
IN-SERVICE DETECTION OF MULTIPATH FADING

Item Type text; Proceedings

Authors Jefferis, Robert

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:24:08

Link to Item http://hdl.handle.net/10150/605607

http://hdl.handle.net/10150/605607


    

   

IN-SERVICE DETECTION OF MULTIPATH FADING 
 
 

Robert Jefferis 
TYBRIN Corporation 

 
 
 
 

ABSTRACT 
 
Multipath (MP) fading is the dominant channel impairment in many aeronautical 
telemetry links. One product of a recent multipath mitigation study is the discovery of a 
simple technique for detecting its presence over a useful range of conditions. The 
technique also detects significant random noise levels in the channel. This paper 
describes the  “Signal Degradation Indicator” (SDI) and its application to FQPSK-B1 and 
SOQPSK [2] modulation. Laboratory emulation data is presented and implementation 
considerations are discussed. 
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INTRODUCTION 
 
Coherent, hard decision FQPSK-B demodulators produce information that can identify 
certain channel stress conditions. The main motivation to exploit this capability is 
derivation of control signals for diversity branch combining or branch selection 
equipment. Reliable means to anticipate severe fading events in sufficient time for 
diversity equipment to avoid or substantially reduce their impact can be very useful. A 
recent study of FQPSK-B eye patterns and constellations under dynamic MP conditions 
led to a simple extension of the shifted threshold pseudoerror detector (PED) concept that 
detects random noise like a PED, but also detects two and three-ray frequency selective 
fading over a useful range of impairment conditions.   
 
A PED attempts to indicate the margin between a given bit error probability (BEP) 
threshold and current link operating conditions. Since many aeronautical telemetry links 
are intentionally operated with large power margins, the conventional PED is known to 
be of little value. Experiments were conducted with two conventional shifted threshold 
PEDs to see if they could indirectly identify the onset or existence of severe MP fading. 
Results showed that fade conditions sufficiently severe to trigger a PED response are 
usually severe enough to cause coincident demodulator synchronization failure. 
However, visual analysis of dynamic constellation behavior led to the new SDI idea. 
 
                                                           
1 FQPSK-B stands for “Feher’s patented quadrature phase shift keying” [1] 
 



    

   

 
CONSTELLATION DATA 

 
Figure 1 is a baseline FQPSK-B constellation presented in QPSK (time coincident 
symbol) constellation space. It clearly shows the 16 characteristic FQPSK-B target vector 
(TV) locations labeled in terms of the 4 kernel TV’s from which all others arise by 
appropriate sign changes according to FQPSK-B wavelet assembly rules [3]. This 
constellation was measured at the output of an RF Networks model 2120 FQPSK-B 
demodulator (2120) as shown in Figure 2. A reference transmitter supplied high quality 
nonlinearly amplified RF signals at 1.45 GHz to a Telecom Analysis Systems channel 
emulator. An L-3 Communications model RCB2000 receiver provided translation to 
70 MHz IF, front end automatic gain control (AGC) action consistent with aeronautical 
telemetry equipment, and IF bandwidth limiting. An HP3708 Noise and Interference Test 
Set was used to inject noise. The 2120 offers precision post demodulation I and Q 
channel test points and a coherent symbol rate clock. Constellation data were gathered 
with a HP8981B Vector Modulation Analyzer. It facilitates precise removal of I-Q 
interchannel delay (one bit interval), reliable placement of a common synchronous 
waveform sample clock, and automated data capture. Each test point consisted of 2,000 
samples representing 1,000 consecutive constellation vectors at ideal demodulator 
decision instants (mid symbol).  Voltage scales are consistent throughout, but are peculiar 
to the 2120’s scaling. This does not affect generality since FQPSK-B demodulators 
should have consistent internal magnitude scaling of I and Q channel waveforms to 
which these results can be referred. 

