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VHF ADAPTIVE ARRAY TEST RESULTS

Andrew E. Zeger and Lawrence R. Burgess
General Atronics Corp.

Philadelphia, PA.

Summary.  A four-element Anti-Jam Antenna Array (AJAA) system has been built1,2,6 to
provide protection for U.S. Marine Corps inter-command post communications in the
30-76 MHz band. A unique and important feature of the AJAA system is its ability to
spatially null jammers down to a level below that of the desired signal. This capability and
the prevention of accidental cancellation of the desired signal is achieved by using the
desired signal’s direction-of-arrival (DOA) in a prebeamformer located ahead of the
adaptive beamformer. A positive S/J at the array output is required to prevent capture by a
co-channel interference in standard FM field radios. Antenna range tests were performed
on the AJAA system using AN/PRC-77 radios as far-field signal and jamming sources.
Results of these tests show that the AJAA provides an intelligible FM voice signal at its
output while simultaneously suppressing three jammers.

Introduction.  The radios used at a command post and with which the AJAA operates are
VHF-FM field radios like the AN/PRC-77 and the AN/VRC-12. Table 1 contains an
abbreviated list of specifications for the PRC-77 radio.

Jamming sources operating on the same RF as the desired signal could arrive from any
direction. The postulated operating environment includes one desired signal and up to
three jammers interspersed in a 360E azimuthal field of view, as shown in Figure 1.

Principles of Operation.  The Anti-Jam Adaptive Array (AJAA) uses a form of the Least
Mean Square (LMS) algorithm3 to automatically null directional jammers received at the
antennas. The array consists of a main antenna (M) and three auxiliary antennas. Signals
received by these four antennas are combined in a prebeamformer to create sum (E) and
three difference ()1, )2, )3) outputs. The ) outputs are weighted in phase and amplitude
by the adaptive beamformer. Each adaptive beamformer weight is controlled by an LMS
feedback loop to minimize jammer power output.

The jammer suppression offered by a typical adaptive array without any E and )
prebeamforming is directly proportional to the jammer-to-signal (J/S) ratio at the input to



each antenna.4 In other words, the stronger the jammer (with respect to the desired signal),
the more it is rejected by prior adaptive array designs. Therefore, in situations where the
input J/S power ratio is modest (0-5 dB), jammer suppression by prior AA designs would
be marginal. To overcome this situation, a prebeamformer has been provided to insure a
high input J/S power ratio at the three adoptively controlled beamformer inputs.

A conceptual block diagram of the AJAA is shown in Figure 2. All signal processing is
performed at IF, after the received antenna signals are downconverted from the
30-76 MHz RF by the four RF/IF converters.

The prebeamformer consists of three phase shifters, one each for auxiliary antennas 1, 2, 3,
and a sum and difference network made up of signal splatters, combiners, and three 180E
hybrid couplers. A two-antenna embodiment of the prebeamformer concept is shown in
Figure 3. Using a priori knowledge of the desired signal’s direction of arrival (DOA) the
phase shifters are programmed so that these desired signal components from each antenna
become phase aligned. Consequently, the composite antenna pattern of the E-output port
nominally has 6 dB of gain in the direction of the desired signal.

The difference patterns )1, )2, )3 form the inputs to the weighted channels of the
adaptive beamformer. Since each antenna’s signal has been shifted to be cophasal in the
desired signal direction, the difference patterns have a null in the direction of the desired
signal; hence, the desired signal cannot be accidentally nulled.

The adaptive beamformer combines the four outputs of the prebeamformer in one
unweighted (E) and three complex weighted channels to provide jammer rejection.
Separate LMS loops are provided for each in-phase and quadrature weight, yielding six
loops.

The AA which was fabricated to perform the above functions is shown in Figure 4.

Antenna Array Description.  Four RC-292 antennas, mounted on the crossbar structure
shown in Figure 5, constitute the receive array of the AJAA system. Table 2 contains
specifications for the RC-292 antenna. Each antenna element is located at the corner of a
square, 2.8 meters (9.2 ft) from the center of the crossbar structure. The result is a square
array whose side is four meters (13 feet). To keep the antenna radials from touching the
ground, each antenna base is mounted on a 2.5 meter (8 foot) mast. A square array
configuration is used to minimize the information needed by the programmable calculator
in determining the phase shifts for the prebeamformer. The feed point of each antenna is
connected by cable to a separate RF/IF converter. After downconversion, each antenna IF
signal is fed to an input port of the AJAA processor.



