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DESIGN OF A GPS/TELEMETRY ANTENNA FOR SMALL
DIAMETER PROJECTILES

Dr. Marv Ryken, Rick Davis, and Scott R. Kujiraoka
Naval Air Warfare Center Weapons Division, Point Mugu, California  

ABSTRACT

In the past, airplanes, target drones, pods, and large missiles have been instrumented with telemetry, flight
termination and beacon tracking antennas to assess performance.  With the emerging use of the Global
Positioning System (GPS) for tracking purposes, GPS is also included as part of the instrumentation
package.  This paper addresses the design of a conformal wraparound antenna system to cover the
telemetry and GPS L1 frequencies for a small (2.75 inch) diameter airborne projectile.  A filter is also
integrated into the antenna system to isolate the transmitted telemetry signal from the received GPS
signal.  This integration is necessary due to the lack of space in the small diameter projectile.  Perform-
ance characteristics of the prototype antenna system are also presented.
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INTRODUCTION

The design specifications of an Antenna System that includes GPS and telemetry frequency bands are
given including the various design issues and problems.  The design methodology of the antenna and filter
are explained.  Test results of the prototype antenna system are given.

Due to the close proximity of the GPS and telemetry antennas, coupling between antennas of the high
power telemetry transmitting signal interferes with receiving the very low power GPS signals.  A filter
with a minimum stop-band rejection of 40 decibels (dB) is required to keep the telemetry signal from
saturating the GPS receiver.

Specifications

Physical:
Axial length: 4.4 inches Maximum



Thickness:  0.072 inches Maximum
Outer Diameter:  2.75 inches Maximum

Electrical:
GPS antenna:

Center frequency: 1572.5 MHz (L1 Band)
Bandwidth: ± 10 MHz
Polarization: Circular
Roll coverage:  -3 dB +/- 5 dB

Telemetry antenna:
Center frequency: 2250 MHz (S Band)
Bandwidth: ± 10 MHz
Polarization: Linear
Roll coverage:  -3 dB +/- 5 dB

     Band Stop Filter in GPS antenna feed network
Isolation:  40 dB minimum from telemetry antenna

Environmental:  Typical of an airborne projectile

Antenna Design

The Telemetry and GPS antennas are physically separate on the Antenna System, therefore the design of
the two antennas are approached separately.  The system design trade-offs of size, complexity, and
antenna coverage leads to a two-element array, one on each side of the projectile, for both the Telemetry
and GPS antennas.  More elements will produce less variation of gain in the roll coverage but will
produce much more complexity in the corporate feed necessary to drive the antenna elements.  Due to the
small diameter size of the projectile, the GPS free space wavelength will not allow more than two
elements around the projectile.

To meet the environmental conditions, it was decided to use RT/Duroid 6002 material produced by
Rogers' Corporation for the Antenna System.  This material allows sufficient strength and physical and
electrical stability over the environmental conditions.  To meet the problem of fabricating the material
into a diameter of 2.75 inches, two layers of 0.031 inch plus a 0.010 inch thick antenna protective cover
board were used.  The three separate boards are bonded together under pressure and elevated
temperature using bonding film and a custom form.  It was found that a single 0.062 inch thick board
would wrinkle or crack when formed to the 2.75 inch diameter shape.

The antenna design process is diagrammed in Figure 1.  The antenna elements were designed using the
antenna design software package "Ensemble" (produced by Ansoft Corporation).  Once the elements
were designed, the input impedance of the element was available from Ensemble in the form of
S-Parameters.  The S-Parameters were then exported to the software package “Touchstone” (produced
by Agilent Technologies).  The corporate feed was designed in Touchstone and the dimensions from
Touchstone and Ensemble were then used in a mechanical computer aided design (CAD) package,
Cadkey, to layout the Antenna System.  Some iteration between Touchstone and Cadkey was necessary
to meet the electrical goals and physical parameter constraints.



Figure 1.  Antenna Design Process.

Telemetry Antenna – Figure 2 is the final physical configuration of the telemetry antenna.  The electric
field is in the direction of the feed input.  To keep the electric field continuous around the circumference
of the projectile, one of the element feeds must have an additional 180 degrees of phase shift relative to
the other element feed.  This will compensate for the physically reversed element feeds and produce the
required axial symmetric electric field.  This novel feed network was developed to minimize the feed
network real estate.  In contrast, a typical feed network would feed on the same side of each antenna
element, this would require additional real estate on the side of one of the elements.  The input impedance
is 50 ohms so the line impedance was made 100 ohms so that the two lines would parallel together to
produce the required 50 ohms.  The feed position in the antenna element was iterated in Ensemble to
produce the required 100 ohms input impedance.  Because of the phase match requirements, the right
angle bends were also part of the Touchstone simulation.  The goals in Touchstone were a maximum 2:1
VSWR (9.5 dB return loss), equal magnitude at each element, and 180 degree phase difference over the
required 2.24 to 2.26 GHz frequency range.  The final data from Touchstone is shown in Table 1 and
shows the data to be within an acceptable tolerance.

