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Single-label Multi-label

• Speech recognition
• Handwriting recognition
• Language recognition
…

• Image tagging
• Acoustic scene recognition
• Functional genomics: 

predicting the gene 
functional classes

...

Problem Statement
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Problem Statement

 Multi-label acoustic event detection
 Find most relevant subset of labels

Ref.: [1]
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 Multi-label acoustic event detection

 Training data

 Learn a mapping

 Performance measure: 

equal error rate (EER)

 

Note: cardinality

Problem Statement
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 DCASE 2016 challenge: CHiME-Home dataset [2]

Dataset



Maximal Figure-of-Merit Embedding for Multi-label Audio Classification

 Labels distribution: 56 unique labels

Dataset
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 Inter-connection of labels

Dataset
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Baseline Method

 Model: CNN-RNN
 Output: sigmoid scores
 Objective function: binary cross-entropy (BCE)
 Problem

 Ignores labels dependence
 Indirect optimization of the performance measure (EER) 
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MFoM: intuition & motivation
 Example: label dependence as “units-vs-zeros”, e.g. yT=[1, 0, 1]

- target

- confusing
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1) Misclassification measure: “units-vs-zeros”

2) Smooth error function (l - scores)

MFoM: intuition & motivation

,     where
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MFoM: intuition & motivation

 Example: MFoM-transformation, i.e. l -  scores

Sigmoid scores, g
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MFoM: intuition & motivation
 MFoM-transformation is the contraction mapping, w.r.t. 

EER metric 

 Use l - scores as the “soft labels”

Sigmoid scores, g
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Proposed Method: MFoM-embedding

 Model: CNN-RNN
 Output: sigmoid scores
 Objective function: binary cross-entropy with MFoM
 Soft-labels l - scores
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 More than 9% relative improvement

Results
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 Comparison with the other models. Metric is AvgEER, %

Results
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 Applied MFoM transformation to optimize EER metric 

 Embed MFoM into DNN objective function

 Instead of using “hard” (0/1) labels, used “soft” MFoM labels

Conclusion
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 Optimization tricks: use Adadelta optimizer

 Scale and shift (        ) parameters optimize as in BatchNorm

 Properties of MFoM-transformation

 a.k.a. soft-labels (Dark-knowledge [3])

 Contraction mapping, w.r.t. EER metric

 t-SNE and AUC proof

Take Away

file:///home/vano/Documents/STUDY/UEF/PhD/Articles/ICASSP_2018/Multilabel_MFoM/%23Slide%2020
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