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ABSTRACT 

 
Transmitter mobility and multipath propagation make the telemetry channel both time and 

frequency selective, which results in telemetry link errors, sometimes in crucial flight phases. 

Only part of these impairments are compensated by various diversity techniques, but a fast 

converging adaptive channel equalization is probably the best suited and most cost effective 

solution. This paper first presents an analysis of mobile multipath propagation in telemetry based 

on recorded operational signals, both at the transmitter and at the receiver sides. Then it provides 

performance evaluation of a novel blind equalizer, assessed by offline processing of the recorded 

signals. The paper focuses on typical environments at a flight test centre, which exhibit critical 

multipath channel characteristics, namely during parking, taxiway and flight. The channel 

analysis exploits the recorded signals as well as the time frequency response of the novel 

equalizer filter. Performance evaluation shows that the equalizer outperforms state of the art 

Constant Modulus Algorithm (CMA). In particular, it is shown to significantly increase the 

telemetry link availability even in severe conditions, sometimes from nearly 0% to almost 100%, 

whereas the CMA fails to improve the signal quality as soon as the channel varies in time. 

 

Keywords: multi-path, propagation channel, PCM/FM, equalizer, CMA. 

 

 

I. INTRODUCTION 

 

Despite the use of highly directive antennas, the radio telemetry link still suffers from multipath 

propagation. Indeed, multipath generates inter- and intra-symbol interference, which results in 

demodulation errors even at high Signal to Noise Ratio (SNR) and thus reduces the telemetry link 

availability, sometimes in crucial flight phases.  

 

Section II recalls the effect of mobile multipath propagation on the telemetry link quality. Then, it 

briefly reviews existing multipath mitigation techniques and underlines their limitation, 

especially in a context where the telemetry channel is likely to become more and more time and 

frequency selective due to the shift to higher frequency bands and to the increase in telemetry 

data rates. 

 

Section III describes a measurement set-up that has been used to investigate the channel 

characteristics of an operational telemetry link and evaluate the performance of a novel blind 
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equalizer in three typical environments. The measurement is based on the simultaneous recording 

of the transmitted PCM stream and of the received digitised Intermediate Frequency (IF) signal.  

 

Section IV presents the measured channel response characteristics, obtained by offline post 

processing of the recorded IF signal based on the proposed novel equalizer filter response. In 

particular, the analysis gives some insight on the channel coherence time and thereby underlines 

the need for a fast converging equalizer.  

 

Section V provides performance evaluation of the proposed equalizer, compared with state of the 

art Constant Modulus Algorithm (CMA). Unlike CMA, the novel equalizer always manages to 

compensate the mobile multipath channel, providing significant link availability gain, sometimes 

from nearly 0% to almost 100%. 

 

 

II. MOBILE MULTIPATH PROPAGATION 

1. Frequency selectivity 

Depending on the channel delay spread ∆τ related to the symbol duration Ts, the channel is more 
or less frequency selective. When ∆τ is significantly smaller than Ts, the propagation channel is 
low frequency selective - or flat fading -. Indeed, in that case the channel coherence bandwidth 

Bc~1/∆τ is large compared to the useful signal bandwidth Bw~Fs=1/Ts. This type of fading occurs 
for instance at lower data rates and when the transmitter elevation is low, so that the travel 

difference between the direct path and a single bounce reflected path is small compared to the 

symbol duration. Figure 1 represents the topology of a low frequency selective two paths 

channel. Figure 2 represents simulated frequency responses of a 4 Mbps PCM/FM signal with 

index 0.7 in red, of the two paths channel in green (extracted form [1], with Γ=0.9, ∆τ=50ns, 
Doppler frequency Fd=1300 Hz) and of the received signal at 30 dB SNR in black. The phase 

difference between the two paths changes due the transmitter mobility. On Figure 2a the 

instantaneous phase difference is 0 rad so that the multipath interference is constructive and 

hence the measured Bit Error Rate (BER) is 0. On Figure 2b the phase difference is 3.45 so that 

the multipath interference becomes destructive and the BER degrades to 2e-1. 

 

 
 

Figure 1 : topology of a two paths propagation channel. 

 

 



 3 

 
Figure 2 : simulated frequency response of a 4 Mbps PCM/FM signal  

over a two path channel model. a) phi=0 rad b) phi=3.45 rad. 

