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Robustness of high-resolution direction-

of-arrival estimation algorithms

QIN Hong-feng, HUANG Jian-guo, LIU Ke-wei
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Abstract: Subspace high-resolution direction-of-arrival (DOA) estimation algorithms based on eigen-decomposition theory have be-

come a focus in array signal processing. These algorithms show good performance in resolution and precision compared to the beam-

forming method. However, they are found to be very sensitive to array modeling errors. Their performances decrease drastically in the

presence of array errors. In this paper, robustness of high-resolution direction-of-arrival estimation algorithms is studied with simula-

tions and experiments. The effect of array errors on MUSIC, Johnson and mini — norm algorithms with certain signal-to-noise ratio
(SNR) is analyzed. It is shown that, the performances of MUSIC and Johnson are quite similar, while mini-norm is more robust than

the other two. This means that mini-norm has good performance in resolution and precision, therefore a good prospect in engineering

applications.
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1 MUSIC %R S PHHESE

e R o ~5dB 0dB 5dB 10dB 1548 20dB
0% 0% 10% 94% 100% 100% 100% 100%
5% 0% 4.5% 91% 100% 100% 100% 100%
10% 0% 1.5% 67.5% 80% 83.5% 84% 84.5%
15% 0% 1% 14.5% 75.5% 26.5% 28% 27.5%
20% 0% 1% 6% 6.5% 9.5% 12% 12%
25% 0% 0% 2% 2% 2% 3.5% 4%
30% 0% 0% 1% 1% 1.5% 1.5% 1.5%
35% 0% 0% 0% 0% 0.5% 0.5% 1%
40% 0% 0% 0% 0% 0% 0.5% 1%
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e SR o4 —5dB 0dB 5dB 10dB 15dB 20dB
0% — — 0.1475 0.0824 0.0411 0.0224 0.0136
5% - — 0.2823 0.1890 0. 1480 0.1327 0.1276
10% — — 0.4929 0.4322 0.4013 0.4028 0.3989
15% = — — 0.5119 0.4248 0.4228 0.4124
26% — = — — — — —

%3 Johnson X5 MR
> SR 008 ~5dB 0dB 5dB 10dB 15dB 20dB
0% 0% 10.5% 94% 100% 100% 100% 100%
5% 0% 4.5% 90.5% 100% 100% 100% 100%
10% 0% 2% 67% 82.5% 84.5% 81.5% 85.5%
15% 0% 1.5% 14.5% 29.5% 28.5% 29% 29.5%
20% 0% 1% 6.5% 6.5% 9% 11.5% 2%
25% 0% 0% 1.5% 1.5% 2% 4.5% 4.5%
30% 0% 0% 1% 1.5% 1.5% 1.5% 1.5%
35% 0% 0% 0% 0% 0.5% 0.5% 1%
40% 0% 0% 0% 0% 0% 0% 1%
% 4 Johnson iEWIMARIRE
» R 048 —5dB 0dB 5dB 104B 15dB 20dB
0% — — 0.1473 0.0824 0.0412 0.0224 0.0137
5% = — 0.2695 0.1867 0.1494 0.1345 0.1298
10% = — 0.4874 0.3911 0.4361 0.4278 0. 4097
15% = = — 0.5198 0.4508 0. 2485 0.4351
20% — — — — — — —
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55 SRE o - 5B 0dB 5dB 10dB 15dB 20dB
0% 9.5% 75% 99.5% 100% 100% 100% 100%
5% 8.5% 75% 99.5% 100% 100% 100% 100%
10% 8% 66% 9% 100% 100% 100% 100%
15% 7% 65.5% 98% 9% 100% 100% 100%
20% 6.5% 60.5% 93.5% 97% 98.5% 9% 99%
25% 6% 56.5% 83% 91.5% 2% 93% 93%
0% 4.5% 50.5% 78.5% 80.5% 80.5% 81% 81.5%
35% 4% 20.5% 65.5% 65.5% 67.5% 71.5% 71.5%
40% 3% 30% 50% 50.5% 50.5% 51.5% 52.5%
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> L LAY - 5dB 0dB 5dB 10dB 15dB 20dB
0% — 0.4424 0.2250 0.1197 0.0615 0.0354 0.0205
5% — 0.4504 0.2402 0.1313 0.0983 0.0800 0.0667
10% — 0.4755 0.2470 0.1703 0.1498 0.1382 0.1351
15% — 0.4906 0.3051 0.2594 0.2326 0.2295 0.2284
20% — 0.4954 0.3918 0.3752 0.3323 0.3246 0. 3049
25% — 0.6001 0. 4483 0. 4040 0. 3989 0.3972 0.3919
30% — 0.6548 0.5135 0.4511 0. 4484 0. 4431 0.4191
35% - 0.6918 0.5491 0.5331 0.5056 0.4933 0.4894
0% — 0.7424 0.6530 0. 5806 0.5332 0.5180 0. 5085
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