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SPECTRUM EFFICIENT MODULATION 

Since 1992 the amount of available aeronautical telemetry spectrum has been decreasing. 
Efforts by the national and international communities have reallocated 25 MHz of telemetry 
spectrum and efforts are under way to reallocate even more. This is completely opposite of the 
requirements of the telemetry community as can be seen from figure 1. The chart clearly shows 
the data requirements of the test community are increasing at an almost exponential rate. This 
increase in requirements is being driven by the increasing complexity of the test articles coupled 
with compressed test schedules. The increasing requirements for data coupled with the reduction 
in the amount of available spectrum is causing the major test centers to have serious concerns if 
there will be sufficient spectrum available to support all their programs. 
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Figure 1. Data Requirements 

These trends of increasing data requirements and decreasing availability of spectrum 
have focused attention on the efficient use of the remaining spectrum. It is the responsibility of 
all programs to insure that their use of spectrum is as efficient as possible and that spectrum is 
not needlessly being wasted. Some of the major test ranges have already been forced to schedule 
use of the telemetry spectrum by the hour to accommodate all of the required users. Under these 
conditions, it has become imperative that all programs be as efficient and flexible as possible to 
ensure that they are able to secure the use of a sufficiently large portion of the spectrum to 
complete their required testing. 



To be spectrally efficient means that data rates must be kept at the absolute minimum, 
proper transmitter pre-modulation filtering techniques must be used, and efficient modulation 
schemes must be employed. Currently the most common modulation scheme is PCM/FM; this is 
a very robust modulation technique that is fairly efficient. To be efficient these systems must 
have proper pre-modulation filtering and be properly aligned. As can be seen from figure 2, 
improper selection of pre-modulation filtering, and over deviation of the transmitter can increase 
the required channel bandwidth by over 50%. Figure 2 shows ideal spectrum with proper 
modulation filtering of .7 x Fb (Bit frequency), improper pre-modulation filtering at 1.4 x Fb & 2 
x Fb, and excessive transmitter deviation of 1.2 x Fb (.35 x Fb is ideal). 
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Figure 2. Ideal spectrum with proper modulation filtering of .7 x Fb (Bit frequency), 
improper pre-modulation filtering at 1.4 x Fb & 2 x Fb, and excessive 
transmitter deviation of 1.2 x Fb (.35 x Fb is ideal). 

Improvement in pre-modulation filter selection and tighter controls on alignment of 
systems will provide a great improvement in spectrum efficiency. New modulation techniques 
such as GMSK and FQPSK have the potential to double spectrum utilization. As can be seen 
from figure 3, these new modulation techniques are much more efficient than PCM/FM. Once 
the equipment can be developed, we can expect to see vast improvements in spectrum efficiency. 
In the meantime efforts should be concentrated on insuring that currently deployed telemetry 
systems have been properly constructed and aligned. 
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Figure 3. New Modulation Techniques vs PCM/FM. 


