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■ Smooth SeaS for SwediSh SubS

Hakan Buske, Saab president and chief executive 
officer is bullish about the export prospects for 
the company’s ‘A26’ class of conventional hunter-
killer submarines which are currently under 
construction for the Marinen (Royal Swedish 
Navy). 
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THIS MONTH ON ARMADAINTERNATIONAl.COM

■ Patria amV-28a

Patria has announced that its AMV-28A eight-
wheel drive armoured vehicle has completed 
testing and is ready for production. 

■ New turretS for LaV-at

The US Marines’ are exploring new turret options 
for their LAV-AT vehicles.

■ CV-90 ifVS for the CzeCh army

The Czech Army is being offered a locally-
produced CV-90 Infantry Fighting Vehicle (IFV) as 
confirmed to armadainterinational.com by a BAE 
Systems spokesperson.
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Editorial

ThomAs WiThingTon, 
Editor

kingdom to kingdom

The United Kingdom ruled on 10th 

July that British arms exports to 

Saudi Arabia are lawful, follow-

ing a legal challenge by the Cam-

paign Against the Arms Trade 

(CAAT) non-governmental organisation. 

Arms sales to the Kingdom have come under 

increasing scrutiny in the UK in recent years be-

cause of two distinct factors; Saudi Arabia’s in-

volvement in the ongoing civil war in Yemen, and 

the Kingdom’s alleged sponsorship of political 

violence. The case brought against the UK, which 

remains one of the largest exporters of arms to 

Saudi Arabia, saw CAAT argue that the British 

government had acted illegally given that the 

United Nations (UN) has accused the Kingdom 

of committing war crimes during its involve-

ment in the conflict. According to publicly avail-

able figures, the UK has performed arms exports 

worth $4.7 billion to Saudi Arabia over the past 

three years, and British platforms such as the 

Eurofighter Typhoon family fighters which the 

UK sold to the Kingdom in 2007 as part of the Al 

Salam deal concluded between the two coun-

tries, have been used in the war. UN accusations 

of war crimes include Saudi Arabia’s bombing of 

a funeral in the Yemeni capital of Sanaa, said to 

have killed 114 on 8th October 2016.

Alongside its involvement in the Yemeni 

civil war, Saudi Arabia has been accused of being 

a leading sponsor of political violence in the UK 

and elsewhere. On 5th July, the London-based 

think tank, the Henry Jackson Society, released 

a report alleging that the government of Saudi 

Arabia and charities based in the Kingdom spent 

$4 billion on promoting strict conservative Wa-

habi and Salafist strands of Islam worldwide, 

with mosques and religious schools being target-

ed in the UK as conduits. Some experts on Saudi 

foreign policy state that such efforts are the 

result of Riyadh’s bid to stem the export of the 

Shiite branch of Islam by its regional archrival 

Iran. Saudi Arabia’s efforts could now be playing 

out on British streets with attacks blamed on the 

Islamic State of Iraq and Syria (ISIS) insurgent 

organisation being performed at a concert in 

Manchester, northern England on 22nd May, and 

in central London on 3rd June. 

While there is little doubt that Saudi Arabia 

is a major market for British arms, the country’s 

behaviour is opposed to British interests. The 

UK’s exports of arms to the Kingdom makes it 

complicit in a bitterly divisive conflict in Ye-

men which, broadly speaking, is pitting Shia and 

Sunni Muslims against one another, and indi-

rectly Iran against Saudi Arabia. The UK needs 

to maintain friendly relations with arguably the 

two most powerful nations in the Persian Gulf, 

and ending its involvement in the conflict by 

refusing future weapons sales to any belligerent 

would be a step in the right direction. Secondly, 

arms sales to the Kingdom should be contingent 

on Riyadh cracking down on any sponsorship 

of political violence from its territory, lest that 

sponsorship results in blood being spilt on the 

UK’s streets.
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Stephen W. Miller

WHEELS OF 
FORTUnE

The Puma utilises 
advancements in 
optronics and digital 
data distribution to 
enhance survivability 
by locating the entire 
crew in the vehicle hull.
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There is growing recognition that protecting soldiers while providing tactical mobility under fire is 
critical to battlefield success not only in conventional conflicts but also in counter-insurgency, security 
operations, peace enforcement and peace keeping. 
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This recognition has generated 
a renewed emphasis on 
Armoured Combat Vehicles 
(ACVs). As a result militaries 
worldwide are improving their 

ACV fleets which broadly include Armoured 
Personnel Carriers (APCs), Infantry 
Carrier Vehicles (ICVs), and Infantry 
Fighting Vehicles (IFVs). The rise of the 
mine and Improvised Explosive Device 
(IED) threat, as witnessed during recent 
US-led operations in the Iraqi and Afghan 
theatres, and the increased lethality of not 
only infantry weapons but also mortars 
and artillery have driven improvements to 
ACV protection and survivability. Advances 
in sensors, data processing, information 
sharing and on-platform and cross-unit 
networking herald the introduction of 
faster and more thorough situational 
awareness in newer combat systems.  These 
programmes are being pursued on two 
paths, via the modernisation and upgrade 
of existing fielded ACVs or the development 
and acquisition of new systems. Both 
approaches are able to draw from the 
same technological areas to improve 
survivability, mobility, lethality and 
situational awareness.

Improvements in protection have 

benefited from new armour materials 
offering higher protection while affording 
lower weights compared to legacy designs. 
In addition, new approaches like shot 
detection and Active Protection Systems 
(APSs) for anticipating and defeating attack 
have been introduced. Meanwhile, finding 
and targeting threats has been enhanced by 
the latest optronics with higher resolution, 
day and night, and all-weather capabilities. 
These are coupled with new electronics, 
digitalisation and computer processing 
that takes data from on-board and off-
board sources and integrates, networks, 
and shares it thus multiplying its value 
and utility across the manoeuvre force and 
beyond. Mobility has been increased via 
hydro-pneumatic active suspensions and 
more compact, higher power-to-weight 
ratio power pack designs. So how have these 
advances manifested themselves in fielded 
ACVs? What are their capabilities? How 
have they been applied? This is best defined 
by studying their application within the 
APC, ICV and IFV domains. 

IFV vs. aPC/IFV
The IFV combines attributes for mounted 
fighting, including engaging opposing 
ACVs with the ability to carry and deploy 

dismounted infantry. Doctrinally, the IFV 
typically operates in concert with Main 
Battle Tanks (MBTs) but also increasingly 
operates independently, as witnessed in 
the Afghan and Iraqi theatres. The APC/
ICV, on the other hand, seeks to maximise 
the number of dismounts and carries 
armament, typically a heavy machine gun 
or automatic grenade launcher for self 
defence and for providing supporting fires. 
Although both seek mobility equal to that 
of the MBT it is protection and firepower 
that often differentiate the IFV from the 
APC and other ACVs. This maximisation of 
protection and firepower often translates 
into a higher IFV combat weight. The 
typical IFV weapon system today is 
increasingly a 30mm, 35mm or 40mm 
autocannon. These guns have fire control 
systems equivalent to MBTs such as high 
resolution optronics, laser rangefinder and 
panoramic commander’s viewers; ‘hunter-
killer’ capabilities that are increasingly 
viewed as essential. Many IFVs are also 
equipped with Anti-Tank Guided Missiles 
(ATGMs) allowing them to provide anti-
armour fire.  The IFV is capable of engaging 
and destroying similar IFVs with precision 
fires at ranges of circa two kilometres/km 
(1.2 miles) even while moving and up to four 

Among the candidates being 
offered for Australia’s Land-
400 programme is the Lynx 
design which can carry eight 
infantry dismounts.
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kilometres (2.5 miles) when using ATGMs.  
The APC/ICV, though often outfitted with a 
weapon stabilised for on-the-move firing, 
provides more of a suppressive capability 
within a two kilometre range.

One benefit of larger calibre weapons are 
their use of new programmable ammunition 
with enhanced lethality against a broad array 
of targets. These projectiles automatically 
programme the projectile to detonate in such 
a fashion as to best defeat the selected target 
as the projectile leaves the barrel. They are 
more effective in countering ATGMs and 
infantry ATGM teams, dug-in positions, 
troops in defilade and urban targets. To this 
end, programmable ammunition can place 
a hive of deadly pellets on an ATGM team or 
detonate behind obstacles. Similarly such 
ordnance can penetrate a wall exploding 
inside a room. Attack helicopters and even 
Unmanned Aerial Vehicles (UAVs) are 
also vulnerable to these new munitions. 
Ultimately, programmable ammunition 
offers deadly teeth to complement the 
all-seeing eyes offered by state-of-the-art 
optronics.

The key objective of the IFV and APC/
ICV is to safely carry dismounted infantry 
to where they can deploy. MBTs require 
close support for rooting out opposing 
dug-in infantry and engaging hidden anti-
armour teams in urban and close terrain. 
As threats have increased, increasing 
the survivability of the IFV and APC/
ICV has been a major focus for vehicle 
manufacturers. For both, passive protection 
remains critical with advanced composite 
and multi-layered armour being applied. 
However, new reactive armour suitable, at 
least, for IFVs and the refinement of both 
active and passive countermeasures for 
both IFVs and APC/ICVs are increasingly 
being pursued as valuable options. 

The idea of adding armour has evolved 
to a philosophy of ‘designed in modular’ 
armour. Here the vehicle and its armour 
package are designed from the outset to 
accommodate various levels of protection. 
Modules may be fitted as necessary for a 
deployment or mission. The concept allows 
for the realisation of ACVs light enough 
for air transport to operate in areas with 

road and bridge weight limits, or with 
moderate threats which are still able to be 
‘up-armoured’ even to near-equivalent 
MBT levels. 

The technology making the greatest 
contribution to increasing the capabilities 
of the ACV (as in many military areas) is in 
electronics. Day, night and limited visibility 
optronics; panoramic multi-spectrum 
(visible and infrared) detection and target 
acquisition; acoustic shot locating and 
laser warning sensors have extended the 
collection of information on the ACVs 
surroundings. On top of this there has been 
a many fold increase in the capability to 
distribute this information both within 
the vehicle and between platforms and 
across units.  Together these advances 
have the potential to offer unprecedented 
situational awareness. 

PRogRammEs
These advances have been incorporated 
into a number of recent IFV programmes. 
One of these is the Puma jointly developed 
by Krauss-Maffei Wegmann (KMW) and 
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Rheinmetall and first fielded in 2015. Its 
configuration places the commander, 
gunner and driver in the hull with a six 
soldier dismount section and a remotely 
controlled Rheinmetall MK30-2/ABM (Air 
Burst Munition) 30mm autocannon and 
coaxial machinegun. It has panoramic 
target acquisition, digital primary 
multispectral sights/fire controls, and 
all-around perimeter cameras. Data 
networking distributes information to all 
positions including the embarked troops. 
The Puma uses the ‘modular’ armour 
approach with two protection classes: 
Class-A. is the basic configuration with 
30mm (1.17 inch/in) frontal and 14.5mm 
(0.56in) armour for the rest of the vehicle 
giving a 31.5 tonne weight. Meanwhile, the 
vehicle’s Class-C configuration has all-
round 30mm protection with a 40.7 tonne 
weight. Attention has also been given to 
overhead protection against artillery and 
bomblets as well as belly resistance against 
ten kilogram/kg (22 pound/lb) mines and 
IEDS. This modular design also allows 
for easily adding future armour. The two 
companies behind the Puma also developed 
the soft-kill MUSS (Multifunktionales 
Selbstschutz-System/Multifunctional Self-
Protection System) to defeat ATGMs which 
outfits the Heer (German Army) Pumas. 
These vehicles are also earmarked to receive 
the Rafael Advanced Defence Systems’ 
Spike family of optronically-guided 
ATGMs, but as yet the launcher remains 
in development. The Heer  has 350 Pumas 
ordered and will continue to receive them 
until 2020.

The Puma is complemented by the 
ARTEC (a KMW and Rheinmetall joint 
venture) Boxer eight-wheel drive armoured 
vehicle. Originally fielded as an ICV and 
for combat support roles, the vehicle’s 
modular ‘slab’ armour allows upgrading 
its base 14.5mm protection and its payload 
flexibility has seen it provided with 30mm 
weapon stations, for example, as an IFV 
for Lithuania and as a reconnaissance 
vehicle candidate in the Australian Army’s 
Land-400 programme to procure new 
reconnaissance platforms. In the later it 
has been down selected and is competing 
with the combined BAE Systems and Patria 
AMV-35. 

Australia’s Land-400 programme 
also seeks a new IFV and the offers an 
interesting view of current Western 
IFV designs. The Puma is one of four 
IFVs offered as candidates with some 

interesting differences. The Australian 
Department of Defence has issued a 
request for information vis-à-vis the 
planned acquisition and a formal tender 
is anticipated later in 2017. For this 
competition, the Puma is being offered 
with either a 30mm or 35mm autocannon. 
This is likely a response to the competition 
which includes the BAE Systems CV-9035, 
a updated version of the legacy CV-90 
equipped with an Orbital ATK Bushmaster-
III 35mm weapon in a crewed turret, 
capable of firing AHEAD (Advanced Hit 
Efficiency and Destruction) programmable 
ammunition. While 35mm ammunition has 
comparatively more power, compared to 
smaller rounds, the larger round reduces on 
board ammunition storage space. Another 
Land-400 candidate is from General 

Dynamics and based upon the ASCOD-2 
tracked IFV in service with Spain and 
Austria. It is not yet clear which armament 
and turret it may have. Another offer being 
made is by Rheinmetall alone is that of its 
Lynx tracked IFV which appears to use a 
chassis similar to the firm’s Marder tracked 
IFV but upgraded and equipped with the 
company’s Lance 30mm crewed turret.