 

When ∆τ is significantly larger than Ts, the propagation channel is highly frequency selective. 
Indeed, in that case the channel coherence bandwidth Bc is small compared to the useful signal 

bandwidth Bw. This type of fading occurs for instance at higher data rates and when the travel 

difference between the direct and reflected paths is large. Figure 3 illustrates a typical taxiway 

environment with multiple reflections on surrounding buildings yielding high frequency 

selectivity. Figure 4 shows the simulated frequency response for a measured multipath taxiway 

channel. The measured impulse response was inserted in the baseband channel model of a 

simulated transmission chain. The red curve is the frequency response of a transmitted 10 Mbps 

PCM/FM modulated signal, the green curve is the channel frequency response and the black 

curve is the received signal frequency response at 30 dB SNR. Again, despite the high SNR, the 

BER is 4e-1. 

 

 
Figure 3 : topology of a typical taxiway multipath propagation channel. 

 
Figure 4 : simulated frequency response of a 10 Mbps PCM/FM signal  

over a measured taxiway multipath channel. 
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2. Time selectivity 

The multipath propagation channel varies in time due to the transmitter and/or environment 

mobility. More precisely the amplitude, phase and delay of the multipath components change 

with a period in the order of the channel coherence time Tc~1/Fd where Fd is the maximum 

Doppler shift given by Fd=v/c*Fc. v is the transmitter and/or environment speed, c=3e8 m/s is the 

light celerity and Fc is the carrier frequency. For instance at 2 GHz carrier frequency, the typical 

coherence time for taxiway is ~15 ms assuming a mobility of 10 m/s. During the flight the typical 

coherence time reduces to 0.5 ms assuming a transmitter speed of 300 m/s. 

3. Available mitigation techniques 

The channel time and frequency selectivity distorts the received signal by inducing time varying 

inter- and intra-symbol interference. Most available mitigation techniques are based on diversity. 

The principle is that a combination of several independently distorted versions of a same signal 

has statistically a better quality than a single version. In the sense that they do not explicitly try to 

invert the channel distortions, diversity techniques can be considered as opportunistic solutions in 

the resolution of multipath impairments. Most used diversity techniques in telemetry are space, 

polarization, frequency and time diversity. Time diversity is implemented through channel coding 

that introduces time redundancy in the transmitted signal. Space, polarization and frequency 

diversity can take place before or after demodulation. Besides they can be of selection or of 

combination type. 

 

Diversity techniques manage quite well to cope with flat fading provided that the fading 

processes are sufficiently independent in the available versions of the signal. This is generally 

true when the receive antennas are sufficiently well separated in space or when the frequency are 

sufficiently well apart in the case of frequency diversity. 

 

However, when the channel is frequency selective, diversity techniques generally fail to improve 

the signal quality. This is due to the fact that all available versions of the transmitted signal are 

too distorted for the diversity technique to be able to produce a clean signal out of them, neither 

by selection nor by combination. In such case, the only suited technique would definitely be an 

equalizer that would be able to efficiently invert the channel impulse response and thereby restore 

the signal integrity. 

4. Telemetry channel perspectives 

The amount of telemetry data regularly increases and is likely to exceed 15 Mbps in future 

programs. This represents an increase by a factor 5 to 10 in the symbol rate, and hence in the 

channel frequency selectivity, which diversity techniques will therefore have more and more 

difficulty to combat. 

 

Besides, the economic pressure of mobile operators on telemetry operators to move typically 

from L or S band to C band, will also have side effects on the telemetry propagation channel 

characteristics. As the wavelength decreases, reflection and diffraction phenomena will increase, 

yielding more multipath effects and hence more frequency selectivity. Besides owing to Doppler 

equation is paragraph 2, time selectivity will also increase proportionally to the carrier frequency. 

 

These tendencies encourage the use of a dedicated efficient equalization technique able to cope 

with more and more frequency and time selective channels. 
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III. MEASUREMENT DESCRIPTION 

1. Selected environments 

A measurement campaign was conducted at Dassault Aviation Istres flight test centre during May 

2010. The aim was both to assess the performance of a novel equalizer on an operational 

telemetry link between a test plane and the receive station, and to characterize typical multipath 

environments yielding telemetry errors. The selected environments were: 

• Parking: the test plane is static. It is surrounded by metallic hangars within 50 to 300 m. 

• Taxiway: the plane is moving slowly (below 15 m/s), still surrounded by metallic hangars. 

• Flight: the signal distortion as illustrated on Figure 2 due to a two paths propagation was 

observed on the spectrum analyser. Unfortunately, the corresponding signal could not be 

captured due to a logistic problem. As this environment is well modelled and documented 

in the literature [1,2], this serves as a reference synthetic environment to validate the 

measurement strategy (see paragraph IV.1). 

