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Signal Model
 Time domain:

 Short-time Fourier transform domain:

• : frame index.
• : frequency index.

 Simplification

 Stack all the microphone signals:

Head Model
Different approaches to consider the acoustic impacts of the head:

 User-Specific (measured HRTF) [1].

 Spherical-Head Model.

 Free-Field [2].

 Spherical-head model (inspired from [3]):

• Inter-microphone time difference (IMTD) :

• is the head radius, and    is the sound speed. 

• Inter-microphone level difference (IMLD) :

 Scaling factor     using theoretical HRTFs 

Introduction

 A direction of arrival (DOA) estimator for a binaural hearing aid 

system (HAS).

 The HAS can connect to a wireless microphone.

 The wireless microphone informs the HAS about the noise-free 

version of the target sound. 

 A spherical-head model is used to consider the acoustic 

impacts of the head on the received signals at the HAS.

 The proposed DOA estimator is based on a maximum likelihood 

(ML) framework. 

 To evaluate the likelihood function efficiently, an inverse 

discrete Fourier transform (IDFT) technique has been used.

 Why do we need DOA estimation?

• Binauralization of the noise-free signal.
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Maximum Likelihood Framework
 The additive noise signal is modeled as a zero-mean circularly-

symmetric complex Gaussian distribution: 

• can be estimated relatively easily because both the noisy signal 

and the noise-free signal are available. 

 The likelihood function is defined by  

• where

 The reduced log-likelihood function is given by

DOA Estimator
 Equation (1) should be expanded based on the head model.

 Let us denote 

 The reduced log-likelihood function is given by

Where

• is an inverse Fourier transform with respect to       

 Considering a discrete     set of different    s:

Simulation Results

Babble-speech noise (SNR = 0 dB)

Bottling-factory noise (SNR=0 dB)
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