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ABSTRACT 
 

The emission of the telemetry signal is required over minimum two different antennas to keep 
the telemetry link available during a maneuver of a flying object. If nothing is made at the 
transmitter side, the telemetry link can be fully lost as both signals may have an opposite 
phase. We here propose a simple solution based on delay diversity to solve this problem. The 
basic idea is to introduce a delay between both emitted signals to guarantee a non-destructive 
signal recombination. We then exploit the ability of the blind equalizer developed by ZDS for 
the PCM/FM modulation to correctly equalize this signal and to recover the initial data. This 
solution does not require any modification of the on-board and floor set-ups except the 
introduction of a delay line between both transmitting antennas. It also does not need any pilot 
sequence and is natively robust to multipath perturbations. 
 
Keywords: daisy pattern mitigation, equalization, PCM/FM modulation. 
 
 
 
 

INTRODUCTION 
 

In order to keep a telemetry link available during a maneuver of a flying object 
(especially an airplane), the emission of the telemetry signal is required over two (or more) 
different antennas. This signal has to be sent over the same central frequency for an optimal 
spectral occupancy. However, if nothing is made at the transmitter side, the well-known “2-
antennas problem” arises. Indeed, if the receiving antenna points at the aircraft with certain 
angles, the telemetry can be fully lost as the propagation of both signals is such that they have 
an opposite phase.   

 A first simple solution is then to significantly attenuate the power of one of the both 
signal in order to ensure a non-destructive signal recombination. However, this solution has a 
great cost on the overall link budget. Another solution is to send both signals through different 
antenna polarities which may guarantee the recovery of the signal of interest if the receiving 
antennas are correctly polarized. But the polarity of the receiving antennas has to be perfectly 
tuned in order to avoid cross-polarization interference that may significantly degrade the bit 
error rate. 



 Recently, it has been proposed a solution based on Space-Time Coding (STC) for the 
SOQPSK modulation [1]. Its performance has also been tested in real environments [2-3] 
showing its ability to solve the 2-antennas problem while maintaining a good telemetry 
performance. However, this solution has some drawbacks like the necessity to change both 
transmitters and receivers in order to manage this STC solution. The data rate is also reduced 
as it is necessary to insert in the data flow a pilot sequence for signal synchronization. The 
robustness of this solution with respect to multipath environments is also not really proved.    

We here propose a simple solution based on delay diversity to manage the 2-antennas 
problem. The basic idea is to introduce a small delay between both emitted signals in order to 
guarantee a non-destructive signal recombination. By doing this, the receiving antenna sees 
the transmitted signal as if it passes through a transmission channel with 2 paths. We then 
exploits the ability of the blind equalizer developed by Zodiac Data Systems [4] for the 
PCM/FM modulation to correctly equalize this signal and then to recover the initial data. This 
equalizer is sold as an option in the ZDS telemetry receiver, the RTR (Radio Telemetry 
Receiver). This solution for daisy pattern mitigation requires a limited modification of the on-
board and floor set-ups except the introduction of a delay line between both transmitting 
antennas. It also does not need any pilot sequence in the data flow and is natively robust to 
multipath perturbations. 

This paper shows the lab experiments we made to ensure the feasibility of this solution. It 
also gives some clues to well tune the delay between both antennas and, if necessary, the 
attenuation of the second path. We finally measure the system performance in the presence of 
a multipath environment. 

 

TWO-ANTENNA PROBLEM 
 

1. Problem statement 
 

As previously explained in the introduction, the two-antenna problem is the 
consequence of the fact that telemetry signals have to be sent over two different antennas in 
order to avoid the telemetry lost. So, the transmitted signals arrive at the ground station with 
different phases due to the difference of time propagation delay. This phase difference also 
depends on the value of the carrier frequency. In some configurations, this phase difference 
has no great impact on the received signal. But, for certain angles of observation between the 
ground antenna and the aircraft, it may happen that the transmitted signals have an opposite 
phase: the received signal might be then cancelled or nearly cancelled. This phenomenon is 
illustrated on Fig. 1. 

 



 
 

Figure 1: illustration of the two-antenna problem. In some configurations, the overall received signal can be 
reinforced while in others ones, it can be fully cancelled. 

 
It is then possible to define the set of the antenna pointing angles for which the telemetry 
might be lost. The shape of this diagram looks like an antenna daisy pattern. An example of 
this kind of diagram is given in Fig. 2 and is extracted from [2].  

 
Figure 2: radiation diagram for the emission of two telemetry signals.  

 
2. Possible solutions 

 
A basic solution is to significantly reduce the power of the signal on one of the antennas. 

Indeed, by doing so, even if the signals are in opposite phase when they recombine, the 
amplitude difference ensures that there is no signal cancellation. It is regularly admitted that 
we avoid the two-antenna problem if a difference of amplitude between 6 and 10 dB is 
inserted. 



