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About me

Arwen Mannaert



• A modular approach to Gravitational Wave Analysis

• A modular approach to integrating Hearing Instrument functionalities

• Applications to other fields

• Infusing AI
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Overview
Exploring a Modular Approach to Signal Processing Systems: From Gravitational Wave Analysis to Hearing Systems
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Gravitational Wave Analysis
A Modular Wavelet Analysis Pipeline for the Detection of 
Gravitational Waves with the Einstein Telescope



• 2015: First detection of gravitational
waves

• Fast-paced research

• New Generation detectors: 

• LISA

• Einstein Telescope

• cWB data analysis pipeline

Einstein Telescope
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Gravitational Wave Research Context
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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)



• Division into modules 

• Black-box vs. White box approach

• Normalized Systems Theory
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Modular approach to Signal Processing

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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TF Transform
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Modular Data Analysis pipeline
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Likelihood Generation
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Modular Data Analysis pipeline
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Modular Data Analysis pipeline
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Event Detection
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Modular Data Analysis pipeline
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Modular Data Analysis pipeline
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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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Pixel high noise power, [16Hz-32Hz] Pixel low noise power, [32Hz-64Hz]
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Maximum Likelihood Solution

𝑁𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 = 1.2987 ∗ 10ିସହ 𝑁𝑜𝑖𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 = 0.0064 ∗ 10ିସହ



Uncorrelated noise Fully correlated noise interferometer 1&2
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Addressing the Problem of Noise Correlations
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Contribution of the project
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Hearing Systems
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Hearing Systems Context
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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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Meta Model
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Contribution of the project
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Application to other domains
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Digital Communication Systems
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Energy Sector
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Infusing AI?



• Model based design vs Machine Learning design vs Hybrid design

• AI for optimization of the parameter space

• AI for glue code generation
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Integrating AI in Signal Processing applications



Thank you!
arwen.mannaert@esat.kuleuven.be

arwen.mannaert@nsx.normalizedsystems.org
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