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After nonlinear transform, the resulting combination of signal and noise is passed through a 
bandpass filter .The output is denoted by  y t . 

The general DS/BPSK signal of interest  at the input is[5] 

       02 cos 2ss t P d t c t f t                                                                                                  (1) 

In which 0f  is the estimated carrier frequency, sP is the signal power of DS signal and 0 is a 

random phase variable uniformly distributed on  ,  .  d t  and  c t  are the baseband message 

signal and PN signal. 
Because the center frequency of first searching receiver, we can obtain    Bs t s t  and  Bn t is 

narrowband Gaussian white noise,    20,B nn t N : ，the noise power is 0iB N .After the nonlinear 

transform , the signal and noise is 

             2 2 22B B By t s t n t s t s t n t n t                                                                                      (2) 

Under the condition of low SNR , the cross-component  Bs t  and  Bn t can be neglected. The sine 
wave component is  
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Hence , 

         2
0 0cos 4 2 cos 4 2s s B s sy t P f t P n t P f t P z t                                                              (4) 

Let  2
Bn t is  z t .Referring to [6], the noise  z t  has a central chi-square distribution with mean 

2
n  and variance 42 n . Omitting the zero frequency component of  y t , we can obtain 

     0cos 4 2sy t P f t z t                                                                                                           (5) 

II.MUSIC algorithm  
In the form of vector to express signal, it is composed of M sampling values 
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where the  Ax n and    2z n v n are double carrier frequency component and noise component. 

 v n denoted the additive Gaussian white noise. 

Using the fact          2 2] 0E v n v n m E v n v n m                                                                    (7) 

So the autocorrelation function of  z n  is 
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Hence the autocorrelation matrix of  z n  is 

         
4 4 4

4 4 4
2 2

4 4 4

3

3
]

3

n n n

HH n n n
z

n n n

R E z n z n E v n v n

  
  

  

 
 
       
 
  

L

L

M O M

K

                                                     (9) 

Consider the autocorrelation matrix of  y n  is 
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