 The Australian Army has place a 
priority on protection but also indicated a 
strong preference for an IFV that can carry 
eight dismounts. This reflects a desire, often 
expressed by other armies, to maintain the 
infantry squad/section ability to operate 
from the vehicle in two teams. This number 
provides balance, structure and individual 
weapon mix, plus fire and manoeuvre 
capabilities. The ASCOD, CV-9035 and Lynx 

The Boxer, originally primarily 
designed as an APC/ICV and 

mission support vehicle has now 
been outfitted with 30mm and 

35mm RWSs allowing it to meet 
very closely the IFV role.



candidates all claim to offer the necessary eight soldiers. 
The CV-90 IFV continues its record of fielding’s with Estonia, 

Finland, the Netherlands, Norway and Sweden: “The CV-90’s 
success spells design efficiency,” argues Dan Lindell, CV-90 
platform manager at BAE Systems’ Hägglunds division: “The art 
is achieving the best balance of cost, survivability, mobility and 
firepower. Survivability is the most important factor, though this 
must not be at the expense of mobility.” Improvements to the CV-90 
Mk.III configuration fielded by Norway include a programmable 
ammunition capability for the vehicle’s 30mm or 35mm 
autocannon, improved hydro-pneumatic suspension, advanced 
optronics, situational awareness and battlefield networking. 
Norway also added a Kongsberg Protector Remote Weapons Station 
(RWS) to its vehicles. 

Away from Europe, Singapore’s MINDEF (Ministry of 
Defence) confirmed in March 2017 that ST Kinetics will develop 
the country’s Next Generation IFV.  This tracked vehicle stresses 
protection, improved situational awareness and internal vehicle 
and unit coordination. The latter is the product of the digitalisation 
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and networking of vehicle systems.  The 
design places the crew in the hull with the 
driver positioned centre forward, with 
the commander and gunner behind, and 
eight infantry dismounts in the rear.  The 
unmanned turret has a panoramic sight 
for the autocannon anticipated, but not 

confirmed, to be a 30mm weapon,  
plus a 7.62mm coaxial machine gun.  
The first production vehicles are to be 
delivered in 2019.

 Elsewhere, the Russian Army created 
a stir when it showcased three new IFVs in 
its annual Victory Day parade in Moscow in 

2015. The Kurganmashzavod Kurganets-25 
IFV is tracked with the three man crew in 
the hull and is equipped with an Epoch 
RWS outfitted with a 30mm autocannon, 
7.62mm coaxial machine gun, and KBP 
9M113 Kornet-M laser-guided ATGMs. 
The vehicle carries seven dismounts and 
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Modernisation and 
upgrade programmes 

applied to the CV-90 
have allowed it to 

maintain its currency to 
address both the latest 

threats and emerging 
tactical concepts.
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protection is provided by aluminium 
armour with add-on modules allowing 
the level to change for a deployment. The 
vehicle also has a KBP Drozd-2 APS and 
may include ATGM countermeasures. It 
is also designed with hydro-pneumatic 
suspension which can provide variable 

height and ground clearance and swims 
using two waterjets with a reported 5.4 
knots (ten kilometres per hour) speed. The 
vehicle has thus far only been produced as 
preproduction units which appear to be 
undergoing testing with full production 
likely to be several years away. However, the 
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Kurganets-25 is not the only new Russian 
IFV; during the same Victory Day parade the 
VPK Bumerang eight-wheel drive IFV was 
also shown.  It utilises the same Epoch RWS 
as the Kurganets-25 with the crew of three 
and likely seven dismounts. The vehicle is 
understood to share the power pack and 
other components with its tracked cousin, 
and can swim using water jets.

 What is less clear is where Russia’s 
new Uralvagonzavod T-15 Armata IFV, also 
shown at the parade, will be assigned in 

ST Kinetics has developed the Next 
Generation IFV for the Singapore Army 
utilising the crew-in-hull concept and an 
RWS plus optronics providing 360 degrees of 
observation.
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Patria’s AMV has designed the 
vehicle to accept armour upgrades 

and large calibre autocannon 
weapon stations allowing it to 

assume the role of a wheeled IFV.
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Russian army service. The T-15 is referred 
to as a ‘heavy’ IFV, and is based on the T-14 
Armata MBT design. Both use a RWS with 
the three person crew in the hull. The T-15 
relocates the power pack and drives to 
the front of the vehicle, as opposed to the 
rear on the MBT, to provide space for six 
dismounted troops. Since the T-15’s design 
is close to the MBT, it is expected that the 
vehicle’s armour protection is similar, 
and uses Malakhit explosive reactive 
armour. The T-15 also appears to also be in 
preproduction and a full production date 
remains unannounced.

The Bumerang design is indicative 
of a trend observed in the development 
and fielding of wheeled IFVs. This has 
been spurred by the refinement of high 
performance wheeled suspensions 
including pressurised nitrogen hydro-

pneumatic systems. These accept higher 
vehicle weights while offering significantly 
greater off-road mobility and maintaining 
the capability for executing rapid, extended 
road marches. The Iveco Freccia and Nexter 
VBCI designs anticipated this, along 
with the Boxer, Patria’s AMV (Armoured 
Modular Vehicle) and General Dynamics’ 
Piranha-V. Their success is illustrated 
by the Boxer’s fielding by Germany and 
the Netherlands, and its 2016 selection by 
Lithuania equipped as it was with a Rafael 
Samson 30mm turret. Meanwhile Patria’s 
AMV, which has 30mm armoured piercing 
frontal and robust mine/IED protection, 
in January 2016 added the United Arab 
Emirates to its list of customers. A Patria 
spokesperson indicated to Armada that “the 
first of these vehicles were delivered earlier 
this year.” 

Another ongoing ACV program is the 
US Marines Amphibious Combat Vehicle 
1.1 initiative. This initiative is intended to 
realise, as John Swift of the BAE Systems’ 
project team suggested, “a surf capable 
amphibious Marine infantry carrier with 
state-of-the-art ballistic and mine/IED 
protection and situational awareness.” 
Contenders to fulfil this requirement 
include a joint BAE Systems/Iveco team 
offering the SuperAV, and a team involving 
ST Kinetics and SAIC offering the Terrex-2 
eight-wheel drive vehicles. The design is 
expected to carry between twelve and 13 
Marines, with Bernie Ellis, a  programme 
manager at SAIC, confirming that “fitting a 
30mm autocannon as has already been done 
by the US Army for its (General Dynamics) 
Stryker family ICVs is fully possible.” The 
Marines’ vehicle  evaluations are expected 
to continue into 2018 with a mid-year final 
selection then expected for an eventual 
total of circa 225 vehicles.

Where Next?
The direction of ACV development is 
blurring the distinctions between different 
ACV types. The introduction of common 
chassis, RWSs, modular protection, and 
the universality of electronics, networking 
and digital situational awareness are 
contributing to realising the possibility of 
ACVs that can be outfitted to the missions 
and roles of IFVs, APCs, ICVs and others 
using a single baseline design. The overall 
result is that investment in ACVs across all 
categories offer a return in combat power 
and tactical adaptability unequalled in the 
ground warfare arena.

KONGSBERG
KONGSBERG creates and delivers 
high technology solutions for 
people that operate under very 
challenging conditions – on the 
oceans, in the deep subsea, in 
defence, in space

www.kongsberg.com
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In the long history of human seafaring, our species has found ways of harnessing the energy from the 
environment and eking out meagre on-board stores to achieve increasingly amazing feats of endurance, 
sometimes with tragic costs.

Peter Donaldson

Moby Dick 
or reD 

october?

The Wave Glider relies on pivoting foils 
suspended beneath the USV. The wave action 
lifts the module through a stable water 
column and the foil lift vector generates 
thrust. Note the auxiliary propeller. 

For most of that time the vital 
seafaring technology was sail, 
oar and human muscle, not 
to mention the advent of the 
internal combustion engine 

and later nuclear power which also changed 
the face of seafaring. Nevertheless, today 
unmanned underwater and surface ‘gliders’ 
respectively harness changes in buoyancy 
and energy in waves to propel them for 
many months at low average speeds. This 
creates possibilities for a wide variety 
of missions that are beginning to come 
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to fruition, and these different vehicle 
technologies are mutually supportive. 
Although both the buoyancy and wave 
energy propulsion technologies have been 
in use for years, they are still sufficiently 
unfamiliar to make a brief description of 
their operating principals worthwhile, 
before exploring how their missions and 
technology are developing. 

buoyancy for propulsion
All buoyancy-driven gliders become denser 
or less dense than the surrounding water 

by pumping a fluid, usually oil, between 
bladders inside and outside their pressure 
hull. The energy for the pumping action 
usually comes from a battery, but a water 
temperature gradient can provide it, more 
of which later. Changing buoyancy causes 
the vehicle to rise or fall within the water 
column, while the lift vector of the wings 
induces forward motion so that the vehicle 
progresses in a sawtooth pattern, moving 
slowly but economically; half a knot 
 (0.6 kilometres per hour) on half a Watt is 
the rule of thumb. Although some feature 
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generate thrust by pivoting to the angle of 
least resistance. Moreover, the Wave Glider 
can use a combination thruster and rudder 
called a Thrudder, which provides steerable 
auxiliary thrust when waves are very small, 
as in the doldrums, or when currents are very 
strong. When needed, the Thrudder adds 
about 0.5 knots to the Wave Glider’s speed. 

Buoyancy Glider Genesis
With funding from the US Office of Naval 
Research, development of buoyancy-driven 
gliders began in the early 1990s, noted 

Gerald D’Spain from the University of 
California in San Diego (UCSD). He added 
that these vehicles, such as the Spray glider 
from Scripps Institution of Oceanography, 
the Seaglider from the Applied Physics 
Laboratory at the University of Washington, 
and the Slocum glider originally developed at 
the Woods Hole Oceanographic Institution, 
can be hand-deployed by two people. Over 
the last decade or so, they have come into 
much more routine use in data collection for 
US federal and state resource management 
agencies such as the National Oceanographic 
and Atmospheric Administration and for 
the oil and gas industry, he pointed out. They 
have also been equipped with a wider variety 
of small, low-power sensors and with small 
computers running autonomous algorithms 
that can make independent decisions based 
on information collected by on-board 
sensors, he added. 

While other missions beckon, the 
principal naval use of buoyancy-driven 
gliders remains oceanography, which over the 
last decade or so have benefited greatly from 
advances in worldwide command and control, 
improvements in real-time data transfer, 
additional sensors and extended mission 
life, according to a spokesperson for the US 
Navy’s Naval Meteorology and Oceanography 
Command (NMOC). The US Navy owns more 
than 100 gliders, the world’s largest fleets, 
most of them produced by Teledyne Marine.  
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Liquid Robotics’ Wave 
Gliders are ready for 
deployment. These 
highly-persistent AUVs 
undertake roles including 
acting as gateways 
between underwater 
systems and the rest of 
the world via acoustic 
modems and SATCOM.
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The Seaglider dives to start a 
mission. Sensors include a Sea 
Bird temperature-conductivity-
dissolved oxygen suite and a WET 
Labs fluorometer-optical backscatter 
instrument. The sample rate can vary 
with sensor and depth range. 

hydrodynamic control surfaces, steering 
is often accomplished simply by moving 
the weighty battery pack from side to side 
to induce a roll, and fore and aft to induce a 
pitch change. 

Payload packages typically contain 
Conductivity, Temperature and Depth 
(CTD) sensors whose output feeds into 
Sound Speed Profiles (SSPs) which are 
graphs that plot local sound speed against 
depth. These provide vital information 
for sonar performance calculations used 
by other Anti-Submarine Warfare (ASW) 
and mine countermeasures platforms. 
Buoyancy driven underwater gliders are 
generally limited to fairly low data rate 
communications systems, including acoustic 
modems and satellite communications 
(SATCOM) links. At regular intervals 
they come close to the surface to expose a 
SATCOM antenna so they can download 
their mission and housekeeping data and 
receive new instructions. 

power from waves
Wave-driven Unmanned Surface Vehicles 
(USVs) such as the Boeing/Liquid Robotics’ 
Wave Glider, for example, use pivoting foils 
to harness wave energy to propel them in 
any direction, regardless of the direction 
from which the waves are coming. The Wave 
Glider exploits vertical ‘heave’ motions to 
drive forward motion using foils attached to 
a module tethered underneath the floating 
hull by a cable long enough to put it in a 
body of water that is not subject to the wave 
motion that moves the hull up and down. 
This forces the foils vertically through this 
relatively stable water column so that they 
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Beyond the monitoring of the ocean 
with CTD sensors to support sonar 
operations, The US Navy Meteorology 
and Oceanography Command uses glider 
technology for environmental data 
collection for improvements to models in 
order to better understand the oceans and 
support naval operations, the spokesperson 
said: “We’re open to exploring any 
innovative use of gliders or attached sensors 
that can help enhance the mission.” Gliders 
have to be very energy efficient to remain 
effective at sea for long periods, both in 
terms of propulsion and payload systems: 
“The current sensor payload uses very little 
power. The movement of the displacement 
system for changing the buoyancy is the 
major power consumer in a glider and 
limits the number of dives the vehicle is 
able to accomplish in a single sortie,” the 
spokesperson continued: “The sensor 
systems for the Slocum gliders we utilise 
in naval oceanography are very efficient. 
This high efficiency in power management 
enables the resolution of sampled features 
over time and space at a substantially 
lower cost than with traditional shipboard 
methods.” Mr. D’Spain emphasised that 
gliders’ frugal use of energy is primarily a 
function of their slowness. He told Armada 
that for any mobile platform, the rate of 
propulsion energy consumed per unit of 
time increases with the cube of the speed 
with respect to the medium through which 
it travels. In other words, doubling of the 
speed of an underwater vehicle causes an 
increase in power consumption by a factor 
of eight: “Underwater glider propulsion is 
so energy efficient with respect to energy 
consumed per unit time because gliders 
move so slowly through the medium.”

