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A Self Adaptive GWO for Quickly Searching the Main Ridge Slice of Ambiguity

Function

ZHENG Lingxiao'!, WU Haixiao?, CHEN Lei’, PU Yunwei'*?

(1. Computer Center, Kunming University of Science and Technology, Kunming, 650500, China; 2. Faculty of Information

Engineering and Automation, Kunming University of Science and Technology, Kunming, 650500, China)

Abstract: The feature of the slice of ambiguity function main ridge can better reflect the structural essential
differences between signals, and it is a feasible parameter to solve the current complex system radar emitter
signal sorting problem. The fast and intelligent search for the slice of ambiguity function main ridge is an
important issue to increase the practicability of its feature of the slice. In this paper, an improved self-
adaptive grey wolf optimization (GWO) combining uniform initialization strategy and improved nonlinear
convergence factor was proposed to search the main ridge slice of ambiguity function of six typical radar
emitter signals and extract the feature of slices, which were compared with the exhaustive method and
standard GWO. The experimental results showed that the average time consumption of the proposed
method was only 1.49 s when searching AFMR slice and extracting feature. Compared with the exhaustive
method and the standard GWO, the efficiency was improved by 75.7% and 19.0%, respectively, with
better timeliness. In a fixed SNR environment, when the SNR was not less than 0 dB, the average

clustering accuracy of the extracted feature values was 96.4% ; and in a dynamic SNR environment of 0—
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20 dB, the average clustering accuracy can reach 95.2% , with good accuracy, anti-noise performance and
strong intra-class aggregation and inter-class separation ability, which proves the feasibility and
effectiveness of the proposed method.

Key words: radar emitter signals; ambiguity function; self-adaptive grey wolf optimization (GWO); search

of slice of main ridge; extracting feature
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Table 1 Time comparison of AFMR slice feature extraction
P 7 AFMR Y] 1 FEAE $2 O

CON LFM BPSK QPSK M-SEQ BFSK A

55 248 1k 7.02 6.58 6.21 5.84 5.63 5.51 6.13

b GWO 2.34 2.12 1.66 1.55 1.63 1.78 1.84

Hik GWO 1.42 1.87 1.59 1.23 1.47 1.37 1.49

#x2 VIEERS(e) KR
Table 2 Search comparison of slices RS( a)

7k CON LFM BPSK QPSK M-SEQ BFSK P
55 248 1 0.967 2 0.7111 0.3885 0.324 2 0.4216 0.464 3 0.546 2
FrifE GWO 0.989 3 0.782 4 0.396 3 0.328 7 0.4355 0.4857 0.569 7
it GWO 0.9956 0.7859 0.396 8 0.3314 0.4359 0.492 5 0.573 0
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Fig.6 AFMR cross-section of various signals at SNR=20 dB
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Table 4 Clustering accuracy of three methods for extracting eigenvalues at a fixed SNR

SNR/dB A% FrifE GWO/ % WHEGWO/ %
0 81 82 85.0
5 95 95 97.0
10 100 100 100
15 100 100 100
20 100 100 100
T3 1E 95.20 95.0 96.40

(a) SNR=0 dB (b) SNR=5 dB (c) SNR=10 dB
BI7 ek GWOZEA [a] SNR R #2 HCE] AFMR I 1474 {6 19 73 A
Fig.7 Distribution of eigenvalues of AFMR slices extracted by improved GWO at different SNRs
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Fig.8 Distribution of eigenvalues of AFMR slices extracted by three methods at SNR=0—20 dB

R5 FEERISBHEEMRELER(RITH@)

Table 5 Excavation method to extract clustering results of eigenvalues (By row direction)

(CheE ! CON LFM BFSK BPSK M-SEQ QPSK R/ %
CON 100 0 0 0 0 0 100
LFM 0 96 0 2 1 1 96.0
BFSK 0 1 94 0 3 2 94.0
BPSK 0 2 2 92 3 1 92.0

M-SEQ 0 0 8 3 89 0 89.0
QPSK 1 1 0 0 0 98 98.0

#R6 MEGWORBUSMTEMBRER(ZRITHE)

Table 6 Standard GWO to extract clustering results of eigenvalues (By row direction)

{5527 CON LFM BFSK BPSK M-SEQ QPSK HER R /%
CON 100 0 0 0 0 0 100
LFM 0 95 1 3 1 0 95.0
BFSK 0 3 96 0 1 0 96.0
BPSK 0 1 5 89 5 0 89.0

M-SEQ 0 0 12 1 87 0 87.0
QPSK 0 1 0 0 0 99 99.0
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Table 7 Improve GWO to extract clustering results of eigenvalues (By row direction)

(CheE ! CON LFM BFSK BPSK M-SEQ QPSK R/ %
CON 100 0 0 0 0 0 100
LFM 0 96 2 1 0 1 96.0
BFSK 0 2 95 1 1 1 95.0
BPSK 0 1 4 90 5 0 90.0
M-SEQ 0 0 7 2 91 0 91.0
QPSK 0 1 0 0 0 99 99.0
4 HEFRIE
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