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ABSTRACT 
 
Due to increasing data rates required for Flight Test telemetry on upcoming programs, and because 
of increasing competition for spectrum space, Boeing Integrated Defense Systems (IDS) Flight Test 
in Saint Louis is considering use of the Feher-patented Quadrature Phase Shift Keying (FQPSK) 
modulation scheme.  To determine potential operational issues associated with FQPSK, Boeing IDS 
Flight Test initiated a laboratory investigation of FQPSK using commercially available equipment 
including a transmitter from Herley and a demodulator from RF Networks.  This paper describes the 
results of this laboratory investigation, including spectrum occupancy, bit-error rate performance, 
demodulator acquisition performance, demodulator bit-rate tracking, demodulator pattern sensitivity, 
and other operational characteristics. 
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INTRODUCTION 
 
Boeing IDS Flight Test Instrumentation in Saint Louis has significant experience with PCM-FM 
telemetry in past flight test programs on military aircraft.  Past experience, among other things, 
indicates that making significant changes in a telemetry system without adequate investigation into 
the effects of those changes is unwise. 
 
For this reason, the Flight Test Instrumentation department in Saint Louis initiated an investigation 
into operational performance characteristics of the FQPSK modulation technique.  The goals were to 
identify significant performance degradations (such as link performance), differences between PCM-
FM and FQPSK in operational use, and issues that users would need to know in using the new 
technique.  This investigation was not intended to be the definitive investigation into FQPSK 
performance, but was intended to acquaint a group of users with the operational characteristics of 
FQPSK. 
 
 
 



 
 

TEST SETUP 
 
The equipment tested for this investigation was a Herley Lancaster FQPSK-B transmitter, Model 
6009-101 (VLT), SN 00009, and an RF Networks telemetry demodulator, Model 2120, SN 001.  A 
typical test setup is shown in Figure 1(in this case for Bit Error Probability (BEP) testing).  This 
setup was modified as required for each test. The transmitter and attenuators close to it were placed 
in a screen enclosure to reduce leakage into lower-level parts of the setup. 
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Figure 1. Typical Test Setup 
   
 
 

CARRIER-LEVEL ESTIMATION 
 
To measure the transmitter spectrum, it is necessary to establish the unmodulated carrier level.  With 
PCM-FM, disabling the PCM input produces an unmodulated carrier at the transmitter output, but 
this is not true for FQPSK.  Three approaches were investigated:  1) Applying an alternating 
“1010…” pattern and directly measuring the unmodulated carrier thus produced1, 2) With typical 
PCM applied, setting the spectrum analyzer video and resolution bandwidth to 3 MHz (with max 
hold) and measuring the peak level2, and 3) Measuring the peak level of a normal randomized 
spectrum and estimating the carrier level from the formula given in IRIG 106-013. 



 
 

These measurements were made with the spectrum analyzer settings suggested in IRIG 106-01, 
namely (except as indicated): resolution bandwidth of 10 kHz, video bandwidth of 1 kHz, and a 
maximum hold detector4.   
 
With a 5 Mbit/second PCM input, all three techniques produced an unmodulated carrier level within 
0.4dB.  For checkout purposes on a test vehicle, this indicates that any of the three methods is 
adequate, with the choice based on which is most practical to implement. 
 
 

TRANSMITTER SPECTRUM 
 
With a 5 Mbit/second randomized input, the transmitter spectrum was measured.  A spectral mask 
from IRIG 106-01 Appendix A was overlayed5.  The result is shown in Figure 2. 
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Figure 2. 5 MBit/second Spectrum and Spectral Mask 
 
The spectrum shows several components that lie above the mask limit.  The exact level of these 
limits depends on spectral analyzer settings; the figure shows the results with the recommended 
IRIG 106-01 settings6.  The spreading of the components at ± 5 MHz and ± 10 MHz is a result of 



 
 

multiple sweeps of the spectrum analyzer in maximum hold mode; the components at these 
frequencies were observed to be single-frequency values when the frequency scale was expanded. 
 
These components represent an issue for the user community, since they tend to make the –60dBc 
bandwidth appear somewhat larger than it would be without them:  Ignoring the components gives a 
–60dBc bandwidth of 8.4 MHz for 5 Mbit/second PCM, but including the components gives a –
60dBc bandwidth of 10.4 MHz.  This larger figure is the one that must be used to request frequency 
assignments at military test ranges.   It should be noted that these components represent a cosmetic 
or regulatory issue, rather than a technical one, since they do not seem to have any affect on system 
performance. 
 
