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Abstract 

The Isotropic radiator, a device capable of radiating energy evenly in all directions is an 
abstraction, itsʼ real counterpart is called an omnidirectional (omni) antenna.  The 
omnidirectional antenna is found on many vehicles.  Ideally, only one receiving system is ever 
needed to acquire an omni, no matter the vehicle orientation, given the range is not excessive.  
There are trade-offs with antenna efficiency, with gain typically around -15 dBi (95% coverage).

This paper proposes abandoning this paradigm.  If a vehicle knows where the ground is why 
radiate energy up into the sky, where there are no receiving stations.  This can be achieved by 
integrating some instrumentation with a discrete antenna array so that it radiates only from 
selected elements.  The accuracy required is modest, an inexpensive Inertial Measurement Unit 
(IMU) is sufficient to improve link margin by 10, 20dB or more.  These numbers are credible, as 
outlandish as they are, and substantiated in this paper.

Ironically, from the ground this non-isotropic antenna looks very isotropic.  Of significant 
benefit, this Smarter Antenna concept enables spatial discrimination and with that comes 
spectrum efficiency gains beyond that achieved by other means including advanced modulation 
formats.
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Background

Topics discussed in this paper were excerpted from the C-Band integrated Telemetry Testbed 
(CBiTT) Project initiated by the Systems Engineering (SE) Directorate at White Sands Missile 
Range (WSMR).  The intent of the CBiTT Project was to proactively address the looming C-
Band migration for the aeronautical/range telemetry community.  This effort is to provide 
preliminary testing and data to be used as guidance, rather than reacting to this at a later date.  
The CBiTT Project SE approach, intended to conduct comparisons of the C-Band technology 
available using test vehicles such as Unmanned Autonomous Vehicle (UAV); with low dynamics 
and extended range time and the Aegis Readiness Assessment Vehicles (ARAV), a high 
dynamic rocket.   These vehicles provide a “real world” test environment for these ground and 
airborne systems.  Con-Scan vs Single Channel Mono-pulse vs E scan is revisited along with 
other long standing questions.

The WSMR Systems Engineering (SE) Division collaboration began with the following 
organizations:
 
WSMR, Systems Engineering Division 
WSMR, Range Operations Division 
Naval Surface Warfare Center, WSMR Detachment (ARAV Team)
Physical Sciences Laboratory, New Mexico State University (ARAV Integration Agent)
Invertix Corporation

CBiTT also looked at potential opportunities that might be garnered by migrating to C-Band, i.e., 
reviewing a long standing isotropic radiator paradigm, using feeds that track to improve older 
L&S tracking assets, and adding C-Band capability.  

CBiTT briefed the Test Resources Management Center (TRMC), but was not funded.  Interest in 
CBiTT concepts is rapidly growing amongst ranges and testers that are facing the looming 
migration.  The ARAV and Economical Target (ET) Programs, have invited CBiTT “piggyback” 
participation on their vehicle tests.  The concepts and ideas developed are realizable and worth 
exploring and provided for your consideration.

 The Isotropic Antenna Paradigm

This long standing paradigm has served the telemetry community well.  In a typical scenario, the 
vehicle (missile etc) transmits from an omnidirectional antenna to a ground station that takes 
advantage of a large aperture tracking system.  Ideally the received signal is identical for all 
orientations of the vehicle.  

Generally, a vehicle antenna acts isotropically for some part of the radiating sphere.  So long as 
the trajectory geometry permits, the construct works well.  If the construct isnʼt ideal, there are 
antenna nulls and other faults that prevent this from working perfectly.  
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A wrap-around antenna uses multiple radiating elements to produce an omnidirectional like 
pattern.  Multiple power dividers are used to feed each element properly.  Significant effort must 
be expended to carefully optimize the phase relationship of all elements. Antenna efficiency is 
lamentable and most of the energy is radiated where it isnʼt needed.  As stated in the abstract, 
simply knowing where the earth is, and not radiating to the sky conserves power. 

Switching elements to control radiation simplifies antenna design as each element is not as 
vulnerable to phasing because each element is fed uniquely.  The proper radiating element is 
selected by a decoder that uses rate data from an IMU or attitude from an Attitude Heading 
Reference System (AHRS).  This is how the basic Smarter Antenna system works.

Recapping, adding a basic decoder and an accelerometer to detect the Earth would recover half 
(3 dB) of the transmitted power.  Recovering 10 dB means further constraining the antenna 
radiation.  Constraining to Pi/4 steradians, equivalent to a corner or an eighth of a sphere and 
bypassing the power dividers reduces losses making 10 dB achievable.   Accuracy 
requirements are modest, within that of low cost systems.

