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3. THE DATA COLLECTION

Data were collected with the antennas mounted in one of three different ground plane
structures. In all, six antennas were tested (four ground-based and two aviation). Antennas that
are capable of performing outside of 1575 MHz (L1) were tested at either 1227 MHz (L2) or a
GLONASS! frequency depending on the specifications of the antenna. Data were collected in an
anechoic chamber simulating a GPS antenna receiving a satellite signal.

3.1 HARDWARE

One of the goals of this study was to determine the role of an antenna’s immediate
environment in suppressing multipath signals. Three types of ground plane structure were
considered: a ground plane, a choke ring, and a mock section of fuselage. Figure 2 shows these
three types of ground plane structures. Table 1 lists the diameters of the ground plane structures
used in this study. An XX indicates that data were collected with the antenna mounted on that
structure. The two antennas mounted on the mock fuselage were the aviation antennas.

Figure 2. Ground Plane Structures Used: Mock Fuselage, Ground Plane, and Choke Ring.

1 GLONASS is the Russian equivalent of GPS, operating at approximately 1609 MHz.






Figure 3. Litton Antenna Mounted on the Mock Fuselage.

3.2 ANTENNAS

In a differential aircraft navigation application, two different types of antennas would be
required: a reference ground station antenna and an aircraft antenna. The difference between the
two is that the ground station is not a dynamic platform nor is its antenna limited by the size
constraints of an aircraft antenna. Most commercially available aircraft antennas are patches.
Accordingly, two patch aircraft antennas were tested. Ground station antennas used in this study
included a quadrahelix, two crossed dipoles, and a corner fed patch. The antennas tested were a
representative sample of the types of ground station antennas commercially available. Table 2
lists the pertinent data on each antenna tested in this experiment while Figure 4 shows the
antennas.



Table 2. Antenna Specifications

Model Number Type of Amplifier Gain
Antenna or P/N Antenna indB Noise Figure

3 3Snav027014 | Quadrahelix 2 15

Dome and C146101 Crossed dipoles passive N/A

Margolin antenna

Litton 510116-1 Patch passive N/A
antenna

NovAtel GPS-501 Corner Fed 24 30

Patch
Trimble Patch | 1624811 Patch 44 2.0<
Turbo Rogue 7490400-4 Crossed dipoles A 3.0-3.5
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Figure 4. Antennas Tested.
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33 SETUP

All data for this study were collected in an anechoic chamber at the Laboratory’s Antenna
Test Range (ATR). Figures 5 shows the anechoic chamber used in this study.
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Figure 5. Anechoic Chamber Used to Test Antennas.

Figure 6 is a diagram of the test setup. A linearly polarized source, at frequencies of
1227.60 MHz (L2), 1575.42 MHz (L1), and 1609.00 MHz (GLONASS), was used to illuminate
the test antennas. Since a circularly polarized source antenna was not available, we transmitted

orthogonal linear polarization and mathematically converted these to right-hand and left-hand

circular polarizations. Test antenna amplitude and phase were measured and calibrated by

replacing the test antenna with a standard gain horn.

13
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Figure 7. Azimuth and Elevation Variation.

117,















10

@
©
-30
——— RHCP Gain
40 ~—— LHCP Gain
-50
-60 g gt |
-30° 0° 30° 60° 90°

Elevation Angle

Figure 9. Smallest Minimum Cross Polarization Ratio Determined From Absolute Gain,
NovAtel (corner fed patch) Antenna on a Choke Ring: Azimuth Angle = 135 degrees.
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Figure 10. Largest Minimum Cross Polarization Ratio Determined From Absolute Gain,
NovAtel (corner fed patch) Antenna on a Choke Ring: Azimuth Angle = 45 degrees.
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5. GROUND PLANE VERSUS CHOKE RING