 



    

   

 
DETECTING SHORT DELAY MULTIPATH 

 
Representative channel conditions were created by programming a 2-ray specular 
reflection model into the channel emulator [4]. Figures 3a and 3b show the impact of a 
stationary 2-ray notch placed 3 MHz above and below the carrier respectively. Figures 4a 
and 4b result from the same notch placed 1 MHz above and below the carrier. These 
constellations have several remarkable features. Short delay MP distorts the constellation 
asymmetrically in a manner dependent upon the sign of the notch offset frequency ∆f 
relative to the carrier. This response was found to be repeatable and independent of 
carrier phase rotation. In these examples, the product of symbol rate and excess delay rsτ 
is 0.125. Over the approximate range .05<rsτ < 0.8 this form of MP distortion produces 
the visual constellation effect shown. As rsτ begins to exceed 0.8 constellation distortion 
becomes symmetric and related TV variance appears more and more like additive noise 
as rsτ increases. At very low values, the distortion looks more and more like flat fading, 
again becoming indistinguishable from additive noise.  
 
Particularly noteworthy is the fact that no significant contraction occurs with respect to 
the Euclidean decision axes (eye closure) at ∆f values as small as about 0.4 rs. 
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Figure 2 - Test Equipment



    

   

 
From that point, the constellation collapses inward as ∆f approaches zero. In general, two 
TV groups in diagonally opposed quadrants become concentrated in the neighborhood of 
TV3 while the other pair of TV groups undergoes radial and angular expansion of the TV 
clusters beyond normal coordinate bounds. This is why a conventional PED will not 
respond to short delay MP. 
 
Can asymmetric constellation expansion be exploited to serve as a short delay MP 
detector? The preliminary test of this idea consisted of 32 constellation sample sets 
associated with data rates of 5 and 16 Mb/s and excess delays of 50 and 20 nsec 
respectively. These parameters were combined with delayed (2nd) ray path loss settings of 
Lp = 0.9, 3.3, and 7.2 dB (notch depths of 20, 10, and 5 dB). Initial emphasis was on rsτ 
in the range 0.1 to 0.2. 
 
Raw data were imported to MatLab™ for analysis. On a set by set basis, absolute values 
of I and Q symbol decision amplitudes were independently tested against two threshold 
criteria. An interior threshold of 150 mV was used to mimic a conventional shifted 
threshold PED, i.e., each vector component failing to exceed the interior threshold was 
declared a symbol error. An exterior threshold of 350 mV was used for the new 
approach. Here an error is declared when a vector component exceeds the exterior 
threshold, i.e., samples “outside the box” constitute errors. These thresholds create the 
unusual boxes and error spaces shown in figures 3, 4, 7, and 10. Vector coordinates 
outside the box boundaries in each quadrant are in one of the error spaces. Errors in both 
channels were tallied over the set (1,000 samples each of I and Q) for both criteria. I and 
Q tallies were summed for a total error count. Figure 5 summarizes exterior threshold 
results. Interior threshold tallies are not presented because the 5 Mb/s data did not 
produce any interior tally greater than zero. The 16 Mb/s interior tallies never exceeded 
50 and did not exhibit any clear trends with the threshold values chosen. 
 
The 5 Mb/s curves indicate a symmetric and sensitive response to the MP at ∆f < rs. In 
general, due to the asymmetric nature of the distortion, one would expect no more than 



    

   

one half of the symbol tests to produce errors. Here we see maximum tallies slightly less 
than one fourth of the set size and they decrease as ∆f gets below 2 MHz. The decrease is 
caused by constellation collapse (eye closure begins) as ∆f approaches zero. At 
Lp = 0.9 dB the demodulator lost synchronization at offsets smaller than approximately 1 
MHz which is consistent with the idea that PED response is typically coincident with 
synchronization failure or nearly so.   
 
