
 
 

 
  
 

 
 

 
  
 

7.3.1 Fault Detection: Basics
Fault detection serves as the cornerstone of any Prognostics and Health 
Management (PHM) system, representing the critical  first step in
maintaining system reliability and safety. This foundational capability 
enables engineers to distinguish between normal and  abnormal system 
operation through systematic monitoring and analysis of system behavior 
patterns.



Foundation Concepts

Understanding Fault 
Detection 
Fundamentals



Key Characteristics of Fault Detection

Binary Decision Making
Fault detection operates on a 
fundamental binary classification 
principle: determining whether a 
system is in a healthy (normal) state 
or a faulty (abnormal) state. This 
process does not necessarily identify 
which specific fault has occurred4
that responsibility falls to fault 
isolation and diagnosis subsystems. 
The binary nature makes fault 
detection computationally efficient 
and suitable for real-time applications 
where quick decisions are critical.

Residual-Based Analysis
The core mechanism relies on 
residuals4mathematical differences 
between expected system behavior 
(from models or historical data) and 
actual measured behavior. These 
residuals serve as fault indicators, 
where significant deviations suggest 
abnormal conditions. Statistical tests, 
threshold comparisons, or machine 
learning anomaly scores can be 
applied to these residuals to make 
detection decisions.

First Line of Defense
Fault detection serves as the initial 
protective layer in complex systems, 
enabling rapid response to prevent 
fault propagation and cascading 
failures. Early detection capabilities 
significantly reduce the risk of 
catastrophic system failures and 
provide essential input data for 
subsequent fault isolation and 
diagnostic processes. This proactive 
approach is fundamental to 
maintaining system integrity.



Process Flow

Typical Fault Detection Workflow



Fault Detection Workflow Implementation

1

Data Acquisition & Monitoring
Comprehensive data collection forms the foundation of effective fault detection. 
This phase involves systematic gathering of signals from multiple sources 
including sensors, control systems, operational logs, and environmental 
monitors. Data quality, sampling rates, and sensor placement are critical factors 
that directly impact detection performance. Modern systems often incorporate 
redundant sensors and data validation techniques to ensure reliability.

2

Feature Extraction & Modeling
Raw sensor data requires transformation into meaningful features that capture 
system behavior patterns. This can involve physics-based modeling using first 
principles, signal processing techniques like frequency domain analysis, or 
machine learning approaches that automatically learn relevant representations. 
The choice of modeling approach depends on system complexity, available 
domain knowledge, and performance requirements.

3

Residual Generation & Analysis
Residuals are computed by comparing model predictions with actual 
measurements, creating indicators of system deviation from normal operation. 
These residuals undergo statistical analysis, filtering, and transformation to 
enhance signal-to-noise ratios and reduce false alarms. Advanced techniques 
include adaptive thresholding and multivariate statistical methods.

4

Decision Making & Alerting
The final stage involves applying decision logic to determine fault presence 
based on residual analysis. This includes threshold comparison, statistical 
hypothesis testing, or classification algorithms. The system generates 
appropriate alarms and notifications while managing false positive rates through 
confidence measures and alarm validation techniques.



Conclusion



Critical Importance of Fault Detection in 
Engineering Systems
Industrial Process Example

Consider a chemical reactor where normal operating pressure is maintained at 10 bar. A physics-based model predicts this 
nominal pressure based on temperature, flow rates, and reaction kinetics. However, the pressure sensor suddenly reads 12 bar
4creating a residual of 2 bar that exceeds the established tolerance threshold of ±0.5 bar.

This scenario triggers the fault detection algorithm, which determines that "something is wrong" without yet identifying the 
specific root cause. The abnormal pressure could result from sensor drift, a stuck relief valve, heat exchanger fouling, or 
reaction runaway conditions. While fault detection confirms the presence of an anomaly, fault isolation and diagnosis are 
required to determine the exact nature and location of the problem.



Critical Importance of Fault Detection in Engineering Systems

Safety Assurance
Prevents catastrophic accidents in high-risk environments including chemical 
plants, nuclear facilities, aerospace systems, and medical devices through 
early anomaly detection.

Reliability Enhancement
Minimizes unplanned downtime by identifying developing faults before they 
cause system failures, enabling proactive maintenance scheduling.

Quality Control
Ensures products consistently meet specifications by detecting process 
deviations that could compromise output quality or performance 
characteristics.

Cost Optimization
Reduces maintenance expenses through early fault detection, preventing 
minor issues from escalating into major repairs or equipment replacement.

In summary: Fault detection serves as the early-warning mechanism of any FDD system, continuously monitoring system health and flagging anomalies 
that indicate fault presence4establishing the foundation for comprehensive system diagnostics and prognostics.


