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ABSTRACT

A high resolution algorithm is presented for resolving multiple narrowband plane waves that are
incident on an equispaced linear array. To overcome the deleterious effects due to coherent
sources, a number of noise-eigenvector-based approaches have been proposed for narrowband signal
processing. For differing reasons, each of these methods provide a less than satisfactory resolution
of the coherency problem. The proposed algorithm makes use of fundamental property possessed
by those eigenvectofs of the spatial covariance matrix that are associated with eigenvalues that
are larger than the sensor noise level. This property is then used to solve the incoherent and coher-
ent sources incident on an equispaced linear array. Simulation results are shown to illustrate the
high resolution performance achieved with this new approach relative to that obtained with MU-
SIC and spatial smoothed MUSIC.
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Table 1. Comparative performance for incoherent plane wave of #; = 85" at SNR = ( dB

5 of  w g DTSR | A I
| AEAG B | MSE | Bias | MSE | Bias | MSE |
B0 [ 00T 0 0000 f 03625 | —0.0750 | 01875 |
500 [ 00me oo |05 01656 | 00250 | 0.0844
O L0006 [ 00672 | 0osez 0ow2 | 0.000 00500 |
oo | oo oosle | osw 0.0881 | —0012%5 | 0.0375

2 A2 o)1 2ol o ok Al u) (= 95, SNR = 0 dB)
Table 2. Comparative performance for incoherent plane wave of ¢ = 95" at SNR = 0 dB

1 o:! %L %l ;\’,7 v} ol i ‘."? o'}
| MEH4 . Bias | MSE Bias MSE ' Bias |
B0 002|056z 0uss | 0202 r ‘0,-,‘,"?‘57
500 ’HWFW(‘).V(BIB 0078 nosz 00828 0.0437 0562
S0 L0089l 00137 00766 0.0250 ﬁp( 547
1000 j 0.0313  0.0609 ( 0.0313 0.0578  0.0250 0.0375
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Table 3. Comparative performance of forward-backward estimator with extended order Ny(6; =85°, SNR =10 dB)

51 o},

R R ET TR

EQ

c-‘ETg_‘ i&i% =)

to
e

T

No Performance measure L=250 L ==500 L=750 | L=1000
Bias —0.0063 ~(.0125 0.0187 ~(.0125
4 MSE 0.0359 0.0187 | 0.0141 0.0094
Bias ) 0.0000 —0.0312 0.0000 0.0000
5 MSE 00219 0.0109 0.0094 0.0031
Bias -0.0178 —().0250 0.0062 0.0000
6 MSE 0.0109 0.0094 0.0016 0.0000
7 Bias —0.0063 —0.0250 0.0000 0.0000
MSE 0.0141 0.0062 0.0016 0.0000
8 Bias —-0.0500 —{.0250 —0.0063 ~0.0000
MSE 0.0156 0.0062 0.0031 0.0000
Bias | —0.0188 0.0125 0.0000 0.0000
9 MSE | 0.0203 0.0094 0.0031 0.0000

H 4 2% ni9e dug &3 MUSIC= 2] A58 @ (SNR =10 dB)
Table 4. Comparison of performance between SEM and MUSIC for two incoherent sources at SNR = 10 dB.

BS AF oade dua &y MUSICH#e] 4 %8 @ (SNR=0dB)
Table 5. Comparison of performance between SEM and MUSIC for two incoherent sources at SNR = ( dB.

Parameter = 85° 0, =095°
| 2ueE | Az aadd dugd MUSIC A% aqdd daes MUSIC
L Bias MSE | Bias | Bias MSE Bias | MSE
250 ~0.0188 0.0203 | 0.0125 | oo125 [ 00187 | 00062 | 0.0141
500 0.0125 0.009 | 00125 | 0.0031 | 0.0187 0.0047 | 0.0062 | 0.0016
750 0.0000 0.0031 | 0.0063 | 0.0016 0.0125 0.0062 | 0.0000 | 0.0000 |
1000 0.0000 0.0000 | 0.0000 | 0.0000 | | 0.0062 0.0016 0.0000 | 0.0016

Parameter ) =85 2 ==05°
gnelE | Ui asuH dndE MUSIC IEEETYEE Ja % MUSIC
L Bias MSE Bias | MSE | Bias | MSE Bias | MSE
250 —0.0750 0.1875 0.0125 | 0.1125 0.0687 0.1359 | —0.0063 | 0.1078
500 —0.0250 0.084 | —0.0188 | 0.0578 | | 0.0437 | 0.0547 0.0000 | 0.0406
750 0.0000 0.0500 0.0375 | 0.0375 | | 0.0250 0.0562 0.0000 | 0.0344
1000 -0.0125 0.0375 | 0.0187, 00266 | | 0.0250 0.0375 0.0062 | 0.0266
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Figure 1. Bearing estimates for two coherent signals at bearing angles of 50° and 60 at SNR=0 dB. (a) Spatial

smoothed MUSIC (bh) MSS-MUSIC (¢
method (forward-backward)
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