The supplier was contacted and indicated that the components are a product of the FQPSK I and Q 
processing, and are present before modulation.  The supplier indicated this had been verified in 
simulations.  The absolute level of these components, however, increases due to signal spreading in 
the final amplifier stage.  Because the absolute levels are only slightly above the spectral mask limit, 
the supplier believes that they may have a potential redesign solution, should it be required.  
 
 

BIT ERROR PROBABILITY PERFORMANCE 
 
A test was performed to measure Bit Error Probability (BEP) versus Eb/N0 (equivalent to carrier-to-
noise ratio when the bandwidth equals the bit rate).  The test procedure followed that called out in 
IRIG 118-027.  The results are graphed in Figure 3.  This shows measured 4 Mbit/second and 5 
Mbit/second curves for FQPSK-B and a comparison for ideal PCM-FM8.  
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Figure 3. Bit Error Probability versus Eb/N0 



 
 

 
These results show that BEP performance is slightly worse for FQPSK-B than for an equivalent 
PCM-FM system (with optimum premodulation filter settings and modulation index).  However, this 
degradation was only about 1.2 dB at a BEP of 1 x 10-6, for the 5 Mbit/second case with a 4 MHz 
bandwidth.  Decreasing the bit rate to 4 Mbits/second with the same receiver bandwidth produced 
almost identical performance between FQPSK-B and PCM-FM.   
 
This demonstrates that setting the receiver IF bandwidth to match the bit rate is desirable.  However, 
in the real world, the number of bandwidths is limited, but the resulting degradation from a slightly 
narrow IF choice is small. 
 
These curves also show that for higher BEP performance (around 1 in 10-7 or 1 in 10-8), that FQPSK 
requires a greater Eb/N0, and thus a larger signal is required to produce this improved BEP 
performance.  These results are consistent with those previously published9.   
 
 

DEMODULATOR ACQUISITION TIME 
 
This test was performed per IRIG 118-0210, and the test setup is shown in Figure 4.   In this test the 
transmitter is driven by an IRIG 106 randomizer with a logic “1” input.  The demodulator and 
derandomizer recover the logic “1” when the system has acquired the transmitted signal.  The input 
to the demodulator is switched between the receiver output and a comparable noise signal, 
simulating signal acquisition for a fading signal.  Two different tests are run: 1) with the signal 
present for 20% of the time during a ten-second period, simulating initial acquisition, and 2) with the 
signal present for 75% of the time in a two-second period, simulating flat fade recovery. 
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Figure 4. Demodulator Acquisition Time Setup 
 
The results demonstrated little difference between the acquisition and flat fade portions of the test.  
The average acquisition at 5 Mbits/second was around 25 mS, but rose to over 300 mS at 1 



 
 

Mbit/second.  It should also be noted that the RF Networks demodulator is not specified to operate 
below 1 Mbit/second. 
 
However, the supplier indicated in subsequent conversations that the specific demodulator used was 
an early production model, and current units have been redesigned to produce substantially quicker 
acquisition times.  An upgrade is available for the early units from RF Networks.  The upgraded unit 
reportedly provides acquisition times on the order of 3 mS for rates of 5 to 20 Mbits/second, 
increasing to approximately 20 mS for 1 Mbit/second. 

 
 

SENSITIVITY TO FREQUENCY MODULATION ON THE BIT RATE CLOCK 
 
FQPSK is reportedly susceptible to jitter in the bit rate clock, perhaps especially at frequencies 
within the acquisition loop bandwidth of the demodulator, as would be expected.  The test setup was 
unable to produce bit rate jitter at high frequencies, but it was possible to apply a known frequency 
modulation to the bit rate clock with a 1kHz sinusoidal modulating source. 
 