Figure 2.  Telemetry Band Antenna Layout.
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Table 1.  Telemetry Band Antenna Final Calculated Performance Data. 
FREQ DB[S11] MAG[S11] ANG[S11] MAG[S21] ANG[S21] 
GHz ANT ANT ANT DIFF1 DIFF1 
2.230 -5.5 0.53 91.8 0.98 177.4 
2.231 -5.8 0.51 89.9 0.98 177.4 
2.232 -6.1 0.49 87.9 0.98 177.4 
2.233 -6.5 0.47 85.9 0.99 177.4 
2.234 -6.9 0.45 83.8 0.99 177.4 
2.235 -7.3 0.43 81.5 0.99 177.4 
2.236 -7.7 0.41 79.2 0.99 177.4 
2.237 -8.2 0.39 76.8 0.99 177.4 
2.238 -8.7 0.37 74.2 0.99 177.4 
2.239 -9.2 0.35 71.5 1.00 177.4 
2.240 -9.9 0.32 68.5 1.00 177.5 
2.241 -10.5 0.30 65.4 1.00 177.5 
2.242 -11.3 0.27 61.9 1.00 177.5 
2.243 -12.1 0.25 58.1 1.00 177.5 
2.244 -13.1 0.22 53.8 1.00 177.6 
2.245 -14.1 0.20 48.8 1.00 177.6 
2.246 -15.3 0.17 42.9 1.00 177.7 
2.247 -16.6 0.15 35.5 1.01 177.7 
2.248 -18.0 0.13 26.1 1.01 177.7 
2.249 -19.5 0.11 13.7 1.01 177.8 
2.250 -20.8 0.09 -2.9 1.01 177.8 
2.251 -21.5 0.08 -23.5 1.01 177.9 
2.252 -21.3 0.09 -45.1 1.01 177.9 
2.253 -20.2 0.10 -63.8 1.01 178.0 
2.254 -18.8 0.12 -78.2 1.01 178.1 
2.255 -17.3 0.14 -88.9 1.01 178.1 
2.256 -15.9 0.16 -97.1 1.02 178.2 
2.257 -14.7 0.18 -103.6 1.02 178.2 
2.258 -13.6 0.21 -109.0 1.02 178.3 
2.259 -12.6 0.23 -113.6 1.02 178.4 
2.260 -11.7 0.26 -117.6 1.02 178.4 

2.261 -11.0 0.28 -121.2 1.02 178.5 
2.262 -10.3 0.31 -124.5 1.02 178.6 
2.263 -9.6 0.33 -127.5 1.02 178.6 
2.264 -9.0 0.35 -130.3 1.02 178.7 
2.265 -8.5 0.38 -132.9 1.03 178.8 
2.266 -8.0 0.40 -135.4 1.03 178.9 
2.267 -7.6 0.42 -137.7 1.03 178.9 
2.268 -7.1 0.44 -139.9 1.03 179.0 
2.269 -6.8 0.46 -142.0 1.03 179.1 
2.270 -6.4 0.48 -144.1 1.03 179.2 

 



GPS Antenna – Figure 3 is the final physical configuration of the GPS Antenna.  The feed network is
more conventional in that both feeds are at the same physical point on both of the antenna elements. 
Because the polarization requirement is circular, one side is slightly longer than the other and the feed is
situated at one corner of the antenna element.  The input impedance at the feed input to the antenna
element is in the order of 250 ohms and is matched to the 50-ohm input through approximate quarter-
wavelength impedance transformers.  The additional two open-circuited lines with the interconnecting
line make up a 3-section band-stop filter to impede the telemetry band transmitted signal from being
received by the GPS receiver.  To minimize size and weight, the band-stop filter is integrated into the
Antenna System instead of being incorporated into the projectile body.  The GPS antenna design
procedure follows Figure 1. The antenna element is optimized in Ensemble for circular polarization and
the input impedance from Ensemble is imported to Touchstone.  The topology of the feed network needs
nominal values of impedance and line lengths to begin the optimizing.  A limit on the etching accuracy
limits the minimum line width to approximately 0.010 inch.  This limits the maximum impedance that can
be obtained.  The initial band-stop filter parameters were configured as two quarter-wavelength open-
circuited lines separated by a quarter-wavelength at 2.25 GHz.  The optimized band-stop filter had a
fairly low impedance open-circuited stub at the input so two open-circuited lines of twice the impedance
were substituted for the one low impedance line.  By locating the two open-circuited stubs as shown in
Figure 3, the surface wave coupling is reduced by canceling the signal picked up by one stub with the
signal picked up by the other stub.  This is done by physically locating the stubs so that they are
approximately 180 degrees out-of-phase with a surface wave that comes from the telemetry antenna.  The
extra zigzag in one feed relative to the other feed is necessary to equalize the phase to each element. 
Again all of the right angle bends were part of the Touchstone simulation.  The goals in Touchstone were
broken up into two frequency ranges.  For the frequency range of 1.565 to 1.585 GHz, the goals were a
maximum 2:1 VSWR (9.5 dB return loss) input, equal magnitude at each element, and 0 degree phase
difference.  For the frequency range of 2.230 to 2.270 GHz, the goal was an insertion loss of greater than
50 dB.  The final calculated data for the optimized circuit is presented in Table 2 and shows data
consistent with tolerances required to fabricate this antenna. 

