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(Abstract

Wind turbine condition monitoring systems (CMS) are crucial for maximizing turbine up-time.
Especially for blade monitoring, wired sensor are not acceptable. Wireless sensor nodes (WSNSs)
exist, but harvested energy Is Insufficient for continuous high-frequency sampling and sending.
Modern machine learning algorithms/models can significantly reduce the amount of communication by
computing partly on the WSN. Yielding a solid estimate of consumed energy under different solar
Irradiance, wind and fault conditions is not trivial, though. The BladeWatch project creates a software
framework (WSN*Explorer) for power budget estimation of WSN-based CMS to bridge the gap
between algorithmic research and system design. The WSN*Explorer enables CMS designers to map

\a large number of design options efficiently.
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Problem: Finding the right WSN configuration
to maximise fault detection accuracy and
monitoring time

Many possible WSN configurations:

There exist many possible WSN configurations with different choices in hardware (battery size,
solar panel size and type, RF link, antenna configuration ...) and software (sensor sampling
frequency, sleep time between sensing activity, anomaly detection models (ADMs), partial
execution on WSN..). Every combination of hardware and software choices can result in different
power consumption and therefore in different monitoring times before running out of energy.
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Solution: Mapping configurations and automatic
energy measurement of partitioned ML ADMs

Development

To yield a large number of model options for trade-off analysis of accuracy and WSN monitoring time,
models need to be partitionable (WSN<>Base station) and their energy consumption be
automatically evaluated. The WSN*Explorer (see lower box) allows CMS designers to quickly perform
trade-off analysis, visualize the results and decide on optimal CMS setup (or exploration of new options).
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Partitioning Models: Automatic Energy Measurement:
Partitioning means Splitting Computational load of A setup to autOmatica”y ana|yze the power
the model into WSN and base station parts. Consumption of many model and a|gorithms_
Partitioning anomaly detection machine learning  The developed models are automatically deployed
(ML) models can potentially reduce data to be  and executed a dev board while the power shield
transmitted and therefore could save energy. One measures the energy consumption. Results are
main goal is to find the optimal partition. fed to the WSN*Explorer (see next box).
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& WSN*EXxplorer: A Software to Simulate WSNs & Algorithms Under Different Environmental Conditions h

The machine learning model metrics such as accuracy and energy consumption are supplied to the simulation and can be selected with other WSN parameters like battery size
_ and solar cell size as well as general parameters such as location (for solar irradiation) and a specific date range. All selected parameters are then combined into many
Parameter Selection: experiments (each with an unique parameter set) and simulated. The results for each experiment are various metrics e.g. energy consumption or achievable monitoring time.
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power budget estimation of WSN-based CMS
system design for energy-autonomous WSN-based CMS

SW/Algorithm and HW choices.

 BladeWatch bridges the gap between algorithmic research and

 BladeWatch enables efficient mapping of design options across
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