A more relevant measure of propulsion 
efficiency is energy consumed per unit of 
distance travelled, he said, to which the 
Lift-to-Drag (L/D) ratio is directly related: 
“The flying wing concept maximizes L/D, so 
that gliders based on it consume less energy 
per horizontal distance travelled than any 
other comparably-sized glider travelling at 
a comparable speed.” A new type of glider 
that exploits these principles has been 
deployed at sea Mr. D’Spain told Armada. 
Larger and faster than earlier types, the 
flying wing glider is optimised for long 
distance, long duration missions: “Their 
significantly larger size (6.1 metre/20 feet 
wingspan) also permits increases in speed, 
hydrodynamic efficiency, payload capacity 
and cargo-carrying capabilities.”

energy storage 
As with other Autonomous Underwater 
Vehicles (AUVs), advances in energy storage 
and harvesting promise to increase their 
range and endurance and provide more 
energy for sensor payloads, although there is 
still work to do before they can be deployed 
operationally, stated Dan Rudnick, professor 
of climate, atmospheric science and physical 
oceanography, at UCSD, whom developed 
the Spray glider: “Systems that use alternate 
sources of energy, like the ocean’s thermal 
gradient, and seawater batteries, are 
certainly being developed,” he said: “I would 
not classify the ones I know as mature.” 
Mr. D’Spain gave the example of phase 
changing paraffin waxes that have been 
used successfully to demonstrate buoyancy 
driven platforms’ ability to ‘feed’ off changes 
in temperature with depth in the ocean in 
some environments. 

He recalled a partnership between 
Scripps and the National Aeronautics and 
Space Administration's Jet Propulsion 
Laboratory to demonstrate the operation 
of a buoyancy-driven profiling float that 
operated at sea for more than a year with 
a buoyancy change system powered by a 
thermal engine, the technology for which 
was developed by Doug Webb, the founder of 
Webb Research (now part of Teledyne Marine) 

when he worked at Woods Hole: “Maturity 
of this technology can be demonstrated 
by whether or not such a thermal-engine-
equipped glider is available on the market.” 
An important point about phase-changing 
materials that extract energy from thermal 
gradients, such as paraffin waxes, is that they 
shrink in volume as they freeze and expand 
as they melt, which is the wrong direction for 
direct use as a buoyancy engine: “The engine 
must expand the glider’s volume when it 
gets to the bottom of its dive cycle and shrink 
its volume at the top”, he said: “Therefore, a 
thermal glider must have an energy storage 
system that allows the energy extracted from 
the phase change to be available at the next 
half-cycle. For example, this phase-change 
energy could be used to help recharge the 
onboard batteries.”

Prof. Rudnick explained that propulsion 
is usually allocated about 60 percent to 70 
percent of the energy budget of UCSD’s 
gliders, depending on the sensors carried: “So 
sensors take up a smaller part of the energy 
budget (typically 20 percent to 30 percent), 
but they often determine endurance because 
they are what we more often change, while 
energy for propulsion remains constant.” 
The rest, roughly ten percent, is accounted 
for by everything else including the gliders’ 
computer, communication and navigation. 
UCSD is exploring ways of packing more 
energy into gliders, including the simplest 

The Seaglider developed 
by the University of 
Washington’s Applied Physics 
Laboratory and its School 
of Oceanography features 
a streamlined shape to 
maximise range, aft wings, 
tail-mounted SATCOM 
antenna and CTD sensor.
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expedient of all: “The easiest way to increase 
energy capacity is to make gliders bigger, which 
we are considering. Other than that, better 
batteries would help,” Prof. Rudnick concludes.

enabling asw
Interest in gliders has always extended 
beyond scientific oceanography and, as 
Mr. D’Spain points out, their transition 
to operational navies has begun and he 
expects this market to continue to grow. In 
mid-November 2016, the service announced 
that it was ready to deploy gliders from its 
destroyers to provide an edge to fleet ASW 
capabilities following approval from the 
US Navy’s Naval Sea Systems Command 
which cleared the deployment of up to 
two gliders each from ‘Arleigh Burke’ class 
destroyers after successful testing in the 
Pacific. The AUVs will provide destroyer 
sonar operators with real-time data. This 
will most likely come from CTD sensors 
and be used to update SSP diagrams for 
sonar calibration on surface and airborne 
platforms. 

While their direct use for submarine 
detection with passive sonar sensors, for 
example, is an obvious possibility it is not 
one that the service is talking about openly. 
They are, however, discussing the detection, 
tracking and study of other underwater 
entities, as Mr. D’Spain explained: “The US 
Navy is interested in better understanding 
the distribution and behaviour of marine 
mammals, endangered species, and other 
marine life in order to help minimize the 
potential of naval activities to impact the 
ocean environment.” This is a mission 
for the new larger gliders with acoustic 
sensors, he explained: “The ‘flying wing’ 

autonomous underwater gliders are 
equipped with a multi-element hydrophone 
array installed all along the leading edge of 
the wing, as well as additional underwater 
acoustic sensors, in order to quietly 
listen to, and determine the direction 
towards, sounds in the ocean. Therefore, 
these gliders are well suited for detecting, 
localising, and tracking individual sound-
producing animals in the ocean.”

Tracking an individual marine mammal 
with a single glider requires the animal 
to emit sounds sufficiently often that its 
sequence of calls can be associated with it, 
he said, and that the glider can determine 
the direction from which each call is coming 
in order to develop a track: “Whereas prop-
driven propulsion systems create sound 
continuously, some species of marine 
mammals often don’t call sufficiently often 
for a track to be established. Other species 
occur in such tight groups and generate 
sounds so often (like pods of porpoises and 
dolphins) that tracking individuals within 
a pod is virtually impossible.” Mr. D’Spain 
emphasised that ‘flying wing’ gliders may 
be the only category with sufficient payload 
capacity to carry large aperture arrays on 
board. The alternative, he said, is to tow 
such an array, which can be challenging: 
“Tracking of populations of calling marine 
mammals can be accomplished by a spatially 
distributed set of gliders, where each glider 
listens to determine presence/absence of the 
particular species of interest.” 

Missions
USVs that exploit wave energy, such as the 
Wave Glider boast even greater endurance 
than most underwater gliders because they 

can recharge their batteries from solar 
panels and because they run on the surface, 
can remain in constant communication 
and can continuously receive position 
updates from Global Positioning System 
satellites. Liquid Robotics calls the Wave 
Glider a transformational technology that 
can help build the “digital ocean” in that it 
is ideally placed to act as a communications 
gateway from the sea floor to space, 
enabling underwater vehicles including 
buoyancy-driven gliders equipped with 
acoustic modems to communicate globally 
without surfacing: “We are part of a larger 
‘system of systems’ connecting inhabited 
and unmanned assets. This is a critical 
infrastructure needed to help unlock the 
95 percent of the ocean that is currently 
unexplored and to assist in solving some of 
the world’s largest challenges,” the company 
told Armada.

Wave Gliders, said the company, have 
logged more than 1.1 million nautical miles 
(2.1 million kilometres) at sea. While the 
vehicles have been proving themselves, 
the company emphasised that it has been 
working on advances in power, energy 
capacity, sensor payloads, communications, 
durability and software with a strong focus 
on autonomy. Liquid Robotics says that 
Wave Gliders can stay at sea for periods of 
several months up to a year, depending on 
the mission, the limiting factors being bio-
fouling or barnacle growth on the vehicle 
and its sensors, the sea state and the amount 
of solar energy available. These factors 
depend heavily on the season in which the 
glider is deployed, its location and types of 
sensors. Barnacle growth is heavy in the 
Gulf of Mexico in the summer, for example, 
affecting sensor operation to the extent that 
the gliders have to be cleaned, a problem 
that operators address with a relief system 
in which fresh gliders swim out and fouled 
ones swim home for a scrub. 

Anti-submarine warfare, weather 
for situational awareness and long 
duration surveillance are the primary 
naval missions, which determine the core 
meteorological and acoustic sensor suites 
that equip them. Like other AUV developers, 
Liquid Robotics and Boeing participate in 
exercises and warfighting experiments such 
as the UNMANNED WARRIOR event that 
took place in waters off the United Kingdom 
in the autumn of 2016, in which Wave 
Gliders demonstrated their ASW prowess 
and Geospatial Intelligence (GEOINT) 
gathering and dissemination credentials. 

This Spray glider layout diagram 
shows the position of major internal 
modules. Two battery packs shift 
position to change the centre of 
gravity, and the buoyancy change 
bladders and pump at the stern.
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The vehicles also took part in a set of 
GEOINT exercises led by the UK National 
Oceanographic Centre called Marine 
Autonomous Systems in Support of Marine 
Observations (MASSMO). In MASSMO, 
they gathered what the company described 

as valuable and consistent information 
about water temperature, currents and 
other details across multiple vehicles 
in difficult ocean conditions: “We also 
demonstrated how data from multiple Wave 
Gliders could be integrated into third party 
systems, such as those offered by Boeing, to 
facilitate operational decision making.”

Looking into the foreseeable future, the 
expectation in the NMOC is that further 
increases in endurance and sensor payloads 
should be a primary focus of development: 
“The information collected is such a 
benefit to the Navy and a major input to 
navy ocean models. The future is strong 
for glider operations in the navy”, the 
NMOC spokesperson said: “I think the most 
important directions will be to make gliders 
easier to use by non-experts,” Mr. Rudnick 
noted, “which is essential to getting more 
gliders into the water.” Buoyancy and wave 
driven autonomous vehicles represent  
a youthful technology with plenty of 
naval potential to be explored: technology 
that submariners will have to take very 
seriously. 

Through a deal with CoMotion, 
the University of Washington’s 
collaborative innovation hub,  
Kongsberg is renting out, marketing 
and developing the Seaglider, Oculus 
shallow salt/fresh water glider and the 
Seaglider M-6. 
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Like many areas of warfare, digitisation is changing the way the fire control of artillery is performed. 
Guns are becoming more responsive and arguably less reliant on a complex supporting network of 
observers and headquarters.

Stephen W. Miller

Computation has played a key 
role in the use of artillery 
on the battlefield since its 
inception. This was true 
even before the advent of 

gunpowder. The ‘gun chief’ of a Byzantine 
catapult in 200BC required knowledge 
and the application of physics and 
mathematical skills far removed from their 
infantry counterparts. The complexity of 
determining firing solutions simply grew 
with the introduction of the gunpowder 
cannon which is thought to have occurred 

The forward observer 
provides the eyes 

for modern artillery 
and often use high-

powered optronics 
and laser rangefinders. 

These are now being 
linked to digital 

data transmission 
terminals that allow 
the  download of pre-

formatted call for fire 
messages. 
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in January 1132 in the southeastern Chinese 
province of Fujian. Since that first use 
of the gunpowder cannon, the factors 
that must be accounted for to hit a target 
included elevation, powder charge and 
fusing, to name just three. 

Around 1900 the way by which guns 
were tactically employed began to change 
from direct and assault fire, where the crew 
could see their target, to indirect fire where 
guns were placed to the rear of frontlines. 
As the gunners could no longer see their 
target, the target’s details and location 

needed to be either pre-planned or relayed 
to the guns by an observer who could 
observe the target. At first, fire control 
had to be performed by visual signals, 
initially signal flags, and later by telephone. 
The latter was somewhat satisfactory in 
stationary warfare like the trenches of 
the Western Front during the First World 
War, but less so where manoeuvre was 
required. Wire lines were also prone to be 
cut by enemy fires and even friendly troop 
movements. 

The number of factors to be 
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or tripod mounted device the LRF (Laser 
Range Finder) provided real-time distance 
measurement to a target with metres of 
accuracy at the push of a button. Combining 
the observer’s accurate position and the 
range with the azimuth to the target allowed 
them to determine and report the target’s 
position with unprecedented reliability. 
A US Army Fires Centre of Excellence 
spokesperson reflected that the realisation 
of these technologies laid the basis for many 
of the capabilities that artillery provides 
today using more sophisticated hardware.

The subsequent digital revolution 
which commenced in the 1990s with the 
proliferation of the world wide web and 
personal computing today offers benefits 
of smaller size, greater memory, higher 
speed, and lower price when compared 
to legacy artillery computer fire control 
systems. These have further changed the 
way in which artillery is controlled and 
delivered. Principle among the benefits 
is that digitizing has allowed the power 
of computing to be more widely applied 
given that contemporary computers are 
simpler to use, more rugged, and easier to 
carry or to install on a gun or in a vehicle, 
compared to their predecessors. The latest 
technologies can also be networked to 
transfer data from one device to another 
across battlefield radio networks improving 
situational awareness both at the gun, 
and at the artillery command post. Where 
once fire direction was reserved for the 
battalion or battery command post, today a 
single or pair of guns can perform this task 
independently and do so more quickly with 
equal or greater lethality.

accommodated when performing fire 
control and the skills needed to deliver 
supporting fires grew with each advance 
in artillery. This was true both for the 
gunners and for their forward observers. 
Determining accurate target location was 
critical so map reading, range and direction 
estimation became critical skills. However, 
each of these was subject to error in the 
smoke, gunfire and chaos of the front lines. 
Knowing the gun’s position was now vital 
and much attention was given to position 
survey to precisely determine this. It is 
not surprising then that during the First 
World War, rigidly planned and executed 
fire support schedules became common. 
Difficult to alter, these often did not reflect 
the changing needs of the forward forces. 
The early use of tactical radio enabled guns 
to be more responsive. Adjusting fires by 
the process of ‘bracketing’ became easier 
and even allowed artillery spotting from 
aircraft: Put simply, bracketing takes the 
distance between shots that have fallen 
over, and short, of the desired target, and 
refines the fire control for the gunners 
within those limits until the target is hit.

