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Abstract  

One of the main research areas of the complex signal ensembles properties obtained by bandpass filtering with subsequent permutations is 
the calculation of their correlation characteristics. In addition, the code division of channels is based on correlation processing, and, 
accordingly, the main criterion for evaluating the properties of complex signal ensembles based on sequences with improved cross-
correlation properties obtained by bandpass filtering with permutations can be considered the level of similarity of studied signals and 
ensembles based on them. 
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1 Introduction 

The applying of signals based on sequences with 
improved cross-correlation properties, which are obtained 
by bandpass filtering with permutations [1, 2, 3, 4] in 
cognitive telecommunication systems allows to reduce 
the level of multiple access interference (MAI) by 
reducing the values of the side lobes of cross-correlation 
functions (CCF) received signals. The maximum 
emission levels of the side lobes of the CCF signals 
satisfy the constraint given in [4, 5]: BR /3max 

, where 
B is the signal base. 

To determine the optimal value of the maximum 
emissions of the side lobes of the CCF signals, which are 
obtained by bandpass filtering with permutations, it is 
necessary to calculate the statistical characteristics of the 
cross-correlation properties of the obtained signals. 

In accordance with the algorithm for implementing 
the method of forming complex signal ensembles, based 
on sequences with improved cross-correlation properties, 
which are obtained by bandpass filtering with 
permutations, ([4] Figure 1) was formed a complex signal 
ensemble consisting of 50 sequences with the number of 
pulses within from 23 to 512. The duration of the 
sequences-T ≈ 1.2 ms, the pulse duration-τ = 10 ns. The 
ΔF filtration band was chosen to be 0.2% of the total 
spectrum width of the output sequences. 
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FIGURE 1 Time diagram of the signal obtained by bandpass filtering 

in the range f2 followed by transfer to the common frequency domain  
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FIGURE 2 Normalized CCF of signals obtained by bandpass filtering 

in the frequency bands f1 and f2, followed by transfer to a common 

frequency domain  

The type of CCF signal pair is presented in Fig. 2. The 
analysis of the figures shows that as a result of filtering 
there is an expansion of pulses in time, which leads to an 
increase in the interaction between them. The study 
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showed that the levels of maximum emissions of the side 
lobes of the CCF signals meet the requirements described 
in [2, 3, 4]. 

2 Overview 
During the study, the statistical characteristics of complex 
signal ensembles were evaluated on the basis of 
sequences with improved cross-correlation properties, 
which were obtained by bandpass filtering with 
permutations, which simulation was carried out on the 
basis of the method of calculating the statistical 
characteristics of random variables, which is given in [2, 
4] and includes the following steps: 

1. Mathematical expectation calculation of 
maximum emissions of side lobes of ССF signals 
mRmax when changing the values of the filter 
bands in the range from 0.1% to 2% of the total 
spectrum width of the output sequences at a 
constant value of duty cycle and signal duration [3, 
4]. 

2. To estimate the standard error of the average, from 
the mean value, the calculation of the standard 
deviation of the maximum emissions of the side 
lobes of CCF σRmax relative to the mathematical 
expectation [2, 3, 4]. 

3 Decision 

As a result of the calculation, the values of the maximum 
emissions of the side lobes of the CCF signals based on 
the sequences formed according to the algorithm 
described in [4], with the allocation of 0.1% to 2% of the 
output sequences spectrum width. Simulation using a 
complete search of the received signals shows that the 
volume of the received signals with a satisfactory level of 
multiple access interference will meet the requirements 
for a large volume and exceed the volume of the original 
ensemble up to 25%. 

4 Conclusion 

The obtained results allow increasing the volume of 
complex signal ensembles with a satisfactory level of 
multiple access interference, and at the same time 
improve the efficiency of spectrum use and, accordingly, 
increase the bandwidth of cognitive telecommunication 
systems. 
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