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Introduction 

• Since an X-ray pulsar signal is extremely weak when it reaches a spacecraft, 
in X-ray pulsar based navigation, pulsar period with high precision is 
important for folding the pulse profile and estimating the TOA. 
 

• To the best of our knowledge, frequency estimation precision of existing 
models is generally below 10−5 Hz, and period estimation precision is 
generally below 10−8 s in a short-time span of observation. They are not able 
to fulfill the requirement for high precision measurements, especially in the 
case of short-term observation with low SNR. 
 

• In this paper, we propose a new local frequency subdivision based method. 
This method is able to significantly improve precision of period estimation for 
X-ray pulsars only at the cost of a slight increase in computational complexity. 
Experimental results show that the proposed method achieves a high period 
estimation precision of 10−9 s when the observation time is 132 s. 
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Method 
          We set up the signal model as follows: 
 
                                                                                                                    (1) 
 
 
 
                                                                                                                     
                                                                                                                    (2)                                                                                                                                         
 
 
 
 
 
                                                                                                                     (3) 

cos( ) sin( )i i i iy a t b t nω ω= + +

Then we define a discrete Fourier transform for X-ray pulsar signals 
as follows: 

So  the continuous Lomb periodogram (CLP)  is 
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Method (Con’d) 
To obtain a similar analysis with the fast Lomb method, we choose 
                                                                                                           
                                                                                                                                                       
                                                                                                      (4)                                                                                                                                         
                                                                                                                                  
                                                                                                                                    
                                                                                                      (5)                                                                                                        
                                                                                                                                                 
Substituting Eqs. (4) and (5) into Eq. (3), we obtain 
   
                                                                                                                                    
                                                                                                                          (6) 
 
 
In order to make P (f ) completely independent of all the ti’s shifting by any 
constant for each frequency f of interest, compute a time-offset τ by                                                                                      
                                                                                                                                               
                                                                                                                                     
                                                                                                                          (7) 
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Method (Con’d) 
Frequency subdivision values are calculated using 
 
                                                                                                                                           
                                                                                                               (8)                                                                                                                                                                             
 
                                                                                                               (9) 
 
Therefore, the best frequency corresponding to the significant peak of the CLP 
Pi(fj) will determine the higher precision period for X-ray pulsar: 
                                                                                                                                                                                
                                                                                                             (10) 

The period estimation mean error (PEME) is defined as follows: 
 
                                                                                                           (11)           

where sc stands for the real pulsar period or the real pulsar frequency, se 
stands for the estimated pulsar period or the estimated pulsar frequency, and 
N is the number of times that period estimation is undertaken. 
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Experimental results 
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Experimental results (Con’d) 
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Experimental results (Con’d) 
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Conclusions 
• The period estimation precision of the proposed method is 1–3 orders 

of magnitude higher than that of the fast Lomb method and FFT 
method, and that the proposed method is more effective than efsearch 
when using the same amount of data.  

• The proposed method also indicates that the observed data within 
120–130 s can be used to estimate and update the period for XPNAV. 
This period will significantly improve the precision of the folding profile 
and time delay estimation as well as position and velocity 
measurement in deep space exploration based on X-ray pulsar 
navigation. 

• The method is also applicable when seeking to measure the rotation 
period of other variable stars and celestial bodies. 
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