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Abstract 

Oil separation tank automation is essential for increasing safety standards, reducing 
human intervention, and boosting oil processing efficiency. Automated systems integration in 
separation tanks has become essential as the oil and gas se (Placeholder31)ctor develops in 
order to improve process dependability, lower operating costs, and adhere to environmental 
requirements. With the integration of sophisticated process control, instrumentation, and real-
time monitoring, this thesis offers a complete automation solution for oil separation tanks. 
Using industrial sensors, supervisory control and data acquisition (SCADA) systems, and 
programmable logic controllers (PLCs), the suggested solution guarantees accurate 
separation, improves operational dependability, and lessens its environmental impact. The 
study also looks at how automation affects sustainability by using resources more efficiently 
and consuming less energy. 

Keywords: Automation, Oil Separation, PLC, SCADA, Process Control, Industrial 

Sensors, Interface measurement 

 
Introduction 
To effectively separate crude oil from water and sediments, oil 

separation tanks are crucial parts of the petroleum industry. Water and 
particles sink to the bottom while lighter oil rises to the top due to density 
differences used in the separating process. Conventional techniques 
frequently depend on manual monitoring and control, which can result in 
inefficiencies, higher labor expenses, and possible safety hazards because 
of human error. Real-time data collection, process optimization, and remote 
control are made possible by the integration of automation systems, which 
raises overall productivity and lowers operating expenses. (2) 

Advanced instrumentation, control systems, and digital communication 
networks are used in oil separation tank automation to optimize processes. 
This thesis investigates the creation of an entirely automated oil separation 
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https://dl.acm.org/doi/10.1145/214451.214456
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tank system that integrates state-of-the-art control mechanisms and 
intelligent monitoring technologies. In addition to highlighting the significance 
of incorporating automation into contemporary oil processing facilities, the 
study offers insights into the advantages and difficulties of doing so. 

Experimental Part 
The automation solution was developed in a number of crucial steps, 

beginning with system design, which determined which sensors, actuators, 
and controllers were required to guarantee the best possible process control. 
Ladder logic and function block diagrams were then used to construct PLC 
programming, enabling automated processes and smooth communication 
between system elements. In order for operators to visualize tank operations, 
gather historical data, and make data-driven choices, SCADA integration 
was essential in offering real-time monitoring and control interface. Testing 
and validation were the last steps, during which experiments were carried 
out to analyze the system's performance under various operating situations 
and gauge aspects like accuracy, efficiency, and dependability. (3) 

The system achieves complete automation by integrating software and 
hardware components. Resistance temperature detectors (RTDs) and 
thermocouples track process temperature to maximize separation efficiency, 
while ultrasonic and radar level sensors identify oil-water interfaces and stop 
overflows or incorrect separations. Pressure sensors assist in monitoring 
tank pressure to avoid overpressurization and possible risks, while Coriolis 
and electromagnetic flow meters control input and output rates to guarantee 
steady operations. These sensors provide real-time data to a PLC control 
system, which uses that data to run preset logic and regulate pumps, valves, 
and separators. For remote monitoring and control, the SCADA system offers 
an easy-to-use user interface that guarantees ongoing oversight and the 
preservation of previous data. The system's modular design makes it simple 
to integrate with other industrial automation solutions and upgrade. 
Furthermore, redundancy precautions are incorporated to ensure 
uninterrupted operation in the event of component failure. (4) 

Results and Their Discussion 
To evaluate the automation system's dependability and efficiency, it was 

put through a simulation of an oil separation scenario. Important conclusions 
include: 

Improved Separation Efficiency: The automated system consistently 
separated oil from water with an efficiency of over 98%, reducing the amount 
of water that remained and enhancing the quality of the crude oil that was 
separated. 

Decreased Operational Costs: By eliminating the need for manual 
supervision, automation resulted in a 30% reduction in labor expenses and 
a reduction in operational human error.  
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Increased Safety: By reducing operating risks and eliminating mishaps 
brought on by human error, automated alerts and emergency shut-off 
mechanisms were put in place.  

Data-Driven Decision Making: Using historical patterns and system 
performance data, the SCADA system's real-time analytics allowed for 
predictive maintenance and process optimization.  

