
1

MIN-Fakultät

Fachbereich Informatik

Indoor Sound Localization

Universität Hamburg

Fakultät für Mathematik, Informatik und Naturwissenschaften

Fachbereich Informatik

Technische Aspekte Multimodaler Systeme

Fares Abawi

Monday, 12-12-2016



Contents

► Introduction

► Cross-Correlation

► Quality Effecting Factors

► Sound Localization: 
► Time Difference of Arrival

► Steered Beamforming

► Bio-Inspired Sound Localization

► Comparison

► Summary

► References

2



Introduction
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Sound localization is …

Definition
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The Jeffess Model – Oversimplified model of the mammalian MSO

[VIDEO] [6]



Introduction

6

Medial Superior Olive : ITD is performed

Lateral Superior Olive : ILD is performed

[4]
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Binaural cues 

[VIDEOS]

Varying ITD Varying ILD

Varying ITD & ILD Trading ITD off against ILD

[7]
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Cross-Correlation
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Get the delay between two signals by shifting one against the other

Multiply-> Sum-> Shift-> Repeat !

Convolution Theorem: 

Convolution in the time domain is simply a multiplication in the frequency domain 

and vice versa



Cross-Correlation
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• The sampling frequency must be twice the maximum frequency a system 

needs to acquire, according to the Nyquist Theorem, in order to avoid 

temporal aliasing.

• A windowing function (Analysis window) must be applied to signal before 

transformation to avoid frequency leakage and smearing. The window can 

be in the form of a Hann window, Hamm window or the like.

• Keep in mind: The cross-correlation of two signals produces a vector with 

a length of both signal lengths -1. If ignored the cross-correlation will be 

distorted due to circular convolution.

Notes on Time->Frequency Domain Transformation

Complexity: 

Cooley-Tuckey FFT = 𝑛. log(𝑛) Time-Domain xcorr = 𝑛2
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Two sinusoids with a difference 

of 7 samples

Peak detected at x = -7 after 

performing cross-correlation
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Echo and Reverb [ANIMATION] [8]
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Noise power spectral densities can be estimated by finding the 

minima from time-frequency bins that do not contain speech

Could this work for any sound signal ?

Noise

Any Environment ??

[4]
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Doppler shift [VIDEO] [9]
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Time Difference of Arrival
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In-house Alert Sounds Detection and Direction of Arrival Estimation 

to Assist People with Hearing Difficulties [1]
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[1]
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𝜏(𝑘,𝑖) = 2
𝑅

𝐶
sin

𝜃𝑘 − 𝜃𝑖
2

sin
𝜃𝑘 − 𝜃𝑖

2
+ 𝜃𝑖 − 𝜑𝑠

Calculating the delay at which sound arrives the circular microphone array

Approximating the angle by 

incrementing 𝜑𝑠 from 0° to 360°

selecting the angle which reduces the 

difference between the analytical 

delay and that acquired through 

cross-correlation

[1]
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Robust localization and tracking of simultaneous moving sound sources

using beamforming and particle filtering [2]
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• Detect the sound from an array of omnidirectional microphones

• Steer the beam towards all possible angles

• Use particle filtering to predict the motion of the sound source

• Can detect angle and position !

[2]
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[5]
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Neural and Statistical Processing of Spatial Cues for 

Sound Source Localisation [3]



Bio-Inspired Sound Localization
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• Detect the direction of incoming sound

• Filter the sound signal (Gammatone FB)

• Detect ITD and ILD

• Reduce the dimensionality (Inferior Colliculus -> Naïve Bayes)

• Classify (FFNN)

• rotate the robot’s head in the direction of  the sound, aligning a single 

microphone with the  sound source.

[3]
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TDOA Beamforming Bio-Inspired SSL

Steps Cross-Correlate
and measure delay

Shift, Cross-Correlate, 
sum and measure 
power

Cross-Correlate, 
Minimize 
dimensionality, feed to 
network and predict

Speed Fast Moderate Slow

Accuracy Lowest Moderate Best

Resources Low High High

Training Not Required Not Required Required
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• Mammalians Localize sound through binaural and monaural 

cues

• Interaural level difference (ILD) is the measure of sound 

level/loudness across two inputs

• Interaural time difference  (ITD) is the measure of sound 

level/loudness across two inputs

• The Lateral Superior Olive (LSO) : where ILD is measured in 

the brain

• The Medial Superior Olive (MSO) : where ITD is measured in 

the brain

• Cross-Correlation measures the delay between two signal

• Cross-Correlation is performed efficiently in the Frequency 

domain

• Quality effecting factors:
• Echo

• Reverb

• Noise

• Doppler shift
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• Computerized systems can measure the direction of sound by:
• Time difference of arrival or phase delay

• Steered beamforming

• Heuristic and statistical methods

• Beamforming can detect more than a single sound source 

• Sound can be detected by binaural or multi-microphone array 

systems (circular or aligned)
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Thank you !


