Abstract

Within the field of signal processing lies the conundrum of

whether to use more than one microphone to accurately
1dentify the local position of a sound source. We tackle this
1ssue by proposing an angle approximation for two
channels most 1n line with the trajectory of the source(s)
and compute the relative position after separating sources
or onsets through NMF.

Background

\ =/

Extract angular data from audio signal from two pairs of
channels to compose Theta-gram and Phi-gram.

- Approximate angle of source location:

- Define max angle between boundaries (the limait):
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- Constrain approximate angle of source location
between boundaries:

—0, < 0|fr,w,] < 0,.

- Spectral onset strength, with lambda as compression
factor, will be used filter the approximate angle of
source location:

(ap = log(1 + YIXplfr, wi] — X4lfr, wi]l)

- Thetagram 1s thresholded for spectral onsets greater

than C :

O4plf1T W] = {9 Ifr,wil, for {plfr,wi] > (th}
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Methods

In most recording environments the sources are located in a known hemisphere of 4n
steradians. The Eigenmike logo 1s located between channels 1, 2, 3, and 4 at [6=0°,
¢=90°], which 1s generally directed towards sources or the center of performers.

Channels 7 [0=69°,0=90°] and 11
[0=291°,0=90°] will estimate the angle of

0=0¢=32
arrival for 0, while channels 5 [0=0°,
‘ o/ 7~/ =i '-;I '\_ \ ) . .
5ok 8 ¢=32°] and 9 [0=0°,0=148°] will estimate
1 A the angle of arrival for ¢. A Thetagram
- S and Phigram were created for an audio file
| e of a clarinet player in Kodak Hall:
.32 \ i | Thetagram +/: [0, = 69] Betheen Channels 1{1 and 7(Degretles) | B
#=0¢=148 , - I 11 440
Due to the complexity of the Thetagram, the | i
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factorization on the STFT difference between
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Eigenmike capsules: ‘ ' ' '
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Results

Thetagram/Phigram generated from W(:,10) and H(10,:)

STFT from Channels 9-5 STFT from Channels 11 - 7
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Improvements/Future Work

Source location derivation can be made more precise 1n
accounting for the true acoustic distance between two
capsules, as opposed to using a linear distance. The
Eigenmike 1s a solid sphere <</ that experiences
diffraction dependent on the frequency of sound waves
impinging the sphere. In order to create an accurate angle
ot arrival estimate, the distance - d , must be the true
acoustic distance between channels. This paper
approximates the distances between sources by:

dsp = \/(xB —x4) — (Y —ya) — (25 — 2z4)

A more expansive dictionary can be trained for various
instruments and source types. The trained dictionaries -
W(:, r) can be fed into the NMF algorithm to find
activations 1n an audio file. These dictionaries will need
Eigenmike training data, which Professor Ming-Lun Lee
has generated from Eastman Kodak recordings.

Bioacoustic technology has emerged as a new
combination of wireless sensor networks and signal
processing that can use source localization to 1dentify
population sizes of different animals through long-term
analysis of wireless recording arrays in nature. The onset
of cheaper data storage options and an increase in
processing power available to the average researcher can
lead to machine learning feature analysis of environments
to determine which populations are on the brink of
extinction.

We hope to introduce a more intuitive way of viewing
directional information in an audio file. The
Thetagram/Phigram can be a useful tool for spectral
analysis.
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