Aalborg Universitet AALBORG

UNIVERSITY

Robust DOA Estimation of Harmonic Signals Using Constrained Filters on Phase
Estimates

Karimian-Azari, Sam; Jensen, Jesper Rindom; Christensen, Mads Graesbgll

Published in:
2014 Proceedings of the 22nd European Signal Processing Conference (EUSIPCO 2014)

Publication date:
2014

Document Version
Early version, also known as pre-print

Link to publication from Aalborg University

Citation for published version (APA):

Karimian-Azari, S., Jensen, J. R., & Christensen, M. G. (2014). Robust DOA Estimation of Harmonic Signals
Using Constrained Filters on Phase Estimates. In 2014 Proceedings of the 22nd European Signal Processing
Conference (EUSIPCO 2014) (pp. 1930-1934). IEEE (Institute of Electrical and Electronics Engineers).
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6952706

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.


https://vbn.aau.dk/en/publications/6488c2df-754b-433f-b717-c73274ebf396
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6952706

Downloaded from vbn.aau.dk on: July 01, 2025



aupio Robust DOA Estimation of Harmonic Signals Using ((‘

ANALYSIS Constrained Filters on Phase Estimates

LAB Sam Karimian-Azari', Jesper Rindom Jensen?, and Mads Graesbgll Christensen AALBORG UNIVERSITY
email: {ska, jrj, mgc}@create.aau.dk DENMARK

Introduction DOA Estimate ¢ (step 2)

Existing approaches to direction of arrival (DOA) estimation: While 0, = Sin—1(¢,//wof370) for | = 1,--., L, the DOA of the harmonic
» Time-difference of arrival (TDOA) based estimators that scale the source can be estimated from L phase shift estimates:

TDOA of successive microphones. . |

» Beamforming based methods that steer the array in a range of possible W = wolsmoSIN(0) T + AW, (8)
directions, and maximize output power versus the DOA. T . .

» High-resolution estimators based upon spatiospectral correlation ma- AWV = [Ayq, Ao, ..., AYr]" : phase shift noise
trix estimates. ro=01,2--,0"

The TDOA estimators possess an advantage over the two other methods
In terms of computational complexity. Conventional TDOA estimators are A i
designed assuming a single-source. However, the harmonic characteris- sin(0) = h'W = wofspsin(@h' T, +h AW, (9)
tic of audio signals facmtates a remarkable ability to estimate TDOAs of With the constraint that hTT, = 1 /wofs0, MSE{sin(d)} = hTRayh.
multiple sources which do not have spectral overlap.

Design:

Apply a filter h € R’:

We design optimal filters based on estimated noise statistics to apply on

multi-channel phase estimates. min h'Rawh subject to h'I = 1/wofso.
: 1 4
FOrmU|at|On hI\/IVDR — . - RZJII |'L (rz- RZJII rL)_1, (10)
Observed signal in an array (M microphones): | °
. DOA estimate: s
y(n) = Z oy e/ #0m+21) 3 dy(lwe) + V(N) (1) 0 =sin " (hyyprWY). (11)
-1
dy(w) : a steering vector for DOA of 6 at w € [0, 7] Simulation Results

B = diagi[ b1, B2, ..., Bml} : magnitude attenuations DOA estimates of a synthetic signal, i.e., wg = 0.157, L = 5, and M = 5,

T _ M. - - e . 0 =- .
v(n) =[vi(n), va(n),...,vm(n)]" € C” : Gaussian noise in different SNRs of colored noise and using different number of micro-
vm(n) has the real and imaginary uncorrelated parts phones (SNR= 20 dB):
. . 2 | | | | | |
with the variance of o7 /2 Cee o mhevom o ERTTTTT S
C (Boa)? TN | TrRem N ~or-i, (VDR
SNRp, = =~ narrowband SNR  Thw weammavom | S mhavny |
Om : —— CRLB T -l y

If SNRf77 > 1, the additive Gaussian noise can be converted to a normally
distributed phase noise Ayn(lwg) with the variance of E{[Aym(lwg)]?} =

2Sll|R¢n [1]:

AD; = [Avq(lwg), Aps(lwp), ..., Aou(lwg)]” : phase noise vector  (2)

1 1 1
Rao = E{A® AD/]} = dia , 3
a0, = ELACAP g{[zsNRQ 2 SNR) 2SNR’M” %)
Compared to:
Approximate noisy signal model: - Weighted least-squares (WLS) DOA estimator [2]
L - MVDR beamforming with harmonic emphasis (BH-MVDR) [3]
y(n) ~ > a;e/"“ ™ Dy (lwg) Bdg(lwo), (4) | | covariance matrix:
=1
with D, (lwp) = diag{exp(jA®))}. Rao, = E{(® — E{®}) (¢, — E{®/})"} (12)
B—1
. 1 .
: : ~ E{®/} ~ 5 > ®(b)— blwoly (13)
Phase Shift Estimate ¢, (step 1) B 1=

Multi-channel phase estimates:

(,l\)/ = I'IM ZZ; + A(D/ (5)
o Conclusion
- A4 AT - -
®) = [®1,®2,...,P,1]" : collection of phase estimates We have estimated the DOA of a harmonic signal source from multi-
S m= ¢ — (M —1)lwefso Sin(f) In a uniform linear array (ULA) channel phase estimates.

» We designed optimal filters based on spatial and spectral noise statis-
tics.

» The designed filters are robust against different noise scenarios, e.g.,
colored noise.

Ny, € RM*2 is a known matrix based on the number of
microphones and the linear relationship between phases.

Apply a filter W € RV*2: > Results of the proposed method approach to the CRLB.
2 -wTd, =wTny, ZZ’ +WTAD, (6)
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