Figure 3. GPS Antenna Layout.
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Fabrication and Test – The last part of the design process was to build and test a prototype antenna. 
Figure 4 is a photo of the antenna element before bonding and forming to the proper diameter.   Due to
the very small antenna diameter, the input to both antennas was via miniature coaxial cables.  There was
insufficient room to put SMA chassis mount type connectors directly on the antenna.

 
Table 2.  GPS Antenna Final Calculated Performance Data. 
FREQ MAG[S11] ANG[S11] DB[S11] MAG[S21] ANG[S21] DB[S21] DB[S21] 
GHz ANT ANT ANT DIFF1 DIFF1 ANT1 ANT2 

1.565 0.3 -163.8 -12.0 1.00 -0.3 -3.3 -3.4 
1.569 0.1 -163.0 -17.6 1.00 -0.3 -3.6 -3.6 
1.572 0.1 -131.5 -22.1 1.00 -0.3 -3.8 -3.8 
1.576 0.1 -116.9 -23.7 1.00 -0.3 -3.8 -3.8 
1.579 0.0 -35.8 -40.5 1.00 -0.3 -3.6 -3.6 
1.583 0.1 24.3 -18.2 1.00 -0.3 -3.4 -3.4 
1.585 0.2 14.3 -13.1 1.00 -0.3 -3.4 -3.4 

2.230 1.0 179.5 -0.1 0.96 -0.4 -77.2 -77.5 
2.234 1.0 179.3 -0.1 0.97 0.3 -78.0 -78.2 
2.237 1.0 179.0 -0.1 0.99 0.9 -79.1 -79.1 
2.241 1.0 178.8 -0.1 1.02 1.4 -78.3 -78.2 
2.244 1.0 178.5 -0.1 1.05 1.6 -75.5 -75.1 
2.248 1.0 178.3 -0.1 1.09 1.5 -72.6 -71.9 
2.251 1.0 178.0 -0.1 1.14 0.9 -70.5 -69.4 
2.255 1.0 177.8 -0.1 1.20 -0.6 -69.2 -67.7 
2.258 1.0 177.6 -0.1 1.27 -3.7 -68.8 -66.7 
2.262 1.0 177.3 -0.1 1.33 -9.7 -69.0 -66.5 
2.265 1.0 177.1 -0.1 1.29 -19.4 -69.1 -66.9 
2.269 1.0 176.8 -0.1 1.07 -25.8 -67.6 -67.0 
2.270 1.0 176.7 -0.1 0.99 -25.0 -66.6 -66.7 

 
 
 

Band Stop 
Filter  



Figure 4.  Photo of Prototype Antenna System Element Layer.

TEST RESULTS AND DISCUSSION

The return loss (S11) of the GPS and telemetry antennas and isolation between antennas (S21) data is
shown in Figure 5 and is very good for a prototype.  The 50-dB isolation was easily met and the return
loss of both antennas was acceptable.  The center frequency is off a little as would be expected for a
prototype and is due to design simulation and manufacturing tolerances.  The additional return loss
response spikes (propagation modes) for both the GPS and telemetry antennas were not predicted by
Ensemble, the design element design program.  It is felt that since these propagation modes are not part
of the antenna element and are attributable to the combination of the elements and feed structure.

In Figures 6 through 8 are the antenna radiation pattern principle plane cut (Pitch, Yaw, and Roll)
measurements, of both the GPS and TM antennas.  The Pitch and Yaw patterns show a null at the nose
and tail was would be expected with a fairly small gain variation over the rest of the azimuth.  The Roll
pattern shows the variation due to only two elements to be a very acceptable 6 to 8 dB maximum.  In
general, all of the patterns show the gain to be above –10 dBLI for all of the coverage except at the nose
and tail.



Figure 5. Return Loss and Isolation Between Antennas.

Figure 6. Radiation Pattern (Pitch Cuts)

-80

-70

-60

-50

-40

-30

-20

-10

0

10

1.0 1.5 2.0 2.5 3.0
Frequency GHz.

M
ag

ni
tu

de
 d

B

Magnitude dB S11 for TM

Magnitude dB S21 Isolation

Isolation Optimization Goal dB

Magnitude dB S11 for GPS

Spurious Mode in GPS

GPS band antenna @ 1570 MHz Telemetry Band Antenna @ 2280MHzSpurious Mode in TM

Band Stop
Filter

0

45

90

135

180

225

270

315

-5

-5

-15

-15

-25

-25
-35

-35

 Polarization:
Horizontal
Vertical

NOSE

GPS

dBLI
0

45

90

135

180

225

270

315

-5

-5

-15

-15

-25

-25-35 NOSE

dBLI

TM
Vertical
Polarized



Figure 7. Radiation Patterns (Yaw Cuts)

Figure 8. Radiation Pattern (Roll Cuts)

CONCLUSIONS

The development of a GPS/Telemetry antenna system that contains an integrated filter for a small
diameter projectile has been described.  Test data for the prototype antenna has been given and meets the
desired goals within prototype tolerances.
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