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Abstract—To improve the mixing matrix estimation 

performance of frequency hopping (FH) signals under the 

underdetermined blind source separation (UBSS) model, a new 

estimation method is proposed in this paper. First, time 

frequency (TF) analysis is utilized to obtain sparse TF data. Then, 

remove the low-energy TF points to avoid the effect of noises and 

reduce the amount of calculation. Next, detect the single source 

points (SSPs) with the derived formula. Finally, the dynamic data 

field clustering method is utilized to estimate the mixing matrix. 

The results of simulation experiments indicate that the proposed 

algorithm has better performance than the compared algorithms. 

Keywords—FH signals, UBSS, SSP detection, mixing matrix 

estimation 

I. INTRODUCTION  

FH communication has been widely used in military and 
civil field due to its advantages, such as low intercept 
probability, good anti-jamming performance, excellent 
confidentiality performance and so on[1]. To get useful 
information, we usually need to separate source signals from 
FH signal mixtures or sort FH stations. So, blind source 
separation (BSS) technology can be very helpful to FH signal 
processing. UBSS model is utilized in this paper. Sparse 
component analysis (SCA) is the main method to solve UBSS 
problems. We can separate signals according to SCA method 
or sort signals directly based on the directions of arrival (DOAs) 
which are included in the mixing matrix. Therefore, the mixing 
matrix estimation of FH signals in synchronous orthogonal 
network is mainly discussed in this paper. 

SCA was firstly utilized to separate multiple FH signals in 
[3]. However, the method has heavy computing burden, and 
has poor anti-noise performance. UBSS of FH signals in 
synchronous orthogonal network is studied in [4]. But the 
result of SSP detection is not satisfactory, and the performance 
of the algorithm is bad. A novel filtering method is introduced 
to separate FH signals in [5]. The method makes signal sparse 
by filtering instead of TF transform. A more effective SSP 
detection method is proposed in [6] but the clustering 
algorithm used in the article is not very accurate. 

II. UBSS MODEL 

Assume that N  FH signals impinging on a uniform linear 

array (ULA) with M  antennas. The signal reception model is 
shown in Fig. 1. 

 

Fig. 1. Anti-jamming scenario of wireless communication system 
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where ( )nb t  is the amplitude of ( )ns t . ( )n t  and ( )n t  are 

frequency and phase, respectively. Concerning that N  source 

signals are received by the mth  antenna under the condition of 

no noise, the observation signal ( )mx t   can be written as 
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So, the receiving signal matrix can be written as 
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According to the equation (3), we can get ( )tx  in matrix 

form: 
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III. PROPOSED ALGORITHM 

Assume that the number of antennas and source signals is 2 
and 3, respectively. The TF matrix can be written as 
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Assume that only one source signal 1( )s t  is active at TF 

point ( , )p qt f . Then, we can get 
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Consider the effect of noise and relax the condition,   is 

introduced: 
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The potential function ( )x  is defined as: 
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where D  is the initial data set and imass  is the quality of 

the ith  point. Assume that the quality of all points is one, and 

the quality of each point is the same, which means 

1/ , ( 1,2, , )imass l i l  , l  is the number of elements in D . 

After obtaining re  and im , the estimation of ( )tA  can be 

written as 
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In summary, the steps of the algorithm are outlined below: 
1. Divide the signals into segments and signals are processed 
by STFT; 2. Eliminate the low-energy TF points; 3. Detect 
SSPs with formula (7); 4. Cluster re  and im  with dynamic 

data field clustering method and estimate the matrix EA  with 

formula (9). 

IV. EXPERIMENTS 

In the experiments, the number of antennas and signals is 2 
and 3, respectively. The sampling frequency is 20MHz and the 
hop rate is 1000 hop/s. The incident angles are 20 ,60 ,80   . 

The scatter of re  and im  before and after SSP detection and 

the TF points present obvious clustering feature is shown in 
Fig. 2. 

Normalized mean square error in different SNRs is shown 
in Fig. 3. Comparing the proposed algorithm with algorithms in 
[5] and [6], it can be seen that our method has lower NMSE. 
The proposed SSPs detection method make TF data more 
sparse, and the dynamic data field clustering method improves 
the clustering performance. The experiment shows that the 
proposed algorithm is superior to the other two algorithms. 

V. CONCLUSION 

In order to improve the mixing matrix estimation 

performance of the FH signals in synchronous orthogonal 

network, a novel algorithm based on SSP detection is 

proposed. A SSP detection criterion is derived to obtain 

sparser TF points, and dynamic data field clustering method is 

introduced to improve the clustering performance. Simulation 

result shows that the algorithm has better performance 

 

Fig. 2. The scatter of re and im before(left figure) and after(right figure) SSP 

detection 
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Fig. 3. The NMSE comparison of different algorithms at different SNRs 

ACKNOWLEDGMENT  

The paper is funded by National key research and 
development program of China (Grant No. 2006YFF0102806), 
the National Natural Science Foundation of China (Grant 
No.61701134 and No.51809056), the Natural Science 
Foundation of Heilongjiang Province, China (Grant 
No.F2017004), the Fundamental Research Funds for the 
Central Universities of China (No. HEUCFM180802) and the 
International Exchange Program of Harbin Engineering 
University for Innovation-oriented Talents Cultivation. 

REFERENCES 

[1] H. Wang, Y. Zhao, F. Shen, W. Sun, “The design of wide interval FH 
sequences based on RS code,” Applied Science and Technology, vol. 37, 
no. 2, pp. 28-33, 2010. 

[2] Z. Sha, Z. Huang, Y. Zhou, and F. Wang, “Frequency-hopping signals 
sorting based on underdetermined blind source separation,” Iet 
Communications, vol. 7, no. 14, pp. 1456-1464,2013. 

[3] W. Fu, Y. Hei, X. Li, “UBSS and blind parameters estimation 
algorithms for synchronous orthogonal FH signals,” Journal of Systems 
Engineering and Electronics, vol. 25, no.6, pp. 911-920, 2014. 

[4] W. Fu, S. Wu, N.A. Liu, “Underdetermined Blind Source Separation of 
Frequency Hopping Signal,” Journal of Beijing University of Posts and 
Telecommunications, vol. 38, no.6, pp. 11-14, 2015. 

[5] X. P. Nie. “Research on Blind Separation for Frequency-Hopping 
Signals Based on Time-Frequency Analysis”. Harbin Institute of 
Technology, 2016. 

[6] Y. B. Li, W. Nie, F. Ye, “A complex mixing matrix estimation 
algorithm in underdetermined blind source separation problems,” Signal 
Image and Video Processing, vol. 11, no. 2, pp. 301-308, 2017. 

[7] Z. C. Sha, Z. T. Huang, Y. Y. Zhou, “A Modification Method for Time-
Frequency Pattern of Frequency-Hopping Signals Based on 
TimeFrequency Sparsity”, Journal of Astronautics, vol. 34, no. 6, pp. 
848–853, 2013. 

[8] D. Li, S. Wang, W. Gan, “Data Field for Hierarchical Clustering,” 
International Journal of Data Warehousing & Mining, vol. 7, no. 4, pp. 
43-63.2011. 

-80 -60 -40 -20 0 20 40 60 80
-100

-50

0

50

100

150

re

im

-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

re

im

14


		2019-06-10T14:33:37-0500
	Preflight Ticket Signature




