




















against the stressing, reduced-cross-section sea-skim­
ming threats. A horizon IR sensor is, therefore, essential 
to the enhanced ship self-defense capability. It is also a 
combination of old and new technology, as shown in 
Figure 11, with 360° azimuth coverage, up to 3° or 4° 
of elevation coverage, and a I-Hz scanning rate. Concen­
tration on the horizon to provide added detection capa­
bility against the sea-skimming threat allows the optics 
to be lightweight in comparison with the AN/SAR-8 IR 

search and track set (which attempted to cover high el­
evation as well) and, therefore, to be mounted high on the 
mast, further extending the horizon. Focal-plane-array 
technology with a large number of detectors provides 
increased sensitivity (10-12 dB improvement) and two 
bands provide detections on the basis of rocket motor 
plume and aerodynamic heating. Fast scan rates compat­
ible with today's high-speed digital signal processors will 
be used. With its milliradian angular accuracy, the hori­
zon IR sensor will provide precision cues to mechanically 
steered or phased-array radars, enabling them to use tai­
lored waveforms and thus increase their performance by 
8-10 dB. This precision azimuth and elevation track data 
can also be used for missile guidance and illuminator 
pointing. Against the supersonic, reduced-cross-section 
threat, the horizon IR sensor in some environments will 
provide declaration ranges nearly double those of today's 
surveillance radars. This improvement enables engage­
ments to occur in situations that may have otherwise been 
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denied because of short-range detections of small-cross­
section, high-speed threats. 

A precision electronic support measures sensor is 
the third element of the SSDS sensor triad. Like the 
horizon IR sensor, it is a mix of old and new technology 
(Fig. 12). Unlike the existing AN/SLQ-32, it is pitch 
and roll stabilized and provides azimuth and elevation 
data of milliradian accuracy and improved sensitivity 
using phase interferometry techniques. The sensor also 
provides instantaneous frequency measurements using 
advanced microprocessors and transputers to achieve 
high-speed parallel processing of large amounts of data. 
When combined with a Precision Passive Detection and 
Tracking System,13 precise angle and angular rate data 
are generated and can be used for automatic radar-to­
electronic support measures track correlation. Various 
discriminants such as frequency, pulse repetition interval 
and type, scan rate, and pulse width are also processed 
and used for enhanced target identification. As with the 
precision IR data, electronic support measures data pro­
vide precision cues that result in improved performance 
and can be used for weapons employment. 

ARCHITECTURAL TECHNOLOGY 
INSERTION 

To meet mission requirements, achieve improved in­
tegration, and provide advanced command and control 
features, significant processor and console upgrades are 
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Figure 11. Engagement battlespace lost owing to the high-speed, low-altitude, and small radar-cross-section supersonic cruise missile 
can be regained through multispectral data fusion and radar cueing using focal-plane-array IR sensor technology with improved sensitivity 
and a faster scan rate. Lightweight optics permit high mast mounting, which further extends the horizon and detection range against the 
high-speed (thus "hot" IR signature) threat. VLSI = very large scale integrated circuit. 
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Figure 12. As with the horizon IR sensor (Fig. 11), precision electronic support measures data can extend detection ranges and enhance 
defense against cruise missiles through data fusion and cueing. Interferometer technology enables improved sensitivity; precision 
azimuth, elevation, and rate tracking; and enhanced discriminants for target identification. ESM = electronic support measures. 

essential. Many of today's systems, however, have lim­
ited growth potential as a consequence of the point-to­
point architectures, limited input/output channels, and 
centralized processors. The required architecture must 
satisfy the low-latency requirements driven by the threat, 
be capable of growth, and take full advantage of current 
technology in the fields of computer and display process­
ing (Fig. 13). 

The SSDS Mk I incorporates fiber-optic local area net­
works to support the required redundancy, casualty re­
covery, and higher data throughput to handle the in­
creased shipboard information to be processed, dissem­
inated, and integrated. It uses both Fiber Distributed Data 
Interface and Ethernet-based local area networks to in­
terconnect command workstations and the weapon sys­
tem elements via local area network access units. Distrib­
uted microprocessors enable increased automation and 
integration, and Sun-based workstations present the 
operators with advanced, multiwindow color displays 
of map, symbology, status, and doctrine data. These 
features enable the combat system operators to manage 
the automated systems effectively using fast-response, 
screen-oriented controls. The architecture also permits 
distributed sensor integration that enables multiple radar, 
IR, and electronic support measures sensor contact data 
to be fused into a single track and used in weapons 
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scheduling, guidance, control, and engagement kill as­
sessment. 

The SSDS Mk II and III systems will employ fully 
distributed microprocessors grouped in clusters, connect­
ed through a combination of backplane buses and net­
works. This architecture achieves the reaction time (50% 
reduction from today's most advanced systems) and low 
data latency required to provide adequate performance 
against the specified raid densities and to enable multi­
spectral weapon-level data integration. The open archi­
tecture thus created ensures adequate reserves in time and 
core capacity and permits the use of enhanced man­
machine interfaces through the addition of advanced 
workstations. It also enables the relatively easy introduc­
tion of new elements, allowing the combat system to keep 
pace with new technology and its application to counter­
ing the advancing threat. 