 
Another solution has been proposed by M. Rice in [1-2], based on space time coding. This 

solution is only proposed for the SOQPSK modulation. The basic principle is to avoid the 
destructive recombination of the transmitted signal by creating signal diversity i.e. the signal 
emitted by the first antenna sends the original binary data flow while the signal on the other 
antenna carries a different version of the original binary data flow. As finally two different 
data flows are transmitted on each antenna, the probability of destructive signal recombination 
at the receiver side is almost zero.  

 
As the sum of both signals is received, a dedicated demodulator has to be implemented in 

order to retrieve the original data stream. To do so, a pilot sequence of 128 bits is inserted 
after each block of 3200 bits. This sequence is used to detect the beginning of data block. 
After this detection, an estimation of the signal frequency offset is performed in order to 
synchronize the signal in the frequency domain. Then, an equalization of the signal, based on 
the minimum mean square criterion, is performed. A space-time decoding, based on treillis 
decoding, is finally made in order to obtain the original data stream.  

 
Simulations shows that the overall system performance is good, which has also been 

confirmed by on-field tests in the Air Force Flight Test Center at Edwards [2] even if more 
advanced tests made in [3] also show that this solution remains sensible in the presence of 
multipath channels.  

 
Finally, even if this STC-based solution seems to be attractive in terms of performance 

and limitation of the two-antenna problem, some major drawbacks arise:  
- A specific modulator is needed to perform the space-time coding, 
- A specific demodulator is needed to correctly demodulate the signal, 
- The original data stream has to be modified in order to insert the pilot sequence, 
- This pilot sequence reduces the bitrate by 4 %,  
- There is no mention of the maximal data rate that can be used, 
- The transmission remains sensible to channel multipath effects.  

 
 

BLIND EQUALIZER-BASED SOLUTION 
 

1. Description of the proposed solution 
 
We here propose a solution for the limitation of the two-antenna problem that is based on 

delay diversity. The basic idea is to send the same signal over both antennas but with a fixed 
delay between them. For instance, antenna 1 sends the useful signal �(�) while antenna 2 
sends the signal �(� − �). The time difference between both antennas can be easily obtained 
thanks to a difference of cable length between the transmitter and the antennas or thanks to a 
simple delay line. 

 
Consequently, if the signal is transmitted on a noiseless perfect channel, the signal that is 

received on the ground station can be written as follows: 
 
																																																													�(�) = �(�) + ��(� − �)																																																										(�) 
 
 
 



where: 
- � is a complex-valued coefficient. 
- � is the value of the delay between both antennas 

 
The coefficient � = |�|���� reflects the fact that a given and fixed power attenuation |�| 

and phase difference �� can be set between both antennas. If ��� = �	��, this means that 
both antennas transmit the signal with the same power. ��� = �	�� means that the signal on 
the second antenna is transmitted with half the power of the first antenna.  

 
From Eq. (1), we obtain: 
 

�(�) = ��(�) + ��(� − �)�⊗ �(�) = (�⊗ �)(�) 
 

From this latter equation, we can conclude that transmitting a signal with delay diversity 
on antennas is strictly equivalent to transmitting a signal over a multipath channel (here with 
one path only). This is illustrated on Fig. 3. 
 

 
Figure 3: effect of the delay diversity from the receiver point of view 

 
As a consequence, as the receiver sees the delay diversity as a multipath channel, it seems 

to be interesting to exploit the properties of the blind equalizer that is developed by Zodiac 
Data Systems and whose performance is widely described in [4]. The basic idea behind this is 
to equalize the signal that arrives at the ground station in order to correctly demodulate the 
signal afterwards. Note finally that this solution is only valid for the PCM/FM modulation as 
the blind equalizer is only developed for this modulation for the moment. 

 
This solution is very similar to the one consisting in significantly attenuate the power of 

one of the antennas (in the following, this solution will be referred by classical solution). 
Instead of attenuating up to 10 dB in order to guarantee a possible demodulation, we hope that 
the blind equalizer will allow an important reduction of the power attenuation of the second 
antenna.  

 
 



2. Laboratory testbench 
 
For the laboratory testbench, we used: 

- A SMBV 100A from Rohde & Schwarz as signal generator 
- A AMU 200 from Rohde & Schwarz as channel simulator 
- A RTR (Radio Telemetry Receiver) from Zodiac Data Systems with a blind equalizer 

for signal demodulation and BER evaluation. 
 
The testbench synoptic is displayed on Fig. 4. 

 
Figure 4: laboratory testbench for validation of the proposed solution. 

 
From this testbench, we try to estimate the best set of parameters (�, �) so that the signal 

could be perfectly demodulated after equalization. In other words, we try to find the best 
power attenuation and the best delay for which the BER remains equal to zero after 
equalization. 
 

3. Parameters settings 
 

The AMU 200 channel simulator allows a lot of different channel configurations. We first 
suppose a very simple configuration where the transmission is made with both antennas and 
without multipath effects or noise. We also suppose that both transmitting antennas are 
motionless so that there is no Doppler effect to consider.  