Two of the critical items:  Discrete Element Array Antenna, IMU or AHRS already exist and are 
in common use today.  IMUʼs or AHRS utilizing MEMS technology are miniaturized, rugged and 
inexpensive.  Two such devices are under evaluation by the Navy ARAV team for use on ARAV 
vehicles.  The first unit shown below is used on the Army ATACMS Missile and the second on 
the Navy ERGM Projectile (See Figures 1 and 2) and is designed to survive the gun shock.  
There are other manufacturers of these systems.  

Figures 1 and 2.  Memsence H3 IMU and Atlantic Inertial SiIMU02 IMU.

IMU systems with integrated GPS are available.  These navigation packages enable even 
greater directionality resulting in 20 dB or greater improvements to link margin performance.  
These items are available today at costs on the order of the typical wrap around antenna.

In comparison to L and S-Band, the C-Band exhibits a greater path loss for similar ranges.  
Conversely, receiving antenna systems enjoy larger Antenna Gain-to System Noise 
Temperature Ratio (G/T) figures for the same physical aperture.   The larger G/T offsets the 
additional space loss incurred, but there is no similar offset for the additional fringing problems 
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or degradations associated with shorter wavelengths.   A narrower beam width is consistent with 
a greater G/T implying better tracking precision is needed.  

A Nominal Case Study

The antenna pattern provided for this discussion is for a C-Band transponder wrap, not the best 
choice, but it was readily available.  This antennaʼs characteristics happen to be ideal for this 
discussion (See Figure 3 below).

       

Figure 3.  Wrap-Around C-Band Antenna Pattern

Suppose this antenna system is on a roll stabilized vehicle and the received power variations 
require additional signal power to deliver the desired Quality of Service (QOS) over the vehicle 
trajectory.  Ranges today deliver very good QOS over an entire trajectory by using multiple 
receiving systems and space diversity techniques that composite these signals.  WSMR has 
implemented this with Correlating Source Selectors (CSS) recovering better than 99% of the 
data even with such antenna patterns as shown in Figure 3.

Figure 4 on the following page is a representation of a nominal link margin plot for a single 
receiving site link when using a vehicle antenna as described in Figure 3.  The single receiver 
scenario is often the case because range assets are finite unable to provide space diversity 
support for large missions.  Mission designers must specify the signal power such that data 
quality is satisfactory throughout the flight.  The margin needed for acceptable data normally is 
10 dB, garnering the most improvement for a reasonable investment.  Additional margin as 
shown yields diminishing returns.

If the roles were reversed, and the ground site transmitted the data to the vehicle, despite its 
very directional antenna, the received strength of the signal available at the vehicle would look 
very much like the thick black line on Figure 4.  The vertical lines representing nulls and other 
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artifacts would disappear, because the nulls and degradations track with the main beam 
avoiding the vehicle.

Figure 4  Nominal Link Margin Scenario for single receiver with roll stabilized vehicles.

Similarly a Smarter Antenna on the vehicle, radiates only from elements that direct energy 
where required. The antenna main beam is steered, so are the steep nulls each side of the main 
beam, eliminating the many drops observed.  It is not necessary to increase the transmitter 
power 10 dB to raise the antenna nulls and degradations (vertical lines) above threshold, yet the 
same margin is maintained.  With additional antenna gain from radiating more directionally, it 
becomes evident that improvements on the order of 20 dB for equivalent data quality are 
attainable.

Serious Spectrum Stewardship

The steerable antenna also opens other doors.  Suppose two vehicles are flying adjacent to 
each other (in close proximity) such that they are within 1 degree of each other with respect to 
any receiving site on the Range.  Every receiving antenna beam will hold both vehicles.  This 
scenario must be supported utilizing frequency discrimination (two frequencies), assuming each 
vehicle uses only one frequency.  When multiple links are used by each vehicle, then twice as 
many frequencies are needed to support the scenario.  If three or four vehicles are flown, the 
additional frequencies or spectrum required would be four times that of a single vehicle.  Often 
spectrum availability is the most serious constraint to executing large scale missions.
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This is not true however, if the vehicles are using Smarter Antenna systems.  So long as 25 dB 
of isolation is maintained, any number of vehicles may be supported with one frequency (or set 
of frequencies).  Each vehicle requires only one site, greatly reducing requirements on Range 
assets.  Figure 5 below depicts two receiving sites with very directional antenna beams.  The 
two target vehicles are represented by red triangles with wider radiating patterns, directed at 
their assigned receiving sites.  Both vehicles lie in the beam of each receiving site, but only one 
receiving site lies within each vehicleʼs transmit beam.  Each receiving site may only “see” one 
transmitter.  Both vehicles share the same frequency.

Jig 10

Jig 67

Missile Trajectories

Figure 5.  Two Vehicle Scenario with Spatial Discrimination.

This scenario will deliver similar or better QOS compared to the multiple receiving site 
configured with Space Diversity (Correlation Compositing).  Because correlation compositing 
offers link margin improvements of 3 dB, it is a no brainer to sacrifice this in favor of Smarter 
Antenna systems that deliver 10 dB or more improvement.

