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Acousticmonitoring

) ) ) Audio
Sensor

Advantages :

- Cheap
- Easy to install
- Non-invasive andnon-disruptive



|26.09.2022 3Intelligent Maintenance and Operations Systems

Problems :

- High samplingrate
- High noiselevelandartefacts
- Sensitive to operatingconditions

Acousticmonitoring



|26.09.2022 4Intelligent Maintenance and Operations Systems

Plan

I - The WaveletPacketTransform(WPT)

II - Learnablewavelettransform

III - Application 1: anomalydetection

IV - Application 2: Slab trackmonitoring

V - Conclusion
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WPT
log10(.^2)

Audio signal
Energy distribution over time
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HPLP

log10(.^2)

HP = High pass filter
LP = Low pass filter

= Sub-sampling by 2

WPT
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HPLP

log10(.^2)

log10(.^2)

- Increasefrequencyresolutionby 2
- Decreasetime resolutionby 2

WPT
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HPLP

HPLPHPLP

log10(.^2)

log10(.^2)

- Increasefrequencyresolutionby 4
- Decreasetime resolutionby 4

WPT
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HPLP

HPLP

HPLP

HPLP

HPLP HPLP HPLP

log10(.^2)
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- Increasefrequencyresolutionby 8
- Decreasetime resolutionby 8

WPT
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Time-frequency
representation

WPT
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Perfectreconstruction

Output Signal = Input signal
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tHPtLPtHPtLP

tHPtLP

Input Signal

Time-frequency
representation

WPT

inverseWPT

Denoisingwith WPT

Output Signal = Input signal

Hard threshold
function
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Upsampling

Downsampling

CNN 
layer/learnable

kernel

Input signal

Output signal

L-WPT
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Upsampling

Downsampling

CNN 
layer/learnable

kernel

Input signal

Output signal

Learnable
denoising

HT basedon two
sigmoidfunctions

L-WPT

Frusque, G., & Fink, O. (2022). RobustTime 
SeriesDenoisingwith LearnableWavelet
PacketTransform.
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Advantagesof the architecture

Å1) Huge learning capabilities with few parameters.

Å2) A natural way to initialise parameters so L-WPT starts behaving like a WPT.

Å3) Clear interpretation of each parameter in the structure.
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Signal
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DiscreteWaveletTransform
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DeSpaWNarchitecture

Michau, G., Frusque, G., & Fink, O. (2022). Fully learnable deep wavelet transform for unsupervised 

monitoring of high-frequency time series. Proceedings of the National Academy of Sciences, 119(8), 

e2106598119.
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