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ABSTRACT 
 

The Joint Advanced Missile Instrumentation (JAMI) program is integrating Global 
Positioning System (GPS) technology into missile telemetry systems.  The weakest link 
appears to be the GPS antenna.  The antenna on a missile is required to be flush mounted 
for aerodynamic reasons.  Due to the missile's tendency to roll, the antenna needs to be a 
multi-element omnidirectional antenna array.  Therefore an antenna used on missiles is a 
wrap-around antenna since it will meet the flush mount and rolling requirements by 
giving omnidirectional coverage.  JAMI has used readily available techniques for 
designing wrap-around telemetry antennas to develop a GPS wrap-around antenna and 
has discovered a major problem.  The Phase Center of a wrap-around antenna tends to be 
a surface, not a point, and not necessarily at the centerline of the missile body.  GPS 
measurements have been conducted to determine the Phase Center of the antenna.  When 
the Phase Center is large, the GPS receiver perceives it as multipath and integer 
ambiguities cannot be resolved.  This paper addresses the problems that have been 
uncovered and outlines the steps that are planned to resolve them. 
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INTRODUCTION 
 

What is the Phase Center of an antenna and why is it important?  The Phase Center is 
defined as a reference point from which all radiation emanates, and radiated fields 



measured on the surface of a sphere whose center coincides with the Phase Center having 
the same phase [1].  Unlike single element antennas which have a single point Phase 
Center, antenna arrays have a Phase Center which is a surface. It may not even be 
contained within the antenna structure.  The Phase Center will appear to move depending 
on the angle of the approaching signal to the antenna.  When a Phase Center is identified, 
it is usually the average of all the different phase centers from all the Satellite Vehicles 
(SVs) being received.   
 
Knowing the Phase Center of the GPS antenna is important in order to perform accurate 
position measurements.  The most accurate real time method of GPS tracking is called 
kinematic.  This is where the carrier phase data is differentially corrected with a reference 
receiver so most of the errors can be corrected.  Then the integer number of wavelengths 
from each satellite to the Phase Center of the receive antenna are calculated.  If the Phase 
Center is not a single point then there are multiple answers or ambiguities for the number 
of wavelengths to each satellite and the integer ambiguities cannot be resolved.   
 

PHASE CENTER MEASUREMENTS 
 
Work has been done to measure the Phase Center of a five-inch diameter wrap-around 
antenna [2].  As a follow up to this previous work, a five-inch GPS/S-band antenna was 
designed and built by Naval Air Warfare Center Weapons Division (NAWCWD) Point 
Mugu.  The same measurement techniques and test set-up were used to measure its Phase 
Center [2].  All measurements were made referenced to the GPS connector.  For the 
azimuth plots, the connector is at +90 degrees and for the roll plot it is at zero degrees.   
 
Improvements were made in the gain pattern and bandwidth over the previous antenna 
but the Phase Center appeared larger.  Figure 1 is an Azimuth Cut where minimal phase 
change occurred.  Figure 1 represents the phase plot 6.5 inches aft of the GPS connector.  
It also turns out that this same phase plot holds for 7.0 inches aft and 7.5 inches aft.  This 
tends to suggest the Phase Center is a surface that is about one inch long in the 
longitudinal direction.  The rapid phase changes of the azimuth angles between 60 and 90 
degrees were believed to be errors due to the measurement system since they showed up 
in all azimuth plots.  After careful study it is believed that this is where the cut is looking 
at the edge of the Phase Center surface since the GPS connector is located at 90 degrees. 
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FIGURE 1. Azimuth Phase Cut at 6.5 inches aft of the GPS Connector. 
 
A Roll Cut was made for the Phase Center located 6.5 inches aft of the GPS connector 
and is shown on Figure 2.  If the Phase Center was along the centerline of the missile the 
phase should stay constant throughout the Roll Cut.  The phase varied by 157 degrees.  
At 1.575 GHz this translates into a 3.27-inch movement in the Phase Center.  By using 
equation (1-1), solving for ψ and setting r = 3.27 inches, the calculated phase can be 
overlaid with the measured phase as shown on Figure 3.  
 

 r = (λο/2π)∗(ψ/(1−cos(θ))   eq(1-1) 
 
An explanation of equation (1-1) and the geometry behind it can be found in references 
[1] and [2]. 
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FIGURE 2. Phase Plot for a Roll Cut at 6.5 inches aft of the GPS Connector. 
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FIGURE 3. Measured Phase vs. Calculated Phase, Azimuth Cut 
 
By looking at Figures 2 and 3, it is difficult to visualize what the Phase Center might look 
like.  The Roll Cut looks like a cosine wave, which indicates the Phase Center is a circle 
with a diameter of 3.27 inches.  It is also located off the centerline of the missile.  The dip 
of the phase plot is centered at about 30 degrees from the GPS connector, which is 
defined as zero. This would indicate the Phase Center is centered along this line. The fact 
that three azimuth cuts, at 6.5 inches aft, 7 inches aft and 7.5 inches aft, essentially did 
not change suggests that the Phase Center is the widest in this section.  The best 
approximation of what the Phase Center might be is a cylinder with a diameter of 3.27 



inches, a height of an inch and is offset from the centerline by its radius.  The center of 
the cylinder is approximately 7 inches aft of the GPS connector at an angle of 30 degrees 
to one side of the connector.  A model that best fits the data is shown on Figure 4. 
 

