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Multi-Static Sky-Wave Over-the-Horizon Radar Location Model
Based on Improved Dragonfly Algorithm

Song Ping ™, Liu Yian~
College of IOT Engineering, Jiangnan University, Wuwxi, Jiangsu 214122, China

Abstract In order to improve target location accuracy of the sky-wave over-the-horizon radar, a target localization
model was proposed based on the improved dragonfly algorithm to optimize the extreme learning machine for the
multi-static sky-wave over-the-horizon radar system. Firstly, in order to avoid dragonfly algorithm falling into local
optimum, the Logistic chaotic mapping, reverse learning strategy and mutation process are introduced into the
dragonfly algorithm to create an improved dragonfly algorithm. Then, the improved dragonfly algorithm is used to
optimize the weight and hidden layer bias of the extreme learning machine. Finally, the optimized extreme learning
machine is applied to multi-static sky-wave over-the-horizon radar location. Theoretical research and simulation
results show that the method can achieve high locating precision of target, and its location accuracy and reliability
are better than those of current sky-wave over-the-horizon radar location methods and target location methods based
on back propagation neural network and radial basis function neural network. A new target location method is
provided for the multi-static sky-wave over-the-horizon radar system.

Key words optics in computing; sky-wave over-the-horizon radar; target location; extreme learning machine;
dragonfly optimization algorithm; parameter optimization
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Fig. 1 Multi-static location model
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Table 1  Benchmark function
No. Function name Dimension Search scope Optimal value Peak
fi Step 10 [—100,100] 0 Unimodal
1o Quartic 10 [—1.28,1.28] 0 Unimodal
1 Rastrigin 10 [—5.12,5.12] 0 Multimodal
fi Ackley 10 [—32,32] 0 Multimodal
2 ik DA BT ECEE R
Table 2 Simulation results of improved DA
Function Algorithm Optimal value Worst value Average value Standard deviation
PSO 1.0115 1.2092X 10" 4.1767 X10° 4.5314 X10°
fi DA 0.0309 1.4434 X 10" 347.4895 1.6229X10°
LACMODA 2.0781X10 % 0.1107 0.0064 0.0237
PSO 0.0084 1.1167 0.0229 0.0856
1o DA 0.0380 8.1144 0.2746 1.2505
LACMODA 1.1679X 107" 0.0182 0.0015 0.0022
PSO 19.8995 107.2528 23.6501 13.8974
fs DA 7.2221 91.2835 14.3237 18.0229
LACMODA 0 3.1857 0.0599 0.2826
PSO 4.9902 19.4590 7.4746 4.6434
fu DA 2.5799 19.7779 3.9696 3.7016
LACMODA 0.0027 1.2011 0.0663 0.1356
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Table 3 Error comparison based on different

neural network prediction methods

Neural Longitude Latitude M ppr:/ Distance
Network  Ag/(%) Ae/(®) (@) error /km
BP 0.788 0.424 0.224 99.91
RBF 1.469 0.364 0.271 167.77
ELM 0.176 0.107 0.040 22.53
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Table 4 Error comparison of ELM prediction methods based on different optimization algorithms
Optimization algorithm Longitude A /(") Latitude A /(") M ape /() Distance error /km
PSO-ELM 0.134 0.031 0.023 15.20
DA-ELM 0.125 0.021 0.018 13.90
LACMODA-ELM 0.018 0.017 0.008 2.71
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