EVOLVED SEASPARROW MISSILE 
The Evolved Seasparrow missile, depicted in Figure 

14, is critical to countering the advanced sea-skimming 
and maneuvering cruise missile threat. A two-phase de­
velopment provides a near-term missile capable of coun­
tering the advanced maneuvering threat and a Phase II 
missile upgrade to defeat the far-term threat and match 
the capabilities of the broadband multifunction radar. The 
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Figure 13. The system requirements allocated to the command and control element can be achieved through the insertion of current 
technology in computer processing, networking, and displays. Increased integration, data fusion, distributed-microprocessor-based 
processing, and enhanced man- machine interfaces enable rapid-response, low-data-Iatency weapon system operations. Ship class 
descriptions can be found in Ref. 11. NTDS = Naval Tactical Data System, LAN = local area network. 

near-term missile is being developed in a joint effort by 
several nations of the ATO Seasparrow Consortium, in­
cluding Australia, Belgium, Canada, Germany, the Neth­
erlands, Norway, Portugal, Spain, and the United States. 

The near-term Evolved Seasparrow missile (Fig. 15) 
is an improved, larger-diameter (ten-inch versus eight­
inch), quad-packable rocket motor with tail control pro­
viding twice the average missile speed, improved kine­
matic capability, and thrust vector control for rapid tip­
over after vertical launch. Only minimal changes to the 
existing RIM-7PIR guidance section are necessary to ac­
commodate the rocket motor improvements. These 
changes include an improved autopilot (for reducing the 
missile's time constant) and a digital inertial measure­
ment unit. The improved missile agility and guidance 
capability reduce the miss distance and, thus, increase the 
effectiveness against advanced maneuvering targets. In­
ternational and unique U.S. options are identified for the 
near-term missile, motivated primarily by combat system 
integration requirements. International options include a 
Mk 41 vertical launching system quad-pack configura-
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tion (i.e., four missiles per cell), X-band midcourse 
guidance uplink, and pulsed continuous-wave illumina­
tion for semi-active terminal homing. These options 
permit the missile to use the full capability of the mul­
tifunction Active Phased-Array Radarl4 being developed 
in the Netherlands. The U.S. unique options include 
modified ordnance to improve performance against su­
personic, sea-skimming threats, a dual-mode terminal 
homing seeker (semi-active RF/IR) with improved sensi­
tivity for low-signature targets, and S-band midcourse 
guidance for integration into the Aegis Combat System. 
The near-term Evolved Seasparrow missile will be com­
patible with the NATO Seasparrow Mk 29 guided missile 
launching system as well as the Mk 41 and Mk 48 vertical 
launching systems. It will be integrated into the SSDS 

Mk II. 
The second phase of the Evolved Seasparrow missile 

development includes a larger-diameter (ten-inch) front 
end with an improved warhead and fuze, a dual-mode 
seeker with an RF capability matched to the broadband 
Horizon Search/Weapon Support multifunction radar, 
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Figure 14. Evolution of the NATO Seasparrow missile (RIM-7) is critical to countering the advanced sea-skimming, maneuvering cruise 
missile threat. A two-phase development will yield a kinematically enhanced, agile , tail-controlled missile that can be launched from both 
trainable and vertical launchers in the near term and improved ordnance, boosted and nonboosted variants with a multimode seeker for 
the far term. Candidate ships, both U.S. and foreign, are identified. Ship class descriptions can be found in Ref. 11. 

and an imaging IR seeker. The Phase II missile also has 
a midcourse guidance capability via the Horizon Search! 
Weapon Support radar uplink and is compatible with 
pulsed continuous-wave illumination for increased fIre­
power. It has a boosted and a non boosted confIguration 
for continued compatibility with the Mk 41 and Mk 29 
launching systems, respectively. The boosted version has 
a 50% greater average speed than the unboosted round 
and provides increased effectiveness against highly ma­
neuvering targets. The Phase II Evolved Seasparrow 
missile will be incorporated in the SSDS Mk III. 

INTEGRATED ELECTRONIC WARFARE 
The integration of hardkill weapons (e. g., missiles and 

guns) and electronic warfare is key to achieving robust 
ship self-defense against the anticipated raid densities, 
particularly in ship classes not confIgured with the ad­
vanced Horizon Search/Weapon Support multifunction 
radar and Evolved Seasparrow missile. In those ship 
classes, an upgraded electronic warfare suite provides a 
cost-effective enhancement capable of defeating the less 
stressing threats. Performance against the supersonic, 
sea-skimming, multimode-guidance threat is stressed 
because of the inherent dependence of softkill effective-
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ness on alertment time (decoy deployment times), relative 
geometry (threat axis, launch tube, relative wind), ship 
signature (radar, IR, RF emissions), and specifIc threat 
identifIcation and seeker characteristics (for tailored de­
ceptive electronic countermeasures response). In many 
circumstances, however, electronic warfare enables a 
measured response to potentially hostile actions, which 
is both consistent with the rules of engagement and which 
does not further escalate hostilities. Decoys can be 
launched, for example, in response to emissions from a 
targeting radar that may be intended to provoke hostile 
action while awaiting the actual threat missile launch to 
execute the essentially irrevocable action of hardkill 
weapon engagement. 