A test was performed measuring BEP degradation when the bit rate clock was modulated with the 1 
kHz sine wave.  In this case, a frequency modulated function generator drove a stand-alone 
randomizer, and the demodulator output stream was monitored on the link analyzer to identify the bit 
error rate.  Peak-to-peak modulation above 0.2% (e.g. ± 5 kHz modulation on a 5 MHz clock) 
caused a dramatic reduction in BEP performance: The BEP increased from 1 x 10-8 to 1 x 10-3 
regardless of signal level. At a fairly moderate signal level (Eb/N0 = 13.6dB), the error rate rose 
approximately five-fold by adding 0.1% peak-to-peak modulation. 
 
It should be noted that these levels of modulation on the bit rate clock are fairly high for modern data 
systems that generate their clock from a crystal reference.  Systems that generate their clock directly 
from a crystal reference or phase locked loop are likely to produce jitter significantly below these 
figures.  Those that generate their clock from a numerically controlled oscillator (NCO) may or may 
not meet this limitation.  However, the NCO jitter may occur at frequencies too high to affect 
FQPSK demodulation.  These jitter characteristics were not part of this investigation.   
 
 

DEMODULATOR PATTERN SENSITIVITY 
 
In the course of testing, it was observed that the demodulator could not properly lock to a short 
repeating pattern (such as the “1010...” pattern that creates an unmodulated carrier).  To determine 
the degree to which the demodulator was susceptible to this phenomenon, a format was created with 
normal frame syncs and a frame counter and random (though fixed) patterns in most words.  When a 
16-bit “1010...” word was formatted every five-word slots, the demodulator could not properly lock.  
When this word was repeated every six word slots, proper lock was achieved. 
 
It should be noted that IRIG 106-01 specifies that FQPSK should only be used with a randomizing 
PCM source11.  Although it is possible that the IRIG 106 randomizer could produce some sort of 
repeating pattern, the investigation determined that this would generally be very difficult to do, and 
very unlikely.  The results underscore the necessity of using some form of randomization with 
FQPSK. 



 
 

 
 

OPERATIONAL ISSUES 
 
Various combinations of failed clock and data inputs were presented to the transmitter to identify its 
behavior in these real-world situations.  With the data not present (shorted, no connection etc.) the 
transmitter produced the characteristic unmodulated carrier spectrum, as expected.  When the clock 
was not present, however, the transmitter produced an extremely wide spectrum on the order of 
80MHz at the –60dBc points. 
 
The supplier was contacted about this issue.  They were aware of the problem, and indicated their 
plans to modify the design to disable the output in case of clock loss for future production units. 
 
The transmitter does not require a premodulation filter or setting of the modulation index as in PCM-
FM.  This specific transmitter requires a TTL-level clock and data input; other transmitters may be 
configured for differential RS-422 style input signals. 
 
FQPSK is somewhat less prone to adjacent channel interference from other FQPSK sources than is 
PCM-FM.  This is apparently due to the coherent nature of FQPSK.  This was not tested in this 
investigation, but has been reported in the literature12. 
 
 

CONCLUSION 
 
Based on these test results, Boeing IDS Flight Test in Saint Louis has recommended to its internal 
telemetry users the following: 
 

• FQPSK should not be used just to be using the latest technology.  There is slight performance 
degradation in link performance at the Bit-Error Probability normally used by Boeing IDS 
Flight Test as a baseline, and a lack of experience is a risk.  FQPSK should be used when the 
program requires reduced bandwidth, or when the test range requires it. 

• Using FQPSK does not eliminate the performance degradation in link performance caused by 
increasing the bit rate. 

• FQPSK demodulators are somewhat susceptible to modulation on the bit rate clock in the 
area around 1 kHz.  The modulation level had to be fairly high, however, to produce 
substantial BEP performance degradation. 

• FQPSK does not require premodulation filters or the setting of modulation index as in the 
case for PCM-FM.  Thus, the aircraft setup and checkout is considerably simpler.  Checkout 
requires a method for measuring or estimating unmodulated carrier power, which can be 
performed adequately through several straightforward methods. 

• FQPSK is a workable system, and the risk of implementing it on a flight test program is low 
after obtaining experience, which was the reason this investigation was performed. 
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NOMENCLATURE 
 
BEP   Bit Error Probability (analogous to Bit Error Rate) 
dBc   decibels with respect to the unmodulated carrier power  
Eb/N0   Signal energy per bit / Noise spectral density 
   (Equivalent to carrier-to-noise ratio with receiver bandwidth equal to bit rate) 
IF   Intermediate frequency stage of a receiver 
 




