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Research on DOA Estimation Based on SCAGOA Optimized BP

Neural Network and Maximum Likelihood Algorithm
CHEN Ting, YAN Hui-chao, WANG Peng, TAN Xiu-hui, BAI Yanping
(School of Sciences North University of China, Taiyuan 030051, China)

Abstract: The direction of arrival (DOA) of array signal is estimated by using BP neural network and
maximum likelihood estimation (ML), We combined the advantages of chaos mapping and swarm intelli-
gence optimization algorithm to design a sines cosine chaotic double string grasshopper optimization al-
gorithm (SCAGOA). On the one hand, it can solve the problem of falling into local optimum due to im-
proper selection of weights and thresholds of neural network; on the other hand, it can solve the prob-
lem of computational load and low efficiency caused by multidimensional search in maximum likelihood.
The output effect and estimation error of two signal sources were discussed through simulation experi-
ments. The generalization ability of different optimization algorithms to SNR were compared. The re-
sults show that the optimized BP neural network and maximum likelihood method have better estimation
accuracy than other optimization algorithms in DOA estimation.
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Fig. 2 Flow chart of DOA estimation algorithm based on SCAGOA optimized BP neural network
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Tab. 2 DOA estimation errors under five neural networks
MSEL1/(*)? RMSE1/(%) MAE1/(") MSE2/(*)? RMSE2/(%) MAE2/(*)
BP 0.366 9 0.605 8 0.454 2 0.406 7 0.637 7 0.522 3
GWO-BP 0.334 7 0.578 5 0.426 4 0.310 4 0.557 2 0.442 6
PSO-BP 0.266 9 0.516 6 0.396 3 0.236 9 0.486 7 0.377 9
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Tab.3 RMSE under different SNR in different algorithms
—10 dB —5dB 5 dB 10 dB 15 dB
BP 2.124 5 1.146 0 0.832 6 0.648 5 0.6218 0.425 2
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PSO-BP 2.208 4 1.132 6 0.746 2 0.591 9 0.501 7 0.419 0
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/dB 1 / 2
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ESPRIT 21.000 0 1. 000 0 5.000 0 39.500 0 0.500 0 1.250 0
MUSIC 18.000 0 2.000 0 10. 000 O 42.000 0 2.000 0 5.000 0
0 ML 18. 600 0 1.400 0 7.000 0 41.300 0 1.300 0 3.250 0
SCAGOA-BP 20. 300 0 0. 300 0 1.500 0 39. 600 0 0. 400 0 1. 000 0
SCAGOA-ML 20.612 8 0.612 0 3.064 0 39.670 1 0.3299 0.824 7
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