The small difference in error tallies at Lp = 3.3 and 0.9 dB over the ∆f range is a potential 
source of concern. This behavior is not fully understood yet, but it appears as though eye 
expansion at the decision instant is not a linear function of path loss. Two test points 
placed asymmetrically about the carrier with Lp = 7.2 dB (5 dB notch depth) confirm that 
the curves do separate and the response is not linear. More information is needed to 
characterize Lp sensitivity. Compression of tally magnitude due to nonlinear Lp response 
will not negate the value of the detector as long as suitable threshold tallies can be found 
that are below the point of significant sensitivity reduction and represent important MP 
distortion levels. A preliminary assessment of capability can be started with reference to 
figure 6. It shows minimum required Lp for avoidance of MP induced bit errors for two 
FQPSK-B demodulator designs at three data rates. For the 5 Mb/s data rsτ = 0.125 which 
corresponds to a minimum Lp between 1 and 2 dB. Bit errors occur at 0.9 dB, not at 3.3 
dB but this level is close to the error threshold and, 7.2 dB represents a large MP 
distortion margin. Thus, it appears that an exterior error rate threshold can be set to 
indicate significant distortion in advance of synchronization failure while avoiding errors 
of commission.

Figure 5 - Exterior Errors with Short Delay Multipath
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Figure  6 - Dynamic  2-Ray Multipath Erro r Thre s ho ld
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Figure 7 should be reviewed before the 16 Mb/s curves. This baseline constellation 
shows evidence of asymmetric distortion similar to that caused by weak short delay MP 
conditions. The cause is group delay variation (GDV) and gain variation within the 
channel emulator passband. Even though the rated “flat” passband is 23 MHz wide, a 
low-order quadrature demodulator can see its defects.2 While insignificant at 5 Mb/s, at 
16 Mb/s the defects interacted with emulator command settings for ∆f and to a lesser 
extent, Lp. No attempt was made to correct for this so the 16 Mb/s data are less accurate 
than the lower rate information. Returning to figure 5 with this in mind, the 16 Mb/s data 
is not as symmetric, but is otherwise similar. There is a sensitive and repeatable response 
to MP presence. Throughout the short delay tests, eye diagram displays indicated that 
slightly improved sensitivity could be realized if I and Q were sampled about 10% earlier 
than mid-symbol. This was not pursued because such timing offsets would be a major 
complication to SDI implementation. 
 
Qualitative checks at 1 Mb/s and 20 Mb/s revealed consistent behavior for the same rsτ 
values and notch depths. A non-dimensional parameter for SDI response Υ can be 
rationalized:  

( ) (1)                                                                                














 ∆
Φ=∆Φ=Υ

s
s r

frf ττ  

                                                           
2 The manufacturer’s specification limit for passband GDV is ±30 nsec or ±24% of the symbol period at 
16 Mb/s. One rule of thumb says that GDV for QPSK signals is excessive in terms of system loss, if it 
exceeds about 10% of the symbol period [5].  The distortion in figure 7 produces measurable loss of 
detection efficiency. The result is consistent with the rule. 
 



    

   

Figure 5 is plotted in terms of (1) in figure 8. The curves tend to converge, which 
indicates that over some range of  rs,τ, and ∆f, SDI response is a consistent function of 
these variables. More data is needed for full characterization. 
 
 

RANDOM NOISE AND LONG DELAY MP RESPONSE 
 
In order to compare additive white Gaussian noise (AWGN) response of an internal and 
external threshold SDI, MP distortion was disabled. Figure 9 is BEP calibration curve. 
Initial threshold value choices were serendipitous. Interior and exterior detection curves 
are equivalent and well behaved in the sense that they have reasonable slopes and do not 
contain significant cusps or inflections. Clearly, the curves will begin to flatten out at 
BEPs below about 10-5, but reliable detection in the range of 10-5 and higher is quite 
useful. The 16 Mb/s exterior curve offset is due to combined effects of TAS4500 GDV 
and threshold value.  
 
