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LEAF-extended (LEarnable Audio Frontend - extended)
................................................................................................ * For speech recognition and audio classification tasks,
““““ Downsampling Nonlinear compression Compressed the log-amplitude mel spectrogram has been widely used.
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For extracting clean waveforms from a mixed waveform, such as source
separation, features including phase information (raw waveforms and
complex spectrograms) are currently the mainstream.
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Is the combination of both characteristics more effective for audio classification?
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e Methods
0. (n) = e 202, p 12T mn i_o'z We propose a learnable audio frontend, LEAF-extended.
: T — —0.3  |LEAF-extended can calculate power and phase features
. m: filter ID . Group delay 10 on a nonlinear frequency axis (similar to the mel filterbank before learning).
n:time ic?dex i Frequency | .| Frequency Gaussian - * Compressed power
om: W'nn tO\;Vf;N' " unwrapping difference lowpass .. * Phase phasor
77m center frequency | - + Instantaneous frequency, which is the time derivative of the phase
"""""""""""""""""""""" o = « Group delay, which is the frequency derivative of the phase
Musical pitch Musical instrument Language Birdsong Experimental Results
detection detection ' ificati ;
94 > 4 24 - - - 'dent'ficatlori . detection * We compared the performance of features in eight audio classification tasks
03 l y ‘ . using a CNN (EfficientNetBO0, about 4 million parameters) connected to LEAF-extended.
—= 12 L % ° — /% 80 % - Compared to using the compressed power alone,
- % 70 % [ % 60 % N % 25 I % * the performance improved in three tasks by adding the phase phasor.
- 7 A— - -
9 — % — % 40 = % — l % + the performance improved in two tasks by adding the instantaneous frequency.
o = = e e
S 90 % % o8 % % 20 % % 70 % % » the performance improved in three tasks by adding the group delay.
§ 89 = 7 66 = 7 0 = 7. g5 = Z » the performance degraded in two tasks by adding the instantaneous frequency.
§ Speaker Acoustic scene Keyword Emotion Discussion and Conclusion
< 'dent'f'caflon classification spotting recognition * The addition of the phase information did not necessarily improve performance.
g: ;i % > The phase information could conversely interfere with learning, depending on the dataset.
37 ‘ 68 » 4.5 L » 60 — » In the tasks where the instantaneous frequency caused performance degradation,
- L - == / o % / - % it was presumed that the recording environments were overfitted.
35 — % 64 — % = % — / * For a specific task, if the phase phasor significantly improved performance,
34 % % 62 % % 935 % % >0 % % then the derivatives of the phase (the instantaneous frequency or group delay) always
33 — Z 60 - Z 93 =\ 7 45 = Z significantly improved performance as well.
mC d = +Ph h Instant f 2 +G del This fact suggests that in audio classification, the relationship between adjacent elements
ompressed power = +Fhase phasor — +instantaneous frequency ~ +laroup delay of the phase is more important than the phase value itself.




