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Fig. 1. SELU activation function.
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Fig. 2. GMO _SNN candidate selection algorithm.
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Table 1.  Pulsar candidate datasets.
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Table 5. Classification results with the different learning
rates.
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Fig. 3. Comparison of the loss function between SNN and
ANN.
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£ HTRU 15 HTRU 28 G4 il m T
1.79 1 4.44 A 53 A8, H LOTAAS 1 %#84 F
Recall fHikF] 100%, 1A 120772l 43 2 a8 %t e
fhirf > A EURAT B 1) B ek, Bi7 Ik T 2888 AE D
Srast 1) 32 & AR ki 2 2 gt

B2 6 Al 76 3B AR I, AR SCR i
GMO_SNN £ B ¥E Recall, Precision, F1_score,
FPR L} G mean I 360 T H Ab A= A . 451 4
HTRU 1 854, H Recall {E°M 95.53, FPR {UH
0.03, BTy 1k BE A skt o ik o 2 1t s, X
REV /D75 B TR AR A R ok vp 2 e i, iE—
AR T A ST R A S

£ 6 ARTFETE 3 MBI IR 2ERCR
Table 6.  Classification results with different methods on three datasets.
ige A Accuracy/%  Recall/%  Precison/%  Fl-score/% FPR/%  G-mean/%
SNN 99.82 92.44 93.45 92.94 0.08 96.11
GA_ SNN 99.85 92.45 95.19 93.80 0.06 96.12
HTRU 1
MO_SNN 99.81 94.23 97.94 96.05 0.05 97.05
GMO_SNNNNNNNNN 99.85 95.32 98.51 96.89 0.04 97.61
SNN 98.30 87.73 93.93 90.73 0.59 93.38
GA_SNN 98.30 88.91 92.86 90.84 0.71 93.96
HTRU 2
MO_SNN 97.89 92.17 95.08 93.60 0.95 95.54
GMO_SNNNNNNNNN 98.03 92.53 95.58 94.03 0.08 95.78
SNN 99.92 93.75 100.00 96.77 0.08 96.79
GA_SNN 99.92 100.00 93.33 96.55 0 100.00
LOTAAS 1
MO_SNN 99.69 100.00 87.10 93.10 0.31 99.84
GMO_SNN 100.00 100.00 100.00 100.00 0 100.00
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A7 F H I 5N AS R 500 K 1A% BR T S L B
B (five-hundred-meter aperture spherical radio
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Abstract

Pulsar candidate selection is an important step in the search task of pulsars. The traditional candidate
selection is heavily dependent on human inspection. However, the human inspection is a subjective, time
consuming, and error-prone process. A modern radio telescopes pulsar survey project can produce totally
millions of candidates, so the manual selection becomes extremely difficult and inefficient due to a large number
of candidates. Therefore, this study focuses on machine learning developed in recent years. In order to improve
the efficiency of pulsar candidate selection, we propose a candidate selection method based on self-normalizing
neural networks. This method uses three techniques: self-normalizing neural networks, genetic algorithm and
synthetic minority over-sampling technique. The self-normalizing neural networks can improve the identification
accuracy by applying deep neural networks to pulsar candidate selection. At the same time, it solves the
problem of gradient disappearance and explosion in the training process of deep neural networks by using its
self-normalizing property, which greatly accelerates the training process. In addition, in order to eliminate the
redundancy of the sample data, we use genetic algorithm to choose sample features of pulsar candidates. The
genetic algorithm for feature selection can be summarized into three steps: initializing population, assessing
population fitness, and generating new populations. Decoding the individual with the largest fitness value in the
last generation population, we can obtain the best subset of features. Due to radio frequency interference or
noise, there are a large number of non-pulsar signals in candidates, and only a few real pulsar signals exist
there. Aiming at solving the severe class imbalance problem, we use the synthetic minority over-sampling
technique to increase the pulsar candidates (minority class) and reduce the imbalance degree of data. By using
k-nearest neighbor and linear interpolation to insert a new sample between two minority classes of samples that
are close to each other according to certain rules, we can prevent the classifier from becoming biased towards
the abundant non-pulsar class (majority class). Experimental results on three pulsar candidate datasets show
that the self-normalizing neural network has higher accuracy and faster convergence speed than the traditional
artificial neural network in the deep structure, By using the genetic algorithm and synthetic minority over-

sampling technique, the selection performance of pulsar candidates can be effectively improved.
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