Development

DuAL-BAND RADAR DEVELOPMENT. FRO

~ NGINEERIN | JE'S N\ O PROD CTON

NAVAL SEA SYSTEMS COMMAND




DUAL-BAND RADAR DEVELOPMENT: FROM
ENGINEERING DESIGN TO PRODUCTION

OVERVIEW

The Dual-Band Radar (DBR) Suite is a U.S.
Navy program. The suite consists of two radars
integrated with a common controller and single
interface to the combat system. The DBR radar
acts according to combat-system-supplied doc-
trine, which effectively removes the need for an
operator to run the radar, look at a radar display,
and make tactical decisions. The radar not only
provides fast reaction times, but also removes
much of the potential for operator error in threat
response.

The radars operate at X-band and S-band,
and utilize active array technology, a first for the
U.S. surface Navy. The DBR is scheduled for Ini-
tial Operational Capability (IOC) in 2014 aboard
DDG 1000. The DBR will also be installed aboard
USS Gerald R. Ford (CVN 78), the lead ship of the
CVN 21 program. The DBR program started in
1999 with a contract award for the AN/SPY-3 Mul-
tifunction Radar (X-band) to Raytheon. Raytheon
recently installed engineering development mod-
els (EDMs) of both the X-band and the S-band ra-
dars at the DDG 1000 Wallops Island Engineering
Test Center (WIETC). Testing on AN/SPY-3 and
the S-band Volume Search Radar (VSR) is cur-
rently underway. This paper summarizes the effort
of transitioning from engineering design to pro-
duction, discusses the upcoming combat-system
integration challenges, and highlights the advan-
tages of the integrated DBR system to the Navy.

SYSTEM ARCHITECTURE
AND DESCRIPTION

The DBR suite is composed of two radars: the
AN/SPY-3 Multifunction Radar (an X-band radar)
and the VSR (an S-band radar) and contains a cen-
tral resource manager for both radars. The DBR is
connected to the combat system via a single inter-
face. A block diagram of the DBR system is shown
in Figure 1. The AN/SPY-3 primarily focuses on
horizon search, low-altitude tracking, and mis-
sile support (illumination, uplink, and downlink),
while the VSR is primarily responsible for volume
search and tracking.

The design goals of DBR are to:

o Operate in harsh littoral environments,
which often include potentially high-clutter
areas, as well as land-based jamming

o Provide automated ship self-defense capabil-
ities against air and surface targets, including
low-flying missiles

o Provide robust multimission radar

o Provide advanced electronic protection (EP)
capabilities
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Figure 1. DBR Block Diagram

The AN/SPY-3 consists of three active arrays
and the Receiver/Exciter (REX) cabinets above-
decks and the Signal and Data Processor (SDP)
subsystem below-decks. The VSR has a similar ar-
chitecture, with the beamforming and narrowband
down-conversion functionality occurring in two
additional cabinets per array. A central controller
(the resource manager) resides in the Data Pro-
cessor (DP). The DBR is the first radar system that
uses a central controller and two active-array ra-
dars operating at different frequencies.

The DBR gets its power from the Common Ar-
ray Power System (CAPS), which comprises Power
Conversion Units (PCUs) and Power Distribution
Units (PDUs). The DBR is cooled via a closed-loop
cooling system called the Common Array Cooling
System (CACS). The power and cooling systems
are not shown in Figure 1.

The X-band has, in general, favorable low-al-
titude propagation characteristics, which readily
support the horizon search functionality of the AN/
SPY-3. A large operating bandwidth is required to
mitigate large propagation variations due to me-
teorological conditions (i.e., evaporative ducting).
The X-band arrays are smaller and lighter than the
S-band arrays. This allows the X-band radar to be
positioned higher, which results in improved per-
formance in low-flyer detection and tracking.* The
VSR provides a high-power-aperture product (the
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power-aperture product is a figure of merit of ra-
dar systems, the product of the total average ra-
dar transmitted power and the antenna area), and
sufficiently small beam widths to support accurate
target tracking. The VSR’s primary role is to per-
form the volume search function.

The AN/SPY-3 and the VSR are both advanced,
solid-state, active phased-array radars. Solid-state
arrays offer several advantages:

» Lower transmit and receive losses relative to

passive arrays

« Higher operational availability

o Graceful transmit degradation versus a sin-

gle transmitter system?

The REX consists of a digital and an ana-
log portion. The digital portion of the REX pro-
vides system-level timing and control. The analog
portion contains the exciter and the receiver. The
exciter is a low-amplitude and phase noise sys-
tem that uses direct frequency synthesis. The ra-
dar’s noise characteristics support the high clutter
cancellation requirements required in the broad
range of maritime operating environments that
DBR will likely encounter. The direct frequen-
cy synthesis allows a wide range of pulse repeti-
tion frequencies, pulse widths, and modulation
schemes to be created. The receiver has high dy-
namic range to support high clutter levels caused
by close returns from range-ambiguous Doppler
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waveforms. The receiver has both narrowband and
wideband channels, as well as multichannel capa-
bilities to support monopulse processing and sid-
elobe blanking. The receiver generates digital data
and sends the data to the signal processors.

The DBR uses IBM commercial off-the-shelf
(COTS) supercomputers to provide control and
signal processing. DBR is the first radar system to
use COTS systems to perform the signal process-
ing. Using COTS systems reduces development
costs and increases system reliability and maintain-
ability. Referencing Figure 1, the high-performance
COTS servers perform signal analysis using radar
and digital signal-processing techniques, includ-
ing channel equalization, clutter filtering, Doppler
processing, impulse editing, and implementation
of a variety of advanced electronic protect algo-
rithms. The IBM supercomputers are installed in
cabinets that provide shock and vibration isolation.
The DP contains the resource manager, the track-
er, and the command and control processor, which
processes commands from the combat system.

The DBR utilizes a multitier, dual-band track-
er, which consists of a local X-band tracker, a local
S-band tracker, and a central tracker. The central
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tracker merges the local tracker data together and
directs the individual-band trackers’ updates. The
X-band tracker is optimized for low latency to sup-
port its mission of providing defense against fast,
low-flying missiles, while the VSR tracker is op-
timized for throughput due to the large-volume
search area coverage requirements.

