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ABSTRACT 

Remote, high speed, high explosive wave front monitoring requires very high bandwidth telemetry to 
allow transmission of diagnostic data before the explosion destroys the sensor system itself. The main 
motivation for this study is that no known existing implementation of this sort has been applied to 
realistic weapons environments. These facts have prompted the research and gathering of data that can 
be used to extrapolate towards finding the best modulation method for this application. In addition to 
research of similar existing analysis and testing operations, data was recently captured from a Joint 
Test Assembly (JTA) Air Launched Cruise Missile (ALCM) flight. 
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INTRODUCTION 

Questions have arisen concerning the validity of using high-speed quadrature amplitude modulation 
(QAM), in conjunction with the High Explosive Radio Telemetry @RT) project, to transmit 
explosive wave front propagation information. This data acquisition requirement obviously 
necessitates transmission of a very complex data set in an extremely short amount of time. If signal-to- 
noise requirements are traded off for a higher number of bits/Hz, significant bandwidth reduction can 
be achieved. Investigations are underway to learn how to best modulate the signal and to determine 
realistic noise levels for QAM modulation. To help answer some of these questions about the radio 
frequency (RF) noise and the associated multi-path problems, data was recently gathered from an 
actual ALCM test flight at Dugway Proving Grounds. Some of this data has been analyzed to help 
determine the best transmitter and receiver configuration. 



REQUIREMENTS 

HERT data rate requirements are such that 64 channels of high resolution timing information, with 
each channel consisting of 14 bits of time data and a channel identification (ID) along with a 
checksum, need to be transmitted in less than 20 microseconds. To accomplish this task requires a 
data rate of approximately 100 Megabits per second. In order to keep all spectral transmission signals 
within the Telemetry band, with frequency nulls at the standad telemetry frequencies, the transmission 
spectrum is being shaped to have a minus 35 dB bandwidth of approximately 60 MHz. The linear 
phase filter characteristic results in an overall 3 dB transmission bandwidth of less than 25 MHz. In 
order to best meet system requirements, a polar 16 QAM modulation format has been selected. This 
method provides nearly optimal tradeoffs between bandwidth, signal to noise ratio, and other channel 
requirements for the particular application. An additional major advantage of 16 QAM, over binary 
modulation, is the lower symbol rate, which puts less burden on the processor as far as computation 
and control speed is concerned. In addition, QAM multi-path delays will be a smaller portion of the 
symbol time vs. binary or qaudra-phase modulation. It is important to minimize constellation 
distortion due to the fact that an adaptive reverse equalizer channel is not available. Another driving 
factor, for the use of a polar constellation configuration, is the fact that the transmitter must to be 
operated as close to compression as possible in order to maximize power efficiency. Also, differential 
encoding is desirable in the event that coherent detection is impossible due to loss of preamble or rapid 
phase variations. All of this has lead to the decision to use a two-level polar QAM format with 
differential phase encoding of the data. 

DUGWAY DATA 

As mentioned, questions have arisen concerning the RF signal quality from a moving ALCM, in light 
of channel distortion and noise characteristics of the signal path, for the possibility of using high-speed 
QAM telemetry. In order to help understand and answer these concerns, a test was set up to capture 
data from a JTA ALCM flight conducted on March 3 1,1998 at Dugway Proving Grounds with a wide 
band receiver. Data was captured at approximately one-minute intervals over the 4-hour flight of the 
missile. The acquisition range was from 5 miles away to over 80 miles. This data was gathered 
through a custom built receiver that was connected after the tracking station preamplifier. The tracking 
station used was MOTAAS, which stands for Mobile Telemetry Autotrack Acquisition System. This 
system has been built into a very nice mobile semi-trailer with capability of right-hand circular or left- 
hand circular polarization, and it autotracks in both elevation and azimuth by using a 1-meter dish 
antenna. The acquired data can be recorded in MOTAAS and/or sent to the range Mission Control 
Center (MCC) via an on-board microwave transmission (Mn;v) system. The semi-trailer contains the 
TM system, the M/W system, record system, video system, communication system, Global Positioning 
System (GPS) timing system, test equipment, and the autotrack antenna system. In addition, facilities 
are provided to allow two operators an extended stay at remote locations. 