2. Measurement description 

The measurement is based on the simultaneous recording of the PCM stream transmitted from the 

test plane and of the received digitised Intermediated Frequency (IF) signal. 

 

The waveform is an operational telemetry signal having following characteristics: 

• The PCM data are formatted is frames of 1024 bytes including 4 bytes synchronisation 

words, resulting in an overall 1049 kbps data rate 

• The data stream then feeds a PCM/FM modulator with modulation index around 0.95 at 

carrier frequency fc~2 GHz 

• The RF signal is then amplified and sent to 3 omni-directional antennas located on the 

plane. 

The formatted transmitted PCM stream is recorded onboard. The received demodulated bit 

synchronised PCM stream is also recorded. Comparing these two streams serves to locate time 

intervals containing many error events, like those selected in the present paper. The received 

single channel IF signal is recorded using a ZDS GSR200 ground telemetry recorder, it is then 

offline converted to complex baseband and time synchronised with the two recorded PCM 

streams. The receive antenna is located on top of a surrounding building. 

 

 

IV. MEASURED CHANNEL CHARACTERISTICS 

 

The propagation channel is analysed during the time intervals containing errors. It is 

characterized in terms of frequency and time selectivity. 

 

The proposed novel equalizer is an adaptive Finite Impulse Response (FIR) filter that almost 

always converges towards error free signal in the considered environments (see chapter V). 

Hence its impulse response almost always inverts the channel impulse response and can therefore 

be used to characterize the channel. This point is validated in paragraph 1 below. More precisely, 

the equalizer impulse response ideally approximates the Taylor series expansion of 1/h(z) where 

h(z) is the channel impulse response. The channel delay spread cannot be estimated directly from 

the equalizer impulse response. Instead, it is estimated as 1/Bc, where Bc is obtained from the 
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equalizer filter frequency response. The channel time selectivity is measured through the time 

variation of the main tap of the equalizer filter impulse response.  

 

Note that the equalizer also incorporates the compensation of transmit and receive filters. 

However this does not distort the channel characterization because it is performed on the signal 

bandwidth where the filters responses are flat, denoted as useful bandwidth in Figures 6a and 7a. 

Figures 6a and 7a show the time frequency responses of the equalizer filter during parking and 

taxiway. The amplitude in dB is represented using a colour map from dark red (approx. +10dB) 

to blue (approx. -20dB). Figures 6b and 7b show the time variation of the equalizer main filter 

tap. 

1. Flight 

As explained above, for this environment, the true baseband channel is replaced by the synthetic 

two paths channel model described in [1,2] with following parameters: 

• Reflection coefficient: Γ = 0.8 
• Delay between the two paths: ∆τ = 1µs 
• Doppler spread: Fd = 1300 Hz 

 

     
 
Figure 5 : a) Estimated channel impulse response vs. generated channel impulse response. b)  Time variation 

of estimated second path vs. generated second path. 

 

As shown on figure 5, both the estimated impulse response and the estimated time variation of 

second path are consistent with those of  the true channel. This validates the fact that the 

equalization filter is a good estimator of the channel impulse response when the equalization 

process has converged towards error free signal. 

2. Parking 

The measured coherence bandwidth is Bc ~ 0.4 Fsymb where Fsymb = 1049 kbaud. The related 

channel delay spread is ∆τ ~ 1/Bc ~ 2.4 ms, which corresponds to ~ 715 m travel difference 
between the direct path and the reflected and/or diffracted paths. This is consistent with the 

environment configuration between the transmitter and the receiver. The coherence time is Tc ~ 

28 ms as shown on Figure 6b. The related Doppler spread is Fd ~ 1/Tc ~ 36 Hz, which 

corresponds to a mobility v = c*Fd /Fc = 5 m/s. This is consistent with the environment mobility. 
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Figure 6 : a) Time frequency response of the equalizer filter during parking b) Time variation of the equalizer 

main filter tap during parking. 

3. Taxiway 

The measured coherence bandwidth is Bc ~ 0.3 Fsymb. The related channel delay spread is ∆τ ~ 1/ Bc 
~ 3.2 ms which corresponds to ~ 950 m travel difference between the direct path and the reflected 

and/or diffracted paths. Transposed to the environment configuration, this can be probably be 

interpreted as multiple bounce reflections. The average coherence time is Tc ~ 10 ms as shown on 

Figure 7b. The related Doppler spread is Fd ~ 1/ Tc ~ 100 Hz, which corresponds to a mobility v = 

13 m/s. This is consistent with the plane speed during taxiway. 