The combat system develops doctrine based
on the current tactical situation and sends the doc-
trine to the DBR. The combat system also has con-
trol of which modes the radar will perform. Unlike
previous-generation radars, the DBR does not re-
quire an operator and has no manned display
consoles. The system uses information about the
current environment and doctrine from the com-
bat system to make automated decisions, not only
reducing reaction times, but also reducing the risks
associated with human error. The only human in-
teraction is for maintenance and repair activities.

The DBR supports the modes of operation as
shown in Figure 2. The primary modes for AN/
SPY-3 are horizon search/track while scan, surface
search/navigation, periscope detection and dis-
crimination, and environmental mapping. During
engagements, AN/SPY-3 also performs precision
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Figure 2. DBR Operating Modes

NAVSEA WARFARE CENTERS

Periscope Detection

Volume 7, Issue No. 2 55



LEADING
EDGE

tracking, ownship missile tracking, missile com-
munications, and target illumination. The pri-
mary mode of operation for VSR is continuous
volume search, precision tracking, and environ-
mental mapping. Several modes can be performed
by either band as directed by the resource manager,
such as limited volume search, precision tracking,
or cued acquisition. This allows the radar flexibility
if one of the bands is taxed due to other modes be-
ing performed, such as when the AN/SPY-3 is per-
forming illuminations.

Previously, the Navy utilized separate radar sys-
tems for air traffic control (ATC), target illumina-
tion, target tracking, surface search and navigation,
missile tracking, and environmental mapping. The
DBR suite integrates these functions into one sys-
tem, providing a robust and effective solution for
the Navy. An integrated system has several advan-
tages over a collection of separate systems—lower
cost, lower weight, lower ship space required, and
most importantly, less manning is required.

ENGINEERING DEVELOPMENT MODEL
(EDM) INTEGRATION & TEST

The DBR integration and test effort has been
separated into two parallel efforts. The first effort
focuses solely on AN/SPY-3, whose development
started much earlier than VSR. The second effort
focuses solely on integrating VSR. Both systems
continue to be integrated and tested separately at
Wallops Island until late 2009, when both systems
will be integrated to form the DBR.

AN/SPY-3 Integration and Test

This section discusses the integration and test-
ing at Wallops Island on the Self-Defense Test Ship
(SDTS), and at the Surface Warfare Engineering
Facility (SWEF).

Sensors

Development

from a hardware verification activity to a system
functionality test program, which specifically fo-
cused on the Air Search and Track functionality.
The test program adopted an incremental strate-
gy that began with tracking low-cost targets (e.g.,
Learjets) and culminated with testing against tar-
get drones.

Self-Defense Test Ship (SDTS) Testing

After completing the land-based testing in
2005, the AN/SPY-3 system was shipped to Port
Hueneme, California, to be installed upon the
SDTS, the decommissioned USS Paul E Foster
(DD 964). Figure 4 shows the SDTS and identi-
fies the location of the AN/SPY-3 radar on the ship.
The test objectives remained similar, but these tests
were conducted in an operational environment
with ship-motion and land-clutter backgrounds.
The AN/SPY-3 completed its testing program in
2006 but remained on the SDTS until 2008 to ob-
serve Ship Self-Defense System (SSDS) testing. The
testing, completed while installed on the SDTS,
was essential to production decisions and gave in-
sight into the operational environment.

VSR Integration & Test

The VSR development produced an EDM that
was installed in the SWEF located at Port Hueneme,
California, in 2007. This installation is shown in
Figure 5. This test period focused on hardware
characterization, including measurements of
Effective Isotropically Radiated Power (EIRP)
and system stability. (EIRP is a figure of merit
for antenna systems and is a way to compare the
radiated power of antennas.) In 2008, the system
was shipped to Wallops Island, Virginia, to be
installed in the WIETC, shown in Figure 6.

Wallops Island Land-Based
Testing

The AN/SPY-3 Development
Contract, awarded to Raytheon in
1999, produced an EDM that was
installed at Wallops Island, Vir-
ginia, in 2003. This installation is
shown in Figure 3. At this loca-
tion, the AN/SPY-3 EDM System
was integrated, and full-power ra-
diation was achieved for the first
time. Previous subsystem inte-
gration activities were limited to
single-element radiation inside
a near-field range. As the system
matured, the effort transitioned
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Figure 3. AN/SPY-3 Wallops Island Installation
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Figure 4. AN/SPY-3 Self-Defense Test Ship Installation
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Figure 5. VSR Surface Warfare Engineering Facility Installation
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Figure 6. Dual-Band Radar Wallops Island Engineering Test Center Installation

PLATFORM INTEGRATION

The DBR is being integrated into both the Zum-
walt-class destroyer and the Ford-class aircraft car-
rier. Each platform introduces its own set of design
considerations, which range from prime power type
to sensor priority differences. The examples listed
in this section are not intended to be complete; they
represent only a sampling of the platform design
considerations for both Zumwalt and Ford.

DDG 1000 Zumwalt-Class Destroyer

The physical arrangement of the sensors in the
Zumwalt deckhouse is illustrated in Figure 7. To
accommodate integration into the Zumwalt class,
the DBR design has been uniquely influenced in
the areas of prime power type, array structure,
and VSR radome design. With the introduction of
the Integrated Power System (IPS) for Zumwalt,
the 440-VAC EDM design was changed to accom-
modate the ship-power-supplied 4160 VAC. The
CAPS design is being updated to accommodate
the voltage change.

CVN 78 Gerald R. Ford-Class Aircraft Carrier
The physical arrangements of the sensors in
the Ford-class island are illustrated in Figure 8. To
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accommodate integration into Ford class, the DBR
design has been uniquely influenced in the areas
of prime power type and sensor priorities. Similar
to the design changes in Zumwalt, Ford class will
supply CAPS with 13.8 kVAC. Design updates to
CAPS are in process to accommodate this change.

In addition to being the primary antiair war-
fare (AAW) sensor for the Ford class, DBR is also
the primary ATC sensor. To accommodate this
added functionality, DBR has added a short-range
search fence to the baseline functionality set that
runs concurrently with other functionalities, such
as long-range volume search and track, horizon
search and track, etc. To date, the combat system
and ATC mission areas have had dedicated sen-
sors on aircraft carrier platforms. The concept of
sharing the DBR across mission areas is a new
concept and requires careful consideration of how
the system is integrated.

