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	Abstract: 

    This document for the 8B Radar Correspondence Group (RCG) describes frequency-dependent variations in the antenna pattern of a maritime 9 300-9 500 MHz radionavigation radar across frequency range 8 500 MHz-10 500 MHz. The technique for measuring the effect is described, and it is concluded that radar antennas should be rotated during radiated measurements if such effects are present.


UNited States of America

VARIATION in THE AZIMUTHAL PATTERN OF A SLOTTED ARRAY 9 300-9 500 MHz MARITIME RADIONAVIGATION ANTENNA ACROSS THE FREQUENCY RANGE 8 000-10 800 MHZ AND IMPLICATIONS FOR SPECTRUM MEASUREMENT TECHNIQUEs

Introduction.

Measurements of radiated emission spectra of radiolocation and radionavigation transmitters (radars) require that the peak emission levels from the transmitters must be obtained and recorded at each measured frequency in the spectra. Recommendation ITU-R M.1177 specifies a methodology for obtaining these maxima at each measured frequency when the radar beam is scanning through space.

M.1177 also specifies that it may be possible to obtain maximum amplitudes at frequencies across the emission spectrum if the radar antenna beam is not scanning, but is fixed (boresighted) on the measurement system antenna. While this approach can increase the speed of the measurement, it will only succeed if azimuth of the primary lobe of the transmitting antenna does not vary as a function of frequency.

Some radar antennas do not meet this requirement; one example is an end-fed, slotted array type of antenna. This Contribution describes the methodology for measuring the frequency-dependent variation in an antenna pattern of a 9 300-9 500 MHz maritime radionavigation antenna pattern across the frequency range 8 000-10 800 MHz. The results are shown, and the possible application of this technique to general radar emission spectrum measurements is described.

Approach.
A maritime radionavigation radar transmitter operating in the 9 300-9 500 MHz band was operated at the Table Mountain field site north of Boulder, Colorado USA for radiated emission spectrum measurements in accordance with the Direct Measurement Method of ITU-R M.1177. The radar was positioned on a tower at a height of 3 m above the ground at a distance of 125 m from the measurement antenna. The measurement antenna was mounted 3 m above the ground as well. The measurement setup is shown schematically in Figure 1. Two separate measurement systems were used with separate antennas.

System 1 used a high-gain antenna, a low-noise tracking preselector, and a spectrum analyzer
 to measure antenna patterns across the frequency range 8 000-10 800 MHz. : The antenna was a 0.5 m diameter parabolic reflector antenna with a wideband 1-18 GHz feed. The tracking preselector consisted of a variable-level step attenuator, a yttrium-iron-garnet (YIG) tunable bandpass filter, and low-noise amplifier. The YIG tuning frequency was controlled by a frequency-dependent tuning voltage produced by the associated spectrum analyzer.
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Figure 1. Measurement setup.

System 2 used a low-gain horn antenna and spectrum analyzer
 to capture antenna patterns at the radar’s fundamental frequency (9408 MHz). The system was configured to trigger at a level that was just below the peak power at the fundamental when the radar was fixed (boresighted) toward the measurement system. This trigger was simultaneously routed to the spectrum analyzer in System 1, as shown in Figure 1. 

The high gain and low gain antennas were co-located, with a separation distance of a few centimeters between them. By sharing a single trigger, the antenna patterns collected by Systems 1 and 2 were collected simultaneously, and the position of the primary radar beam at the fundamental in the trace from System 2 was directly compared with the azimuthal position of the emission patterns collected from System 1. Using this technique the variation of the azimuthal emission patterns as a function of frequency was determined. The coordinate system of the measurements was aligned azimuthally on the direction of the main beam of the radar at the radar fundamental frequency (no elevation information was measured on the radar antenna pattern).

In both systems, the sweep times of the analyzers were set to an interval slightly longer than the rotation time of the radar—in this case, 3 seconds (as the radar rotation interval was 2.5 sec). Both spectrum analyzers were set to single-sweep mode. Since both systems were triggered by the pattern received by System 1, each of the spectrum analyzer sweeps in both systems were triggered at exactly the same azimuth in the radar beam rotation, that is when the main beam passed the measurement location.

Both systems operated under computer control. The spectrum analyzer in System 1 acquired stepped-frequency measurements in accordance with the stepped-frequency procedure described in ITU-R M.1177. But in addition to obtaining maximum-power data with a peak detector at every frequency step in the spectrum, the controller computer was configured to record the entire antenna pattern at each measurement step. System 2 simultaneously recorded the antenna pattern at the fundamental frequency.

Thus, as the spectrum was built step by step, the antenna patterns at each measured frequency were likewise acquired and recorded, and their directions were all aligned relative to the main beam (fundamental frequency) azimuthal direction of the radar antenna because of the main-beam-dependent triggering mechanism.