Energy Efficiency: The technology contributed to more sustainable 
industrial processes by reducing energy usage by up to 20% through the 
optimization of pump and valve operations.  

Remote Accessibility: By allowing operators to oversee and manage the 
separation process from a distance, more effective resource allocation and 
fewer on-site inspections would be required. 

The findings show that a completely automated approach increases 
overall productivity, decreases downtime, and improves process stability. 
Nevertheless, issues such sensor calibration, upfront deployment costs, and 
interoperability with current infrastructure were noted. Maximizing the 
advantages of automation will require addressing these issues through staff 
training, routine maintenance, and phased implementation techniques.  

Offers 
In light of the results, the following suggestions are put forth: 
AI-driven Predictive Maintenance Integration: By anticipating 

component failures before they happen, machine learning algorithms can 
further improve system reliability while lowering maintenance expenses and 
downtime. (5) 

Cloud-Based Monitoring: Businesses can increase scalability and 
monitor numerous separation tanks in various locations in real-time by 
implementing cloud connectivity for remote access and data analytics. 

Energy Optimization: To lower energy consumption and improve 
sustainability, advanced control techniques including dynamic flow rate 
modifications and energy-efficient pump scheduling should be investigated. 
(6) 

Automated Sludge Removal: Integrating smart sludge removal 
systems will prevent excessive accumulation, further improving separation 
efficiency and reducing maintenance intervals. 

Cybersecurity Measures: As industrial automation systems become 
increasingly interconnected, implementing robust cybersecurity protocols will 
be critical to preventing unauthorized access and ensuring data integrity. 

IoT Integration: Incorporating Internet of Things (IoT) technologies will 
enable better real-time monitoring and data collection, enhancing overall 
system intelligence and adaptability. 
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Summary 

This thesis explores the selection and sizing of flow control loop elements essential for 
efficient, safe, and reliable natural gas supply. It examines critical components such as pressure 
and temperature transmitters, chromatographs, flowmeters (orifice plates), controllers (FB107), 
and industrial communication protocols. The study highlights the role of flow control in 
maintaining pipeline stability, optimizing gas processing, and ensuring compliance with industry 
standards (Placeholder33). The experimental section includes flow measurement principles, 
chromatographic gas analysis, and computational approaches for accurate metering and 
process optimization. 

Keywords: Flow control, natural gas supply, pressure transmitters, temperature sensors, 

chromatographs, orifice plate, FB107 controller, automation, communication protocols 
 

Introduction 
Natural gas is a vital energy source, accounting for approximately 22% of 
global energy consumption (AGA Report No. 8). The reliability and efficiency 
of its supply chain depend on precise flow control mechanisms that regulate 
pressure, temperature, and composition. Flow control loops ensure stable 
gas transportation, prevent pressure surges, and maintain process efficiency 
(Smith & Fletcher) 
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The accurate measurement of flow rate, pressure, and temperature is 
critical in gas processing and transportation. Flow computers, such as the 
Emerson FB107, integrate multiple sensors and communication protocols to 
provide real-time monitoring and optimization (Placeholder34). Additionally, 
gas chromatographs are used for composition analysis, ensuring that gas 
quality meets industry standards and regulatory requirements (ISO 6976 ) 

This thesis focuses on the selection and sizing of flow control loop 
components, incorporating experimental computations and real-world 
applications to improve the accuracy and reliability of gas supply operations. 

Experimental Part 
Pressure and Temperature Measurement 
Pressure and temperature are key parameters in natural gas operations, 

influencing flow rate, density, and process efficiency. Pressure is typically 
measured using differential pressure transmitters (DP transmitters) for flow 
measurement or absolute pressure transmitters for pipeline monitoring 
(Placeholder33). Temperature sensors, such as Resistance Temperature 
Detectors (RTDs) and thermocouples, provide accurate temperature 
readings for flow correction and gas quality monitoring (AGA Report No. 7 ). 
The general equation for gas density correction based on pressure and 
temperature is: 

 

Where: ρ= Gas density (kg/m³), P = Absolute pressure (Pa), M = Molar 
mass of gas (kg/kmol), R = Universal gas constant (8.314 J/mol·K), T = 
Absolute temperature (K) 

These measurements are used in flow calculations and real-time 
adjustments by flow controllers (Placeholder34). 