Figure 10 shows the effect of weak long delay MP ( rsτ = 2.0, Lp = 10 dB). The tallies 
were 173 external errors and 240 internal errors. There is some evidence of asymmetric 
distortion, but for practical purposes, the TV sample variance is indistinguishable from 
random noise. Referring back to figure 6, we see that this level of interference is not 
weak in terms of performance impact. Coherent quadrature demodulators are very 
sensitive to intersymbol interference (ISI) in this delay range. The test condition 
produced a BEP of 1.2x10-5 and Lp was less than 1 dB from causing synchronization 
failure. This scheme can detect significant long delay MP with either the external or the 
internal threshold. 



    

   

Figure 8 - Exterior Errors vs. Normilzed Input Variable
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Figure  9 - Erro rs  vs . B EP , AWGN
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SDI DESIGN CONSIDERATIONS 
 
SDI operation requires consistent I and Q waveform scaling relative to absolute 
pseudoerror decision thresholds. Fortunately, scale consistency is also fundamental to  



    

   

good demodulator performance. Well designed demodulators, especially the newer 
digital implementations, satisfy this need. Therefore, addition of a SDI should not impose 
new constraints and can be viewed as an accessory function, albeit invasive.  
 
It can be argued that error counting on both I and Q channels is redundant and the data 
seem to support this notion. However, small interchannel gain imbalances and other bias 
factors like quadrature skew can still exist within a given demodulator. Such 
imperfections can skew SDI results. Aggregate tallies from both channels should tend to 
partially, if not fully compensate for such defects. At this point it is recommended that an 
SDI monitor both channels.  
 
Another source of redundancy is dual thresholds. These preliminary data seem to support 
the idea that an exterior threshold is sufficient for detection of short and long delay MP as 
well as high random noise levels over some range of Rsτ. However, an interior/exterior 
design will allow simple post integration analysis (either in the demodulator or in 
external equipment) to differentiate between short delay MP and the other two 
impairments. System operators may not be concerned with the type of impairment. 
Nonetheless, the cost of implementing dual thresholds is probably small when compared 
with the cost of adding a SDI to begin with, and the ability to differentiate impairment 
types can be of great value to knowledgeable troubleshooters and system designers. 
 
One thousand consecutive vectors was chosen for sample size because it is close to a 
somewhat arbitrary upper bound on time required to acquire, process and transfer a 
sample of channel conditions to subordinate equipment, or to a display. While the data 
are insufficient to estimate tally variance, substantially shorter integration periods are 
likely to yield unreliable information. Efficient modulation like FQPSK-B and SOQPSK 
becomes more important at relatively high data rates. If 1 Mb/s is considered the low end 
of their employment, then 2,000 symbol integration requires a minimum of 



    

   

2 milliseconds plus one bit period, or about 500 samples per second could be available. 
Temporal MP variation is slow enough in all but the most demanding of fixed-wing 
aircraft applications that 500 SDI data points per second would represent serious overkill. 
On the other hand, these rates may be marginal in some missile applications if SDI 
information is used to control diversity processing equipment.   
 
 

CONCLUSION AND ACKNOWLEDGMENT 
 
Preliminary work on a promising SDI concept has been described. Two commercial 
demodulator designs are being fitted with prototype implementations to further explore 
SDI utility and weaknesses. They will produce serial digital SDI messages at 
approximately 500 updates per second and have programmable interior and external error 
thresholds. Once these are available, experiments will be far less labor intensive and the 
work can be extended to SOQPSK modulation. Due to the similarity of FQPSK-B and 
SOQPSK waveforms as seen by the demodulator, it is anticipated that SDI results with 
SOQPSK will differ little from FQPSK-B results. This work is sponsored by the 
Advanced Range Telemetry project, Edwards Air Force Base, California. 
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NOMENCLATURE 
 
Eb/N0 bit energy density to 

noise density ratio 
I in-phase channel 
Mb/s megabits/second 
nsec nanosecond 
 
 
 

QPSK quadrature phase shift 
keying 

Q quadrature channel 
rb bit rate, bits/second 
rs symbol rate, 

symbols/second 
 