FUTURE CHALLENGES

In order to successfully deliver the DBR to
the fleet, a number of activities will be accom-
plished over the next several years, including the
completion of the radar integration and test pro-
gram. Results from testing to date—along with
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Figure 7. DDG 1000 USS Zumwalt DBR Installation Drawing—AN/SPY-3 is shown in red, and VSR is shown in blue.
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Figure 8. CVN 78 DBR Installation Drawing—AN/SPY-3 is shown in red, and VSR is shown in blue.
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cost reduction, risk mitigation, and production
activities—have been incorporated into the pro-
duction designs. The DBR has entered the begin-
ning stages of production, and the challenges of
producing units in sufficient quantity will contin-
ue as this transition from prototype to produc-
tion occurs. Combat-system integration activity
for both Zumwalt and Ford class is a significant
future activity. The combat-system integration
activity will not be limited to connectivity of the
system but to also collaboratively work with the
combat system(s) to ensure that the advanced ca-
pability introduced by DBR is fully integrated
into the combat system.

CONCLUSIONS

The DBR is a highly integrated system, provid-
ing the Navy with a powerful volume and surface-
search radar system. The DBR is the first radar to
use COTS supercomputers to perform signal-pro-
cessing functions, providing a cost-effective, ro-
bust solution. The DBR is also the first dual-band,
active-array radar suite with a central control-
ler, providing advanced capabilities and flexibili-
ty to the Navy. The DBR acts automatically using
combat-system-supplied doctrine, and DBR does
not need a dedicated operator. This system reduc-
es system-level reaction times and removes much
of the potential for operator error in threat re-
sponse, compared to previously fielded Navy ra-
dar systems. This results in reduced operating costs -
and fewer chances for human error. The DBR is de-
signed with graceful degradation wherever possi-
ble, providing both reduced operating costs and
a robust system for the Navy. The MFR and VSR -
radars are currently being tested, and integration
with the combat systems is planned in the future.
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INTERNATIONAL TREATY VERIFICATION.
COBRA JUDY REPLACEMENT PROGRAM

By Penny Moran and Chris Reasonover
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Figure 1. Cobra Judy Aboard USNS Observation Island

The Cobra Judy radar system provides long-dwell, foreign ballistic-missile data col-
lection in support of international treaty verification. Cobra Judy, aboard U.S. naval ship
(USNS) Observation Island (shown in Figure 1), has been in service for many years, with

the ship now over 56 years old. Consequently, both the system and the ship are in need
of replacement.

Cobra Judy Phased Array Rada
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The Cobra Judy Replacement (CJR) Program
includes the design, development, and acquisition
of a functional replacement ship and mission
equipment (ME) suite for the current Cobra Judy
and USNS Observation Island. The CJR’s treaty
verification mission will remain the same as the
system it replaces, and it will continue to provide
worldwide, high-quality, high-resolution, mul-
tiwavelength radar data. The systems aboard the
replacement ship will include high-power, instru-
mentation-class, X-band and S-band phased-array
radars and the necessary ancillary equipment to
support the mission. A close-up of Cobra Judy
S-band phased array and X-band dish antenna is
shown in Figure 2. The X-band radar and its anten-
na dimensions are shown in Figure 3, with the ar-
ray halves being test-fit for the X-band array shown
in Figure 4.

INTERNATIONAL TREATY VERIFICATION
COBRA JUDY REPLACEMENT PROGRAM

Both the X-band and S-band radars will employ
a variety of waveforms and bandwidths to provide
operational flexibility and high-quality data collec-
tion. The X-band radar will provide very high-res-
olution data on particular objects of interest, while
the S-band radar will serve as the primary search-
and-acquisition sensor and will be capable of track-
ing and collecting data on a large number of objects
in a multitarget complex. The S-band antenna di-
mensions are shown in Figure 5, with an overall size
very similar to the X-band antenna.

A common back end (CBE) will handle all
controls and signal processing for both X- and S-
band arrays. The CBE includes:

« Displays

o Processing Software and Equipment

o Communication Suite

o Weather Equipment

.

Figure 2. Close-Up of Cobra Judy S-Band Phased Array and X-Band Dish Antenna

NAVSEA WARFARE CENTERS
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Figure 3. X-Band Antenna

Figure 4. Test-Fit for Upper and Lower Halves of the X-Band Array
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Figure 5. S-Band Antenna

Centralizing the software and processing
equipment maximizes code reuse between the
two radars and reduces overall cost for the system.
Many of the CBE components are designed to be
common, modular, and open between the two ra-
dars. The CBE will also be equipped with various
simulation and test modes to support maintenance
and training. The CBE is depicted in Figure 6.

Raytheon Integrated Defense Systems (Ray-
theon IDS) is developing the X-band radar and
CBE ME, with Northrop Grumman Electronic
Systems (as a directed subcontractor) developing
the S-band antenna, pedestal, and antenna ser-
vo control system. The CJR ME suite will be in-
stalled on a T-AGM 25 platform specially outfitted
for the mission, as shown in the artist’s concept in
Figure 7. The ship is being constructed by VT Hal-
ter Marine in Pascagoula, Mississippi. When ship
construction is complete, it will move to Ingleside,
Texas, for installation of ME, including the heavy-
lift operations of installing the pedestals and ar-
rays. Like the current USNS Observation Island,
the new ship—recently named USNS Howard O.
Lorenzen—will be a white-hull, noncombatant.
CJRSs initial operational capability (IOC) is set for
31 December 2012.

Engineers at the Naval Surface Warfare Cen-
ter (NSWC) Dahlgren helped to lead design efforts
and continue to support development and testing
by leveraging core technical capabilities in:

NAVSEA WARFARE CENTERS

Requirements Development and Validation
Systems Engineering
Software Development
Safety and Environmental
Electromagnetic Interference / Electromag-
netic Compatibility (EMI/EMC)

o Human-Systems Integration (HSI)

Requirements development included man-
aging a diverse technical team made up of both
government and contracted engineering-support
personnel, while requirements validation was re-
alized through in-house modeling and simulation
(M&S). These and other efforts included both di-
rect program office leadership roles and specialized
engineering support at the working level.

