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Separation of Radar Co-Frequency Signal Based on Improved Crow
Search Algorithm
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Abstract Aiming at the issue of co-frequency interference between shipborne radars in complex battlefield environments,
an independent component analysis technique based on an improved crow search algorithm is proposed to separate co-
frequency signals. First of all, the optimization performance and convergence speed of the algorithm are enhanced by
utilizing the reverse learning method, dynamic perception probability, golden sine operator, and Levy flight. Then, the
algorithm is integrated with the independent component analysis technique. Taking kurtosis as the objective function, the
optimal separation matrix is determined by implementing the improved crow search algorithm. Finally, the matrix is
applied to separate the received mixed signals. The simulation findings demonstrate that the proposed independent
component analysis technique based on the improved crow search algorithm effectively separates the radar co-frequency
signals and accomplishes the goal of anti-co-frequency interference.
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Table 1 Benchmark test function
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HE T I 32X R K

Function name Function expression Dimension  Search space  Optimal value
Sphere Hila)= 21/ 30 [ — 100, 100] 0
=
Schwefel 2. 22 fz(x):iu, + 11111\14 30 [ —10.10] 0
Quartic filx)= zlz;rf + random [ 0, 1] 30 [ —1.28,1.28] 0
=1
Ackley f;(x)zocxp( 70.2’/%21{ )Cxp[iicos(Zmrz»)}+ZO+e 30 [ —32,32] 0
Rastrigin fiz)= 2[1-,2 — 10cos(2xz,) + 10] 30 [ —5.12,5.12] 0
=
Griewank ﬁ;(x):ﬁlooi‘{x,. — gl Cos( 2 )+ 1 30 [ — 600, 600] 0
F2 RIS 6/ BB b 225
Table 2  Simulation results of different algorithms for six functions
Function Algorithm Optimal value Worst value Average value Standard deviation
PSO 1. 0252 X 10° 2. 8385 X 10° 2. 0986 X 10° 735.8144
Gold-SA 9.2358 X 10 ™ 3.1718 X 10°°" 3.1718 X 10 °" 0
/i CSA 2.1247 X 1077 0.0112 0.0023 0.0041
ICSA 5.4221 X 1077 2.9862 %< 107" 2.9864 X 107* 9.4430 X 107*
GSACSA 0 0 0 0
PSO 18. 0383 31.1995 24.6222 4.4906
Gold-SA 8.7327 X 107" 2.0531 < 107" 1.0522 X 1071 4.3283 x 107"
Je CSA 0.0014 0.0383 0.0170 0.0149
ICSA 7.0486 X 107* 2.2356 X 107 2.5050 X 107% 6. 9985 X 107
GSACSA 2.0984 X 107 3.8382 x 107" 3.8382 X 107*” 0
PSO 0.3081 1. 9605 0.7914 0.5318
Gold-SA 1.5730 X 107" 0.0016 0. 0048 0.0017
S CSA 9.3007 X 10°° 0.0022 9.4556 X 10°* 6.5185 < 10 *
ICSA 6.5843 X 107° 7.4332 X 107" 3.0638 X 10 * 2.3329 X 10°*
GSACSA 7.6225 X 107° 4.9216 X 107* 1.9099 X 107* 1.4093 X 107*
PSO 10. 2037 14. 2087 12.1394 1. 2326
Gold-SA 8.8818 X 107" 1.5987 X 107" 4. 4409 X 107" 1. 4980 X 107"
Ji CSA 1.8075 X 107 0.0239 0. 0097 0. 0087
ICSA 8.8818 X 10 ' 4.4409 X 10" 1.2434 X 10 % 1.1235 X 10
GSACSA 8.8818 X 107" 8.8818 X 107"° 8.8818 X 107" 0
PSO 104. 4275 164. 2278 132. 3667 19. 0805
Gold-SA 0 0 0 0
/s CSA 6.2361 X< 1077 0.0063 0.0017 0.0023
ICSA 0 0 0 0
GSACSA 0 0 0 0
PSO 18.6614 42.1057 28.4701 6.4986
Gold-SA 0 0 0 0
/s CSA 8.6892 < 107° 0.1290 0.0217 0. 0405
ICSA 0 0 0
GSACSA 0 0 0 0
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(a) Separate signal 1; (b) separate signal 2; (c) separate signal 3
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separated by each method

Separation Performance ~ Number of
Method . . .
degree index iterations
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