capable the overall coverage becomes,
provided that each USV can made sufficiently ,
compact to be readily deployed from the protected ,

« Signal to Noise Ratio (SNR) of the detection,

transmit timing synchronisation,
range of the detection,

beamwidth (or bearing resolution),
range resolution,

tracking accuracy,

assets in sufficient numbers.

b. The separation between the USV and the protected:
asset. Here the effectiveness is measured by thqncre
endurance and speed of the USV. The faster that th

USV can transit to the required patrol location &rel
longer it can operate at that location the gretter
separation that can be maintained.

track stability, and

locational accuracy of the sensors.

asing the bandwidth can improve the rangduésa

and longer receive apertures can improve bearing
resolution.

c. The threat weapon effective range. This range4 Wider Considerations for Adopting
essentially reduces as the combined effectiverfess 0\ ynmanned ASW

and b. increases.

d. The threat speed. The underwater threats have thel 1 Mission Planning for USV ASW

potential to outpace an unmanned ASW system. At

initial detection the threat is likely to be tralied
slowly to be as stealthy as possible and thuspead

The aim of mission planning is to make the bestfisiene
and increase the probability of threat detectiomubh

that unmanned systems could detect and track. Byadopting search patterns optimised for the use of

utilising active detection, the threat will knowtias
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prediction of time, trajectory, performance and Typical transit speed (without the sensor deployisd)
effectiveness of completing the unmanned ASW task. 15knots. With the towed body deployed, the systam
operate for up to 18hrs. Re-fuelling and crevation (if

search patterns, sonar type, speed, directioninggroint with the system.

and numbers of systems. Depending on the operational location, the systeeds

The patterns used in traditional ASW are not nergshe {0 be transported into area and launched and reedve
most effective when employing unmanned systems,from a transport/mother ship or from shore. At 12-
particularly as there are likely to be a higher bemof ~ 15tonnes, this class of USV has been designedtto fi
UxVs involved in a single search. The factors tmast ~ €Xisting boat bays and is suitable for launch awbvery

greatly influence the search pattern are: by davit or stern ramp. Initially existing platfos will
need to be employed, which have been shown capéble

USV Speed speed has a direct bearing on endurance ofcarrying two to four 11m USVs. In the future new
the USV (via fuel/power consumption) and on thes#ltr  platforms, specifically designed to forward deliver
detection range. unmanned system into theatre will be introduced vait

. much greater capacity.
Sonar Type The current market choice of sonars for

USVs is dipping vs towed, leading to two very diéfet
search methods. Dipping employs sprint & drifoaling
very fast transits but with the platform stationatyen the 4.3 Non-equipment enablers

sonar is deployed. Towed arrays offer continumrsas The introduction of a new method for delivering ASW
operation but at reduced speeds. will have significant impacts across the non-equépm
aspects of operations. Operational experimentatiadhe
UK and overseas would demonstrate the wider benefit
realised through using unmanned ASW mission package
The key focus of investigations and developmentukho

Number of USVs the number of systems available to
search the area and their ability to collaboratehaive the
greatest impact on the time to search. Multiplstesps
will have different start points and may overlagith

search areas to increase probability of detection. be:

» Defining target organisational structure to include
Evolutive type search pattern, shown in figure ging unmanned systems usage in the ASW component of
more than one USV with a towed sonar, have beewrsho the warfare branch and developing concepts, dectrin
to be more effective that than ‘sprint & drift’ witdipping and tactics to transform ASW capability.

sonar [8]. e Conducting a full manpower assessment of numbers,

types and skillsets of personnel required for ojpema
and maintenance of unmanned vehicles and how
these can be achieved within the existing liability
structures and numbers.

» Assessing the cost savings associated with a mixed
| | traditional and unmanned ASW force.

e Conducting operational profiling activities to
understand the numbers of systems required to
maintain availability on task and deriving

infrastructure requirements for unmanned ASW
systems, to cover storage, maintenance, trainidg an

(e) evolutive search

Figure 2, Evolutive search pattern.