A closer look at the NovAtel (corner fed patch) and Trimble (patch) antennas’
performances shows a significant improvement in cross polarization ratio when these antennas
were mounted on choke rings. Figure 11 represents the absolute gain for the NovAtel antenna on
two different ground plane structures: a choke ring and a ground plane. For these absolute gain
plots. the azimuth angle of the antenna when it was tested was the same. It can be seen that the
cross polarization ratio was greatly improved by mounting this antenna on a choke ring. As
previously discussed. increasing the cross polarization ratio increases the antenna’s multipath
rejection capabilities. Figure 12 shows a similar gain plot for the Trimble antenna on two
different ground plane structures: a choke ring and a ground plane. Again, cross polarization
ratio was improved across all elevation angles when the antenna was mounted on a choke ring.
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Figure 11. Ground Plane Structure Comparison for NovAtel (corner fed patch) Antenna,
Ground Plane vs. Choke Ring.
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Figure 12. Ground Plane Structure Comparison for Trimble (patch) Antenna,
Ground Plane vs. Choke Ring.
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Three of the antennas were tested at frequencies other than L1 (1575 MHz). Aside from
changing the frequency. these data were collected in exactly the same manner as described in
Section 3. The 3S (quadrahelix) antenna (a GLONASS antenna) was tested at 1609 MHz., which
is the median frequency in the GLONASS frequency allocation. The Dorne and Margolin
(crossed dipoles) and Turbo Rogue (crossed dipoles) antennas were tested at L2 (1227.60 MHz).
Absolute gain computations were made on these data in the same fashion as described in
Section 4 for data collected at L1 (1575.42 MHz). Figures 12 through 14 are the absolute gain
plots where the smallest minimum cross polarization ratio was measured. These plots represent
the worst-case cross polarization ratio for each antenna. Cross polarization ration is used to

6. OTHER FREQUENCIES

determine an antenna’s ability to reject a structure bounce multipath signal.
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Figure 13. Absolute Gain for 3S (quadrahelix) Antenna on a Ground Plane at 1609 MHz;

Minimum Cross Pol. Ratio = 8.4 dB at 89-degree Elevation.
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Figure 14. Absolute Gain for Dorne & Margolin (crossed dipoles) Antenna on a Ground Plane at
1227 MHz: Minimum Cross Pol. Ratio = 1.9 dB at 6-degree Elevation.
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Figure 15. Absolute Gain for Turbo Rogue (crossed dipoles) Antenna on a Choke Ring at 1227 MHz:
Minimum Cross Pol. Ratio = 12.6 dB at 5-degree Elevation.
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APPENDIX

Plots of absolute gain in dBi versus satellite elevation angle are shown in Figures A-1
through A-9. In practice, satellite elevation and azimuth angles vary with respect to the GPS
antenna. Since it was not practical in a testing environment to move the source all over the
anechoic chamber. the antenna was rotated in azimuth and moved at 1-degree increments in
elevation. For each sweep through elevation angle. azimuth angle was held fixed. Azimuth
orientation was varied from 0 degrees to 360 degrees in 45-degree increments. Reference marks
were made on each antenna to allow antenna testing personnel to realign the antenna to a
(-degree relative azimuth angle.

Each plot in this appendix represents the absolute gain for the worst-case azimuth
orientation, that is. the orientation with the smallest minimum cross polarization ratio. For a
comparison of worst-case to best-case cross polarization ratios. see Table 3. Since the initial
marking of a O-degree azimuth was arbitrary. azimuth information is not included with these
plots. What is important to note is antenna performance fluctuates depending upon satellite
heading and elevation angle. These plots represent the worst-case scenario in that fluctuation.
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Figure A-1. Absolute Gain for 3S (quadrahelix) Antenna on a Ground Plane:
Minimum Cross Pol. Ratio = 10.4 dB at 14-degree Elevation.
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Figure A-2. Absolute Gain for Dorme & Margolin (crossed dipoles) Antenna on a Ground Plane:
Minimum Cross Pol. Ratio = 3.2 dB at 5-degree Elevation.
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Figure A-3. Absolute Gain for Litton (patch) Antenna:
Minimum Cross Pol. Ratio = -0.4 dB at 5-degree Elevation.
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Figure A-4. Absolute Gain for NovAtel (comer-fed patch) Antenna on Choke Ring:
Minimum Cross Pol. Ratio = 11.1 dB at 6-degree Elevation.
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Figure A-5. Absolute Gain for NovAtel (corner-fed patch) Antenna on Ground Plane:

Minimum Cross Pol. Ratio = 1.4 dB at 14-degree Elevation.
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Figure A-6. Absolute Gain for Trimble (patch) Antenna on Clioke Ring:
Minimum Cross Pol. Ratio = 4.9 dB at 5-degree Elevation.
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Figure A-7. Absolute Gain for Trimble (patch) Antenna on Ground Plane:
Minimum Cross Pol. Ratio = -0.2 dB at 5-degree Elevation.
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Figure A-8. Absolute Gain for Trimble (patch) Antenna on Fuselage:

Minimum Cross Pol. Ratio = 0.2 dB at 5-degree Elevation.
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Figure A-9. Absolute Gain for Turbo Rogue (crossed dipoles) Antenna:
Minimum Cross Pol. Ratio = 6.9 dB at 5-degree Elevation.
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