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1. Introduction 4. The Asym-AWPC associated with SML

The need for Direction Of Arrival (DOA) estimation arises in SML has characteristics: consistency and statistical efficiency.
many  engineering  applications  Including  wireless The data model:
communications, radar, radio astronomy, and sonar, x(t) = A(0)s(t) + n(t) (9)

navigation, tracking of various objects, rescue and other Denotes: K is the number of snapshot.

emergency assistance devices. S . .
R, = o-I IS noise covariance matrix.

Asymmetric-Antenna without Phase Center (Asym-AWPC) R, = 1 K x(k)xH (k) is signal covariance matrix
has been studied to resolve ambiguity and restricted source K

number problems in Direction Of Arrival (DOA) estimation The SML function can be written as:

system and combined with Compressive Sensing (CS) to Oy = arg {mein log|A(0)Psy A% (0) +65ML(9)I\} (10)
work well in correlated environment. The big drawback of the where:

system is complex computation, compared to some traditional Py (0) = AT(8) (R — 64, (O)DATH () (11)
algorithms such as MUItiple Signal Classification (MUSIC) 62y (0) = ﬁtrace{l — A(6)AT(O)R} (12)

and Estimation of Signal Parameters via Rotational . ; .
Invariance Techniques (ESPRIT). Besides, Stochastic AT(0) = (A (B)A(B)) A" (0) (13)
Maximum Likelihood (SML) is also a well-known algorithm with A(@) is the steering matrix

In multipath environment with characteristics of consistency

5. Simulation Results and Analysis

and statistical efficiency.

This project focuses on comparing performance of Asym- Scenario: single snapshot, SNR = 20 dB, correlated environment.
AWPC-CS and that of Asym-AWPC-SML in terms of Software: MATLAB
estimation error and computation time. With this scenario, the two algorithms can estimate exactly the DOA angle with high

resolution as illustrated in Fig. 2 and Fig. 3.

2. The Asym-AWPC Structure

120 T T T T T T T 1

mf ——— —

The Asym-AWPC illustrated in Fig. 1 consists of 4 dipoles A, a0l
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from the origin. The structure Is asymmetric in the sense that
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To gain some characteristics: no whole-space ambiguity,
_ . _ Fig. 2: Asym-AWPC-SML at -50° Fig. 3: Asym-AWPC-CS at -50°
compact and scalar array, the Asym-AWPC is optimized with:

(di,dy,ds,dy) = (A/4,1/4,V3)A/4,(V3/4 + 0.61).

i

Again, the two methods can estimate accurately the DOA angles with high resolution.
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Fig.4: Asym-AWPC-SML at (0°, 50°) Fig.5: Asym-AWPC-CS at (0°, 50°)

In case there exist 3 targets, as shown in Fig.6 and Fig. 7, the output of both

Fig.1l: The Asym-AWPC structure i : : :
methods are accurate, but SML cannot give a visualized figure result as CS does.

The amplitude pattern, G(8), and the phase pattern, ®(8),
of the Asym-AWPC are given by:
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where £ denotes the phase of a complex number, and
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R{B(O)} = —2sin E(dl + d,)sinf | sin > (d; — d,)sind
—2 sin E (d + d )COSQ_ COS E (d —d )COSQ_ (3) Fig.6: Asym-AWPC-SML at (-50°, 10°, 170°) Fig.7: Asym-AWPC-CS at (-50°, 10°, 170°)
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Take 50 trials for each SNR value In 2 cases: Single snapshot and 10 snapshots.

o _ o _
3{B(6)} = —2sin > (d, + d,)sin@| cos > (d; — d;)siné

i 1 A
RMSE is calculated as: RMSE = \/M >M.(6; —6,)? (14)
L L ' . _
—Zsin [5 (d3 + d4)C050] sin |7 (d3 — d4)cost| (4) where 0; is true angles and 6; is estimate angles.
ﬁ (6) — ejll)l e _jkdlsing + ejlpz e _jdeSinH ! _ —I'*—".-"-"':S],fm—.-"f'-."-.:“-.-"F'C—CIS—“I 45{ I I I I I —'I*—'-AEj'_-,fm-.ﬂ-."-.-“-.-:'F'C-CSIE-“I
. _ . _ Elt —'*—'-isym-iﬁgg-gﬁa | 40+ — e - AsymeAWPC-CS2-10 0 4
1+ e]tpge—]kdgcosé? 4+ e]tp4e—]kd4cost9 (5) -H. _G_Aiix:AWPC:SML:*ID L% +i§§$ﬂ§€§ﬂiln _

with ll)l — 00, IIJZ — 1800; 1/13 — 900, and 1/)4_ — 2700 are _.l'_
respectively phases of the currents of dipoles A, B, C, and D. |

3. The Asym-AWPC associated with CS
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CS Is based on solving linear programming from limited

Fig.8: RMSE in degrees at (-50°) Fig.9: RMSE in degrees at (-30°, 50°)
measurements and sparsity of root. m————
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The data model: ' In general, Asym-AWPC-SML performs

x(t) = A(85)z(t) + n(t) (6) better, with lower RMSE in both cases.
The spatial space of CS is given by: However, Asym-AWPC-CS takes much

1 A shorter computing time than Asym-
Pes(8)) =~ Xk=120,(k) (7) puting y
AWPC-SML
To solve (7), use L,-regularized least squares due to its . N S B :
accuracy that solve the optimization problem below: Fig.10: Comparison of computing time
. 2
Az — A 8 -

minf|Az = xl,, + Allzlls ®) 6. Conclusions
where ||z||; = Zf;llzil, A € RM*Ds js data matrix, z € RPs In this project, we have compared performance of CS with that of SML, in terms of
is vector of unknowns, x € RM is vector of observations, RMSE and computing time, in correlated environment. The simulation results show
A > 0 1s regularization parameter. that CS is better choice for balancing time cost and accuracy.
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