Recognized for its rigorous radar systems en-
gineering, NSWC Dahlgren was appointed as the
lead or deputy in several of the program office’s
integrated product teams (IPT) from the program’s
start. As the X-band IPT lead, NSWC Dahlgren was
responsible for developing key requirements, mon-
itoring functional requirement allocations, and
maintaining oversight through design and man-
ufacturing. NSWC Dahlgren also supported the
S-band IPT as deputy lead and developed many of
its key requirements. Both IPTs leveraged NSWC
Dahlgren’s expertise in radio frequency (RF)
propagation to develop operational performance
requirements for both radars under a range of
environmental conditions.
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As the CBEIPT lead, NSWC Dahlgren
led and continues to oversee development

of the software that will integrate the X-
and S-band radars. Early in the program,
NSWC Dahlgren engineers maintained a

constant presence at Raytheon IDS to par-
ticipate in the software development pro-
Data cess and to collect metrics for the program
FroEs, office. This allowed for early detection, re-
Software porting, and resolution of software devel-
opment issues. NSWC Dahlgren also led
the CJR Operations IPT. This role required
Signal frequent site visits to all subcontractors to
Processing witness manufacturing and developmen-
Software tal testing of the ME, which included con-
struction and factory acceptance testing of
the antenna pedestal, antenna backstruc-
Communication ture, X-band array plates, cooling equip-
Suite ment, and power equipment.

NSWC Dabhlgren further served as the
deputy lead in the Integration and Test
IPTs and continues to serve as deputy lead

for integration. As the Test IPT deputy,
NSWC Dabhlgren reviewed test plans and
procedures, witnessed factory acceptance
Figure 6. Common Back End (CBE) and specification sell-off testing, and in-
terfaced with both the Navy and Air Force
operational test agencies to write the Test

[
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Figure 7. Artist's Concept for USNS Howard O. Lorenzen
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and Evaluation Master Plan (TEMP), further co-
ordinating approval through the Navy, Air Force,
and Office of the Secretary of Defense (OSD). The
Test IPT deputy also chaired the M&S accredita-
tion board, which imposed a rigorous verification,
validation, and accreditation (VV&A) process to
prime contractor-proposed models to be used for
final requirements sell-off. As the Integration IPT
deputy, NSWC Dahlgren served as the government
liaison between the program office and Raythe-
on IDS to coordinate witnessing of developmen-
tal tests in support of requirement sell-oft and to
maintain sell-oft evidence for government accep-
tance. NSWC Dabhlgren engineers also developed
the sign-off process for the program office.

NSWC Dahlgren additionally served the CJR
program office in a number of unique and impor-
tant areas outside of the IPT lead and deputy roles.
Early in the program, NSWC Dahlgren served as a
liaison between ME and ship requirements develop-
ment, subsequently participating in the ship source
selection process as the program office’s represen-
tative and ME expert. NSWC Dahlgren was also a
major contributor to the milestone B/C documents,
such as the acquisition plan, acquisition strategy, in-
tegrated logistics support plan, systems engineering
plan, and the TEMP. In addition, NSWC Dahlgren
engineers drafted the initial security class guide for
the program office and participated in the final con-
tract negotiation with Raytheon IDS.

Other engineering support included the CJR
Principal For Safety (PFS), environmental com-
pliance analysis, EMI/EMC studies, and HSI re-
views. As PFS, NSWC Dahlgren served as the CJR
Program liaison to the Weapon System Explosives
Safety Review Board (WSESRB). Once the PFS role
was completed, NSWC Dahlgren continued as the

INTERNATIONAL TREATY VERIFICATION
COBRA JUDY REPLACEMENT PROGRAM

lead for safety on the program. NSWC Dahlgren
also performed analyses to confirm CJR’s com-
pliance with international pollution control stan-
dards. One goal of these analyses was to verify the
ME’s ability to endure the corrosive environment
produced by a maritime environment and ship
stack gases. NSWC Dahlgren was also responsible
for all EMI/EMC topside studies. The EMI/EMC
study included analysis to minimize co-site inter-
ference between the two radars and the between
the radars and communications suite, as well as
the ships navigation and safety systems. This
analysis included investigation and mitigation of
potential issues with off-board RF emitters. Fur-
thermore, NSWC Dahlgren was, and continues to
be, the lead for dealing with domestic and inter-
national frequency spectrum management among
CJR, the operational Navy, and all other potential
sources of interference.

One of NSWC Dahlgren’s more critical en-
gineering support roles is to serve as the gov-
ernment clearinghouse for all CJR contract
deliverables and working documents by hosting
both unclassified and classified websites. These
websites enable document and data sharing day
and night across multiple sites, thereby facilitat-
ing the timely turnaround of documents, com-
ments, and analysis products. These websites
additionally provide a common, controlled docu-
ment repository for all CJR data supporting gov-
ernment and industry.

In replacing the aging Cobra Judy and
USNS Observation Island, the Navy, NSWC Dahl-
gren, and the Air Force are ensuring that CJR will
succeed in performing the critical mission of in-
ternational treaty verification over the coming
decades.

Cobra Judy Phased Array Radar
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PROGRAM EXECUTIVE OFFICE INTEGRATED VWARFARE
SYSTEMS ABOVE WATER SENSOR DIRECTORATE
COMMON DIGITAL SENSOR ARCHITECTURE

DESIGN INITIATIVES

By John Schofield
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The Program Executive Office Integrated War-
fare System above Water Sensor Directorate (PEO
IWS 2.0) initiated the Common Digital Sensor Ar-
chitecture (CDSA) project to address long-term
reliability, maintainability, and availability (RMA)
issues associated with deployed above-water sen-
sors caused by systemic obsolescence. The Naval
Surface Warfare Center (NSWC) Crane Division
was tasked by PEO IWS 2.0 to lead the CDSA proj-
ect to assist with the alignment of sensor support
solutions and the development of the support in-
frastructure to achieve and sustain operational
effectiveness of sensor systems. Through the suc-
cessful implementation of the CDSA effort, PEO
IWS 2.0 is providing a means to eliminate sensor-
unique reengineering efforts; provide stability for
out-year funding requirements; and consolidate
contracts, engineering, and support efforts.

The CDSA project is divided into three prima-
ry efforts: CDSA Core, Shore-Based Product Data
Management (PDM), and a CDSA Sensor Inte-
gration Kit. The CDSA functional block diagram,

Sensors
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contained in Figure 1, illustrates the interaction of
CDSA functional elements.