Antenna Range Test Setup.  The AJAA system was tested outdoors, using PRC-77
radios as remote signal and jamming sources. The tests were conducted over the period
from 25 April to 1 June 1977 at the antenna range of the Naval Air Development Center,
Warminster, PA.

Figure 6 depicts the layout of the AJAA system and associated test equipment at the
antenna range. The four-element receive array of RC-292 antennas was assembled on a
trailer-mounted rotatable pedestal. Coaxial cables were run from the base of each antenna
to the RF/IF converters and the AJAA processor inside the trailer. Four remote
transmitting sources, consisting of an RC-292 antenna and a PRC-77 radio were placed in
various directions around the trailer at ranges varying in range from 700 to 850 ft. Variable
step attenuators were placed between each radio and antenna to allow adjustment of the
transmitted power level. Three RF carrier frequencies, 36.5 MHz, 50 MHz and 72 MHz
were transmitted. Field wire was run from the trailer to each remote transmitter so that the
radios could be keyed and modulated. Test equipment was installed to monitor AJAA
performance visually (on a spectrum analyzer) and aurally (through a PRC-77 receiver and
speaker) and to record far-field antenna patterns.

Antenna Range Test Results.  Jammer suppression was measured quantitatively using a
spectrum analyzer display and qualitatively by listening to the AN/PRC-77 receiver audio
output. The spatial (azimuthal) performance of the AJAA was observed by recording
antenna patterns.

At each of the three test frequencies, jammer suppression tests were run for incident S/J
ratios of approximately +10 dB, 0 dB, -10 dB, and -20 dB. The desired signal was located
at a 0E azimuth and the three jammers were located at -42E, -90E, and +155E. In this test,
one or two of the loops in the adaptive beamformer were often disabled in order to study
the relationship between the number of active loops and the Jammer suppression.

Table 3 contains data for the jammer suppression test at 72 MHz for a nominal -10 dB
input (S/J). For each jammer or combination of jammers, the data for the suppression test
is read across the table. The term (S/J)i which denotes the input signal-to-jammer power
ratio is computed by dividing the signal power by the total average jammer power. When
more than one jammer is present, no indication is given of the (S/J)i for each jammer. The
term (S/J)0 which denotes the AJAA output signal-to-jammer power ratio is computed the
same way.

The last row in Table 3 shows that an output (S/J) of 20 dB was achieved by the AJAA on
three jammers of equal incident power level. Since a 5 to 10 dB output (S/J) yields highly
intelligible voice5 with FM, the 20 dB output (S/J) provided by the AJAA is more than
adequate for voice transmission in the presence of jammers. Similar tabular results of



quantitative jammer suppression were recorded at other frequencies and (S/J)i

combinations.

The quality of desired signal voice in the presence of jammers at the AJAA output was
monitored using an RF of 72 MHz and evaluated in Table 4. Voice quality at the AJAA
output was given four different possible ratings. A “Good” rating meant that the received
voice signal was perfectly intellible with very little, if any, distortion or static
accompanying it. A “Fair” rating meant that the received voice signal was intelligible, but
contained enough background noise to be distracting to the listener. A “Poor” rating meant
that the voice signal could be understood with difficulty and contained enough audio noise
and distortion to be annoying to the listener. A “None” rating meant that the voice signal
was totally unintelligible or that an undesired voice signal (i.e., a jammer) was being heard.

The results in Table 4 show that “Fair” to “Good” quality ratings were achieved by the
AJAA, using several different combinations of LMS loops on one or two jammers. The
AJAA provided high intelligibility voice signals with occasionally noticeable background
noise on a desired signal in a multiple jammer environment. The capability of the AJAA
system to adapt automatically to a changing jammer environment was successfully
demonstrated by moving one of the jammer sources around the test range on a vehicle. No
interruption was discernible in the clear reception of the desired signal. It was also
established during this test that acceptable signal quality could be maintained when the
jamming source was as close as 5E away from the desired signal in azimuth.

AJAA Azimuthal Power Patterns.  The array pattern (after adaption) was plotted as a
function of azimuthal DOA for several combinations of RF incident signal and jammer
power levels, number of jammers, and number of LMS loops enabled. One representative
plot taken at 72 MHz for three jammers is shown in Figure 9. Jammer 1 was located at
-42E, J2 at -90E, and J3 at +155E. With respect to the response at the desired signal DOA
at 0E, the nulls on Jammers 1, 2 and 3 were 28 dB, 20 dB and 27 dB, respectively. Figures
8 and 7 contain array patterns for two jammers and one jammer, respectively.

