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Human Auditory Scene Analysis

“Imagine two narrow channels dug up from the edge of a lake,
with handkerchiefs stretched across each one. Looking only
at the motion of the handkerchiefs, you are to answer
questions such as: How many boats are there on the lake and
where are they?” (after Bregman’90)

® Now:
Hearing as the model for machine perception

® Future: Machines to human perception



Auditory Scene Analysis

® listeners organize sound mixtures
into discrete perceived sources
based on within-signal cues (audio + ...)
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Spatial Hearing

® People perceive sources based on cues
O spatial (binaural): ITD, ILD \\\

shatr78m3 waveform

;E#WMWMWW””MWWVMANdM”VWMMWww\Mmmwwh



Human Performance: Spatial Info

® Task: Coordinate Response Measure
O “Ready Baron go to green eight now”
O 256 variants, |6 speakers
O correct = color and number for “Baron”

® Accuracy as a function of spatial separation:
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Human Performance: Source Info

® CRM varying the level and voice character
O (same spatial location)
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Human Hearing: Limitations

® Sensor number: just 2 ears
® Sensor : short, horizontal baseline
® Sensor performance: local dynamic range
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® Processing: Attention & Memory limits
O integration time



Computational Scene Analysis

® Central idea:
Segment time-frequency into sources
based on perceptual grouping cues
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Spatial Info: Microphone Arrays

® |[f interference is diffuse, can simply

boost energy from target direction
O e.g. shotgun mic -

O off-axis spectral coloration
O many variants - filter & sum, sidelobe cancelation ...



Independent Component Analysis

® Separate “blind” combinations by maximizing
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Environmental Scene Analysis
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“Superhuman” Speech Analysis

® |[BM’s 2006 Iroquois speech separation system
Key features:
O detailed state combinations '
O large speech recognizer -
O exploits grammar constraints “

O 34 per-speaker models o
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® “Superhuman” performance T
O ...In some conditions Feasocy 1)

Same Gender Speakers
100

50

0

6 dB 3dB 0dB -3dB -6dB -9dB

- SDL Recognizer - No dynamics |:| Acoustic dyn. - Grammar dyn. |:| Human




Meeting Recorders

® Distributed mics in meeting room

® Between-mic correlations locate sources

lag 3-4 / ms
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Environmental Sound Classification

® Trained models using e.g.“texture” features
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Audio Lifelogs

® Body-worn
continuous recording
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Machines: Current Limitations

® Separating overlapping

Sources
O blind source separation

® Separating individual
O segmentation

® | earning & classifying

source categories

O recognition of individual
sounds and classes




Virtual and Augmented Audio

Brown & Duda ‘98

® Audio signals can be
effectively spatialized
by convolving with
Head-Related Impulse
Responses (HRIRs)
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® Auditory localization also uses head-motion cues




Augmented Audio Reality

® Pass-through and/or mix-in

Virtual Signal to
sounds Virtual . distant user
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Future Audio Analysis & Display

® Better Scene Analysis

O overcoming the limitations of human hearing:
SeNsors, geometry

Sound mixture
W tl T

N 4 A -
o o > B SN
L23F Lk gL
] i
i 5
& : E
2F
J
| ‘.“ { :.|
0 i Gl e e R e e £ sagivy
0 1 2 3 4 5

Object 1 percept
» Object 2 percept

%)

® Challenges
O fine source discrimination
O modeling & (language DY)
O [ntegrating through time: single location, sparse sounds



Ad-Hoc Mic Array

® Multiple sensors,

=
real-time sharing y 9
o long-baseline %/M{)‘
beamforming O /l/ _

® Challenges
O precise (dynamic) localization
O precise absolute registration



Sound Visualization

® Making acoustic information visible
O “synesthesia”

® Challenges
O source formation & classification
O registration: sensors, display


http://www.ultra-gunfirelocator.com
http://www.ultra-gunfirelocator.com

Auditory Display
® Acoustic channel :l' |
complements '
vision
O acoustic
O verbal information

o “zoomed’”’ ambience
O |nstant replay

® Challenges
O [nformation management
& prioritization
O maximally exploit
perceptual organization



http://www.youtube.com/watch?v=v1uyQZNg2vE
http://www.youtube.com/watch?v=v1uyQZNg2vE

Summary

® Human Scene Analysis
Spatial & Source information

® Computational Scene Analysis
Spatial & Source information
World knowledge

Selective pass-through + insertion
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