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Visual Analytics for Audio
• Visualizing Large Audio Testbeds

– Multi-Day Timeline Audio

– Milliphone = 1000 Microphones

• Signal Features

– Multiscale FFT/ Multiscale Filterbanks

– Auditory Salience

• Likelihood Features: Acoustic Event Detection

– Minimum Bayes Risk Feature Selection

– Tandem ANN/HMM Event Detection

– UBM/MAP Event Verification

• Summary



  

Testbed #1: Portable Multi-Day 
Audio Timeliner

 Dramatis Personae: Emergency first responders (EFRs)
 Analysis Object: One microphone, one month
 Act 1, Scene 1: EFRs arrive on scene, download 

surveillance audio to a handheld
 Objective: Event diagnosis, prognosis, & management



  

Testbed #2: 1000 Microphones = 
One Milliphone

 Dramatis Personae: Command center data analysts
 Analysis Object: 1000 microphones, 24 hours
 Act 2, Scene 1: Analyst in a Virtual Reality Theater (the 

Beckman CUBE) seeks anomalies in a large dataset
 Objective: Find the anomalies



  

Dataset #1: Meeting Room Audio
30 annotators, 24 hours of data, 14 acoustic events



  

Dataset #2: Willard Airport
24 hours of audio, `labeled' by commercial airplane 

takeoff & landing records (inadequate!)



  

Signal Features
• Multi-Scale Features

– Motivation: Processing in auditory cortex

– Implementation: Multiscale FFT

• Auditory Salience
– Motivation: Visual salience

– Implementation: DoG in appropriate features

– Real-world tests: Illinois labeling of AMI corpus



  

Motivation: Rate-Scale Features
(Carlyon & Shamma, 2003)



  

Multiscale FFT: Formulas
(Cohen et al., FODAVA 09-01)



  

Multiscale FFT: Butterflies
(Cohen et al., FODAVA 09-01)



  

Digression: How to Display Audio 
Events?



  

Salient objects/events POP OUT
Computer vision: Difference of Gaussians

Salience

Center

Surround

Smooth
then
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…

DoG



  

Audio Salience: Data Annotation
First pass: subjects label “salient” vs. “non-salient”

Second pass: subjects identify audio events



  

Audio Salience: Signal Model



  

Audio Salience: Sample Results



  

Audio Salience EER: ~76%



  

Likelihood Features
• Acoustic Event Detection: Why is it hard?

– Relevant information scattered across multiple 
scales, multiple (t,f) coordinates

– Low SNR

• Minimum Bayes risk feature selection

• ANN/HMM hybrid AED

• UBM/MAP rescoring



  

Non-Speech Audio Events



  

Difficulty #1: Negative SNR



  

Difficulty #2: Class-Dependent 
Scale & Structure

SPEECH FOOTSTEPSPEECH KEY JINGLE



  

Discriminative Feature Selection
(Zhuang et al., ICASSP 2008)



  

Bayes Error Rate
(Zhuang et al., ICASSP 2008)



  

Feature Selection Algorithms
(Zhuang et al., ICASSP 2008)



  

Acoustic Event Detection Accuracy
(Zhuang et al., ICASSP 2008)



  

Tandem ANN/HMM for AED



  

Rescore Using Supervectors



  

Within Class Covariance 
Normalization (WCCN)

•  Z-normalize the supervector to reduce the effect of 
irrelevant variability using a robust regularized covariance 
matrix: 

S=(S+(1-)I)

• Z-normalization results in better linear separability



  

AED Accuracy with Tandem & 
Supervectors

E ectiveness of system components ff
Metric: AED-ACC (%) = weighted multi-class F score 

• ’T’ = Tandem ANN/HMM recognizer  
• ’S’ = GMM-Supervector rescoring
• ‘Adaboost’ = minimum Bayes risk feature selection
• Adaboost+T+S was #1 overall in CLEAR 2007 competition



  

Summary & Conclusions
 Audio events occur at scales ranging from 2ms to 

20 minutes

– Efficient computation: multiscale FFT

– Classifier training: Minimum Bayes risk selection
 Audio events occur at negative SNR

– Noise compensation: Tandem ANN/HMM

– Noise compensation: Supervector WCCN
 Visualization is most effective with...

– Signal features, match the salience of audio & image

– Log likelihood features; task matching useful but not 
necessary
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