Relying upon an observer for fire control 
became the norm for much artillery use 
during the Second World War. Nonetheless, 
accurately determining target location and 
range continued to be a challenge. Limitations 
in determining position especially restricted 
the introduction of self-propelled artillery. On 
the other hand mechanical computers were 
being developed that simplified determining 
the data for gun laying. These could be used at 
the battery fire direction centre which could 
then relay the data by radio to the gun crews. 
Still, by the 1950s artillery and ammunition 
technology were overtaking the capability to 
deliver these fires. 

The path to a solution began with 
advances in electronic processing in the 
1970s which followed the invention and 
proliferation of the microchip in the 1940s 
and 1950s, when gunners were quick to 
realise the potential for applying even early 
electronic computers to achieve faster and 
more accurate firing data. A few years later 
the ability to more accurately and quickly 
determine gun and target position was 
refined though the realisation of Inertial 
Navigation and Location Systems (INS). 
Basically, an INS employs a computer, and 
motion and rotation sensors to employ 
dead-reckoning to determine a vehicle’s 
speed and/or position. Still the size and 
price of these initial INSs limited their 

fielding to artillery survey teams and 
selected self-propelled guns. Companies 
like Sagem (now Safran Electronics and 
Defence) and Sperry (now respectively part 
of Unisys and Honeywell), with expertise 
in INS for ships and aviation, worked hard 
to adapt the technology for ground use. 
Much of this was based on early efforts by 
Charles Draper, a scientist and engineer 
based at the Massachusetts Institute of 
Technology. The Nexter GCT-155 155mm 
Self-Propelled Howitzer (SPH) was one of 
the first to include not only an INS but also 
to automate many gun functions including 
loading. Fielded in 1977 its small four person 
crew could move, quickly emplace and fire, 
and then move again.

At about the same time two other 
developments occurred with positive 
impacts for artillery. One was the 
Hughes AN/TSQ-129 Position Reporting 
and Location System (PLRS) which 
comprised a network of synchronous 
Ultra High Frequency (300 megahertz to 
three gigahertz) ground stations. With 
development lead by the US Marines, 
it was used by them and the US Army 
throughout the 1980s and 1990s. Though later 
overtaken by the satellite based GPS (Global 
Positioning System), at the time, it offered an 
answer to more accurate real-time position 
determination. The second key development 
in artillery fire control was the introduction 
of laser ranging. Contained in a handheld 

The GCT-155 self propelled 
howitzer was one of the first to 
focus on automating the gun 
firing process including the use of 
inertial navigation, positioning, 
heading reference and electronic 
fire solution computation. 
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ThE ObsERvER
The Forward Observer (FO) is the starting 
point for effective indirect fires to support 
ground force manoeuvre or defence.  The FO 
is the eyes of the guns. Current FO systems 
are figuratively closing that gap between the 
two. Systems like Safran’s GonioLight family 
produced by its Vectronix subsidiary give 
the FO azimuth and horizontal coordinates 
using a built-in digital magnetic compass. 
A Safran spokesperson shared that: “(The) 
GonioLight can be provided with image 
intensification or thermal imaging (utilising 
Safran’s popular JIM handheld thermal 
imager family) and detect targets at 25 
kilometres (15.5 miles) and identify them at 
up to twelve kilometres (7.4 miles). They offer 
a target grid location with five metres (16.4 
feet) of accuracy and can link to its own GPS. 
At eight kilograms/kg (17.6 pounds/lb) to 20kg 
(44lb) depending on the configuration it is 
sufficiently portable for tactical use.” 

Meanwhile, Vinghøg’s LP10TL 
Target Locator and the FOI2000 Forward 
Observation System offer similar FO 
capabilities. Vinghøg‘s spokesperson 
suggested that: “They provide precise and 
accurate target acquisition during day and 
night operations including controlling 
artillery, mortars and naval gunfire as well 
as reconnaissance and surveillance.” LISA 
offered by SENOP takes another approach: 
It is a handheld target acquisition and 
observation sensor for day and night use. 
It has a direct view channel for daytime 
use, an uncooled thermal imager, a laser 
rangefinder, a digital magnetic compass, 
a television camera and GPS. Though its 
range is circa six kilometres (3.7 miles) for a 
main battle tank target, it weighs only three 
kilograms (6.6lb). 

Acquiring the target and gathering 
relevant information is only one step in 
getting artillery rounds on target. This 
data must reach the artillery direction 
system and the guns via the use of digital 
networking using tactical communications 
networks. The US Marine Corps’ (USMC) 
Stauder Technologies Target Location, 
Designation and Hand-off System 
(TLDHS) illustrate the benefits that can be 
provided by integrating these capabilities. 
TLDHS allows Marines to locate targets, 
pinpoint GPS coordinates and call for 
Close Air Support (CAS), artillery and/
or naval fire support using secure digital 
communications. The system consists of a 
laser range finder, video down link receiver 
and tactical radio. It provides the observer/

controller with the ability to self-locate, 
acquire targets, refine coordinate data 
for inertial-aided munitions engagement 
and to generate mission requests for fire 
support. Using battlefield communications 
networks, it sends a preformatted call 
for fire or CAS without the need for voice 
communication. 

The Marines are taking the TLDHS a 
step further with its Version 2.0. According 
to Captain Jesse Hume, TLDHS V.2 project 
officer for the USMC’s Systems Command: 
“With the new version, the Marines will obtain 
a lightweight device equipped to provide 
immediate situational awareness on where 
friendly and enemy locations are, and the 
ability to hand off target data to fire support.” 
The TLDHS V.2 uses commercial off-the-shelf 
smartphones that reduce the system’s total 
weight. He further explained: “The system 
automatically generates coordinates for 
targets identified by a Marine and digitises 
the information into a map application pre-
installed on the smartphones, eliminating the 
need for manual input.”

The application of essentially digital 
messaging and the transfer of digitally 
collected target information into the 
preformatted message accelerate the 
fire support request process, reduces 
potential misunderstandings and better 
assures the request will be received even 
when faced with jamming and electronic 
countermeasures. It can also concurrently 
be provided to the most likely responding 
guns based on their proximity to the target 
allowing them to anticipate the mission 
assignment and be ready to respond. The 

TLDHS 2.0 is to begin fielding in 2017, 
according to the USMC.

AT ThE GuNs
Digital computation and networking 
have also changed fire direction and 
gun laying. Raytheon’s Advanced Field 
Artillery Tactical Data System (AFATDS) is 
a fire support Command and Control (C2) 
system providing automated support for 
planning, coordinating, controlling and 
executing fire missions. It correlates fire 
support requests, prioritises targets, and 
performs attack analysis using the latest 
situational data. The AFATDS is able to 
recommend the most appropriate firing 
asset and to coordinate multiple batteries, 
and CAS and naval fires. The latest AFATDS 
Version 6 adapts the system for digitisation 
following an upgrade contract won by 
Liedos at the end of 2016. AFATDS is used 
by the Australian Army, US Army and 
USMC, and is interoperable with all NATO 
(North Atlantic Treaty Organisation) fire 
support C2 systems including the Taranis 
ADLER in use with the Heer (German 
Army), the BATES (Battlefield Artillery 
Information System) in use with the British 
Army, Thales’ ATLAS product in use with 
the Armée de Terre (French Army), and 
Kongsberg’s ODIN fire control system used 
by the Norwegian Army.

The automation of self-propelled 
artillery has been occurring for some 
time. Germany’s newest SPH, the Krauss-
Maffei Wegmann/Rheinmetall PzH-2000 is 
designed to operate as a totally autonomous 
system. Fire control is provided by an on-

The French Army 
Nexter CAESAR 
155mm truck-mounted 
howitzer uses the 
on-board FAST-HIT 
computerized fire 
control system, muzzle 
velocity radar and laser 
ring gyro navigation 
system with GPS.
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board EADS/Hensoldt MICMOS computer. In its automatic mode 
the weapon will execute the entire mission automatically using 
the PZH-2000’s onboard navigation, communications and ballistic 
computing system. A single PzH-2000 can fire three rounds in ten 
seconds and enhances the target effect by being able to have all the 
rounds impact simultaneously. The necessary changes to the firing 
solution are determined and controlled entirely by the system 
without need for action by the crew of two.

This combination of integrated computerized fire control and 
through automation of all gun servicing functions is being widely 
adopted. The BAE Systems Archer SPH is also fully automated and 
can operate as an autonomous system with its own accompanying 
ammunition resupply vehicle and support. The magazine feed 
autoloader, integrated navigation, automated gun controls and digital 
computer allow the crew of four to get the first shots off within less than 
30 seconds of halting. Plus, it will fire a three round salvo in 15 seconds 
with an MRSI (Multiple Round Simultaneous Impact) capability of up 
to six rounds, all conducted entirely hands-off by the crew. 

Thanks to new technology on-board electronic ballistic and 
fire control computation is now possible for towed guns as well as 
self-propelled platforms. The US Army has developed TAD (Towed 
Artillery Digitalisation) ensemble for its BAE Systems M-777A2 155mm 
SPH. Harvey Goldman, the US Army’s deputy programme manager 
for TAD presented the system as: “built around a heart of a position 
navigation system using laser ring gyros.” It takes all of the functions 
previously conducted at the battery Fire Direction Centre and places 
them at each gun. 

MAS Zengrange’s Integrated Fire Control System (IFCS) 
provides a full ‘sensor to shooter’ capability, according to the firm. 
The IFCS is a flexible standalone system that can be deployed at 
the Battery Command Post or at the weapon. It not only performs 
all ballistic calculations but will accept the fire mission directly 
from the observer providing both increased response and 
user redundancy. The expanding capacity of digital systems to 
widely share not only data but also imagery offers an additional 
advantage in fire support request and control. It allows observers, 

fire support centres and commanders to exchange images 
of maps, targets and the target area from other surveillance 
assets, like unmanned aerial vehicles. This can provide a more 
effective assessment of the target as all involved parties are able 
to concurrently view the same details and can build a common 
understanding of the battlefield and respond appropriately.

FuLL ciRcLE
The digitalisation of fire direction and control and the introduction 
of networked communication all have the potential to allow the 
observer and gunner to deepen their synergy. Today’s computers 
and their accompanying processing power enable the delivery 
of supporting artillery fires to return to the gun. It removes a 
number of steps and layers in the firing process which makes it 
ever more responsive. Yet, the ability to share the entire process 
of a shoot, from the request for fires to the response permits it to 
also be monitored and coordinated by both higher commands and 
by adjacent and associated forces. As this article has illustrated, 
the use of fire support command and control systems like ATLAS, 
ODIN, and AFATDS facilitate this on a near real-time basis. 

The enhanced efficiency offered by digital fires not only 
can reduce the response time and target effect lethality but also 
permits the dispersion of artillery assets and their autonomous 
employment. Fewer guns can deliver equivalent, or greater, 
firepower more quickly, and with better survivability against 
counter battery fire than ever before. Technology is reuniting the 
observer and the gun.

The PzH-2000 is designed to be faster to 
respond to a call for fire with increased 
lethality while also reducing the 
necessary crew size. This is achieved 
by maximizing the automation of 
operational functions.
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The battlefield is becoming digitised, with land forces increasingly 
reliant on computers that are embedded in vehicles or carried by 
soldiers. These systems must be capable of withstanding extreme 
conditions, while adapting the best design elements of the civilian world.

Computers embedded 
in vehicles have many 
applications, from situational 
awareness to data collection 
and surveillance, and from 

communications to blue force tracking. 
Many of these are rack-mounted systems 
that operate independently from the user, 
supporting the mission in a variety of 
ways: they are very often not the kind of 
computers with a display or a keyboard.

STaNdaRdS
There are a number of challenges associated 
with embedding computers in vehicles, 
said Brian Rinehart, technical director for 
special projects at Crystal Group, a supplier 
of embedded computers and associated 
products across a range of mission-critical 
applications. For example, many of the 

Gerrard Cowan

applications must operate in environments 
that do not permit conventional cooling 
technology, for example, meaning: “we 
have to create a package that will survive in 
high-temperature environments without 
the assistance of fans.” Additionally, the 
computers often need to be placed into 
positions that go beyond the usual demands 
of a standard EIA-310 19 inch (482.6mm) 
server rack, of the type often seen in the 
commercial world. This means companies 
like Crystal need to create systems in 
packages, known as ‘form factors’, that 
can operate in tight spaces: “They might 
be shaped to fit in whatever cubby hole is 
available in a platform, be it a fender or 
the engine compartment of a vehicle,” he 
told Armada. It could also be located on the 
bottom of the vehicle, or located next to a 
fuel tank, he added.