 
Figure 7 : a) Time frequency response of the equalizer filter during taxiway b) Time variation of the equalizer 

main filter tap during taxiway. 

 

 

V. PERFORMANCE EVALUATION 

 

The performance of the novel equalizer are evaluated and compared with state of the art CMA 

equalizer [3] in the three environments. The performance curves are obtained by post processing 

the recorded IF signals corresponding to the same time intervals as in the previous chapter, the 

BER is then measured by comparing the post processed signal with the transmitted PCM data. 

The adaptation step of the CMA is optimally chosen so that the adaptation process is both stable 

and as reactive as possible to track the channel time variations. The novel equalizer is based on 

decision feedback. 
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Figures 8a, 10a and 12a represent the time variation of the instantaneous Bit Error Rate (BER). In 

each figure, a same signal portion is processed: the red curve corresponds to raw demodulation 

and bit synchronisation, the blue curve is obtained with CMA equalization and the green curve 

with the novel equalizer. The lower part of the plot around 1e-4 actually corresponds to BER=0. 

Figures 8b, 10b and 12b represent the time variation of the normalised signal modulus before and 

after CMA equalization. It would be 1 in the case of perfect convergence. Figures 9, 11 and 13 

represent the eye diagram (in the phase domain) before and after the novel equalizer. 

1. Parking 

Both equalizers converge to yield error free signals, while the input BER is around 2e-1. Note 

however the faster convergence of the novel equalizer. The modulus of the CMA equalized signal 

seems to asymptotically tend to 1 with small fluctuations. It converges in about 20 ms, which is 

indeed smaller than the measured channel coherence time. The eye diagram of the equalized 

signal is significantly improved. 

 
Figure 8 : a) BER vs. time during parking b) Time variation of the signal modulus before and after CMA 

equalization during parking. 

 
Figure 9 : eye diagram before and after the novel equalizer during parking. 

2. Taxiway 

The CMA algorithm fails to track the channel time variations as shown by the BER and modulus 

curves. Further increasing the step coefficient µ leads to equalizer instability. Recall that the 
measured channel coherence time is around 10 ms, which is less than the 20 ms required for the 

CMA to converge at this data rate. However, the novel equalizer is able to produce nearly error 

free signal, bringing the BER from approximately 1e-1 to nearly 0. The eye diagram of the 

equalized signal is significantly improved. 
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Figure 10 : a) BER vs. time during taxiway b) Time variation of the signal modulus before and after CMA 

equalization during taxiway. 

 
Figure 11 : eye diagram before and after the novel equalizer during taxiway. 

3. Flight 

As shown on Figure 12, the CMA fails to track the channel time variations and even degrades the 

BER compared to unequalized data. Again, the novel equalizer manages to properly equalize the 

channel, reducing the BER from ~1e-2 down to 0. 

 
Figure 12 : a) BER vs time during flight b) : time variation of the signal modulus before and after CMA 

equalization during flight. 

 
Figure 13 : eye diagram before and after the novel equalizer during flight. 
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4. Summary 

The link availability estimated in terms of fraction of successfully retrieved synchronization 

words is summarized in table 1: 

 

 No equalizer CMA Novel equalizer 

Parking 0% 80% 100% 

Taxiway 17% 35% 98% 

Flight 70% 0% 100% 
Table 1 : link availability in the 3 selected environments. 

 

 

VI. CONCLUSION AND PERSPECTIVES 

 

This paper has presented the characterization of a multi-path propagation channel using real life 

telemetry data. The characterization is based on the simultaneous recording of the transmitted and 

received signals, together with post processing of the frequency response of a novel fast 

converging equalizer. The channel analysis in terms of time and frequency selectivity is 

consistent with the environment configuration in which the measurements were conducted. The 

channel characteristics underline the need for efficient fast converging blind equalization scheme 

to recover the highly distorted telemetry signal. In particular, offline processing of the received 

recorded signals shows that state of the art CMA algorithm fails to track the channel variations 

even in low mobility environments. Instead, the proposed novel equalizer almost perfectly 

restores the transmitted signal, improving the telemetry link availability to almost 100% in 

critical propagation conditions. 

Real time implementation of the novel equalizer is almost finalised by the time of this paper. Its 

performance are aligned with the simulation model, yielding significant gain in telemetry link 

availability. 
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