The AJAA output patterns verify the theory that led to the AJAA system design -- that an
adaptive array, using desired signal DOA information, can reject cochannel jammers by
forming array nulls in the jammer directions.

Interelement Coupling.  In its present design, the AJAA prebeamformer provides sum
(E) and difference ()) patterns by introducing phase shifts calculated from knowledge of
the desired signal DOA. These calculations are based on the assumption that the azimuthal
power pattern of each element in the array is omnidirectional. Test results show that
interelement coupling distorts these individual patterns by as much as ±3 dB from an
omnidirectional pattern. As a consequence, the predetermined E and ) patterns created by



the prebeamformer were established empirically rather than computationally during field
testing.

It is the object of future work to either include interelement coupling effects in computing
the phase and amplitude necessary to steer prebeamformer signal nulls or to automate the
empirical process of setting prebeamformer nulls.

Computer programs are available which accurately predict antenna patterns when
interelement coupling is present. If this information can be stored conveniently in the
AJAA computation circuitry, it will be possible to set prebeamformer nulls
deterministically by cascading programmable attenuators with the programmable phase
shifters already present in the AJAA prebeamformer.

A possible way to automate the empirical setting of prebeamformer nulls is to activate the
desired signal source on command for a short period of time and automatically null the
desired signal in the three )-ports. The control values which yield these nulls (e.g., phase
shifts and attenuation settings) would then be stored and the AJAA operated.

Broadband Antennas.  The RC-292 antennas used in the AJAA range tests are ground
radial monopoles and are inherently narrowband. Retuning the antenna for major
frequency changes in the 30-76 MHz band requires that one physically either add or
remove 20" pieces from the radiating and ground sections. The incorporation of broadband
antennas such as fat dipoles or biconical structures into the AJAA configuration is another
subject of future investigation.
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TABLE 1:  SOME SPECIFICATIONS OF THE AN/PRC-77 RADIO SET

Function
Transmitting and

Receiving Field Radio

RF Frequency Range
Transmitter RF Output Power Level
Characteristic Impedance
Receiver Sensitivity

Audio Frequency Range (Voice)
Maximum FM Deviation
Carrier Frequency Accuracy

of Transmitter
Channel Spacing
6 dB IF Bandwidth

30.0 MHz to 75.95 MHz
1.3 to 2 watts
50 ohms
0.5 soft microvolts
(1.0 hard microvolts or -113 dBm)
300-3000 Hz
±10 kHz from carrier
±3.5 kHz from dial reading

50 kHz
32 kHz

TABLE 2:  SOME SPECIFICATIONS OF THE RC-292 ANTENNA EQUIPMENT

Function

Frequency Range
Type

Length of Radiating Element

Radiation Pattern in Horizontal Plane
Input Impedance
Maximum Erected Height, Including Tower

Antenna for transmit/receive operation in
conjunction with AN/PRC-77 or VRC-12
radio sets
20 to 76 MHz
Quarter-wave vertical monopole with
three ground plane elements
3.7 feet to 11 feet, depending on the
number of sections
Omnidirectional
50 ohms

41.5 feet





FIGURE 1
POSTULATED JAMMER AND SIGNAL ENVIRONMENT

FOR A USMC COMMAND POST

FIGURE 2
ADAPTIVE AJ ANTENNA ARRAY SYSTEM



FIGURE 3
PREBEAMFORMER FOR ISOLATING JAMMERS

PRIOR TO ADAPTIVE NULLING

FIGURE 4 - ADAPTIVE ARRAY PROCESSOR



FIGURE 5   RC-292 ANTENNAS

FIGURE 6 SKETCH OF ANTENNA RANGE TEST SETUP



FIGURE 7  AJAA IF OUTPUT PATTERN FOR SIGNAL AND
ONE JAMMER RF - 36.5 MHz

FIGURE 8  AJAA IF OUTPUT PATTERN FOR SIGNAL AND
TWO JAMMERS RF - 50 MHz

FIGURE 9 AJAA IF OUTPUT PATTERN FOR SIGNAL AND
THREE JAMMERS RF - 72 MHz