4.2 Logistics administrative infrastructure.

The logistics in operating unmanned systems imposes* Learning lessons of equipment performance in
limitations on how capable they are in achieving th different environmental conditions and
expected performance. These limitations includel fue understanding information assurance, exchange
consumption (endurance), maintenance, system launch requirements and issues associated with ‘smar’ off
and recovery, sensor deployment and communications. board systems vulnerability.

USVs can operate safely at distances of up to 66iéi

a base port or ship (safe haven), when crewed, in4.4 ARCIMS-SeaSense Underwater Threat

accordance with Maritime safety guidelines. As an Detection

unmanned system, the current achievable line ditsig ARCIMS-SeaSense is a market ready example

communication range for the high data rates nedded unmanned ASW USV solution that uses an Active Towed

operations is driven by achievable base statiort h&ght Array Sonar System that provides the capabilitgetect,

and radio power. classify and locate underwater threats such as atbes,
mini-subs and large diver delivery vehicles fromldm
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USV. The Sonar System has been specifically carig) [8] V. Diaz Charris, J.A. Contreras Montes, “Design and
to provide a simple and flexible capability for oaons development of route planner for Unmanned Surface
within shallow and warm water, but it is highly edyte in Vehicles”, Ship Science & Technology, 11 (21), July

colder or deeper waters also. 2017

[9] G.D. Tyler, “The Emergence Of Low-Frequency
ARCIMS has been designed by AEUK as medium surface  Active Acoustics As A Critical Antisubmarine
vehicle to enable manned or unmanned operationts wit Warfare Technology”, Johns Hopkins APL Technical

minimal operator intervention. The ARCIMS-SeaSense Digest, Volume 13, Number I, 1992
system deploys a towed acoustic source and a towed (https://www.jhuapl.edu/techdigest/views/pdfs/V13_
receive array operating in the medium frequencydban N1.../V13 N1 1992 Tyler.pif

[10]1R.J. Urick, “Principles of Underwater Sound”, 3rd
The active source can be deployed at variable degttd Ed., McGraw-Hill, New York, 1983.

allows the selection of pulse bandwidth, duratiand [11]R. Benjamin, “Scientific and Technological Problems
source level. High Source Levels can be achieved in Undersea Warfare”, Journal of the Royal Naval
although, at shallow deployment depths, lower s®urc Scientific Service, Jan 1968

levels need to be selected to avoid the risk oftaton.

A modelling study was carried out on ARCIMS-Sea®ens
in 2018 that looked at the ability of the systenptotect a

task group in three scenarios against a threat ariben Author/Speaker Biographies
For all three scenarios employing more than onéesys
provided useful performance. Ewan McCutcheonis an engineer with over 30 years

of experience working in maritime defence. During h

. career he has contributed to the development alncde

6 Conclusions into service of high performance ASW sonar systeut$
It is concluded that a slimmed down Active sontied as the Sonar 2087 Variable Depth Sonar delivergtido

to a compact surface vessel capable of either maone UK Royal Navy and the Integrated Sonar System deid
unmanned operation can be an attractive and viablel® the Royal Australian Navy's Air Warfare Destroyde
solution for several ASW scenarios in its own right 1S currently the System Design Authority for the b
Furthermore the solution could also act as a kaplen ~ ARCIMS-SeaSense Capability.

for those small low cost systems and an integrdiitg ) . . .
with the wider force. Tina Haggett has a wealth of experience in assessing

markets and instigating technology solutions in@M
This study indicates that ARCIMS-SeaSense hagyuitili and ASW domains. She is currently Product Manager
providing a portable and scalable ASW barrier for within the AEUK Surface Ships division with
operations where the need to remain covert isetptired. responsibility for bringing their global ARCIMS-Sganse
ARCIMS-SeaSense could be deployed singularly or inand ARCIMS-MCM solutions to the market. Tina is a
multiples, and as a system of systems with othe?W/AS contributor to the NIAG 232 Study on the Utility of
assets. Unmanned Vehicles in NATO ASW Operations.
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