
Auditory kernels informed by cochlear processing
Mihai Bratu

Supervisors: Jorge Martinez, Dimme de Groot

3. Methods
● Kernels adapted to the TIMIT train

set (English speakers), 20Hz-7kHz,
using Matching Pursuit.

● Testing on the TIMIT test set.
● Data split into modes using CEI [3].
● Vowel activations on a multilingual

dataset containing 95 languages.

1. Introduction
● Auditory kernels [1] are one popular

approach of sparsely representing a
speech signal. They are adapted to
speech and based on the Efficient
Coding Hypothesis [2]. They were
additionally motivated by correlation
to cat revcor filters [3].

● A recent model of cochlear
processing, CEI [4], breaks a signal
into multiple modes. It successfully
predicted multiple features
observed in hearing.

2. Research Question
To what extent do kernels adapted
to the modes preserve features of
speech signals vs. kernels directly
adapted to the speech signal?

4. Results

5. Conclusion
● Recovering the original signal from the

modes encoded using kernels performs
worse and is less efficient than the
encoding of the original signal.

● The kernels adapted to modes appear to
preserve defining features of vowels,
though both scored poorly.

● Recombining the signal using activations of
kernels on modes performs worse than activations
on the signal (Fig. 1).

● Correlation with cat revcor filters [3] is not as
prominent for kernels adapted to modes as it was
shown in [1] for kernels adapted to the original
signal (Fig. 2).

● Clustering performance of kernel activations of
vowels slightly improves for the kernels adapted
to modes, when compared to the kernels adapted
to the original signal, though poor for both (Table
1).
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Fig. 2

6. Future work
● Frequency range can be modified to

encompass higher frequencies or a narrower
band.

● The encoding of the defining features of vowels
in the modes of CEI should be investigated.

● Encoding of consonants should be also
investigated for both kernels and CEI.

Fig. 1
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