Additionally, some vehicular 
applications need to operate at lower 
input voltages than usual, he explained, in 
order to meet the requirements of military 
standard MIL-STD-1275, one of a number of 
US Department of Defence (DOD) military 
standards that govern the design and 
construction of such systems. This means 
the company has to design power supplies 
to meet such standards; if there is not 
relevant Commercial Off-The-Shelf (COTS) 
technology that can be ruggedised: “we 
design and build our own and deploy them 
in those applications.” 

Computers are today an essential 
aspect of the most fundamental operations 
of some land vehicles, said Chris Ciufo, 
chief technology officer at General Micro 
Systems, a US company that produces small 
embedded products, rugged smart displays, 

 General Micro Systems 
produces small 
embedded products, 
rugged smart displays, 
rack mounted servers and other 
computer technology, and is involved 
in a number of major programmes.
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rack-mounted servers and other computer 
technology, and is involved in a number of 
major programmes, such as the US Army’s 
General Dynamics Stryker family of eight 
wheel drive armoured fighting vehicles. 
As an example, he pointed to systems 
that let the crew operate the vehicle in 
total darkness in real time by monitoring 
computer displays:  “Those computers 
are mounted in rugged, small form factor 
boxes,” he said.

The technology has evolved along a 
number of different paths in recent years, 
said David Jedynak, chief technology officer 
for COTS solutions at Curtiss-Wright, which 
provides a range of embedded computers 
in ground vehicles as well as rugged 
displays. He pointed to a move towards 
‘distributed processing’, in which computers 
are increasingly networked, rather than 

operating as individual silos. Programmes 
like the UK’s Generic Vehicle Architecture 
(GVA) or the US equivalent Victory have 
helped push this along, he said, and will 
lead to reduced: “size, weight, power and 
costs by making sure stuff is shared.” Mr. 
Jedynak highlighted a number of other 
areas of development, particularly in terms 
of advances in processing technology. In 
general terms, one of the big challenges 
companies like Curtiss-Wright face in the 
military arena is on the modernisation side: 
the need to insert new computer technology, 
while recognising that it will have to work 
alongside other, older kit that might not be 
upgraded for another decade: “How do you 
straddle those two worlds?”

HaRSH ENvIRONmENTS
Rugged computers need to be able to 

operate in extreme environments, and 
therefore must meet a range of rigorous 
standards. In addition to MIL-STD-1275, 
the DOD also has MIL-STD-810, which 
covers such areas as shock and vibration 
endurance, and MIL-STD-461, focused 
on Electromagnetic Interference (EMI): 
“Those three are the bedrock of the tests, 
though there are also a host of special tests 
that are carried out as needed,” said Mike 
Southworth, product marketing manager 
for small form factor rugged mission 
computers and ethernet networking 
systems at Curtiss-Wright. Looking to the 
future of the embedded computer space, 
Mr. Jedynak said he expects to see more 
use of machine learning and other forms of 
artificial intelligence in military computers, 
as autonomy comes increasingly into 
demand. He foresees embedded computers 

FUTURE TECHNOLOGIES
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Environmental factors 
have to be taken into 

account when rugged 
computers are being 

designed, particularly 
as regards resistance to 

high temperatures.
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Mr. Patel told Armada. He highlighted the 
temperature specifications; when a fan 
is placed on a machine to keep it cool, it 
introduces an entry point for contaminants, 
and creates a mechanical, moving part 
that the system relies upon in order to 
operate. Rugged computer manufacturers 
therefore have to consider other ways of 
keeping the system cool including passive 
systems as well as more robust heavy-duty 
fan assemblies: “I’ve got to be able to cool it, 
but I’ve got to be able to protect it from dust 
and water and anything else that may get in 
the system,” he said. “I’ve got to do this for 
a long, long time, with higher reliability.” 
Certain standards must be met before a 
device can be considered for use by the 
military, said Jackson White, sales director 
at Getac, a manufacturer of rugged tablets, 
notebooks and other systems: “Security 
is the obvious one, but also reliability and 
resilience to withstand harsh or extreme 
environments, as well as interoperability 

with other necessary technology used by 
defence personnel,” he said. “There are 
other factors, too, such as cost, usability, 
fitness for purpose and longevity.”

Mr. White said that not only does 
the technology need to withstand drops, 
shocks, vibrations, spillages and chemicals, 
but also extreme scenarios like desert 
environments, with the dust and searing 
temperatures these entail. He said the 
company’s products are certified to the 
IP67 (International Protection Marking) 
standard or higher, which means they 
are: “tested to military standard and 
are rugged, and are able to withstand 
the drops (and) temperatures required 
by defence personnel.” He pointed to a 
number of other aspects of the technology 
relevant to military users: for example, 
dismounted soldiers are often required to 
wear protective clothing, such as gloves, so 
touch screens must be sensitive to these. 
Additionally, the screens need to be visible 
in different light conditions, or compatible 
with night-vision goggles. Mr. White 
pointed to a number of ways in which the 
technology has evolved over the years. For 
example, there has been rapid innovation 
in consumer devices, and: “industry is 
demanding more of a consumer-like 
experience from their devices, with the aim 
of achieving better communication and 
productivity in the field.” 

having “a lot more smarts”, with greater 
capacity for data collection. Rugged design 
is also a prerequisite for the displays used 
to represent imagery and information to 
a vehicle's crew. Argon produces several 
products in this respect and has recently 
completed testing on three new products 
which have now transitioned from into 
 full production.

Mr. Rinehart said he expects to see 
higher levels of security integration on 
computers, particularly as they increasingly 
become part of broader networks: “As 
the networking capacity increases, the 
need to keep that network secure is going 
to become more valuable,” he said. Mr. 
Rinehart also pointed to the increased use 
of Solid State Drives (SSDs). Unlike Hard 
Disc Drives (HDDs), these do not have any 
moving parts, making them less vulnerable 
to damage in the case of a heavy impact, 
such as being dropped. Historically, SSDs 
have been expensive; however, the costs 
have come down in recent years, while the 
drives have become smaller but have grown 
in storage capability: “That’s helped for 
applications such as data collection and 
storage,” he added. SSDs are also a feature 
of ruggedised laptops and tablets, which 
are now an essential tool for dismounted 
soldiers, as well as being able to be mounted 
inside vehicles. Many of the major PC 
(Personal Computer) manufacturers have 
substantial, military-focused businesses. 
For example, Dell offers the Latitude 
Rugged range of devices, which come in a 
variety of shapes and sizes: “For the better 
part of the last five to ten years, the tech 
industry has been moving rapidly forward 
with SSD technology,” said Umang Patel, 
director of product marketing at Dell 
Rugged, who said that SSDs were both more 
reliable in terms of environmental risks 
and offer superior performance. “I can fit so 
much more into a smaller space, consume 
less power, and run applications faster.”

There are a number of areas to consider 
when manufacturing a rugged device,  

Curtiss-Wright 
offers a range of 
embedded computers, 
such as the new 
DuraDBH-672 Digital 
Beachhead system, 
pictured here.
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A soldier uses the Dell 
Rugged Latitude 7204 

notebook. The US 
company offers a range 
of products in different 
shapes and sizes as part 

of its Latitude Range. 
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BaTTERy TECHNOLOGy
Meanwhile, batteries are becoming more powerful, lasting for eight 
to ten hours, while connectivity has also improved, with: “different 
frequencies and methods for connecting, so personnel can access 
and input data quicker and more securely,” he continued. There 
have been steps forward in touch screen technology,  
Mr. White added, and the use of composite plastics allows for: “a 
significant reduction in the thickness and weight of devices, while 
retaining rugged characteristics”.

Jon Tucker, European product marketing manager at Panasonic, 
echoed this last point, saying the company uses a range of materials, 
such as magnesium alloys, in the manufacture of its Toughbook range 
of rugged laptops and notebooks. This is 20 times stronger than ABS 
(Acrylonitrile Butadiene Styrene) plastic, he said, but is also relatively 
light. Additionally, there are materials around the outside of the 
product designed to reduce shock. He pointed to elastomer polymer, 
which absorbs much of the shock of a drop, for example. Such 
concerns extend right to the interior of the machines, Mr. Tucker 
explained; for example, gold-plated connectors are used, in order to 
avoid the rusting associated with humid environments, as well as a 
number of other challenges: ‘If you’re using it at low temperatures, 
high temperatures, high humidity, or wet environments, you don’t 
get that corrosion,” he said.

Tom Kost, director of product marketing at Xplore, a 
manufacturer of rugged tablets, said that the combat role places 
extreme demands on durability and resistance to temperature 
extremes, rain and dust. He also pointed to the breadth of tasks a 
military tablet could fulfil: “They do almost everything one can 
imagine, like trucking, logistics and construction for example.” 
In recent years, military customers have sought smaller, yet 
more capable devices, Mr. Kost said. Looking forward: “they will 
integrate tablets and other wearable computing devices into a 
cohesive communication and information super system.” On a 
similar theme, Mr. Tucker pointed to the rise of the ‘connected 
soldier’ concept, and said Panasonic is working with a number of 
military organisations in Europe within this area. Essentially, this 
would give commanders overarching battleground intelligence, 
right down to the health status of the individual soldier. This could 
see increasing demand for wearable and even voice-activated 
technologies, he added. 

One of the major themes in military computers is the need to 
incorporate the usability of modern consumer technology, notably 
the smartphones, notebooks and tablets a soldier might use in his 

or her civilian life, while maintaining the durability required for 
the battlefield. Mr. Tucker said there has been something of a shift 
in the relationship between the military and commercial spheres, 
with technology absorption now flowing into the defence sector in 
many cases. It is key to take: “the technologies that are popular in 
the consumer space and make them fit for purpose … in the military 
or defence space”. Still, there are clear differences, he said, with the 
military requiring rugged USB (Universal Serial Bus) connectors, 
for example. 

BEyONd COTS
Getac incorporates consumer functionality into all of its rugged 
mobile devices, said Mr. White, who noted this is: “one of the 
major requirements for defence customers when selecting their 
technology providers”. He said there needs to be a balance, as 
devices that are consumer grade: “will inevitably not be robust 
or reliable enough to meet the needs of dismounted soldiers, or 
survive the environments they operate in.” On the other hand, some 
specific rugged devices may be too heavy and cumbersome: “To 
effectively meet military (command and  control) operational and 
modernisation goals, defence procurement must look to harness 
new COTS hardware and software, and even the ‘Internet of 
Things’ (the connectivity of electronic devices beyond computers) 
applications,” he said: “For mobile computing, a new breed of 
‘consumer rugged’ COTS devices can provide the right balance of 
being lightweight, easy to use, and powerful, as well as meeting 
stringent data and security standards.”

The Dell Latitude 7214 laptop in use. 
The company points to a number 
of advances in recent years, such as 
the increasing reliability of SSDs.
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Traditionally, military tactical 
radios have inhabited 
the Very High Frequency 
(VHF) and Ultra High 
Frequency (UHF) segments 

of the radio spectrum; a bandwidth 
stretching from three megahertz/MHz 
up to three gigahertz. Long range military 
communications also make use of the High 
Frequency (HF: three megahertz to 30MHz) 
waveband for long-range communications, 
given that HF transmissions can use the 
ionosphere, a layer of the atmosphere at 
an altitude of between 32.4 nautical miles/

The quantities of data moving around the battlefield show few signs of reducing. 
Information is becoming an increasingly precious resource, while the ever-present threat of 
electronic warfare lurks in the ether.

Thomas Withington

nm (60 kilometres) to 540nm (1000km) 
which acts as a naturally-occurring satellite 
dish across which radio transmission can 
bounce to achieve intercontinental ranges. 

While the bandwidth offered by V/
UHF may sound significant, in reality it is 
becoming increasingly crowded. The reason 
for this is that tactical radios must share this 
bandwidth with civilian radio broadcasting, 
television broadcasting; land mobile radio of 
the type used by the emergency services and 
businesses; and civilian air traffic control 
and marine communications, although each 
individual nation will domestically allocate 

users for the VHF band. Again, country 
allocations differ, but broadly UHF is 
employed for cell phones, television, satellite 
communications, cordless phones, wi-fi 
and satellite navigation; to just give a small 
selection of uses. 

NaRRowING BaNds
To further complicate matters, US-led 
combat operations in Iraq against the 
Islamic State of Iraq and Syria (ISIS) 
frequently occur in urban areas. Such areas 
can have a congested radio spectrum. For 
example, according to 2013 figures, up to 

Military 
communications users 

are facing increased 
demands on available 
bandwidth to support 

traditional tactical 
communications, as 

well as subsystems 
connectivity. THE THINKING 
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97 percent of homes in Iraq have a satellite 
dish while the 2014 edition of the Central 
Intelligence Agency’s World Fact Book 
states that the country has 91 cell phone 
subscriptions per 100 inhabitants, making 
it the 36th biggest user of cell phones for 
that year. Writ large, cell phone use globally 
shows no signs of abating. According 
to the statista website, by 2019 the world 
will have five billion cell phone users, 
an increase from the circa four billion of 
today. A similar picture is drawn regarding 
internet usage: A report by Cisco entitled 
the Mobile Visual Networking Index Forecast 
predicts that the world will have 4.1 billion 
internet users by 2020, over 26.3 billion 
networked devices and connections, and 
that 82 percent of all internet traffic will 
be streamed video, the latter of which is 
noticeably bandwidth heavy. Thus these 
predictions involving increased cell phone 
and internet use could place severe pressure 
on the radio spectrum as governments 
around the world have to ensure that 
there is enough bandwidth available in 
the V/UHF spectrums to accommodate 
these users and their traffic. As a written 
statement supplied to Armada by Rohde 
and Schwarz noted spectrum scarcity; “is 
increased by the ever-increasing hunger for 
communication bandwidth (for) cellular 
networks.”

