
Unit -3 

Direct Monitoring of fault based on process signals 

 

1. Introduction 

In modern industrial processes, ensuring reliable and uninterrupted operation is paramount. 

Unforeseen faults, such as equipment malfunctions, sensor failures, or process disturbances, 

can lead to production downtime, economic losses, and even safety hazards. To mitigate 

these risks, effective fault detection and diagnosis (FDD) techniques are crucial. Direct 

monitoring of process signals offers a powerful approach to achieving this goal. 

2. Fault Detection and Diagnosis (FDD) 

FDD involves: 

• Fault Detection: Identifying the occurrence of a fault condition in the process. 

• Fault Isolation: Determining the specific component or subsystem responsible for the 

fault. 

• Fault Identification: Pinpointing the exact nature and type of fault. 

3. Direct Monitoring of Process Signals 

This approach utilizes real-time measurements of process variables such as temperature, 

pressure, flow rate, and vibration to detect and diagnose faults. Key principles include: 

• Signal Analysis: Analyzing process signals for deviations from expected behavior. 

This involves techniques such as: 

o Time-domain analysis: Examining signal trends, identifying sudden changes, 

and detecting anomalies in signal patterns. 

o Frequency-domain analysis: Analyzing signal components in the frequency 

domain to identify characteristic frequencies associated with specific faults. 

o Statistical analysis: Using statistical methods to detect deviations from 

normal operating conditions. 

• Residual Generation: Generating residual signals by comparing actual process 

measurements with expected values based on a process model. Significant deviations 

in residual signals indicate potential faults. 

• Fault Signature Analysis: Identifying unique patterns or signatures in process 

signals that are characteristic of specific faults. 

4. Common Techniques for Direct Monitoring 

• Control Loop Performance Monitoring: Analyzing the performance of control 

loops to detect deviations from expected behavior, such as excessive control effort, 

frequent controller resets, or sustained offsets. 



• Data-Driven Methods: Utilizing machine learning algorithms such as neural 

networks, support vector machines, and hidden Markov models to learn normal 

process behavior and detect anomalies. 

• Model-Based Methods: Developing mathematical models of the process and 

comparing actual process behavior to the predicted behavior. Deviations from the 

predicted behavior indicate potential faults. 

5. Example: Vibration Analysis in Rotating Machinery 

• Fault: Unbalance in a rotating machine (e.g., motor, turbine). 

• Monitoring: Measuring vibration signals from the machine using accelerometers. 

• Analysis: Analyzing the vibration signals in the frequency domain to identify 

characteristic frequencies associated with unbalance. 

Diagram: Vibration Analysis for Unbalance Detection 

 
rotating machine with an accelerometer attached. The vibration signal is processed and 

analyzed in the frequency domain. A clear peak at a specific frequency indicates the presence 

of unbalance.  

6. Benefits of Direct Monitoring 

• Early Fault Detection: Enables early detection of faults, allowing for timely 

maintenance and preventing costly equipment failures. 

• Improved Equipment Reliability: Reduces equipment downtime and increases 

overall system availability. 

• Enhanced Safety: Helps to prevent accidents and ensure safe operation. 

• Optimized Maintenance: Enables predictive maintenance, reducing the need for 

costly and unplanned maintenance. 

7. Challenges and Considerations 

• Data Acquisition and Processing: Requires reliable sensors, data acquisition 

systems, and efficient data processing algorithms. 

• Model Development and Validation: Developing accurate process models can be 

challenging and requires domain expertise. 

• False Alarms: False alarms can occur due to noise, disturbances, and uncertainties in 

the measurements and models. 

https://www.reliableplant.com/vibration-analysis-31569


• Data Interpretation: Interpreting fault signatures and diagnosing the root cause of 

the fault can be complex. 

Conclusion 

Direct monitoring of process signals plays a crucial role in ensuring the reliable and efficient 

operation of industrial processes. By leveraging advanced signal processing techniques, data-

driven algorithms, and model-based approaches, it is possible to achieve early fault detection 

and diagnosis, leading to improved equipment reliability, reduced maintenance costs, and 

enhanced safety. 

 


