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Lower dimensional maximum likelihood estimation of
direction of arrival for distributed sources
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(2. School of Telecommunications Engineering, Xidian University, Shannxi, Xi'an 710072, China)

Abstract: In the estimation of direction of arrival (DOA) for distributed sources, maximum likelihood estim-
ation (MLE) has attracted much attention because of its good performance. MLE is a four-dimensional non-
linear optimization problem with large computational cost, and is termed 4D MLE. We propose a lower di-
mensional MLE algorithm, which is simplified to a three dimensional nonlinear optimization problem, there-
fore called 3D MLE. Both 4D and 3D algorithms use the search algorithm of the Newton type to find the
globe optimum. In a single search process, compared to the 4D method, the 3D MLE can reduce inverse
operations of the covariance matrix by 51 times, and reduce matrix multiplications by 87 times. The search
efficiency is improved and memory is saved. The Cramér-Rao bound (CRB) for the new 3D MLE algorithm
is presented, showing reduction in the computation cost. Computer simulation shows that both methods have
similar estimation accuracy. The 3D algorithm can also avoid loss of performance, and is more practicable.
Key words: maximum likelihood estimation; Newton type search algorithm; globe optimum;
Cramér-Rao bound
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1 3 MLE
Table 3 Performance comparing of two MLE
algorithms in different arrays
4 , MLE
MLE MLE MLE MLE
' RMSE 100 RMSE CRB RMSE CRB
4 0.2189 0.2019 0.208 9 0.2019
4.1 8 0.1458 0.097 3 0.1533 0.097 3
100, 8, 12 0.126 6 0.078 2 0.1403 0.078 2
16 0.118 2 0.067 3 0.116 7 0.067 3
1°, 0dB 5dB
10dB  15dB MLE MLE 4.4
RMSE CRB 10dB, 100,
1 , 8, 1°
RMSE CRB 2° 3% 4° 5° MLE MLE
1 MLE RMSE
Table 1 Performance comparing of two MLE CRB 3
algorithms in different SNRs , RMSE CRB
SNR MLE MLE MLE MLE
RMSE CRB RMSE CRB ) )
0dB 0.267 7 0.2334 0.2913 0.2333
5dB 0.162 4 0.1396 0.1716 0.1396
10dB  0.1158 0.097 3 0.1533 0.097 3 4 MLE
15dB 0.1320 0.079 2 0.152 2 0.079 2 Table 4 Performance comparing of two MLE
algorithms in different angular spreads
4.2 MLE MLE MLE MLE
10dB, 8, RMSE CRB RMSE CRB
1° 10 50 100 1° 0.1158 0.097 3 0.1533 0.097 3
' 2° 0.2484 0.1523 0.267 7 0.1523
500 MLE MLE 3 03324 01923 03576 0.1923
RMSE CRB 4° 0.492 2 0.226 6 0.4836 0.226 6
2 RMSE 5° 0.582 8 0.260 2 0.620 9 0.260 2
CRB MLE MLE
2 MLE 4 !
Table 2 Performance comparing of two MLE algorithms ,
in different number of snapshots
MLE
MLE MLE MLE MLE )
RMSE CRB RMSE CRB
10 0.416 6 0.307 6 0.3303 0.3075 5
50 0.1746 0.1376 0.188 3 0.1376
100 0.1158 0.097 3 0.1533 0.097 3
500 0.093 2 0.0435 0.1102 0.0435 ’
4.3 '
10dB, 100, , MLE
1°, 4 8 12 ,
16 MLE MLE ) MLE ,
RMSE CRB 3 ,
, RMSE MLE ,
CRB , MLE
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