For these measurements, the radar was operated in a short-pulse mode, with a pulse width of 80 ns. The measurement bandwidth thus needed to be less than or equal to (1/80 ns), or 12.5 MHz, to meet the criteria of M.1177. Since the widest available 3-dB spectrum analyzer bandwidth was 8 MHz, that was the value used for these measurements. The step interval was then set to 8 MHz and both spectrum power levels and antenna patterns were measured across the range of 8 000-10 800 MHz in 351 steps.

Results.

Examples of individual antenna patterns are shown in Figure 2. In this figure, the antenna patterns are registered azimuthally relative to the direction of the main beam antenna pattern at the fundamental frequency. A set of 351 such antenna patterns were recorded, including one  at the fundamental frequency of the radar. These antenna patterns were automatically aligned azimuthally using software tools and combined into three-dimensional representations. Amplitudes in the patterns were color-coded to provide for easier interpretation of the resulting graphs. Antenna pattern data in Figures 3 and 4 are shown across azimuth angles of (20 degrees relative to the main beam direction at the fundamental.
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Figure 2. Individual antenna patterns at four frequencies, including the fundamental.
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Figure 3. Density plot of radar azimuthal emission patterns from 8 000-10 800 MHz, between (20 degrees of the radar main beam direction. The color is keyed to received signal level (RSL).
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Figure 4. Three-dimensional view of the data in Figure 2.

Using the data set shown in Figure 4, measurement results at fixed azimuths from boresight can be synthesized.  For example, if the data in Figure 4 are sliced using a plane posisitoned at 0 degrees azimuth, the resulting data represent an emission measurement of the radar as though it were fixed in a boresighted configuration. By moving the plane to other azimuths, other configurations may be synthesized. Figure 5 shows the received signal level from System 1 at four separate azimuths according to the data set. The curves indicate that OOB and spurious emissions from this radar are directed off-axis with respect to the main lobe at the fundamental. The maximum emission is plotted as the black curve in Figure 5.
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Figure 5. Radar emission spectra measured at three azimuths (blue, green, and red curves), and the maximum spectrum (black curve).

Analysis.

The end-fed slotted array antenna characterized in these measurements forms multiple beams across the frequency range 8 000-10 800 MHz. Two prominent beams are visible in Figure 3. The first is a primary beam that is responsible for the primary lobe at the fundamental. This beam is oriented off-boresight in a positive azimuth at frequencies that are lower than the fundamental and in a negative azimuth at frequencies that are higher than the fundamental. Additionally there is a second, lower amplitude beam that is oriented in the opposite sense. Together, the directions of these two beams form a sort of X in the antenna pattern space of Figures 3 and 4. They converge somewhat away from the main beam of the radar at its fundamental frequency. A least-squares linear fit of the relationship between orientation and frequency for both beams is shown in Figure 6.
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Figure 6. Least-squares linear fits of the two prominent antenna beams.  The slope of the primary beam is -8.1 degrees/GHz, the slope of the secondary is 8.4 degrees/GHz.

In addition to the secondary beam, lower-amplitude side lobes of the primary beam form as well, appearing as smaller structures parallel to the primary beam. They change direction at -8 degrees per gigahertz across the range of the measurement.. The vertical feature at 9400 MHz is the center frequency of the radar and not a characteristic of the antenna. The primary beam intersects this vertical feature at zero degrees azimuth by definition. The processing algorithm uses this point as the primary beam reference from which to plot the frequency dependence of the entire emission pattern.
The radar spectrum as measured along each of the two beams is shown in Figure 7. It is apparent from this figure that emissions from the secondary beam do not contribute to the peak measurement, since the secondary beam never exhibits a value greater than the primary beam. The primary beam is a single, distinct beam that consistently has the highest amplitude. 
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Figure 7. Emission spectra produced by the primary and secondary antenna beams.

Conclusions.
For asymmetric antennas that form a beam using the phase differences between multiple discrete radiating apertures or using a technique that causes the direction of the main beam to vary in space as a function of frequency, radiated radar spectrum emission measurements should be performed while a radar beam is rotated (or otherwise scanned) through space in a normal operational mode, using the stepped-frequency Direct Measurement technique of ITU-R M.1177. An example of an antenna design for which this requirement would apply is an end-fed slotted array. Radar antenna beam scanning should be suspended during a radiated measurement only if frequency-dependent antenna pattern variations do not occur.

The technique described here may also be useful for characterization of radar antenna patterns across wide frequency ranges. The data may be useful in some electromagnetic compatibility analyses. Such data may be acquired simultaneously with the acquisition of radiated radar emission spectra; no time is lost in this type of measurement relative to a spectrum-only measurement. The only additional cost is the requirement for the use of a second spectrum analyzer and antenna during the measurement.

Contact information: Frank Sanders     fsanders@its.bldrdoc.gov
                                  Bradley Ramsey    bramsey@rfmetrics.com
� Agilent Model E4440A.


� Agilent Model E4407B.
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