The CDSA Core comprises common shipboard
elements consisting of human-machine interface
(HMI), maintenance and support functions, an in-
tegrated data environment (IDE), a sensor tacti-
cal host function, and standardized interfaces. The
CDSA Core provides a common sensor look, touch,
and feel, while eliminating processes that drive
knowledge and skill requirements. Additionally, the
CDSA Core automates the maintenance and supply
support process; integrates technical and support
data to eliminate advanced training requirements;
captures accurate RMA sensor data; and provides a
common development platform, enabling a reduc-
tion to manpower, personnel, and training costs. A
common architecture and accurate RMA data en-
able the Navy support community to effectively im-
plement and manage a support strategy to achieve
and sustain operational effectiveness objectives.

The Shore-Based PDM provides the capability
to collect, process, and manage all relevant system

Shipboard GDSA Core
Interface Elements

Legend

Legacy Sensor
Elements

Shore-Based
Elements

Distance
Support
(Shipboard)

External Data Distance
Sources Support
(OEM,Navy,etc.) (Shore)

PDM Functions

NN NN NN N NN NN EEEEEEEE

Data Storage,
Management, Analysis,
Tech Data Updates, etc.

Shore-Based User

Ship Supply Combat
Systems System Legacy Sensor
Elements
\ s
1
1
:
1
1
1
1
CDSA Functions: :
-Software Apps Host :
-Maintenance []
-Support b
1
1
1
1
1
:
1
1
1
1
1
CDSA Sensor Integration :
\_ CDSA Core Elements )\ Kit Elements ) !
.. CDSA Sensor Mod Kit I .
Remove/Replace Procedures,

Technical Documentation,
Operator Controls, etc

Shipboard User

Figure 1. Common Digital Sensor Architecture Functional Block Diagram
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data required to implement an effective sustain-
ment strategy across all designated Above-Water
Sensors’ life cycles. The PDM also provides the ca-
pability to synchronize and extract data from ship
to shore through utilization of existing Navy Dis-
tance Support architecture.

The Sensor Integration Kit includes the hard-
ware and software components required to inte-
grate the CDSA Core into the sensor system. The
integration of CDSA transitions sensor applica-
tions’ execution to general-purpose processors,
and introduces and expands full system built-in-
test and built-in-measurement designs to achieve
sensor supportability requirements.

The CDSA design effort establishes a com-
mon modular architecture using Navy Open Ar-
chitecture guidelines, standardized interfaces, and
common hardware. The alignment of technical
architectures across sensor systems enables syn-
chronization of efforts across sensor systems. The
development of portable sensor applications re-
duces the risk of technology refresh and technol-
ogy insertion in the out years. In addition, the
CDSA design effort reduces system maintenance
requirements, required shipboard technical skills,
and workload requirements. Maintenance require-
ments are reduced by expanding the sensor self-
monitoring capability by embedding all required
technical information into the system and by pro-
viding a design solution that eliminates the re-
quirements for pipeline training, technical training
equipment, and technical manuals. The ultimate
goal is to design the CDSA such that an appren-
tice-level technician can maintain the system. This
would enable the same technician to maintain mul-
tiple sensor systems.

Another objective of the CDSA project is to es-
tablish a common set of support measures of ef-
fectiveness (operational availability, ownership
cost) and then manage logistics support to these
measures in an IDE, which is critical to provid-
ing a common life-cycle support strategy. Visibility
into sensor systems to accurately report and assess
RMA of the system is critical in meeting fleet re-
quirements and in addressing and sustaining fleet
needs. Standardization and the accessibility of ac-
curate data is the key enabler. Not only does stan-
dardization and accessibility of sensor data allow
for a network of integrated sensors, it also provides
visibility to assess the effectiveness of the support
solution.

In summary, to PEO IWS 2.0, CDSA provides
a common core capability supporting improved
operability and maintainability, as well as provid-
ing accurate RMA data to monitor sensor support

NAVSEA WARFARE CENTERS
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solutions. This approach provides continuous vis-
ibility into the system to identify where program
resources should be invested. For the fleet, CDSA
provides an integrated support solution that sus-
tains operational availability within affordable cost.
For the technical community, CDSA provides a
modular software-centric and net-centric system
to act as a transition platform for technology. For
the supply support community, CDSA provides
RMA data to perform supply chain management
to ensure that support strategy sustains system op-
erational availability at cost.
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INTERNATIONAL PROGRAMS

By Michael Madatic
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Entering the 21st century, the U.S. has come to deal with the reorganization of Rus-
sia and the growth of China, as well as smaller rogue states. As part of an active foreign
policy, the Navy has pursued international cooperative efforts to meet shared maritime
interests. The Naval Surface Warfare Center (NSWC) Dahlgren has been committed to
advancing radar projects both within the Department of Defense (DoD) and alongside
allied nations over the last several years. And like the U.S. Navy, navies of the UK. and
Australia are fielding advanced active phased array radars.

U.K.Z7U.S. ADVANCED RADAR TECHNOLOGY INTEGRATED SYSTEM
TEST BED (ARTIST)

The U.S. and UK. are cooperatively conducting research and development of ad-
vanced maritime active phased array radars to support future maritime radars or up-
grades to existing systems. Specifically, the U.S. and UK. are developing and testing two
advanced phased array radar demonstrators under the ARTIST program. Technologies
to be applied include adaptive active digital array, signal-processing, digital beamform-
ing, high-range resolution integration techniques, and radar controls. Testing will begin
in the spring of 2010 at Wallops Island, Virginia.

The UK. has invested heavily in the development of digital array architecture (i.e.,
analog-to-digital conversion), as well as digital beamforming techniques through criti-
cal experiments and algorithm development over the past 20 years. These technologies
included the construction of an active S-band radar demonstrator and corresponding
radar controls, including the advanced signal-processing and beamforming techniques.
These developments were initially conducted by the U.K. under the Multifunctional
Electronically Scanned Adaptive Radar (MESAR) I and II programs. By establishing a
cooperative program with the UK., an existing and proven technology can be expanded
upon by the U.S. Navy for the development of next-generation radars.

U.S./UK. ARTIST cooperation provides risk reduction and facilitates the potential
use by the U.S. of advanced digital phased array developments for air and missile de-
fense radars. The ARTIST program also provides risk reduction to the UK. development
of the SAMPSON radar. The technologies being developed under the ARTIST program,
when combined, will provide a vast improvement to today’s sea-based radar systems. A
depiction of the SAMPSON Radar is shown in Figure 1.

Benefits from these bilateral cooperative efforts are many and include:

NAVAL SEA SYSTEMS COMMAND

-



INTERNATIONAL PROGRAMS

Figure 1. Sampson Radar

o The incorporation of the U.K’s technological
resources (industry/laboratories) and cost
sharing of technology maturation are com-
mon to both nations.

