Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
2006 2. REPORT TYPE 00-00-2006 to 00-00-2006
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Frequency Agile Target Array Controller £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Resear ch L abor atory,4555 Overlook Avenue REPORT NUMBER
SW,Washington,DC,20375

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 2
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Frequency Agile Target Array Controller

R.L. Lloyd
Tactical Electronic Warfare Division

Background: NRL has developed and operates a
large number of unique test facilities to conduct its
research. One such facility, the Central Target Simulator
(CTS), was designed to conduct real-time hardware-
in-the-loop (HIL) simulations over the 8-18 GHz
frequency range to evaluate and improve U.S. Navy
electronic warfare (EW) systems, technologies, and
techniques for countering the antiship missile (ASM)
threat. The CTS uses actual radio frequency (RF) system
hardware (e.g., missile seekers, EW equipment) and
mathematically derived computer models to perform
a realistic electromagnetic and physically dynamic
simulation of the various elements of naval tactical
engagements.

Many of the more advanced missiles that now
threaten U.S. Navy ships use radar seekers with fre-
quency agile capabilities to acquire and track their
targets. In addition to rapidly reducing (decorrelating)
the effects of sea clutter, frequency agile radars are also
better able to resist the effects of noise and interfer-
ence. For instance, noise jamming (the intentional
emission of RF energy at same transmit frequency) is a
common method for interfering with radar operation.
However, if the missile radar is frequency agile, effective
jamming becomes more difficult to achieve because of
the need to either spread RF energy over the full agility
bandwidth or make an intelligent prediction of the
next incoming transmitted frequency (which can be
very difficult in a tactical scenario). Accordingly, NRL
is actively pursuing the development of effective coun-
termeasure technologies for such threat systems, and
the CTS facility was recently upgraded to generate RF
target returns that accurately follow the pulse-to-pulse
frequency agile transmissions for such seekers.

Frequency Agile Upgrade: This CTS upgrade has
three major components. The first is the Frequency
Agile Signal Processor (FASP), which is an instanta-
neous frequency measurement (IFM) system. On a
pulse-by-pulse basis, the FASP rapidly measures the
seeker’s transmit frequency and tunes a fast synthesizer
to this value so that the simulated returns are cor-
rectly radiated. The second component of the upgrade
is a new calibration system. The calibration system
measures the amplitude and phase of the RF paths
and the associated components (attenuators, phase
shifters, and solid state and tube amplifiers) over a 1.0
GHz bandwidth and stores the resulting data in the

form of calibration tables. The third component is the
Frequency Agile Target-Array Controller (FATAC), which
has two main functions. First, it generates the timing
signals for simulating up to 16 targets on each of the
two programmable position array feeds and a single
target on each of the two fixed position array feeds.
Secondly, it generates signals to control amplifier selec-
tion, attenuator, and phase shifter values and switch
settings to route the RF to the desired antenna on the
CTS array. In generating these control signals, FATAC
uses the calibration data to compensate for component
variations that are a function of frequency. The FATAC
has an interface to the FASP by which it obtains the
correct frequency information.

Frequency Agile Target-Array Controller:
FATAC is the focal point of the digital and timing data
required to set up and control the CTS programmable
array (PA) in real time (Fig. 13). Achieving this task
requires that FATAC hardware process the calibra-
tion data to develop the necessary PA steering com-
mands, attenuation settings, and return delay values,
along with the timing signals needed to generate
the simulated radar target echoes. However, this is a
complicated task. The commands and settings to the
PA depend on the simulated target’s current angle,
range, amplitude, and on the transmitted frequency of
the pulse during its associated pulse repetition inter-
val (PRI). Since the frequency is not known until the
instance of pulse transmission, all possible frequency/
table variations must be accessible and able to be pro-
cessed within a 2 us timeframe based on the minimum
target simulated range. This is accomplished only by
preloading all of the frequency associated calibration
tables into FATAC processor’s integrated memory. This
memory, along with the associated algorithms and
combinational logic, is resident on commercial off-
the-shelf field programmable gate array (FPGA)-based
circuit boards. The timing and synchronization signals
are also generated by an FPGA-based circuit board
that was custom designed and built by NRL. FPGA
technology allows rapid redesign, customization, and

scalability.

Summary: The Frequency Agile Target-Array
Controller is a significant upgrade to NRLs laboratory
simulation capability. It directly enables the develop-
ment and evaluation of effective electronic counter-
measure technologies for use against frequency agile
missile threats to the U.S. Navy and provides a signifi-
cant capability for continuing future research.
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FIGURE 13
Data flow block diagram for a frequency agile simulation.
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