 

 
 

FIGURE 4. Approximate Phase Center Surface Location. 
 
 

FLIGHT TESTS 
 
The five-inch wrap-around antenna fits on a Sidewinder missile.  These antennas were 
mounted on Sidewinder missiles and captive carry tests were conducted.  The test 
configuration for the captive carry had a Sidewinder on each wing tip.  The goal of the 
test was to perform kinematic processing on the two missiles, while in flight, to 
determine if the distance between the two could be accurately determined (also known as 
scoring). The same telemetry systems were used with the two different types of antennas.  
The Haigh-Farr antenna tracked about three quarters of the available satellite vehicles 
(SV's) in view and the two missiles only tracked a few SV's in common.  In order to 
perform scoring measurements, five common SV's are required.  With over an hour of 
flight data there was only a few seconds where it was possible to perform kinematic 
processing on the data.  There also appeared to be multipath, which made it difficult to 
resolve the integer ambiguities.  The multipath was originally attributed to aircraft body, 
however, it is now attributed to Phase Center problems. 
 
The NAWCWD antenna was designed to provide more gain.  The location of the 
launcher rail was taken into consideration so it would not interfere with the radiation 
pattern.  The improved gain/radiation pattern of the NAWCWD antenna enabled the GPS 
receiver to track all available SV's in view on both wing tips.  Again over an hour of GPS 
data was collected.  When post mission kinematic processing was performed the distance 
between the two missiles could not be determined.  There appeared to be muiltpath and 
the integer ambiguities could not be resolved.  This can be attributed to the NAWCWD 
antenna's large Phase Center. 
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Static roof-top tests were conducted with different antenna configurations.  A reference 
receiver was located in close proximity to the antenna under test.  Three different GPS 
antennas were used on the same telemetry system; the Haigh-Farr, NAWCWD and a 
standard patch GPS antenna.  When either the Haigh-Farr or NAWCWD antennas were 
used, kinematic processing could not be performed between them and the reference 
receiver.  When the standard GPS patch antenna was used, kinematic processing was 
possible.  The results of these tests confirmed Phase Center problems exist with wrap-
around antennas. 
 
 

PHASE CENTER RESEARCH 
 
Having had made phase measurements and conducted some flight tests, it was decided 
that a more academic approach at the problem was necessary.  Brigham Young 
University was contacted to see if they would be interested in conducting a study of the 
Phase Center problem with wrap-around GPS antennas.  It is called the GPS Wrap-
around Antenna Study (GWAS). A research agreement was made where the following 
are to be performed. 
 

Model and Simulation.   
 
There are several phases of modeling and simulation that needs to be 
accomplished. 
 
Phase I - Present Antenna Design (NAWCWD antenna).  Several chamber and 
field tests have been performed on the present antenna configuration and have 
determined that it does not operate as required. Modeling and simulations are to 
be performed on the NAWCWD antenna to help explain the testing conducted to 
date and provide a baseline for comparison with future designs.  
 
Phase II - Phase Center Size.  The main question that needs to be answered is 
what size does the Phase Center need to be in order to resolve the integer 
ambiguities of phase measurements of the GPS signal?   
 
Phase III - Phase Center Manipulation. Design parameters of the model of the 
NAWCWD antenna will be varied and simulated to determine which parameters 
effect the Phase Center size and location.  The goal is to make the antenna Phase 
Center as small as possible and located at the centerline of the missile. This 
information will be provided to NAWCWD Point Mugu so a new antenna can be 
designed and built. 
 
Phase IV - New Antenna (GWAS Antenna).  Modeling and simulations need to 
be done on the new antenna design so they can be compared to the actual antenna 
measurements. 
 



Testing.  The models and simulations are to be confirmed by actual antenna 
testing.   
 
Phase Center Testing Method.  A test method and procedure is to be written to 
measure the Phase Center of a wrap-around GPS antenna.  The procedure used in 
this paper and in the previous work might not be a valid test method for wrap-
around antennas. 
 
NAWCWD Antenna Test - Use the above Phase Center test method to 
characterize the NAWCWD antenna.  Compare these results with the simulation 
results of Phase I. 
 
GWAS Antenna Test.  Use the above Phase Center test method to characterize 
the new antenna.  Compare these results with the simulation results of Phase IV. 

 
 

CONCLUSION 
 
Knowledge of the location of the Phase Center and making it as small as possible is very 
important in obtaining accurate GPS measurements.  If the Phase Center is too large it 
appears to the receiver to be multipath and integer ambiguities cannot be resolved.  The 
two wrap-around antennas measured to date show they have undesirable qualities to be 
used for scoring.  In order to remedy this problem, research is being conducted to 
determine if it is possible to design a wrap-around GPS antenna with a small Phase 
Center that is located along the centerline of a missile.  This will be done with modeling 
and simulation software and then designing, building and testing the new design.  The 
risk is physics might dictate that it cannot be accomplished.  To reduce the risk that the 
Phase Center issue will cause JAMI to not meet its objectives, other techniques are being 
investigated that are beyond the scope of this paper.  They are things like adding 
additional processing by the GPS receiver to null out the phase problem, post processing 
the phase data to remove the errors, and designing an antenna that switches between the 
different elements. 
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