Moreover, on the battlefield spectrum 
is becoming a precious commodity due to 
the proliferation of radio networks which 

an army must use, not to mention the 
connectivity required by subsystems and 
platforms such counter-rocket artillery and 
mortar radars, which may share their radar 
picture across a radio network, or unmanned 
aerial vehicles which need radio spectrum 
for ground control, and to share intelligence. 
Franck Boulery, tactical radios strategy 
marketing director at Thales observes that 
“on the battlefield you need more and more 
spectrum, because there are more and more 
networks, and these radios can interfere with 
one another.”

Cash foR speCTRUm
Radio spectrum also generates big bucks 
for governments. As governments are the 
custodians of domestic radio spectrum 
and thus control its allocation, they are in 
the unique position of being able to sell off 
spectrum to private sector actors such as 
telecommunications companies. In 2010, the 
German government auctioned off several 
chunks of UHF frequencies in 800MHz, 
1.8GHz, two gigahertz and 2.6GHz blocks, 
all of which were purchased by Vodafone, 
O2 and T-Mobile and which generated $4.9 
billion. In the United Kingdom, OFCOM 
(the UK Office of Communications which 
manages spectrum allocation) announced 
in 2016 plans to auction bandwidth in the 
2.3GHz and 3.4GHz blocks expected to 
occur by the end of 2017. Media reports 
noted that these spectrum blocks include 
frequencies already used for military tactical 

Cell phone usage is 
expected to increase 
exponentially in the 

coming years, which will 
increase pressure on 

frequency bandwidths 
available for military 

communications. 
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communications. Therefore, as far as tactical 
radio users are concerned their allocation 
of spectrum is under pressure from two 
sources: the growing number of cellphone 
and internet users, and the growing military 
demand for spectrum which in turn reduces 
available spectrum for tactical radio users. 
Rohde and Schwarz’s statement continues 
that: “The lack of radio spectrum for 
wireless military communication purposes 
is becoming a serious problem as more of 
such wireless systems and services are being 
developed and operated in the crowded 
military spectral bands.” The statement 
added that this situation is not so much a 
result of the available radio spectrum, but 
more due to the “static allocation and rigid 
regulation of spectrum use rather than the 
spectrum being actually fully in use.”

CR To The ResCUe
Such pressure on the available spectrum 
could be alleviated through the adoption 
of Cognitive Radio (CR). Put simply, CR 
uses techniques by which transceivers 
can “obtain information about their 
environment and adapt their operation 
accordingly to provide required services 
to end users,” according to the Defence 
Research and Development Canada 
December 2014 publication Cognitive 
Radio Networks for Tactical Wireless 
Communications, written by Helen Tang 
and Susan Watson. They continue that: 
“In addition to the ability to adapt, the 
concept of CR allows for the radio to 
‘learn’ in order to make good performance 
choices for the user’s objectives.” They 
continue that a radio using CR techniques 
could have the following features; an 
ability to sense both its external RF (Radio 
Frequency) environment and internal 
condition; an ability to collaborate with 
other devices to make decisions based upon 
RF observations or knowledge gathered 
by a CR network; adapt to the radio’s 
environments and requirements; adjust 
the radio’s performance based upon its 
observed knowledge and observations; 
learn from previous experiences to improve 
performance and anticipate future events 
which might affect its performance.” 

Dsa
Crucially, these radios will form into CR 
networks which will typically be standard 
Mobile Ad Hoc Networking (MANET) 
constructions which will allow individual 
CRs to share knowledge and observations 
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with other CRs across the network making 
the entire network cognitive along with 
the individual radios inhabiting it, Ms. 
Tang and Ms. Watson add. They note 
that “Dynamic Spectrum Access (DSA) 
is viewed as a key component of CR.” Put 
simply, DSA is a process which allows a 
number of radios to share a specific part 
of the spectrum, and specific frequency 
bands within this spectrum. A radio may 
occupy one frequency band for a specific 
time slot during which it transmits, 
vacating the frequency band when the 
transmission is complete, allowing other 
users to then use the same frequency 
band, with CR techniques capable of 
determining when and where frequency 
is available through this process. A paper 
entitled ‘Competing Cognitive Tactical 
Networks’ which was published in issue 20 
of the Lincoln Laboratory Journal in 2014 
written by Siamak Dastangoo, Carl Fossa 
and Young june Gwon stated that: “The 
capability of radios to dynamically search 
for, learn and access available spectrum 
resources can greatly improve performance 
in a congested environment.” Rohde and 
Schwarz’ statement continued that: “By 
acquiring awareness about the current 
radio environment and the other spectrum 
users, cognitive radios can more efficiently 
exploit idle spectrum and manage 
interference.”

As the Cognitive Radio moniker 
suggests, the emphasis on these 
techniques is for the radio to adapt to 
its environment. As a written statement 

supplied by Leonardo to Armada stated, 
the concept is based “on the idea of a 
radio device that becomes aware of the 
scenario in which it operates, and is thus 
capable of adapting its behaviour to the 
dynamic changes of the electromagnetic 
conditions.” Unsurprisingly, software is 
at the heart of the CR philosophy. Tactical 
radios underwent a revolution with 
the introduction of Software Defined 
Radios (SDRs) in the mid-1990s. An SDR 
uses software to undertake many of the 
functions traditionally performed by the 
radio’s hardware. At the simplest level, 
the task of the radio operator having to 
manually turn a tuner across a range of 
frequencies to find their desired channel, 
as beloved of Second World War films, can 
be done at the touch of a button with the 
radio performing this task instead, in much 
the same way a car radio finds the desired 
station using a similar process. It could be 
argued that CRs are taking the techniques 
pioneered in tactical SDRs to the next level 
of sophistication. As Leonardo’s statement 
notes: “effective implementation of the (CR) 
concept generally requires the applications 
of branches of artificial intelligence to 
telecommunications. In a very broad sense, 
this involves the radio (reasoning) and 
(learning).”

CRs are fast becoming a reality on the 
battlefield. For example, Thales’ HF XL 
high frequency wideband communications 
capability employs cognitive techniques 
to search and select available channels in 
a “dynamic and cognitive fashion,” Mr. 
Boulery notes. This product takes the form 
of a card which can be installed in existing 
Thales legacy HF radios to provide data 
rates of up to ten kilobits-per-second 
(kbps); vastly eclipsing the circa 19.2kbps 
rates more usually associated with HF 

radio. Moreover, the firm is using CR 
techniques with its SYNAPS tactical radio 
product line launched at the Eurosatory 
defence exhibition in Paris in June 2016. 
The SYNAPS product is expected to be 
ready for procurement within the next 
five years. Other firms are moving forward 
with the adoption of CR techniques. For 
example, during this year’s Paris Air Show 
held in June company representatives from 
Rafael Advanced Defence Systems told 
Armada that the firm’s BNET tactical radio 
product line already manages spectrum 
allocation for the BNET radios in a network 
automatically. This means that all of the 
BNET family radios can use the same 
spectrum without causing interference to 
one another. 

Rohde and Schwarz’ statement 
summarises how CR approaches can work: 
“First a CR senses the radio environment 
for free spectrum or interference. The 
results of the sensing are fed to the core of 
the CR, the cognitive engine. Within this 
engine, plans are set up and decisions about 
changes of the radios are made. The CR is 
basically learning from the environment 
and the behavior of the other users.” The 
statement continued that: “Based on this 
knowledge, the cognitive process or engine 
makes decisions about adaptations of the 
radio.” These adaptations can include “the 
selection of additional or new frequencies 

Thales’ new SYNAPS radio series is based 
upon the firm’s CONTACT products, as 
seen here, which it is developing for the 
French Army.
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Land-based 
electronic warfare 
continues to pose 
a challenge for 
tactical radio 
users, although 
CR techniques 
hold promise in 
ameliorating the 
effects of jamming. 
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for radio network operation, the adaptation of the waveform and 
the adaptation of the transmission power.” 

The firm’s statement continues that the ability to sense so-
called ‘white’ i.e. clear spaces in the spectrum, and ‘grey’ space; 
occasionally-used spectrum is integral to CR operation: “Spectrum 
opportunities are not created equally. The diverse behaviour 
of different primary users in various spectrum bands affects a 
cognitive radio’s ability to exploit spectrum holes. In a heavily used 
spectrum environment, the availability of unutilized, uncluttered, 
and easily accessible white space spectrum is unlikely … Rather, 
cognitive radios must explore the grey spectrum, those bands in 
which other users exist and in which the existence of exploitable 
spectrum holes is more difficult to discern and access.” 

ElEcTRoNIc WaRfaRE
One particular benefit which maybe heralded by CR is a more 
flexible response to an Electronic Warfare (EW) attack than is 
presently possible with conventional SDRs. Ms. Tang and Ms. 
Watson neatly summarise the communications conundrum facing 
armies on today’s battlefields: “Modern military communications 
and EW functions operate in the same electromagnetic spectrum, 
but sharing of spectrum and EW information within a force and 
between allied (militaries) is difficult.” They posit a scenario in 
which either overt jamming, or intrusion by a hostile radio, is 
detected on a network by a CR. 

Arguably, the advent of CR could provide a mechanism by which 
EW and tactical communications can ‘play nice’ and avoid blue-
on-blue jamming. As Dr. Dastangoo et al stated in their paper: “(F)
reindly electronic warfare devices have to continuously search for 
and suppress adversaries’ communications and jamming elements 
while avoiding unintentional jamming of friendly radios.” They 
continue that CR techniques could enable EW jamming systems 
to also intelligently sense what is happening in the spectrum 

and thus avoid electronic fratricide. The CR maybe able to utilise 
either an in-built Electronic Support Measure (ESM), or an ESM 
which is on the network, to determine a jammer’s position. It can 
then change its transmission parameters to avoid the jamming, 
or retaliate with EW efforts of its own. Interestingly, the authors 
note that tactical communications is an area where EW and cyber 
warfare are converging, given that the software-defined nature of 
today’s tactical radios, and the ability of their networks to handle 
data, makes them a target for cyber attack as much as conventional 
electronic attack. Notably, the DSA capabilities of CR networks may 
allow the collection of spectrum data regarding the locale in which 
the radio is operating to allow EW or cyber attacks against hostile 
communications networks. 

WavEfoRms
The advent of CRs could reduce the need for specific waveforms 
for specific tasks. Put simply, waveforms ensure the propagation 
of RF transmissions to perform a particular task, or set of tasks. 
For example, the North Atlantic Treaty Organisation’s (NATO) 
SATURN (Second Generation Anti-jam Tactical UHF Radio for 
NATO) waveform provides secure voice and data communications 
across the VHF and UHF wavebands of 30MHz to 400MHz and  is 
used primarily for airborne and naval communications. Leonardo 
believes that the ability of CRs to sense their environment and 
use, and to modify their behaviour accordingly may result in the 
realisation of “a universal waveform running on universal radio 
platforms.” As a means of comparison, contemporary tactical 
radios can use several waveforms to enable them to perform a 
diverse array of functions such as secure ground-to-ground or 
ground-to-air voice or data communications. 

CR technology is definitely on the horizon and could be seen 
on the battlefield by 2030. Rohde and Schwarz believes that: “A CR 
within a timeframe of ten years will observe its electromagnetic 
environment and make decisions about the usage of available and 
accessible electromagnetic spectrum.” A quiet revolution for military 
communications, then, seems in the offing. 



air Power

36 armadainternational.com - september 2017

Andrew Drwiega

BLaDeS oN
ParaDe

The concept of operations facing 
military rotorcraft operators 
has moved on from those 
defined by the Cold War of the 
1960s and 1970s and even from 

the Counter-Insurgency (COIN) operations 
witnessed around the world since the 
beginning of this century. Most modern 
militaries have had to come to terms with 
the financial burden of retaining large, 
technologically advanced armed forces. 

The upcoming Joint Multi-Role Technology Demonstration is the 
opening phase of what the US Department of Defence (DOD) and, 
specifically, the US Army, hopes will be a new era in rotorcraft 
operational capability.
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Its missions will widely align with those 
currently provided by the US Army’s fleet of 
Boeing AH-64D/E Apache attack helicopter 
and Sikorsky UH-60 Black Hawk family 
medium-lift utility helicopter fleets.  
Its mission profile covers the gamut of 
roles from direct attack and combat assault 
through to resupply, medical evacuation, 
combat search and rescue, and other rolls 
more commonly associated with the  
UH-60 family.

Beyond afghanistan
The US Army’s thinking on the next 
generation FVL platforms could be said to 
have been influenced significantly by the 
campaigns that it has recently prosecuted, 
particularly its involvement in Afghanistan 
fighting Taliban and Al Qaeda insurgents 
since 2001. Just one of the lessons which 
derived from the Afghan deployment was the 
cost in troops and materiel required when 
Forward Air Refuelling Points (FARPs) had 
to be positioned around the country to allow 
UH-60 family, AH-64D and other helicopters 
to refuel during missions to more remote 
military locations. The rugged topography 
of Afghanistan with it high mountains and 
soaring temperatures during the day meant 
that rotorcraft were forced to reduce weight, 
particularly fuel loads as well as passengers 
and munitions, in order to carry out their 
missions. This became known as operating 
‘hot and high’ which has had a major impact 
on leaders within the US Army’s aviation 
strategy and planning domains. What 
would be required of FVL was a range of 
platforms that could affordably deliver a set 

One of two RAH-66 
Comanches during 

flight trials in the 
early 2000s before 

the whole project 
was cancelled in 

February 2004.