Effective employment of the combat system requires 
the integration of hardkill and softkill weapons, not only 
to prevent interference, but to enhance the effectiveness 
of each. This integration includes the use of radar-gen­
erated tracks to initiate decoy launch rather than relying 
exclusively on electronic support measures detections. It 
also includes selectively scheduling targets for electronic 
warfare engagements that would otherwise go unengaged 
with hardkill weapons because of resource limitations 
and employing hardkill and softkill weapons in parallel 
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Figure 15. The near-term Evolved Seas parrow missile is being developed by an international consortium including Australia, Belgium, 
Canada, Germany, the Netherlands, Norway, Portugal , Spain, and the United States. International and U.S. unique options are identified; 
these options are influenced primarily by combat system integration requirements. 

when softkill weapons alter the threat characteristics and 
increase the vulnerability to hardkill weapons. 

Upgrades of existing electronic warfare elements (Fig. 
16) are also needed to achieve the desired level of combat 
system performance. These upgrades include advanced 
digital signal processing for signal discrimination and 
integration, an adjunct high-sensitivity horizon electronic 
support measures sensor for sea-skimmer detection, and 
an oftboard active electronic decoy matched to the re­
duced cross section of the ship. These upgrades will be 
integrated into the SSDS Mk IT. The Mk ill concept in­
cludes several additional new technology elements that 
are fully integrated in the Advanced Integrated Electronic 
Warfare System, including enhanced signal processing 
for threat identification, active IR countermeasures, and 
advanced active oftboard decoys. This level of integration 
also requires electronic support measures data of millira­
dian accuracy as provided by the precision electronic 
support measures sensor described earlier. The SSDS Mk 
ITI integrated electronic warfare suite will provide in­
creased effectiveness against the threat, particularly in 
those ship classes that do not receive the advanced hard­
kill weapon systems. 
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SUMMARY: AN ENHANCED DEFENSE FOR 
THE LITTORAL ENVIRONMENT 

Although the recent dramatic geopolitical changes 
have all but eliminated the possibility of global war, they 
have introduced new instabilities and accelerated the 
proliferation of advanced-technology weapons. Motivat­
ed by geopolitical, ethnic, or religious instabilities, lim­
ited and regional conflicts in littoral environments are 
more likely than they have been in the past. In response 
to this changing threat, the Navy has focused on enhanc­
ing ship self-defense, and the Program Executive Office 
for Ship Defense has endorsed the overall roadmap de­
scribed in this article for upgrading existing weapon 
system elements and integrating critical new technolo­
gies into the combat system. 

The enhancements required are primarily driven by the 
advanced supersonic, maneuvering, sea-skimming threat 
in the cluttered littoral environment. Upgrades dependent 
on each ship class, including sensors, weapons, and their 
integration, will be required for effective defense. The 
necessary sensor improvements include upgrades to the 
existing Mk 23 Target Acquisition System and AN/SPQ-9 
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Figure 16. The required electronic warfare enhancements in­
clude sensor, deceptive electronic countermeasures, and offboard 
decoy upgrades, as well as softkill and hardkill weapon coordina­
tion. The upgraded electronic warfare suite provides a cost­
effective contribution to air defense, particularly on those ship 
classes that do not receive the advanced hardkill weapon system 
(Ship Self-Defense System Mk III). ECM = electronic countermea­
sures, ESM = electronic support measures, EW = electronic 
warfare. 

radars, in addition to the introduction of a horizon IR 

sensor, a precision electronic support measures sensor, 
and a multifunction radar based on active-element 
phased-array technology for horizon search and weapon 
support. Weapon improvements include the introduction 
of the Rolling Airframe missile to provide an immediate 
capability in selected amphibious ships, the evolution of 
the Seasparrow missile to address the advanced threat, a 
modest upgrade of the Phalanx Close-In Weapon System 
to the Block I Baseline 3 configuration, and electronic 
warfare enhancements. The integration of these sensors 
and weapons is essential to maximizing their effective­
ness and includes multispectral sensor data fusion, pre­
cision cueing, weapon-level data integration, and hard­
kilVsoftkill weapon coordination. 

140 

With these upgrades, the application of new technol­
ogy, and increased system integration, the surface Navy 
will be able to defend effectively against the air threat it 
may be forced to encounter in Third World regionaV 
limited conflicts in the littoral environment well into the 
next century. Naval expeditionary forces will then be able 
to sustain littoral warfare operations while accomplishing 
their mission. 
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