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Presentation Outline

• Introduction : existing concepts and theory

. Acoustic source localization and tracking

. Bayesian filtering

. Sequential estimation and particle filtering

• Contribution of current Ph.D. research :

. Particle filters applied to acoustic source localization

. Results obtained so far

• Future Ph.D. research :

. Further tasks

. Possible approaches
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Array Signal Processing

• Signal processing using an array of acoustic sensors:

. Existing literature : topic studied for over 20 years

. Domains of application : mainly speech acquisition and
noise reduction

. Application examples : teleconferencing, hands-free phones,
automatic camera and array beam steering, human-
computer communication, hearing aids, acoustic source
tracking, etc.

• Current methods for array signal processing are still struggling
in real-life conditions

• Current Ph.D. research focuses on acoustic source localization
and tracking
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Source Localization with Sensor Array

Acoustic Source Localization (ASL): 2D problem formulation
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Aim : determine the physical location of an acoustic source using
signals sm(t),m = 1, . . . ,M, received at an array of M sensors
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Source Localization with Sensor Array

Traditional array-based methods :

• Steered Beamforming (SBF)

• Methods based on Time Delay Estimates (TDE) including:

. Cross-Correlation Function (CCF)

. Adaptive Eigenvalue Decomposition Algorithm (AEDA)
[Benesty, J. Acoust. Soc. Am., 2000]

Working principle of traditional methods :

• Transformation of the signals sm(t),m = 1, . . . ,M, into a
localization function that exhibits a peak at the source position
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ASL: Traditional TDE Approaches

① TDE-based methods

For example, Cross-Correlation Function (CCF):

• Signal model :
si(t) = αi s(t− τi) + vi(t)
sj(t) = αj s(t− τj) + vj(t)

• CCF:

Rij(τ) =
∫ ∞

−∞
si(t)sj(t + τ) dt
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➱ Determine TDEij as arg maxτ{Rij(τ)}

• Given a vector of TDE’s obtained from P sensor pairs, estimate
source location as that minimizing some LS criterion
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ASL: Traditional TDE Approaches

Properties : traditional TDE methods

• TDE-based approaches are indirect (two step) methods:

1. Compute localization function (e.g. CCF) and determine TDE
for P sensor pairs

2. Combine TDE’s to determine source location estimate

• Usually require P one-dimensional searches over scalar space
of possible time delays

• Other TDE-based methods include: AEDA, Generalized CCF
(GCC) [Knapp and Carter, IEEE Trans. ASSP, 1976]
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ASL: Traditional TDE Approaches

Examples of GCC localization functions:

• Ideal conditions : low level of reverberation, high SNR
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• Practical conditions : reverberation, low SNR
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ASL: Traditional TDE Approaches

TDE performance in the presence of reverberation : percent-
age of anomalous TDE’s vs. reverberation time
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[Champagne et al., IEEE Trans. Sp. Au. Proc., 1996]
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ASL: Traditional SBF Approach

② Steered Beamforming (SBF) methods :

• Beamformer measures
the average power P(`)
as a function of location
` = [x, y, z]
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• Basic delay-and-sum beamformer :

P(`) =
∫ ∞

−∞

∣∣∣ M∑
m=1

sm(t− τm)
∣∣∣2 dt

with steering delays τm , τm(`),m = 1, . . . ,M

• Determine source location estimate ˆ̀
S as arg max`{P(`)}
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ASL: Traditional SBF Approach

Properties : traditional SBF method

• SBF approach is a direct (single step) method:

. Searching the SBF output power function delivers the source
location estimate directly

• Requires one multi-dimensional search over potential source
locations (potentially computationally very demanding)

• More sophisticated versions of the basic delay-and-sum
beamformer: filter-and-sum, frequency weights, etc.
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