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Overview

Exploring a Modular Approach to Signal Processing Systems: From Gravitational Wave Analysis to Hearing Systems

« A modular approach to Gravitational \WWave Analysis

« A modular approach to integrating Hearing Instrument functionalities
« Applications to other fields

* Infusing Al
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Gravitational Wave Analysis

A Modular Wavelet Analysis Pipeline for the Detection of
Gravitational Waves with the Einstein Telescope
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Gravitational Wave Research Context

Einstein Telescope

« 2015: First detection of gravitational
waves

« Fast-paced research

e New Generation detectors:
e LISA
* Einstein Telescope

« cWB data analysis pipeline
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The Modular Data Analysis Pipeline

"As an evolving program is continually changed, its
complexity, reflecting deteriorating structure, increases unless
work is done to maintain or reduce it.” Lehman (1980)
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Modular approach to Signal Processing

 Division into modules
* Black-box vs. White box approach
* Normalized Systems Theory

+ ; +

W

Data Version Action Version Separation Separation
Transparency Transparency of Concerns of States
Data structures can have It should be possible to A processing function Tasks should clearly expose
multiple versions without upgrade a processing should not address more the state of their execution,
affecting the processing function without affecting than one concern and so that errors can be
functions that consume or processing functions that should thus not include correctly attributed to their
produce them. callit. more than one task. causes.

Fig 4. The four basic theorems of Normalized Systems Theory [2]
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Modular Data Analysis pipeline
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Modular Data Analysis pipeline
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Time Strain

TF Transform

Time Frequency Transform
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TF Domain

STFT

Wavelet

Wavelet Packet
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Modular Data Analysis pipeline
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Likelihood Generation

Generate LTF

TF Domain I T LTF Map

________________________________________

Uncorrelated Noise i  Correlated Noise
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Modular Data Analysis pipeline
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TF Domain

LTF Map

Clustering

TF clustering
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TF Clustered

Matrix

Frequency band

Dyadic structure
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Modular Data Analysis pipeline
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Event Detection

Max likelihood solution strain

TF Clustered o
hML, h1>\</IL
g >
Maximum MaXImum leellhood
Likelihood Solution Solution Pixel
Pixel Uncorrelated Correlated
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Modular Data Analysis pipeline
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Modular Data Analysis pipeline
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Output plots
1. Time domain plot
2. TF plot: Uniform or Non-uniform
3. Wauvelet transformation analysis plots
4. Likelihood analysis plots
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Proof of concept : Wavelet
Transformation Analysis
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The Time Frequency Transform
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Evaluations using the framework
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Proof of concept: Likelihood Analysis
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Modular Data Analysis pipeline
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Maximum Likelihood Solution

Pixel high noise power, [16Hz-32Hz] Pixel low noise power, [32Hz-64Hz]
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Addressing the Problem of Noise Correlations

Uncorrelated noise Fully correlated noise interferometer 1&2
418722 4 le-22
Analytical maximum likelihood solutions Analytical maximum likelihood solutions
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Contribution of the project

KU LEUVEN

LEUVEN GRAVITY INSTITUTE
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Hearing Systems
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Hearing Systems Context

Acoustic Feedback
Cancellation

Hearing Aid

Microphone

Noise Reduction

Active Noise
control

Dynamic range
compression
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Hearing System Platform
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Modular Data Analysis pipeline
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Embedding in NSX software factory
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Design of a metamodel
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Contribution of the project

STADIUS

Center for Dynamical Systems,
Signal Processing and Data Analytics

Faculty of Engineering Science, Department of Electrical Engineering | KU LEUVEN



Application to other domains
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Digital Communication Systems
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Infusing Al?
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Integrating Al in Signal Processing applications

* Model based design vs Machine Learning design vs Hybrid design
Al for optimization of the parameter space
Al for glue code generation
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Thank you!

‘ STADI US LEUVEN GRAVITY INSTITUTE

Center for Dynamical Systems,
Signal Processing and Data Analytics
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