« Advanced UK. digital radar technology per-
mits optimization of U.S.-developed high-
powered phased array radar.

« The UK. contribution will provide enhanced
and specialized digital adaptive beamform-
ing, thereby reducing the U.S. investment re-
quired to fulfill U.S. Navy requirements.

o The output of this cooperative research and
development effort represents a quantum in-
crease in adaptive nulling, clutter rejection,
and sidelobe cancellation capability over
current U.S. analog-based radars.

o The program’s resulting critical technologies
can be matured in the near term and intro-
duced into new radar designs or as an up-
grade backfit to existing radars.

« Cooperation accelerates development sched-
ules while providing significant cost avoid-
ance through cross-capture of complementary
and previously completed nonrecurring engi-
neering.

British Aerospace Systems, Qinetiq, and Roke
Manor Research are developing the UK. version of
the ARTIST test bed. Lockheed Martin is develop-
ing the U.S. version of the ARTIST test bed (see
Figure 2). Roke Manor (UK.) is also a key part-
ner contributing to the development of a distribut-
ed receiver (see Figure 3), while BAE is providing
the narrow-band, medium-band exciter to the U.S.
ARTIST.

AUSTRALIA/U.S. PHASED ARRAY
RADAR (AU.S.PAR)

In the late 1990s, the Royal Australian Navy
(RAN) invested in the development of a sol-
id-state radar system for potential application as

NAVSEA WARFARE CENTERS

a midlife upgrade to the Australian Navys AN-
ZAC-class ships. This Australian radar develop-
ment and demonstration effort, termed CEAFAR,
was of interest to the U.S. since the resulting radar
was one of the first fully functioning S-band sol-
id-state radars in the world. The specific radar that
the Australians developed was an engineering de-
velopment model (EDM) containing two faces of a
planned six-face system and low-power transmit/
receive (T/R) modules. The Australian EDM sys-
tem was installed on a RAN ship and completed a
very successful at-sea test program. Since the com-
pletion of the at-sea test demonstration, the RAN

Figure 2. Lockheed Martin ARTIST Test Bed
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Figure 3. Roke Manor Receiver

approved the midlife upgrade to the ANZAC Class
that included procurement of 10 CEAFAR systems
from CEA Technologies, Pty, Ltd. A photo of CEA-
FAR is shown in Figure 4.

In March 2002, under the direction of John
J. Young, Jr., then Assistant Secretary of the Navy
for Research, Development, and Acquisition, PEO
IWS 2.0 (Above-Water Sensors) sent a team of en-
gineers and scientists to Australia to investigate
the CEAFAR technology and consider the poten-
tial application to future U.S. radar developments.
The U.S. team verified that the technology was in-
novative and realized that the Australian methods
for development and manufacturing were very dif-
ferent than those employed by U.S. industries. The
U.S. Navy quickly concluded that the U.S. could
gain from cooperation with the Australian CEA-
FAR solid-state radar technology development.

Maritime solid-state radars are generally man-
ufactured on a single faceplate. The single faceplate
provides a very rigid structure to hold the radiating
elements, with structure flatness requirements as
small as 10 mils across the entire aperture. Each face
of a solid-state radar typically has an off-array pow-
er system, receiving system, and a signal-processing
system, all controlled with a digital computer.

74

In the case of CEAFAR, a process to segment
the aperture was developed, allowing a radar to be
built from small building blocks (about 12 inches
by 12 inches) to the full size required. Each build-
ing block is called a tile. The tile includes the re-
ceive system and the signal-processing system. The
unique Australian tile concept significantly simpli-
fies the manufacturing process of the antenna.

The U.S. and Australian governments ratified
the Australia-U.S. Phased Array Radar (AU.S.PAR)
Project Arrangement (PA) in April 2005 to devel-
op a medium-power and a high-power version of
the tile concept. The high-power version was sub-
sequently cancelled in 2007 due to poor power
amplifier performance. The U.S. interests in the co-
operative project are focused in five key technolo-
gy areas for the medium-power project:

1. Segmented Aperture—Understand the pro-
cess involved in building a large array from
small building blocks

2. Calibration Methodology—Examine the
process used to calibrate a segmented ap-
erture.

3. Pulse-Modulated Power Supply—Develop
an efficient and inexpensive power supply
to be used in the tile concept
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Figure 4. CEA-FAR Onboard HMAS Arunta

4. Field-Programmable Gate Arrays (FPGA)-
Based High Throughput Signal Process-
ing—Develop a field-programmable gate
array base signal-processing system embed-
ded in the tile.

5. Vector Modulator Beam Steering—Devel-
op a beam-steering capability based on vec-
tor modulators that allow steering during
transmitted pulses.

The medium-power version of the tile concept

commenced test in June 2006.

The Australian company, CEA Technologies,
Pty, Ltd, is responsible for the development of all as-
pects of the AU.S.PAR project. Each of the key tech-
nology efforts identified above is jointly developed
via cost sharing and is thus usable by both coun-
tries. There is no U.S. industry directly involved in
the AU.S.PAR project; however, Northrop Grum-
man has invested heavily in CEA Technologies.

INTERNATIONAL PROGRAM
TRANSITION

A key concern of international programs is the
ability to transition individual developments into
radar programs within each country. If a cooper-
ative program produces a new design, develops a
new algorithm, or improves the state of knowledge
in a particular technology, it is important that these
developments migrate to appropriate radar pro-
grams. For research-based projects that are risk-re-
duction efforts, it may well be concluded that the

NAVSEA WARFARE CENTERS

technology is not the right technology to be insert-
ed into a subsequent development effort. This is
also valid output from such projects.

For the ARTIST program, the transition path
has already had some success in both the U.S. and
the U.K. The UK. continues with the required de-
velopment for the SAMPSON radar. To a large
degree, the digital technologies of the ARTIST pro-
gram are already integrated with the SAMPSON
radar. Within the U.S,, the transition is much more
subtle. Lockheed Martin is developing the midlife
upgrade of the SPY-1 system and, as part of this
design upgrade, the receiver components can be
traced to the ARTIST program.