 
In order to significantly improve the budget link compared to the classical solution, we 

choose to set the power attenuation � to 2 dB. The parameter ��	has an impact on the 
frequency response the equivalent channel �(�). Indeed: 
 

�(�) = � + |�|��� !��"�� 
 

As a consequence, �� has an influence on the position of the fading in the signal 
bandwidth. Then, when a value of � that leads to a BER equal to zero is found, we must check 
that this is the case for all the values of ��. 
 
The path table in the AMU 200 is then configured as follows: 



 
Table 1: configuration of the AMU 200 

Parameter Profile Path loss (dB) Delay (µs) 
Const. Phase / 

Deg 
Res. Doppler 

Shift / Hz 
Path 1 Static path 0 0 0 0 
Path 2 Pure Doppler 2 variable variable 0 

   
We then derive the value of � (delay of path 2) so that the BER is equal to zero for all phase 
differences �� (described by the parameter Const. Phase / Deg in the AMU 200). This value 
is estimated for different values of bit rates. The maximal tested bit rate is 4 Mbps as it is, for 
the moment, the maximal bitrate that is accepted by the equalizer. The results of these 
experiments are summed up in Table 2. 
 

 Table 2: results of the experiments on a basic configuration for � = 2 dB. 
Data rate 500 kbps 1 Mbps 2 Mbps 3 Mbps 4 Mbps 
� (µs) 5 3 2 1 1 

 
We here show that it is possible to derive a set of parameters (�, �)	on a large range of useful 
data rate so that the equalized signal can be perfectly demodulated.   
 

4. Influence of multipath channels  
 

This section aims at showing that the RTR keeps an ability to correct the effects of 
multipath channels even in the presence of a second LOS, due to the signal propagation from 
the second antenna. To do so, we suppose that one reflection affects the signal propagation 
from antenna 2 and two reflections for the one from antenna 2. We then get the case described 
in Fig. 5, derived from Fig. 3. We also use the same testbench as in Fig. 4.  

 
Figure 5: Channel modelization for the study of the influence of multipath channels 

 
The path table in the AMU 200 is then configured as follows: 
 
 
 
 
 
 



Table 3: configuration of the AMU 200 

Parameter Profile Path loss (dB) Delay (µs) 
Const. Phase / 

Deg 
Res. Doppler 

Shift / Hz 
Path 1 Static path 0 0 0 0 
Path 2 Pure Doppler 2 � 0 0 
Path 3 Rayleigh 10 0.7 0 0 
Path 4 Rayleigh 15 � + 1 µs 0 0 
Path 5 Rayleigh 20 � + 1.5 µs 0 0 

 
The channel representation here above is chosen to prove the ability of the equalizer to correct 
the multipath effects and is not derived from any channel soundings. In table 3, the value of     

� is the one found in Table 2 for a path loss of 2 dB, i.e. we keep the error-free configurations 
after equalization to check if theses configurations are also sufficient in the presence of  
multipath channels. We then obtain the following results: 
 

Table 4: experiment results in the case of multipath channels 
Data Rate Experiment result 
500 kbps The BER remains equal to 0 in this case. The multipath effects are then corrected. 
1 Mbps The BER remains equal to 0 in this case. The multipath effects are then corrected. 
2 Mbps In this case, residual errors are still present. We get an error-free transmission if we 

slightly change the configuration. For example if we want to keep the same attenuation 
� for the second antenna, the value of � has to be around 1.5 µs. Alternatively, if we 
want to keep the same value of �, the attenuation � must be around 4.5 dB. 

3 Mbps The BER remains equal to 0 in this case. The multipath effects are then corrected. 
4 Mbps The BER remains equal to 0 in this case. The multipath effects are then corrected. 

     
We here show that in the large majority of considered data rates, the previous error-free 
configurations also allows the correction of multipath effects. When the data rate is 2 Mbps, 
the configuration has to be slightly modified. Another solution would be to oversize the value 
obtained in Table 2 so that the equalizer could be able to correct the second LOS and 
multipath at the same time. Note also that the multipath environment is time-varying and it 
could happen that the equalizer is unable to correct more complex channel environments.   
 

CONCLUSIONS 
 

We here set up some laboratory experiments that proved the ability of the equalizer in 
the RTR to limit the daisy patterns due to the 2-antennas problem in the case of a PCM/FM 
transmission. This solution also presents very interesting aspects: 

• There is no need to modify the modulator, 
• At the receiver side, the RTR must be equipped with an equalizer, 
• There is no need to insert any additional pilot sequence in the data stream, 
• The system also allows the correction of multipath channels, 
• Slight modification of the on-board set-up: additional cable length or 

programmable delay line. 
After this lab study, the following step would be to evaluate this solution in a real context and 
to make on-site measurements.   
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