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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 107> Hz, and period estimation precision is
generally below 1078 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 1072 s when the observation time is 132 s.



Method

We set up the signal model as follows:

y, =acos(wt,)+bsin(wt,)+ n, (1)

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

X(f)= E i ¥, [A cos(2mft. ) + 1B Sil’l(ZTFﬁr.)] (2)

So the continuous Lomb periodogram (CLP) is

P(f)=1/N) | X(f)
=[43 3, cos@afi)] +[BY y,sinafr)]

(3)



Method (Con’d)

To obtain a similar analysis with the fast Lomb method, we choose

--1/2

A(f) = ZCOS: (2mft,) (4)

——1/2

B(f)= Z sin” (2mft,) (5)

Substituting Egs. (4) and (5) into Eq. (3), we obtain

P(f)=— (3 0i=PeosCnf (=) ] [, - Psinaf ¢, - ) | 1 (6)
“ o’ Z I. cos’ Qnf(t;, — 1)) T Z csin* (2nf (¢, — 7)) J

In order to make P (f ) completely independent of all the ¢’s shifting by any
constant for each frequency f of interest, compute a time-offset 1 by

()= arctan\:

Z sin(2 x 27ft.) }

2% 2nf > ,cos(2x 2mft,)



Method (Con’d)

Frequency subdivision values are calculated using

'ﬂoor(ffu,st) + j-Af, i
Jia_1(J) =1 floor(f; .., -m'™)

.r_

1,

+j-0f, 22, (8)

m'

Af=m Y (9)

Therefore, the best frequency corresponding to the significant peak of the CLP
P(f) will determine the higher precision period for X-ray pulsar:

I =1/7, =1/arg max |
Jintds / max E(f)) (10)
The period estimation mean error (PEME) is defined as follows:
1 N
PEME(s) = YZHC —s, | (11)

1V =1
where s, stands for the real pulsar period or the real pulsar frequency, s

stands for the estimated pulsar period or the estimated pulsar frequency, and
N is the number of times that period estimation is undertaken.



Experimental results
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Table 3 PEME(p) of the four methods
Observation PEME@) ()
time(s)  FFT Fast  ppearch  CLP
Lomb
20 1.54<10 14510 7.72x<107° 8.88x107
40 6.66<107° 6.71x107° 3.58x<107° 2.91x1077
60 449<107% 4.53%<107° 9.07<107 1.33x1077
80 4.01%107° 3.98<107° 7.28%1077 1.29x1077
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120 1.942107° 1.93x107° 6.38<107% 4.40<107®
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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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