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Abstract: Pulsar navigation is a new type of autonomous navigation. In order to improve its accuracy
and real-time, a method of pulsar time of arrival (TOA) estimation combining wavelet transform and
compressed sensing was proposed. This method constructed a multi-level redundancy dictionary using
wavelet transform for the standard algorithm complexity of this method was lower than the traditional
TOA estimation method, and the real-time performance of the algorithm was better as the number of bins
in the pulsar signal period increases. This method changed the traditional idea of first denoising and then
estimating TOA, which can be embedded in the process of signal denoising, and can be calculated in
parallel with the threshold processing of wavelet denoising. The simulation results show that the time
consumption of this method is 0.87% and 21.35% of that of the two traditional TOA estimation methods,
respectively. And with the shortening of the data duration, the relative advantage of the TOA estimation

accuracy of this method is more obvious. This method can not only improve the accuracy of TOA
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estimation, but also reduce the dependence on the duration of data.
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multi-level redundancy dictionary
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Fig.1 Comparison of wavelet decomposition between ideal profile and real profile of 580 s duration
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Tab.1 Correlation coefficient between ideal profile

and real profile of 580 s duration

Fig.1 Subgraph number Correlation coefficient
(a)—(e) 9.984e-01 9.991e—01 9.994e-01 9.996e—01 9.997e-01
(H—@G)  9.998e—01 9.997e-01 9.994e-01 9.981e-01 -
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A multi-level redundant dictionary ¥" in wavelet domain
is constructed according to the profile of pulsar

The real-time data are decomposed into low-frequency
coefficients ¢4’ and high-frequency coefficients cD’
by wavelet transform

4 cA and ¥ are judged by the cost function A(-) in the
search range L, and 7/, is obtained
B After threshold shrinkage treatment, cD’ was synthesized
with c4’ and the coefficient }"TOA was obtained

TOA of pulsar profile is obtained
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Fig.2 Recovery algorithm flow
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Tab.2 Numerical simulation of parameters

Name Parameter

Pulsar data source NASA’s RXTE task data

Pulsar 053 1+21
Pulsar period/ms 33.603 8
Operating system 64-bit Win7
Matlab R2015a
CPU i5-3210M
RAM/GB 16
Main frequency/GHz 2.3
The number of bins per cycle 2000
Wavelet decomposition series 9
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Tab.3 Time comparison of three methods

Method 1 Method 2 Method 3
Algorith
gonm O(2000xM)  O(90xM)  O(34xM)
complexity
Algorithm time/s 1.56e+01 6.37e-01 1.36e—-1
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Tab.4 TOA estimation accuracy of different time

length data (Unit: bin)

Data duration/s Method 1 Method 2 Method 3
580 0 0 0
480 5 5 0
380 9 9 0
180 15 15 0
80 20 20 0
40 22 22 0
10 22 22 0
5 20 20 0
4 20 20 0
3 22 22 0
2 22 22 0

1 27 27 0
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Tab.5 Correlation coefficient between ideal profile

and duration 1 s noisy profile

Correlation coefficient

Fig.3 Subgraph number
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