To meet our requirements, a custom receiver was connected to one of the RF multicoupler output 
ports. This receiver consisted of a front-end RF filter with a bandwidth of approximately 100 MHz. 
Receiver automatic gain control (AGC) bandwidth was about 100 Hz. After amplifying the signal, and 



down conversion to 75 MHz, it was digitized at one Giga sample per second. This data was then 
stored on a removable disk for later analysis. In all, approximately 250 Megabytes of data was 
gathered from this particular ALCM flight. 

DATA ANALYSIS 

The captured standard telemetry data consisted of 112 kilobits per second biphase modulation. The 
basic approach of analysis was to coherently demodulate the data to produce phase and amplitude 
information. Since, biphase modulation is a constant amplitude type of modulation, flat fading effects, 
faster than the AGC control bandwidth, can be directly observed in the amplitude response. Next, the 
phase information was high pass filtered, with a fairly high order finite impulse response (FIR) filter, 
set to a cutoff frequency of 2 MHz to effectively remove the low speed telemetry phase information. 
Thus, the resulting phase and amplitude information consisted of only wide band noise of the RF 
channel itself. Additionally, the root-mean-square (RMS) signal level was measured and then the low 
bandwidth telemetry signal was narrow-band-FIR-filtered to remove the unwanted telemetry signal. 
Subsequently, by comparing the pre-filtered RMS level with the filtered level, the approximate signal- 
to-noise ratio was determined. An instructive analysis technique was to re-modulate this channel 
signal with a simulated QAM modulation by adding the real noise channel to the ideal noiseless 
channel. Then, demodulation and a comparison of bit error rates was informative, by way of 
comparison with theoretical, as is shown in Figure 1. 

Due to the large amount of data to be processed, 50 segments were randomly chosen to allow for easier 
data manipulation. When the signal amplitude, as indicated by the AGC level, is compared with 
missile distance from the receiving antenna, the data clearly shows a trend for more amplitude 
variation at smaller distances and with an upper limit approaching theoretical values. As the missile 
moved farther away, the maximum signal strength was reduced, but a large amount of signal 
variability remained as shown in Figure 2. For consistency, the computed signal-to-noise level was 
compared with the rms phase variation. The result, as shown in Figure 3, is nearly a straight line, 
which is theoretically expected. A higher signal to noise level should result in more phase variation. 
This can be correlated with the QAM method to determine how much phase variation, and thus what 
signal-to-noise level is actually allowable for reasonably accurate polar QAM signal recovery. From 
the data, it does appear that approximately 15 to 16 dB signal-to-noise ratio is required for this 
modulation implementation where the phase states are separated by 45 degrees at each amplitude level. 
Figure 4 shows the relationship between AGC signal strength and computed signal to noise level. It is 
interesting to note that signal strength and signal-to-noise ratios are not exactly linearly related. This 
defmitely implies that there are other probable noise source mechanisms involved, in addition to 
thermal noise. Speculation is that multi-path contributes to this effect as well as other possible error 
influences. 

A final study was made to look at all of the data segments in order to determine how many were 
affected by relatively fast flat fading effects. This is possible, since biphase modulation consists of a 
constant amplitude RF signal. Variations in this amplitude level are very likely due to flat fading. Of 
the 293 segments investigated, it was found that 5.5 percent display signal amplitude fluctuations that 
is indicative of flat fading faster than the AGC bandwidth. Additionally, most fading effects were 



from signals at greater distances from the receiver. The main conclusion is that the fading becomes 
quite minimal at shorter distances from the receiving antenna. 

CONCLUSION 

Some channel characteristics of actual ALCM flight data have been examined. The results appear to 
be nearly as expected for a gaussian white noise channel. In actuality, with a real QAM modulation, it 
can be expected that there will be even more degradation due to additional effects that can not be 
determined from the standard low speed modulation used on the ALCM flight. One of these effects is 
frequency selective fading, which requires modulation at or near the actual symbol rate in order to be 
directly observed. However, the general magnitude of noise, and some flat fading characteristics, has 
been determined and signal- to-noise and recovery margins are now better known, with overall trends 
that can be used to help determine crucial high speed modulation implementation. 
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Figure 1. ALGM QAM remodulated bit error rates vs. theoretical. 
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Figure 2. Signal strength vs. distance. 
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Figure 3. RMS phase deviation vs. computed signal to noise ratio. 

* 
0 

4 
*b 

6 
Camputed si& t o  noise xatio (dB) 

2 26 

Figure 4. Signal-to-noise ratio vs. signal strength. 


