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» DOA estimation depends on cross-power spectral densities (CPSDs), whose
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> Steered response power (SRP) method commonly used for estimating
direction-of-arrival (DOA) of speech source relative to compact microphone array
» DOA estimation depends on cross-power spectral densities (CPSDs), whose
reliability is affected by noise and reverberation

» Phase transform (PHAT) weighting improves DOA estimation accuracy

Problem

> For closely spaced microphones, spatial coherence of noise & reverberation typically high
> CPSDs negatively affected over extended frequency range
»> DOA estimation errors can occur despite PHAT weighting
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Assuming additional microphone is available: D mg
» position is unknown
> spatially separated from compact microphone array
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Assuming additional microphone is available:
» position is unknown
> spatially separated from compact microphone array

Proposed Idea

Compute more reliable CPSDs between m; and m; based on:

» CPSDs between m; and m,
» CPSDs between m, and m;

= exploit spatial separation between m, and compact microphone array
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Yj(w) = XP(w) + X (w) + Nj(w)
N————

Direct component in j-th microphone

X7 (w) = exp(—jwd;/v)S(w)

aq
= XP(w) exp(uw(Vs))
with (far field) TDOA 7;(vs) = vi(m; — m;)/v
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SRP-Based DOA Estimation
SRP-PHAT Function with candidate DOA vector v

pv) =

PHAT-weighted CPSD

Estimate DOA
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Signal Model
Component Component
_ E{Yiw) Y (w)}

|E{Yi(w) Y} (@)} |
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bij(w)

Ppij(w)

Vs = argmax (V)
v

PHAT-

weighted
CPSD Estimated

SRP-PHAT |, o(v)—| argmax, | DOA

Microphone —*| function 3
Array

Geometry
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» mutually uncorrelated direct and undesired (noise and reverberation) components

PHAT-weighted CPSD: ) TZJUD(W)+7J—1,§-](¢U)
W)= —F—"—=7""
T 1P w) + dY )
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PHAT-Weighted CPSD

gldenburg ASSUming
» mutually uncorrelated direct and undesired (noise and reverberation) components
» spherically diffuse undesired component
PHAT-weighted CPSD: 7 7
g BPw) + PP ()

= 00) + 0w

P glw) . dji
T622q OP(— (V) + du(w) sine(“TH)

T bg(w) ) dj
| 622z XP(—wT;(Vs) + du(w) sine( 1)
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» mutually uncorrelated direct and undesired (noise and reverberation) components
» spherically diffuse undesired component
PHAT-weighted CPSD: 7 7
g BPw) + PP ()
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For small inter-microphone distances dj = smc( ) affects many frequencies
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PHAT-Weighted CPSD Using Auxiliary Microphone
Assuming
» mutually uncorrelated direct and undesired (noise and reverberation) components
» spherically diffuse undesired component
PHAT-weighted CPSD: 1/35’(&;) + 11—1,4,-1(60)

[50(w) + BY(w)]

(w ol
1252[,2 exp(—jwTi(Vs)) + py(w) sinc(—*)

) wd
|5e2agz O (V) + dules) sinc( 521

1/’,1("-’) =

For small inter-microphone distances dj = smc( ) affects many frequencies

Proposed Method

Since dy; and dy; typically larger than dj;, we propose to compute CPSD based on auxiliary microphone

W) = Yia(w) Pai(w)
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Distortion of CPSD
Without Auxiliary Microphone
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exp(—ywii(Vs)) + ;f};(dc) sinc (“d”)
pj(w) =

v

67r a2 wdj
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» source-to-undesired ratio SUR(w) = iim (defined at source position).
> Distortion term Dj(w)
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Without Auxiliary Microphone

Djj(w)
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» source-to-undesired ratio SUR(w) = iim (defined at source position).

> Distortion term Dj(w)
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With Auxiliary Microphone

_ exp(—jw;(Vs)) + D (w)
| exp(—gw;(Vs)) + D (w)]

P (w)

4rPdedy T . ) (@m)td2d2
D) = ‘glj—R(fu)A [5|nc(wdA//u) exp(—gw74;(Vs)) + sinc(wd; /v) exp(— Jwr,A(vs))] LA

SURZ () sinc(wdp;/v) sinc(wdg;/v)

Slide 7 SRP-Based DOA
27.08.2024

ing an Auxiliary Mi — EUSIPCO 2024, Lyon
Klaus Briimann, Simon Doclo — Carl von Ossietzky Universitat Oldenburg




Analysis and Evaluation

[Jnlversltat
Oldenburg

Numerical Analysis - Based on Theoretical Equations

Proportion of frequencies for which DA

= —/ — D} ()] ) dw

> average P over 18 array orientations (M = 2, di» =5 cm)
» SURs: 15, 10, 5, 0 dB

(H(x): Heaviside step function)
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Numerical Analysis - Based on Theoretical Equations

Proportion of frequencies for which DA

= — — D} )| ) dw
/ (H(x): Heaviside step function)

> average P over 18 array orientations (M = 2, di» =5 cm)
» SURs: 15, 10, 5, 0 dB

Evaluation - Based on Simulated Signals

oT
DOA estimation error: & = cos~! ( =505
MV TT2-TvsT2
> average ¢ over 12 array orientations & 10 speech signals (M = 3, dj = 5 cm)
> Two reverberation and noise conditions (based on simulated RIRs and diffuse babble noise):

1. DRR=RSNR=-14dB (SUR = 15 dB)
2. DRR=RSNR=-72dB (SUR~ 0dB)

> 3 s signals, fs = 16 kHz, STFT: 512 sample frame length (32 ms), 50% overlap
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Analysis of Distortion
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y coordinates [m]
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x coordinates [m)]

» Each point in 2D plane corresponds to a different auxiliary microphone position
> Auxiliary microphone positions outside of red circle = D,’.}(w) < D,.j(w) for more than 50% of frequencies

Auxiliary microphone is beneficial when spatially separated from compact microphone array.
For lower SUR, spatial separation needs to be larger
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» Source Position
o Centroid of CMA

Aucxiliary microphone brings benefit when spatially separated from compact microphone array
In more challenging condition, spatial separation needs to be larger
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» Source Position
o Centroid of CMA

Aucxiliary microphone brings benefit when spatially separated from compact microphone array
In more challenging condition, spatial separation needs to be larger
Simulation results correspond very well with theoretical analysis of distortion
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Conclusions and Outlook

v SRP-based DOA estimation can be significantly improved by incorporating auxiliary
microphone which is spatially separated from compact microphone array

v Benefit of using auxiliary microphone can be predicted by theoretical analysis of distortion
— required spatial separation mainly depends on source-to-undesired ratio

Outlook:
> Multiple auxiliary microphones
> Multiple sources
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