An artist’s impression of 
troops leaving a V-280 

with the aircraft’s tiltrotor 
design clearly discernible.
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Where once the West did not have to match 
the massed ranks of tanks, guns and aircraft 
deployed in Eastern Europe by the Soviet 
Union and its Warsaw Pact allies on a 
one-to-one basis because of the former’s 
technological superiority, diminishing 
defence revenues and the soaring cost of 
technology and new platform development 
mean that strategy is no longer possible.

Helicopters have transitioned from 
being linear battlefield support platforms 

for the Cold War era, to become a vital 
element of COIN operations. However, 
their key limitations have changed little 
over the last half century of warfare. Their 
speed has remained limited to under 161 
knots (300 kilometres-per-hour) due to the 
aerodynamics of the aircraft’s retreating 
blade which causes an uneven amount of 
lift on opposite sides of the rotor disc. 

The Future Vertical Lift (FVL) initiative 
was started in 2008 with a US Congressional 
caucus voicing concern over: “the lack of 
a strategic plan for improving the state of 
vertical lift aircraft in the United States.” 
The ambition was to address the range of 
rotorcraft needs across the DOD which 
would involve a range of aircraft. Operating 
a wide range of helicopter types in the past 
had proven costly, particularly considering 
the different maintenance requirements 
for each type and the costs therein. This 
meant that key objectives for the FVL 
effort included commonality between 
platforms with open architecture to make 
continuous upgrades not only possible 
but affordable. A basic requirement was 
also the ongoing interaction with industry 
involving a Science and Technology (ST) 
plan that remained anchored in realistic 
technological development tied to decision 
options for the rotorcraft fleet.

The initial vision of an FVL Family 
of Systems (FOS), was divided into four 
classes of aircraft; light, medium, heavy and 
ultra. This FOS was recently replaced by 
the definition of Capability Sets (CSs). For 
example, the FVL-medium is now known 
as CS3 with a target fielding date of 2030. 
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has therefore been the driving force 
behind the FVL programme. The US 
Army’s Aviation and Missile Research, 
Development, and Engineering Centre 
(AMRDEC) was selected as the lead 
organisation to provide its experience in 
research, development, and engineering 
technology. One of the first stages of the 
FVL undertaking is the Joint Multi-Role 
Technology Demonstration (JMRTD). 
The JMRTD will occur this year and is to 
prepare the DOD to begin the decision 
making process regarding the FVL. It will 
feature flying demonstrations from two 
teams: one of which is led by the Bell V-280 
Valor third-generation tiltrotor; and a 
second joint Boeing-Sikorsky initiative 
with the SB-1 Defiant. The latter design 
employs a co-axial rotor combined with 
a pusher propeller that has its origins in 
Sikorsky’s X2 and S-97 Raider technology 
demonstrators.

Dan Bailey, programme director for 
the JMRTD initiative at the US Army’s 

AMRDEC facility told Armada that flight 
demonstrations of the two JMRTD aircraft 
are planned to continue through to 2019. 
He said that AMRDEC subject matter 
experts in flight controls, aeromechanics, 
experimental aerodynamics and drive 
systems: “have had numerous technical 
exchanges with the JMRTD industry 
participants throughout the execution 
of the programme, to include support 
and execution of developmental testing.” 
However, he said that the government’s 
primary role in the JMRTD participation is 
to learn the art of what is currently possible.

The JMRTD air vehicle demonstration 
does not have any guarantee of a subsequent 
procurement contract for either of the 
participants but will instead demonstrate 
each platform’s capability to deliver range, 
speed and payload characteristics. Neither 
of the concepts themselves are particularly 
new with both design ideas going back to the 
previous century: Bell’s XV-15 tiltrotor first 
flew in May 1977 while Lockheed Martin’s 
AH-56 Cheyenne had a four bladed rigid rotor 
with a tail mounted pusher propeller that 
first flew in September 1967. Nonetheless, 
today’s use of composite materials, fly-by-
wire and intricate component manufacturing 
mean that the aircraft that will fly the 
JMRTD are fundamentally different to those 
initial concepts.

The JMRTD development programme 
is funded by the US government and 
industry participants through cost-
sharing agreements negotiated with 
each participant, but basically around 
a 3:1 industry-to-government ratio. It is 
funded by the DOD until 2020 when the 
results of the first stage of technology 
demonstrations will be able to then guide 

of capabilities including higher speed, better 
lift efficiency, lower drag, and improved 
hover out of ground effect in hot and high 
conditions.

The failure of past innovative 
developmental programmes to make it 
through to service entry, such as the ill-
fated Boeing-Sikorsky RAH-66 Comanche 
reconnaissance/attack helicopter initiative, 
has made the DOD’s decision makers 
cautious about all future new technologies. 
The RAH-66 was eventually discontinued 
in February 2004 due to its cost escalation as 
its role was continually redefined, a factor 
which always adds cost and development 
time with every new change that is made.

Current programmes such as the Lockheed 
Martin F-35A/B/C Lightning-II fighter have 
also proved to be hugely expensive, with some 
reports positing a price of around $1 billion 
per aircraft, with innovative new technology 
promising much, such as the Autonomic 
Logistics Information System (ALIS), 
which provides the information technology 
backbone to support the F-35 family, but 
which has stubbornly continued to cause 
delays through integration issues. The latest 
version, ALIS 2.0.2, will provide data from 
the aircraft’s engine directly to maintenance 
personnel. However, despite the cost the level 
of expectation and dependency built up not 
only in the armed forces of the United States 
(which will operate the aircraft) but also 
among the militaries of foreign customers, has 
effectively meant that failure and cancellation 
of the aircraft has not been an option.

In the wake of the experience of 
programmes such as the F-35A/B/C and 
RAH-66 careful and planned development 

The SB-1 design employs 
a pusher propeller and, 
like the V-280 design, 
represents a somewhat 
unorthodox, yet 
potentially revolutionary, 
approach to providing 
battlefield vertical lift. 
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 Mr. Tobin (third from left) and 
Mr. Bailey (second from right) at 
a FVL presentation at the Centre 
for Strategic and International 
Studies, Washington DC. in 
September 2016.
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the next stages of the FVL. Mr. Bailey also 
points out that the JMRTD programme will 
lead to the creation of a mission system 
suite: “That incorporates the development 
and maturation of Joint Common 
Architecture (JCA) and virtual integration 
processes and tools, and the development of 
a Future Airborne Capability Environment 
(FACE) which is conferment to open 
system architecture.” Simplified, it would 
ensure ongoing software portability 
and interoperability to common sets 
of processes and standards as the FVL 
programme develops.

The DeveloPer’s PersPecTive
Armada spoke at length to Vince Tobin, vice 
president of advanced tiltrotor systems at 
Bell to obtain a perspective on progress and 
the expectations of one of the participants 
in the JMRTD: “We are on plan to fly this 
fall, although no specific date has been 
established for the demonstrator yet,” 
he said. Major milestones this year had 
included the connecting of the V-280’s wing 
and nacelles in March, followed by that 
assembly’s fixture to the fuselage. In May he 
said that the aircraft was 96 percent complete 
and that the company expected to conduct 
the first ground run of the aircraft in July. 
Mr. Tobin continued that: “We are on pace to 
enter the Engineering, Manufacturing and 
Development (EMD) phase (where a system 
is developed and designed before going into 
production) as early as 2019, assuming no 
significant changes to the requirement.” 
He added that the company would be 
prepared for a Milestone-C decision (which 
determines whether a programme has met 
all of the EMD phase exit criteria) in 2024 
with potential production beginning by 
2025. This would potentially allow the V-280 
to be declared with an Initial Operational 

Capability (IOC) on or after 2030 following 
crew training including conversion to type 
and then conversion to role. The latter would 
involve learning whatever new mission 
systems had been installed on the aircraft.

The timing of developing CS3 is critical 
to industry, and in this case to Bell. Its joint 
venture with Boeing regarding the V-22 
Osprey family tiltrotor development will 
soon run its course with all multi-year 
production aircraft being delivered to the 
US Marine Corps (USMC) in the guise of 
the MV-22B and the US Air Force (CV-22B) 
by the end of the decade. An outstanding 
US Navy requirement for 48 CMV-22Bs to 
replace the ageing Northrop Grumman 
C-2A Greyhound turboprop freighter 
could lead to a multi-year production 
between 2018 and 2022 and an expected total 
requirement of 17 V-22 family aircraft by 
Japan remains, although other nations such 
as Australia, Israel and the United Kingdom 
have shown real interest in the capability 
that the V-22 family offers. The engineering 
force behind tiltrotor technology needs 
to be kept employed otherwise employee 
skills and corporate design knowledge 
will be degraded through a lack of follow-
on orders as the 2020s progress. Support 
to the existing V-22 family fleets would 
remain and would entail improving aircraft 
readiness, reducing operating costs, as well 
as a drive to expand the customer base.

Mr. Tobin said that Bell needed to keep 
the pressure on the FVL initiative to ensure 
that it remained an ongoing feature in 
the annual US President’s budget and the 
Programme Objective Memorandum (POM), 
basically the DOD’s list of resource allocation 
for ongoing service acquisition needs 
and budget requirements. He continued 
by highlighting the need for the DOD to 
increase POM 2019 funding to accelerate the 

development timeline for the FVL.
The affordability of the V-280 has been 

one of the uppermost thoughts in Bell’s 
development of the aircraft. Mr. Tobin said 
that as a third generation aircraft, building 
on the learning experience of the past, the 
company had been able to leverage existing 
advanced tooling and manufacturing 
techniques that have helped: “to remove cost, 
weight and complexity from the aircraft. 
Improved manufacturing processes lead 
to reduced sustainment costs including 50 
percent fewer manufacturing hours, less 
material and more simplified procedures.”

Ongoing testing of the V-280 would 
proceed with the single demonstrator model 
currently being completed. Regarding 
the need for additional testbeds before 
any production decision was made, Mr. 
Tobin said that: “the number of prototypes 
required for the EMD effort will be 
determined by our customers’ requirements 
... Bell and our teammates are currently 
assessing how various factors will impact 
our production decisions. While we have 
not come to conclusions, given the variables 
still needing clarity from our customers, we 
continue to do thorough analysis to allow us 
to respond quickly when required.”

One potential spin-off of the V-280 
development was the announcement 
earlier this year by Bell of its launch of the 
unmanned V-247 Vigilant. Mr. Tobin said 
that this aircraft represented: “a low-risk, 
achievable approach to satisfying the 
USMC’s Marine Air-Ground Task Force 
unmanned expeditionary capabilities 
requirement for an Unmanned Aerial 
Vehicle (UAVs) with a 1320 pound (600 
kilogram) maximum take-off weight. 
The company completed a systems 
requirements review during the first 
quarter of 2017 to this end, but Mr. Tobin 
added that: “funding and requirements are 
critical to an early start in the development 
programme.” The Preliminary Design 
Review (PDR) would be completed within 
the next twelve months. he confirmed. He 
pointed out that while some of Bell’s V-280 
team were involved in the V-247, there were 
other new members whom had joined the 
initiative with more speciality in UAVs.

Whichever platform is eventually 
procured to fulfil the FVL requirement 
could well prove revolutionary, both in 
terms of the technology it employs, and how 
such platforms are used on the battlefield. 
The rest of the world’s militaries will no 
doubt be watching with great interest.

A prototype V-280 takes 
shape at Bell’s facilities. 
The design, which will be 
crucial for retaining US 
tiltrotor know-how, could 
also form the basis for the 
unmanned V-247.
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Addressing the US Senate’s 
Armed Services Committee, 
which performs legislative 
oversight of the country’s 
armed forces, on 4th 

May as part of an annual review by the 
administration, Gen. Thomas described the 
fast pace of change witnessed by USSOCOM 
during his first year in post before 
touching upon capability and materiel 
requirements demanded by his forces to 
maintain strategic, operational and tactical 
overmatch against adversaries.

Speaking to Senators in Washington, 
DC. Gen. Thomas revealed: “Even in the 
short span of my first year in command 
we’ve seen the World evolve in complexity 
and the desire for (special forces) continues 
to increase. While challenges endure and 

Andrew White

Mr. Trump (left), Gen. 
Joseph Votel, head of US 

Central Command, and 
Gen. Thomas discuss 

the future of USSOCOM 
at MacDill airbase.

WORDS OF WISDOM

Having completed his first year in the role General Raymond A. Thomas III, head of the US Special 
Operations Command (USSOCOM) described his thoughts on the evolution of the organisation as it 
celebrates its 30th anniversary.

U
S 
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new ones emerge, our force continues to 
evolve in the attempt to present options 
and decision space for our national 
leadership.” Describing how USSOCOM 
had grown over the past three decades, 
he explained how the command now 
comprised an entity capable of engaging 
across the US’ Geographic Combatant 
Commands (GCCs): “We are providing key 
integrating and enabling capabilities to 
support their campaigns and operations. 
We operate and fight in every corner of 
the world as an integrated joint, combined 
and interagency force,” Gen. Thomas 
reiterated while describing how USSOCOM 
continues to adopt ground-breaking roles 
in order to maintain its currency across 
an increasingly congested and contested 
operating environment.