The AU.S.PAR program also has celebrated
some success. The tile design and manufacturing
process, as well as the associated calibration tech-
niques, are a product of the CEAFAR program.
The CEAFAR radar system is destined to be im-
plemented in the midlife upgrade of the ANZAC
destroyers. The U.S. has not yet transitioned the
technology gains to date; however, each technolo-
gy is undergoing evaluation for future new radar
developments.

Clearly, warfighters representing allied coun-
tries benefit tremendously by participating in co-
operative research and development programs.
These navies benefit not only by having more pow-
erful and more capable radar systems, but inter-
national compatibility and interoperability among
these systems improves considerably as well.
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RAPID PROTOTYPING OF RADAR SIGNAL PROCESSING

By David Leas
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Military sensors employ signal processors to take raw information gathered by the
sensors to produce data that can be used by warfighters to gain battlespace awareness.
Signal-processing algorithms are typically mathematically intensive, and thus, are the
most computationally challenging algorithms seen in military systems. Additionally, the
quality of battlespace awareness achieved is often directly related to the complexity built
into the signal processor.

Traditionally, the most demanding sensor signal-processing applications have been
hosted in hardware-based processing systems. These hardware-based solutions were
often constructed using application-specific integrated circuits (ASICs) that required
a very high initial investment cost for nonrecurring engineering. This resulted in de-
signs that were prone to obsolescence due to the limited availability of the compo-
nents over the long life spans of the military system. Recently, the Navy has begun to
use digital devices known as field-programmable gate arrays (FPGAs) in radar and
electronic warfare sensor signal-processing applications previously solvable only with
ASIC-based solutions. Unlike ASICs, FPGAs allow the creation of digital logic that is
reprogrammable. Hardware using these devices thereby has flexibility similar to soft-
ware, which allows the developer to test and upgrade algorithms without the expense
and risk associated with fabricating a custom chip each time a change needs to be
made. The downside of this flexibility, however, is that in addition to the design chal-
lenges inherent in creating hardware, FPGA development adds many of the difficulties
found in software development.

Typically, FPGA designs have been developed using a hardware description lan-
guage (HDL) such as VHDL (Very High-Speed Integrated Circuit (VHSIC) Hardware
Description Language). This code needs to be validated for functionality and syntax in
a way very similar to conventional software. However, unlike software, in order to val-
idate the design, a tool called an HDL simulator needs to be employed. An HDL simu-
lator uses a special piece of HDL code called a test bench to stimulate the system under
test, which allows the simulated system outputs to be validated. After functional valida-
tion, the code created with this process is then synthesized to a form suitable for imple-
mentation of the design as digital logic in the FPGA.
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As an alternative to conventional VHDL design
for FPGAs, the vendor Xilinx has created the Sys-
tem Generator for Digital Signal Processing (DSP)
development tool that allows for creation of FPGA
designs in the Mathwork’s Simulink environment.
Simulink is a tool that allows for the graphical cre-
ation of algorithms using block diagrams known
as blocksets and for the subsequent simulation of
the designs to ensure proper functionality. Anoth-
er important feature of Simulink is its link with
Mathwork's MATLAB environment. MATLAB is
the most widely used tool to model military and
commercial signal-processing algorithms and has
become the de facto standard for DSP design. The
integration of MATLAB with Simulink allows the
developer to use code and tools created in MAT-
LAB to stimulate and analyze algorithms devel-
oped in Simulink.

The System Generator tool creates functional
VHDL code from the Simulink environment using
a special blockset developed by Xilinx. Being inte-
grated into Simulink, it allows the developer to test
and examine designs through the integration with
MATLAB. The developer is able to inject test vec-
tors into the system from the MATLAB workspace
and export system outputs to the MATLAB work-
space. This ability facilitates a much faster design

RAPID PROTOTYPING OF RADAR SIGNAL PROCESSING

cycle by moving much of the testing that is normal-
ly done with VHDL test benches and simulators to
validate functionality of VHDL code to testing in
the Simulink/MATLAB environment. By way of il-
lustration, Figure 1 shows a small System Genera-
tor design of a component known as a digital down
converter that is used in many radar and electronic
warfare signal-processing systems.

The System Generator design flow takes advan-
tage of the tight integration of Simulink and MAT-
LAB to realize time savings in the development and
validation of FPGA algorithms. A baseline soft-
ware simulation in MATLAB of the desired sys-
tem functionality is created that is used to compare
with the output of the System Generator model. As
each subsystem is completed in Simulink using the
System Generator blockset, it can immediately be
verified against the MATLAB simulation of the sys-
tem by replacing the portion of the simulation code
representing the subsystem with the Simulink sub-
system itself. The close integration of the System
Generator and MATLAB allows for this rapid val-
idation. Upon the completion and validation of all
the subsystems, the full system can be integrated
and validated against the original simulation.

After the system is finished and verified in
Simulink, it is then converted into VHDL using
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Figure 1. System Generator Design of a Digital Down Converter
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the System Generator tool. The VHDL created is
chip-specific to the part specified in the System
Generator tool. This means that the code generated
will work only on the specific Xilinx chip; howev-
er, it is highly optimized for that chip. The target-
ed chip can be changed and the code regenerated at
any time, which helps to avoid obsolescence issues.
Once the VHDL code is generated, some minor
work is frequently required to integrate the Sys-
tem Generator portions of the design with the rest
of the system. The System Generator design flow is
shown in Figure 2.

The use of the System Generator has resulted
in significant improvements in the development
time of several systems and has enabled a much
faster verification cycle for those systems. One of
the systems developed using this tool was a sig-
nal processor for a low-power, low-cost frequen-
cy-modulated continuous-wave (FMCW) radar. A
system block diagram of the radar signal processor
is shown in Figure 3.

The initial system required approximately 2
weeks of development time to complete, with an
additional 2 weeks of development time for the
system modifications and refinements. The hard-
ware used for the development was a low-cost
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development board from Xilinx shown in Figure 4;
the output of the signal processor, displayed on an
oscilloscope, is shown in Figure 5.

The use of the System Generator allowed for
subsystems to be tested as they were developed by
integrating them within a MATLAB simulation
of the signal processor and comparing the results
to the simulation alone. If the design were imple-
mented using conventional FPGA design tools, it is
estimated that the design process would have taken
6 to 8 weeks to achieve initial capability.

