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A u d i o  R e t r i e v a l

• Querying continues to be an open question
• Naïve approach
� Costly similarity functions
� Query-by-example
� Heuristics

• Common Approaches
� Gaussian Mixture Models
� Support Vector Machines
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R e s e a r c h  Q u e s t i o n s

• How does a hierarchical approach to audio retrieval 
effect performance?

• Will deep learning provide a significant 
improvement over naïve methods?

• Can unstructured audio datasets be queried with 
complex content-based text queries?

• Is it feasible to query audio datasets for audio based 
on context?
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Goals

• Query an unstructured dataset based on a 
hierarchical taxonomy of sound

• Build a system that uses deep learning to query 
unstructured audio datasets

• Have text queries and allow for complex queries 
with unrestricted vocabulary

• Query audio dataset for a contextual event
• Make faster and at least as accurate as other 

querying systems
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H u m a n  P e r c e p t i o n

5This Photo by Unknown Author is licensed under CC BY-SA

https://en.wikiversity.org/wiki/Fundamentals_of_Neuroscience/Hearing
https://creativecommons.org/licenses/by-sa/3.0/
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W h y  n o t  j u s t  u s e  C N N s ?

6Information flow in the auditory system (photo credit: Universität Zu Lübeck)

https://www.isip.uni-luebeck.de/research/signal-processing/invariant-features.html
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Representat ion

• Spectral Properties
� MFCCs

• Intensity Properties
� Maximum frequency

• Statistical Properties
� Zero Crossing Rate

• Temporal Properties
• Cognitive Properties
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P RO P O SE D  A P P RO A C H
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Overv i ew

SNN DNNText Query
“Dog Barking”

[Animal, Dog, Bark]
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Gaver Taxonomy

• Taxonomy of sound
• Based on human perception
• Listen to sounds differently
• Leads to hierarchy of neural 

networks
• Each network tuned for kind 

of sound

Gerard Roma, Jordi Janer, Stefan Kersten, Mattia Schirosa, Perfecto Herrera, and Xavier Serra. 2010. Ecological 
acoustics perspective for content-based retrieval of environmental sounds. Eurasip Journal on Audio, Speech, and 
Music Processing 2010: 1–11. https://doi.org/10.1155/2010/960863
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T a x o n o m y  L o w e r  L e v e l s

• Much more nuanced discrimination task
• Requires more classification power
• DNN
� Fully connected layers
� Many hidden layers
� Feed-forward algorithm operating on each audio frame 

separately
� Can be computationally complex
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D e v e l o p m e n t  D a t a s e t

12
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D e v e l o p m e n t  D a t a s e t  ( E S C - 5 0 )

• Current hierarchy doesn’t match Gaver
• Required manual labelling
• 5s audio clips
• Singleton sounds
• Uniformly labelled
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T a r g e t  D a t a s e t
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EXPERIMENTS

15



GT 8803 // Fall 2018

D e f a u l t  C N N

16

• Trained on all 50 classes
• All default settings
• ~24% accuracy
• ~7 minutes to train
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T o p  L e v e l  E x p e r i m e n t s

• Vector of features
� MFCCs
� First and second derivative
� Spectral Contrast

• Spectral Image
� Spectrogram
� Mel-spectrogram
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T o p  L e v e l  E x p e r i m e n t s

• Feature Vector
� Loss function unchanged
� Likely little difference 

between classes on these 
axes
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T o p  L e v e l  E x p e r i m e n t s

• Spectral Image
� 250ms and 1s window
� 125ms and 250ms overlap

• 73% at 1s window
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H i e r a r c h y  T o p  L e v e l

• 250ms Window
� 72% Testing Accuracy

20
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L o w e r  L e v e l  E x p e r i m e n t s

• Vector of features
� MFCCs + MFCCs` + MFCCs``
� Spectral Contrast

• Spectral Image
� Spectrogram
� Mel-spectrogram

21



GT 8803 // Fall 2018

A n i m a l  S o u n d s  E x p e r i m e n t

• Feature Vector
� Learn fold well
� ~90% accuracy
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A n i m a l  S o u n d s  E x p e r i m e n t

• Actual performance 
much worse ~30%

• Confusion between 
breath sounds

23
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A n i m a l  S o u n d s  E x p e r i m e n t

• Spectrogram
� ~59% accuracy on fold
� Poor overall 

performance
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A n i m a l  S o u n d s  E x p e r i m e n t

• Actual performance 
close to feature vector 
~30%

• Confusion more 
spread

• Likely more random 
guessing

25



GT 8803 // Fall 2018

I n t e r a c t i n g  M a t e r i a l s  E x p e r i m e n t

• Feature Vector
� Fold accuracy 70%
� Time window has very 

little effect
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I n t e r a c t i n g  M a t e r i a l s  E x p e r i m e n t

• Actual performance 
19%

• Confusion between 
liquid sounds
� Dripping, flowing, 

sipping, etc

27
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I n t e r a c t i n g  M a t e r i a l s  E x p e r i m e n t

• Spectrogram
� Fold accuracy 37%
� Time window has very 

little effect
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I n t e r a c t i n g  M a t e r i a l s  E x p e r i m e n t

• Actual performance 
20%

• Confusion between 
liquid sounds
� Dripping, flowing, 

sipping, etc
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F o r a y  i n t o  A u t o e n c o d i n g

• Autoencoder using NN
• Use dilated audio frames
� Attempt at temporal feature

• No improvement
• CNN provided no 

improvement

30



GT 8803 // Fall 2018

T i m e  E v a l u a t i o n

• Loading folds takes ~6 seconds
• Training Time
� Top level: ~7 mins
� Animal sounds: ~7 mins
� Interacting materials: ~10 mins

• Prediction Time
� ~11ms/file when predicting classes and 

probabilities
� ~8ms/file when only predicting class
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O v e r a l l  P e r f o r m a n c e
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P r o b a b i l i s t i c  P e r f o r m a n c e

33

• Not always correct

• Probabilistically Near
• High Level often certain
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Goals

• Query an unstructured dataset based on a 
hierarchical taxonomy of sound (95%)

• Build a system that uses deep learning to query 
unstructured audio datasets (95%)

• Have text queries and allow for complex queries 
with unrestricted vocabulary (20%)

• Query audio dataset for a contextual event (OOS)
• Make faster and at least as accurate as other 

querying systems (50%)
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Future

• Representation
� Test with more temporal statistical features
� Encode features using PCA or other reduction
� Encode audio directly using LSTM network

• Lower Hierarchy
� Make NNs totally specialized

• Audio feature extraction
� Implement on GPU

• Wordnet lowest common denominator
35
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Quest ions?


