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Abstract 

Fluids and Liquid Metals (FLM) are widely used in industries like steel plants, chemical 

industries, and nuclear reactors. Handling Fluids and Liquid Metals are a crucial task[5]. 

Pipelines, propane bobtail trucks, boilers, gas cylinders widely engage with the liquid 

metals. The structure of the equipment and pipelines designed to withstand several 

environmental conditions. However, these leakages are the major causes of innumerable 

losses in nature and industry. FLM leakage can result in serious ecological disasters. This 

paper discusses the FLM leakage detection mechanism and framework to achieve this. It is 

hard to avoid the FLM leakage. However, in order to reduce the impact on the 

environment, it is important to monitor and detect the fire or any other hazards in a timely 

manner. Early detection of leakages will allow quick responses to avoid FLM discharge. 
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1. Introduction 

Transportation and Handling of fluids and liquid metals considered as a major process in 

industries. Estimated deaths due to transportation of fluids like petroleum products are higher 

using trucks, ships and rails [6].  The loss due to pipeline [1] leakage incidents is enormous [7]. 

In the year, 2010 Nearly 8 people killed due to the explosion of a petroleum pipeline [8]. 

Many fire detection systems generally have simple sensors. This system will have lower 

accuracy and are sensitive to the sensor failure [2]. For example, sensors like smoke sensor could 

send false information about heavy dust as smoke.                                                                   

Existing systems uses physical observation of the FLM chambers or pipelines. Industry could use 

standard rule based observation sheets. Alternatively, it could be integrated with traditional PLC 

or Instrumentation based control systems.  It is impossible for a normal user to calculate the 

threshold value and find a dynamic prediction. 
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This paper aims to identify the different sensors used to handle and monitor the state of FLM. 

Section 2 describes the different sensors selected for the monitoring process. Section 3 describes 

the process of collecting the sensor data, preprocessing it and using Multi AI Technique to do an 

adaptive prediction and warning system. 

2. FLM Leakage Detection Using Sensor 

Multiple techniques proposed during last decade. Existing detection techniques categorized as 

1. Local and Remote sensing 

2. Hardware and Software sensing 

3. Ocular / biological sensing 

a. Manual sensing with experienced professional 

b. Visual Testing 

c. Unmanned vehicles or remotely operated vehicle 

4. Surface and Internal sensing 

Surface level and internal sensing is further subdivides as, 

1. Surface level 

a. Sound based sensing, 

b. Electromagnetic sensing 

 Light based sensing 

 Impedance sensing 

 Reflection sensing 

c. Fiber optical sensing 

d. Vapor sensing 

e. Radar based sensing 

 Ground penetration 

 Light detection and ranging (LIDAR) sensing 

2. Internal Sensing 

a. Pressure sensors 

b. Digital signal processor 

Next subsection briefs out about the various sensing technique. 
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2.1 Sensing Techniques 

Surface level testing /(Acoustic Pulse Technique): Uses fixed frequency range of pulse 

transmitted on the surface of the pipeline. The delta (difference between the sound pulse and 

reflected sound pulse) should be constant. The deviation in the delta denotes the existence of 

leakage. This approach is active or push mechanism where signals directed from the SIGNAL 

EMMITING SENSOR  EQUIPMENT ECHO DETECTING SENSOR.  Another method is 

passive or pull mechanism where frequent pulse received from the equipment. Current signal 

frequency compared with the historical data. If DELTA is approximately 0, then there is no 

leakage else leakage is present. This system is easy to handle, cost effective and suitable for early 

detection. However, sensitive to random environmental noise and false alarm triggered.  

Fiber Optical Sensing System: Identifies the abnormalities through temperature change in the 

optical properties of the cable induced by the presence of leakages or cracks. Optical Fiber can 

act both as sensor and data transmission medium.  

Vapor Sampling Methodology: This is applicable in gas tank systems. This methodology helps 

to identify the small cracks and leakages. Coupling vapor-sampling sensor with other sensors 

improves the sensing time and provides faster response time. 

Infrared Imaging Thermography Camera: Detects the temperature difference in gas tank.  

This methodology is contactless and non – invasive approach. It is applicable for various 

condition monitoring application such as heat transfer, tensile failure.  This is a highly efficient 

power for transforming detected objects into visual images, easy to use and process images 

Ground Penetration Radar: Ground Penetration Radar is a tool to detect and identify physical 

structures like buried tanks and pipelines. This is a non-invasive approach utilizes 

electromagnetic wave propagation and scattering technique. GPR signals are best in timely 

detection of leakage in underground pipelines, reliable and leakage information is 

comprehensive. Easily distort this signal in a clay soil environment.  

Light detection and ranging sensor: It employs pulsed laser. This technique used for the 

detecting methane leakage.                                                                                                                

Ultra-Light Sensor: Light or fluorescence method uses higher intensity light sources of a 
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specific wavelength for a molecule excitation. Detection of leakage implemented by unfiltered 

ultraviolet light. 

Piezo Electric Transducer: Piezo electric transducers patched on the surface of the equipment 

or pipelines. Electromechanical Impedance changes with respect to the position of the 

equipment. Impedance at leakage prone area is different from the normal area. 