Technology Teaming

The Physical Sciences Laboratory (PSL) and Invertix Corporation are the CBiTT teamʼs 
technical arm.  PSL is an ARAV Integration Agent and has fielded the two IMUʼs discussed 
earlier.  PSL fabricates numerous ARAV components including the telemeters (PCM encoders, 
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wrap-around antenna systems) decommutator, payload control systems and ground systems, 
etc.

Invertix demonstrated their Direct Spatial Antenna Modulation (DSAM), antenna technology at 
ITC2009, whereas phase modulation is performed by the antenna, precluding need for 
transmitter modulating sections.  In the laboratory, DSAM technology demonstrated beam 
steering (See references), and other characteristics of this technology that are of interest.  The 
DSAM technology is able to render the information transmitted outside of the beam edge 
unusable (similar to multipath).  This feature offers higher security compatible with encryption to 
better ensure that information transmitted is usable only to those intended.

Taking the C-Band Plunge

Will this technology benefit ground stations?  The question for ground systems is whether to 
replace or upgrade.   If upgrade paths will work, substantially large amounts of money can be 
saved.  Upgrading existing L & S systems requires; 1) That parabolic dishes used are made 
accurately enough to support C-Band frequencies, 2)  That servo systems designed for S-Band 
systems are able to provide adequate precision.  Narrower antenna beams intuitively require 
additional precision to point them properly.  In Figure 6, notional tracking error is depicted for 
both bands assuming the same aperture and tracking servo.   All things being equal, C-Band 
applications will result in greater antenna gain, proportionally narrower antenna beam, but 
greater tracker error artifacts.

Figure 6.  Notional Error Expectation for C-Band Upgrade of S Band Tracker (single axis)

Sub-Aperture Tracking

Using the Smarter Antenna approach may breathe additional life into those expensive large 
aperture tracking antennas.  Large 40ʼ antenna systems are massive, with narrow beams that 
become even narrower at C-Band.  Replacing an S-Band feed with a C-Band feed should result 
in additional tracking errors artifacts.  Simply replacing the S-Band feed with C-Band usually 
means not illuminating the entire aperture, this is desirable if the feed beam can be directed.  
Using the DSAM technology developed by Invertix to control the resultant phase and direction of 
the wavefront, it is possible to electronically steer the resultant beam.  Because this is 
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electronic, the steering does not exhibit any of the effects exhibited by the parabolic dish such 
as momentum effects etc.  As the parabolic dish attempts to track the intended vehicle, the 
errors caused by the dishes mass exhibit themselves as overshoot etc.  These effects are 
compensated for by the sub-aperture tracking feed.  Because sub-aperture tracking 
electronically maintains the target vehicle inside the antenna beamʼs sweet spot, the effects of 
tracking error are substantially reduced.  Figure 7 below depicts a single axis implementation of 
a sub-aperture tracking feed.



D

Figure 7, Sub-Aperture Tracking Feed Directed at Off-axis Target.

Simply canting a traditional feed will not work.  The parabola still directs the beam along the axis 
of symmetry.  The DSAM feed improves the entire tracking systemʼs agility when subjected to 
high dynamic targets.  DSAM improves performance when tracking vehicles directly off 
launchers.  Because of the mass, the tracking antenna will lag behind the vehicle at launch, 
especially if it is a missile.  The DSAM feed electronically steers the beam, maintaining 
acquisition on the vehicle while the dish positioning servo catches up.  The effective beam width 
and tracking servo dynamic performance are improved.  When the tracking system antenna 
broaches the pedestalʼs physical stops, a DSAM feed will allow acquisition further, and 
continues to track around the corner.

This is a hybrid antenna system with phased array characteristics and the economy that comes 
with a large reflector.   Ranges already have these expensive large aperture systems that 
should be evaluated for this upgrade.

ARAV vehicles offer an excellent test environment for C-Band hardware.  As shown in Figure 8, 
the vehicle hardware is processed locally at the Naval Surface Warfare Center at White Sands 
Missile Range and may be instrumented as desired for this application.
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Figure 8 Aegis Readiness Assessment Vehicle (ARAV) Payload

Conclusion

Current school of thought is that C-Band systems will exhibit poor performance relative to 
mature and inexpensive L & S-Band hardware.  For some programs this is unacceptable and 
acceptance will continue to be anemic until it is established that compatibility issues are 
manageable and C-Band system performance is comparable or better.

Potential gains in link margin, range resource utilization effectiveness, and spectrum 
stewardship discussed here are near biblical proportions, or at least that of winning the lottery.  
These gains once demonstrated will galvanize the migration.  

Assertions presented here give light to a new paradigm.  The decoders developed for the 
smarter antenna, as it matures, will be suitable for supporting free space optical links with their 
huge bandwidth potential.  It is not too soon to consider optical solutions as the expansive C-
Band spectrum will eventually become saturated or succumb to the iPhone-C (C-Band edition).
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