COuNTeRING exTReMISM
He told the committee that: “First, we are 
the designated coordinating authority for 
(Counter Insurgency/COIN) and other 
threat networks … Specifically; we have 
identified the necessity to understand and 
address the underlying infrastructure 
that organisations (performing political 
violence) use to generate and sustain their 
combat power, especially their enablers 
which include foreign fighters, financing 
and strategic communications.” Referring 
to ongoing campaigns to counter Al Qaeda 
(AQ) and the Islamic State of Iraq and Syria 
(ISIS) insurgent organisations globally, 
Gen. Thomas described how USSOCOM’s 
priorities remains to disrupt their: 
“external attack capability; destroying (and) 
neutralising AQ and IS; and developing 

WORDS OF WISDOM
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a long term approach to defeat and/or 
counter violent extremist organisations,” he 
continued: “Organisations such as ISIS and 
AQ are trans-regional threats that require 
the joint force to work with partners across 
the US government as well as coalition 
partners. It requires focused effort to secure 
and hold our gains by empowering local 
entities within and among the populations 
… As we move forward in our coordinating 
authority role within the DOD (Department 
of Defence), we are committed to further 
developing this comprehensive approach to 
support the US military’s integration across 
the range of activities that like-minded 
organisations are pursuing,” Gen. Thomas 
added.

EmERGING AdvERSARIES
Beyond ongoing COIN campaigns designed 
to quell AQ and ISIS globally, USSOCOM 
continues to pay close attention to the 
emergence of so-called ‘near-peer’ 
adversaries which Gen. Thomas highlighted 
as comprising a short-list of the Democratic 
People’s Republic of Korea (DPRK), Islamic 
Republic of Iran, the People’s Republic of 
China and Russia: “While we have evolved 
and now field an unmatched capability to 
conduct … operations with our partners 
and execute a select set of niche missions 
in support of the joint force, this expertise 
is not necessarily tailored to compete with 
near-peer competitors. We are focused on 
transformation as rapidly as possible across 
a broad range of mission capabilities,” Gen. 
Thomas announced.

Explaining how Russia had ‘re-emerged’ 
as a strategic competitor to the US in a 
global context, Gen. Thomas warned how 

it had continued to prove a desire to act 
aggressively towards the US and other 
Western allies in an unconventional 
context: “They are particularly adept at 
leveraging unconventional approaches 
to advancing their interests and it is 
clear they are pursuing a wide range of 
audacious approaches to competition; 
special forces often present a very natural 
unconventional response,” he proclaimed.

Defence sources associated with Special 
Operations Task Forces currently deployed 
in the Middle East in support of the US-
led Operation INHERENT RESOLVE 
which is directed against ISIS described 
to Armada how Russian Special Purpose 
Brigades (Spetsnaz) had played an active 
part in operations in Syria. Explaining how 
USSOCOM continued to deploy forces from 
across the Command to support European 
countries sharing a western border with 
Russia; namely the Baltic states of Estonia, 
Latvia and Lithuania, as well as Poland, 
Romania, Ukraine and Georgia; Gen. 
Thomas described how his strategy relied 
upon assurance missions to generate host 
capabilities and “compete short of conflict 
in a hybrid environment … We will continue 
to refine our special forces posture to 
strengthen these partnerships in order to 
deter or respond to aggression in the region, 
as well as to reassure our allies and contribute 
to a broader deterrent effect,” he added.

Turning his attention to the DPRK, Gen. 
Thomas also described how USSOCOM 
forces continue to advise their counterparts 
in the Republic of Korea (ROK) special 

operations community. Special Operations 
Teams from the US Naval Special Warfare 
Command and US Army Special Operations 
Command for example, retain close 
relationships with the ROK Army’s Special 
Warfare Command and Navy SEALs (Sea, 
Air, Land) as they: “actively pursue a 
training path to ensure readiness for the 
entire range of contingency operations in 
which SOF may play a critical role”.

EmERGING RoLES 
Such support includes the integration of 
USSOCOM’s latest area of responsibility; 
Countering Weapons of Mass Destruction 
(CWMD), which was recently transferred 
to the Tampa-based organisation having 
previously been under the auspices of the 
US Strategic Command (STRATCOM): “In 
this role, we are responsible for maintaining 
the DOD CWMD Campaign, establishing 
intelligence priorities, monitoring global 
operations and conducting assessments,” 
Gen. Thomas announced before disclosing 
how USSOCOM was preparing to published 
a Global Campaign Plan outlining its trans-
regional approach to the problem. The 
USSOCOM has also established a CWMD 
Coordination Centre to take the lead role 
in planning, preparing and executing 
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 USSOCOM continues to pay 
close attention to partnering 

operations globally, including 
foreign military sales to 

uplift technology capabilities 
of partner forces including 

supplying Lithuanian special 
forces with L-3 Warrior’s 

Ground Panoramic night 
vision goggles.

 USSOCOM is 
considering 
next-generation 
technologies 
capable of 
supporting its 
latest role to 
counter the 
proliferation of 
weapons of mass 
destruction 
globally.
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to requirements validation and acquisition, 
which allows us to rapidly field resources 
to those forces actively engaged in the fight. 
Our current budget supports recapitalising 
our platforms as well as developing our 
technological capabilities for dealing with 
near-peer competitors and competition 
short of armed conflict,” Gen. Thomas 
continued to describe while specifically 
referring to programmes including the 
recapitalisation of Lockheed Martin AC-
130J Ghostrider fixed-wing gunship and 
MC-130J Commando-II special missions 
aircraft which have seen these platform 
upgraded with a variety of capabilities 
including precision strike munitions, 
terrain following radars and electronic 
countermeasures: “We have taken delivery 
of ten new AC-130J Ghostriders and remain 
on track to declare Initial Operational 
Capability by the end of 2017. In our legacy 
gunship fleet, we fielded eight up-gunned 
AC-130W Stinger-IIs with 105mm large 
calibre guns and immediately deployed this 
enhanced capability to the fight in Syria and 
Iraq,” Gen. Thomas outlined.

Also describing ongoing efforts 
to further enhance intelligence cycle 
capabilities, USSOCOM continues to 
focus on the development of air, land and 
maritime platforms with what Gen. Thomas 
termed as interoperable and networked 
sensors capable of collectively being sewn 
together to form a common operating 
picture. Referring to the continued 
emergence of near-peer adversaries, he 

CWMD mission in a trans-regional context 
alongside other government agencies and 
partners abroad. Such a solution remains 
highly relevant to the contemporary 
operating environment which continues to 
witness the DPRK seeking to openly develop 
its nuclear and intercontinental ballistic 
missile capabilities; as witnessed by recent 
ballistic missile tests this year, as well 
as accusations that the Syrian regime of 
President Bashir al Assad is using chemical 
weapons in that country’s civil war.

MaTeRIeL UpLIfTS
During his first visit to USSOCOM’s 
headquarters at MacDill airbase in Tampa, 
Florida on 6th February 2017 following 
his election into office, President Donald 
Trump boasted how the Command would 
be: “loaded up with beautiful new planes 
and beautiful new equipment … USSOCOM 
has dispatched its legendary warriors to the 
most secret, sensitive and daring missions 
in defence of the United States of America. 
No enemy stands a chance against our 
Special Forces; not even a chance.  They 
don’t have a chance, and that’s the way 
we’re going to keep it.” This rhetoric was 
followed with news on 27th February that 
Mr. Trump’s administration was seeking 
to increase the DOD’s budget from $540 
billion to $603 billion for 2018.

Ahead of the Special Operations 
Forces Industry Conference (SOFIC) in 
Tampa which took place in mid-May, Gen. 
Thomas described his aspirations to the 

Senate Armed Services Committee in 
regards to technology, materiel and other 
equipment for USSOCOM. Outlining 
his three priority areas for USSOCOM 
in the future, Gen. Thomas described his 
intention to win current and future fights 
while concurrently transforming the 
organisation for it to be “prepared to deal 
with all future adversaries.” He continued 
that: “Our ability to see, understand and 
act across geographic boundaries is what 
allows special forces to operate globally at 
the speed of war, provide value to the GCCs 
(US Geographic Combatant Commands) 
and provide options and decision space 
to national leadership. Additionally, we 
have increased the lethality, precision and 
mobility of our forces over time, which 
assists us in rapidly repositioning and 
focusing; providing enhanced options and 
effects,” he explained.

Describing how the Command currently 
boasts a total of 30000 military and civilian 
personnel concentrated on Intelligence, 
Surveillance and Reconnaissance (ISR) 
missions, Gen Thomas also prioritised 
areas of cyber warfare; exploitation; 
communications; as well as logistical 
support to the combat teams operating at 
the ‘tip of the spear.’ “While we are fully 
committed to winning the current fight, 
we are simultaneously working to prepare 
for the conflicts of tomorrow. We are 
always searching for improvements and 
relentlessly pursuing our next advantage. 
Key to this effort is USSOCOM’s approach 
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The AC-130J is one of several 
airborne platforms which is 

being upgraded to enhance 
its ability to support the 

USSOCOM’s missions. 
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also described requirements for: “urgent 
investments in capabilities necessary 
for the denied battlefields of the future.” 
Sources explained to Armada how the 
likes of the Russian armed forces continue 
to conduct complex electronic warfare in 
eastern Europe, including the jamming of 
communications. Gen. Thomas emphasised 
that: “We must enhance our effectiveness in 
partnership with the services. For example, 
we look forward to continuing work with 
the (US Navy) to develop and enhance new 
options to support undersea operations,” 
he added while making reference to the 
Naval Special Warfare Command’s (NSWC) 
Teledyne Brown Shallow Water Combat 
Submersible (SWCS) and Lockheed 
Martin Dry Combat Submersible (DCS) 
programmes.

Speaking to Armada USSOCOM 
officials explained how the first two SWCS 
boats were due to be delivered to NSWC later 
in 2017 with developmental testing ongoing. 
Concurrently, USSOCOM continues 
to operate a single DCS technology 
demonstrator in order to validate design, 
construction and commercial classing 
methods in terms of cost, as well as schedule 
and performance, sources added. An initial 
operating capability for the DCS concept 
is not expected to be in place with NSWC 
until 2020, it was added. Lockheed Martin 
and Submergence Group, who won the 
DCS contract in 2016, also has the option 
to build a further two additional DCS 
boats. Capable of being deployed from sub-
surface dry docks integrated on board US 

Navy ‘Ohio’ class nuclear powered ballistic 
missile  submarines for example, the DCS is 
capable of covertly inserting and extracting 
Navy SEAL special forces teams to and 
from target areas, while also supporting 
live operations with command and control 
capabilities and potentially fire support. 
This programme is being supported by the 
navy’s Dry Deck Shelter (DDS) programme 
which could provide a similar capability 
to ‘Virginia’ class nuclear powered attack 
submarines. A request for proposals is 
expected to be published later in 2017, 
sources confirmed.

In the ground environment, Gen. 
Thomas described ongoing efforts by the 
US Army’s Special Operations Command 
in defining requirements for future 
ground mobility vehicles, explaining: “We 
continue to refine both our tactics and 
technological developments to enhance 
our man-hunting and network defeat 
capabilities. To integrate the advantages 
of rapidly evolving technology, we are 
making investments that will pay dividends 
for future missions.” Additionally, he 
reiterated calls for enhanced “deep machine 
learning” capabilities. Similar sentiments  
were proclaimed by the French Special 
Operations Command, Rear Admiral 
Laurent Isnard, head of the command, at 
the Special Operations Forces Innovation 
Network Seminar (SOFINS) event held 
at Camp de Souge, south-western France 

on 27th March: “This will help us mitigate 
thousands of man-hours spent on sorting 
through vast sums of data. The analysis 
of publicly available information; the 
processing, exploitation, and dissemination 
of information, specifically, ISR data; and 
sensitive site exploitation, are all wide-open 
areas for the application of this technology,” 
Gen. Thomas advised when speaking in 
May: “We are pursuing technology which 
can be applied to open architectures, 
enabling rapid upgrades and integration 
of commercial off-the-shelf capability to 
leverage the latest advancements in data 
analytics and machine learning.”

Finally, Gen. Thomas stressed the 
importance of research and development 
work including that which is being 
conducted by the Tampa-based SOFWERX 
centre. USSOCOM officials explained to 
Armada how the organisation is tasked with 
collaborating, idealising and facilitating 
with industry, academia and government the 
most efficient means of rapid prototyping 
concepts. The organisation is particularly 
interested in developing the following 
capabilities for USSOCOM, including 
three dimensional printing and hybrid 
cloud computing. Additionally, SOFWERX 
continues to focus on areas including combat 
medicine, weapons, soldier resiliency and 
optical weapon sights, one industry source 
described to Armada.

Highlighting ongoing issues relating 
to connectivity, Gen. Thomas warned 
how the USSOCOM SOFNET network 
comprised 70000 users globally, networked 
together by 1200 nodes: “The ability to share 
information across our network, from 
the unit deployed forward to USSOCOM 
headquarters, provides us with a key 
advantage in dealing with the information-
rich environment we find ourselves in 
today,” he concluded.

CoNCLuSIoN
As the leading special operations command 
globally, the international special 
operations community continues to look to 
USSOCOM for direction as the operating 
environment evolves in an increasingly 
complex fashion. USSOCOM’s ability to 
actively engage with regional partners 
provides the trigger for developments in 
not only concepts of operation, tactics, 
techniques and procedures but also 
technology which remains critical to the 
successful execution of the full spectrum  
of missions.

Requirements for sensitive 
site exploitation technology 

including the gathering of 
biometric data is set to play an 

integral role in the effectiveness 
of US Special Forces in the 

future operating environment. 
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