Capacitive Sensing: Measuring changes in the dielectric constant of the medium surrounding 

the sensor and used in environmental monitoring. This is best for subsea equipment monitoring. 

Sensor sensitivity with respect to the leakage size is dependent of the distance between leak 

position and drift of the leaking medium. 

Ocular / Biological Sensing: Ocular/Biological methods uses trained dogs, experienced 

professionals, smart pigging, drones. 

Trained professionals walks around the pipelines, storage tanks, bobtail containers recognizes the 

cracks , leakages by visual observation or smelling the odor coming out of the crack points. 

Trained dogs are more sensitive to the change in odor. To improve the observation trained dog 

monitors with the trained professional.   

Remotely Operated Vehicles (ROV) like autonomous underwater vehicles and drones used for 

remote monitoring. It reduces the extent of human causality. Number of ROV are available for 

monitoring hazardous environment. This method has higher operational safety is an advantage of 

unmanned vehicles. 

Interior Methods: Interior methods are classified as pressure based and digital signal processing 

based 

Pressure Senso: System continuously monitored and status conveyed to centralized console. 

Pressure, Flow rate, Temperature, density, volume and other parameters monitored and sent to 

the Multi IoT Framework. Pressure drops and varies in a closed environment. Proper pressure 

maintained in the chamber or pipeline and monitored continuously.  

If surface pressure == interior chamber pressure, called neutral pressure. If surface pressure > 

interior pressure then it is called positive pressure. If surface pressure < interior pressure then it 
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is called interior pressure. If leakage occurs, pressure alters and flow speed changes. This 

negative pressure information sent to Multi IoT Framework and suitable action taken. 

Digital Signal Processing: First step is the data acquisition process. In data acquisition process, 

internal pressure and flow of the fluid is measured. Next step is pre-processing step. Pre-

processing step filters the background noise and makes effective feature extraction.Various 

feature extraction steps employed to extract feature. Extracted feature (pattern) compared with 

the historical pattern and used for the decision-making. If the compared result is beyond the 

threshold value alarm triggered.  

3. IoT Framework for Adaptive Prediction and Alerting 

Behavior of an engine or chamber or boiler or any industry unit might change according to the 

environmental temperature. Data sensed in same place may change from time to time. 

Maintaining a static threshold value is not a right option. The dynamic threshold is best for 

achieving an adaptive prediction and alerting system. It is impossible to calculate the threshold 

and apply it. 

Extraction of feature data from the sensor data is a difficult task. This task simplified by using 

Artificial Intelligence. 

The module Fig 2 has three sub modules 

 Data Ingestion Framework 

 Context Based Pre Processing 

 Multi – AI Based Adaptive prediction framework 

 
Fig. 1. FLM Leakage and Alerting system. 
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Fig. 2. FLM Modules. 

3.1 DATA INGESTION FRAMEWORK 

The proposed detection system collects data from multiple IoT gateways (fig 1). IoT API 

gateway collects the data from heterogeneous sensors sent to a multifunctional intelligence 

system. IoT Middleware components like MQTT has the ability to connect with various devices 

[9, 10, 11, and 12]. IoT Middleware connects various devices and transmits data in large-scale 

IoT systems. TCP based MQTT protocol. 

 The sensor feeds collected, sent to the context based preprocessing block. 

3.2 CONTEXT BASED PREPROCESSING 

This context based preprocessing block has multiple Machine Learning algorithms. The selection 

of algorithm and order of execution could differ from data to data [4]. 

Sequential data, Text data, Structured, unstructured are separated and processed by respective 

module. Effective analysis of heterogeneous data achieved by using multiple Machine Learning 

algorithms. 

3.3 MULTI AI- BASED PREDICTIVE FRAMEWORK 

ML Algorithm framework divided into shallow learning and deep learning. Shallow learning 

used for categorizing sensor data. Support Vector Machine (SVM), K-Means Cluster and 
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Decision Tree used to classify and aggregate the sensor data. A deep learning network used to 

quantify the data and image. Deep Neural Network is used to determine the current value 

through quantify data and analyze the changing situation through continuous data. Data collected 

over a period of time hence, immediate data detection is difficult. DNN used to measure the 

changing situation. Convolution Neural Network analyzes the situation by detecting features in 

image data. Fuzzy algorithms express the closeness to each situation. 

Multiple machine learning algorithms like neural networks, adaptive fuzzy algorithm. 

4. Conclusion 

This suggested paper list of leakage detection sensors classified and briefed out. Sensors like 

acoustic sensors, visual monitoring, impedance sensors, fiber optic sensors, and infrared thermal 

camera are listed. Next, the section describes the data acquisition framework from different 

sensors with the help of the IoT gateway. Context-Based Data preprocessing block grouped the 

collected results based on a context.  Adaptive analytics has done with the help of the final 

framework. This proposed approach looks efficient, robust and simple. It suggests a way to 

handle and mitigate the hazards created due to the Fluids and Liquid Metals. In addition, earlier 

detection of leakages is achievable and detection of hazards monitored in a timely manner. 
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