The primary benefit of using the System Gen-
erator is the rapid development time. With its
close integration with MATLAB, much of the ver-
ification of the system can be done more quick-
ly than if done in VHDL. The use of specific
blocks to implement functions also results in ef-
ficient code optimized by the chip vendor for use
on their hardware. The use of the System Gen-
erator shortens the development time of FPGA-
based signal-processing algorithms significantly.
On this project, development time was shortened
by a factor of three, as compared to traditional de-
sign techniques, thus allowing systems to be more
rapidly fielded and upgraded to meet the needs of
the warfighter.

System
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VHDL Flow

entity adder_1b is

end adder_1b;
architecture structural of adder_1b is
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Figure 2. Design Flow Using System Generator

78

NAVAL SEA SYSTEMS COMMAND



RAPID PROTOTYPING OF RADAR SIGNAL PROCESSING

Block Diagram of FPGA Processor
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Figure 3. Block Diagram of FMCW Radar Signal Processor
Figure 4. Hardware Platform Used for the FMCW Radar Signal Processor
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Figure 5. Radar Video Output of FMCW Radar Signal Processor
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THE AN/ SPS-74 PERISCOPE
DETECTION RADAR SYSTEM

By Ian Barford, Mark Tadder, and Christopher Gorby
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Over the last decade, the Navy’s focus has increasingly shifted from open-ocean op-
erations to littoral warfare. As the performance of the Navy’s traditional antisubmarine
warfare (ASW) sensors (passive and active sonar systems) degrades in the littoral envi-
ronment, alternative ASW sensors, such as periscope detection radars, are required to
provide effective ASW capability in these regions. In response to the U.S. Fleet Forces
Command (USFFC) Integrated Priority Capabilities List (IPCL), a rapid-deployment
capability periscope detection radar system program was initiated in August 2006. The
AN/SPS-74 Radar System (see Figure 1) is currently undergoing test and evaluation at
the Navy’s Acoustic Test and Evaluation Center on Andros Island, Bahamas. It is also be-
ing installed in USS George Washington (CVN 73). This article describes the AN/SPS-74
periscope detection radar system program and provides an overview of the design fea-
tures that permit the detection, discrimination, and declaration of periscopes in chal-
lenging environmental conditions.

Since the mid-1990s, the Navy has sought to develop a ship-based periscope de-
tection capability. A developmental brassboard system has been periodically deployed
and extensively tested since 1996 under the Office of Naval Research (ONR) Advanced
Radar Periscope Detection & Discrimination (ARPDD) program. The ARPDD system
consists of an AN/APS-137 airborne radar modified to interface with a developmental
discrimination and post-processing computer system. After rigorous testing, it was de-
termined that the experimental ARPDD system provided acceptable periscope detec-
tion and false-alarm rates. After receiving priority on the USFFC IPCL, an advanced
technology demonstration (ATD) development effort was initiated by the Navy’s Pro-
gram Executive Office for Integrated Warfare Systems (PEO IWS). The AN/SPS-74(V)
Rapid Development Capability (RDC) program was initiated in 2006 to develop and
field an affordable, integrated radar and post-processing system that replicates the per-
formance capability of the ARPDD system by porting ARPDD capability elements to an
open-architecture (OA)/commercial off-the-shelf (COTS) environment.

The AN/SPS-74(V)1 Radar System, shown in Figure 2, is an X-band, narrow-
beam, high scan rate, high processing capacity, periscope detection and discrimination
radar that rapidly scans the sea surface over a full 360 degrees in azimuth. The radar’s
primary function is to provide periscope declarations to the shipboard
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THE AN/ SPS-74 PERISCOPE
DETECTION RADAR SYSTEM
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Figure 1. AN/SPS-74 Radar System
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Figure 2. AN/SPS-74(V)1 Radar System
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by detecting and discriminating periscopes in
sea clutter. The system introduces a new high-
resolution radar consisting of a modern ultra-wide
bandwidth receiver, a high-reliability transmitter,
and a 300-rpm scanning antenna. The radar data
processor features very high throughput data
processing using COTS processors.

Detection of periscopes is especially chal-
lenging since they are often hidden or obscured
by ocean waves and because they may be exposed
only for a short time. On every scan, the radar
passes information to the high-performance data
processor for immediate isolation of potential
periscope targets from clutter. Using proven algo-
rithms from the ARPDD program, the data pro-
cessor processes potential periscope target data

Sensors
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with a multifeature discriminator function and
then provides automatic target alerts to the op-
erator.

The radar digital display provides an ocean sur-
face picture with rapid-classification aids that help
the AN/SPS-74 radar operator make an informed
decision regarding classification of detected targets
as shown in Figure 3. The radar system is required
to meet the challenging system specifications for
the detection and classification of submarine peri-
scopes. This system is required to unambiguously
display any possible submarine periscope detec-
tion data while also displaying very little ocean-
generated clutter return. Detecting and reporting
false alerts is required to be kept to a minimum in
all types of sea states.
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The AN/SPS-74 radar system is currently un-
dergoing extensive test and evaluation at the Na-
vy’s Atlantic Undersea Test and Evaluation Center
(AUTEC) on Andros Island in the Bahamas (see
Figure 4). This location was chosen for its close
proximity to deep water, which allows for subma-
rines to enter and exit with ease. The antenna is in-
stalled on a platform at a height that is consistent
with the intended installation location on aircraft
carriers. Since April 2008, the AN/SPS-74 test team
has conducted test events in which submarines and
submarine-like targets have performed scripted
mission scenarios. Using the data from these test
events, radar engineers have optimized the system
discrimination and classification parameters to
meet the stringent system requirements.

THE AN/SPS-74 PERISCOPE
DETECTION RADAR SYSTEM

PEO-IWS plans to acquire eleven AN/SPS-
74(V) systems, with ten systems slated for instal-
lation in U.S. Navy aircraft carriers and one system
designated for installation at the Naval Surface
Warfare Center (NSWC) land-based test site at
Oceana Naval Air Station, Dam Neck Annex, Vir-
ginia Beach, Virginia. The system is also under
consideration for future application aboard surface
combatant ships. In support of the PEO-IWS, radar
engineers from the NSWC Divisions at Dahlgren,
Virginia; Port Hueneme, California; and Crane, In-
diana have worked closely with the Naval Research
Laboratory (NRL), Johns Hopkins University/Ap-
plied Physics Laboratory (JHU/APL), Northrop
Grumman Corporation, and Three Phoenix Cor-
poration to achieve program objectives.

Figure 4. AN/SPS-74 Radar Installation at the AUTEC Test Site
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