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Structure of the Fault Detection and Diagnosis Tool

Detection
= unsupervised machine

= time series data of sensors learning methods with
= constitute variables (e.g., COP) high sensitivity

= context information (e.q., = ML architectures for
weather, time of day) anomaly detection

= interface for labeling model
inconsistencies = |abeled data with type
= introduction of expert and time of occurrence
knowledge = growing database by

= support possibilities from integrating novel faults
generative Al during application

Motivation and Challenges Examples of Faulty Behaviour

Building sector Fraction of fossil fuel The most promising solution to solar collector Incorrect volume flow

Iz;tlizzeﬁ;germany's '::c’tr(‘)i:‘?zg‘z'zf’)“i'ding reach Germany’s climate goals in in the heating cycle

consumption (2022) the building sector is the heat due to a leaky or floor heating
pump technology. A heat pump defective return valve _‘g
does not depend on burning fossil Tm

fuels, but on electricity. In the first
half of 2023, 52% of electricity
consumption was covered by

[1] [1] renewable energy sources [2]. pardame Pum!o runs
trized continuously

The heat pump market is experiencing substantial growth. This trend bivalence /)
. . . : wale_rgtgrgge

underscores the importance of proper operation, as faults can lead to reduced pomft IN

efficiency, security issues, high maintenance costs, or even complete system hybrid

breakdowns. To ensure optimal operation, Fault detection and diagnosis (FDD) System

are crucial. Fault detection involves identifying faults in a system and W0V ..

determining when they occur, while fault diagnosis involves assessing the

impact, location, and progression of a fault based on its symptomes.

Although they are not the standard against simple rule-based systems, in Main Concepts of the FDD-Tool

recent years Machine Learning (ML) methods have gained more attention in

radiator

e

the FDD sector in industrial systems. They show great potential in early fault Feedback System

detection and there are several examples where they far outperform Using expert feedback tackles two challenges of ML-based FDD. When a fault is

conventional methods. However, there are challenges for ML in FDD. detected, someone with an interest in the correct system operation needs to
be informed. On the other hand, feedback can be used to label data on the fly

=sparsely labeled data =data acquisition faults for training supervised ML methods.

=imbalanced data =complex irreqularities

Expert Database

The feedback system can be enhanced by descriptions and classifications of
already detected faults and operation modes. Furthermore, the databases can
be transferred between heat pump systems, and novel faults can be integrated.

Interpre

tabillioty Complementary Methods
=faults trigger reactions =new fault types Because of simultaneous faults and to increase transferability, it is beneficial to
=scheduled maintenance =concurrent faults train individual methods with high specificity. Because no fault should escape

detection, some methods should specialize solely on sensitivity [3].
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