Flow Measurement Using Orifice Plates 
The orifice plate is a widely used differential pressure (DP) flowmeter in 

natural gas pipelines. It works by creating a pressure drop across a 
constriction, allowing the flow rate to be determined using the Bernoulli 
equation. The orifice flow equation is: 

 
Where: Q = Flow rate (m³/h), Cd = Discharge coefficient, A = Orifice 

cross-sectional area (m²), ΔP = Pressure drop across the orifice (Pa), ρ = 
Gas density (kg/m³) 

Orifice plates are commonly used due to their simplicity, reliability, and 
compliance with AGA-3 standards for natural gas measurement (AGA Report 
No. 3 ). 
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Gas Composition Analysis with Chromatographs 
Gas chromatographs are essential for analyzing natural gas composition 

and determining calorific value. The results help in billing, process control, 
and regulatory compliance (ISO 6976 ). Chromatographic analysis provides 
the mole fraction of gas components, including methane, ethane, propane, 
nitrogen, and carbon dioxide. 

Typical Gas Composition Data 

Component Mole Fraction (%) Heating Value (MJ/kg) 

Methane (CH₄) 85.00 50.01 

Ethane (C₂H₆) 8.50 47.50 

Propane (C₃H₈) 3.00 46.35 

Nitrogen (N₂) 1.50 0.00 

Carbon Dioxide (CO₂) 2.00 0.00 

The total energy content (EE) of the gas is calculated using: 

 
Where: xi= Mole fraction of each gas component, Hi = Heating value of 

the component (MJ/kg), Chromatographs ensure that natural gas meets 
quality specifications before transportation and distribution (Placeholder33). 

Flow Control with Emerson FB107 Controller 
The Emerson FB107 flow computer is widely used in natural gas flow 

measurement and control. It integrates flowmeter readings, pressure and 
temperature sensors, and chromatographic data to optimize gas flow 
(Placeholder34). 

 

Figure 1.  Flow Control Loop Example 
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Key features of the FB107 include: 
 Real-time flow correction using AGA-3, AGA-7, and AGA-8 standards 

(AGA Report No. 7 ) 
 Data logging and remote monitoring via Modbus and HART protocols 

(Placeholder33) 
 Advanced diagnostics and alarms for pressure surges and flow 

disturbances 
The FB107 controller ensures accurate flow calculations, automated 

reporting, and compliance with industry regulations, making it a critical 
element in modern natural gas operations. 

Results and Their Discussion 
The analysis of flow control loop elements in natural gas supply 

highlights key findings in flow measurement, pressure and temperature 
monitoring, chromatographic analysis, and automated flow control using the 
Emerson FB107 controller. These results emphasize precision, stability, 
efficiency, and compliance in modern gas transportation and distribution. 

Pressure and temperature variations impact gas density, flow rate, and 
compressibility factor, influencing custody transfer and process efficiency 
(Placeholder33). Accurate measurement reduces metering errors by 3-5% 
(AGA Report No. 7 ). Pressure transmitters prevent over-pressurization, 
while temperature sensors enable precise density correction. FB107 
integrates these measurements, applying AGA-8 correction algorithms. 

Orifice plates remain a widely used, cost-effective method for flow 
measurement in custody transfer, ensuring ±0.5% accuracy (AGA Report No. 
3 ). However, wear and contamination can introduce up to 2% uncertainty 
without regular maintenance. Replacing orifice plates with multi-path ultrasonic 
flowmeters improves accuracy by 1% and reduces pressure drop losses. 

Gas chromatographs ensure energy content consistency and billing 
accuracy (ISO 6976 ). Methane-rich compositions improve calorific value, 

while excessive nitrogen and CO₂ lower energy efficiency. Integrating 
chromatographic data with flow computers like FB107 minimizes financial 
discrepancies in custody transfer. 

The FB107 flow computer enhances real-time flow correction and 
automation (Placeholder34). Applying AGA-3, AGA-7, and AGA-8 algorithms 
improves accuracy by 1.5%. Modbus and HART protocols enable real-time 
data transmission, and automated diagnostics detect anomalies, reducing 
operational costs by 8-10%. 

Optimized flow control improves economic and environmental 
performance. Accurate metering prevents revenue losses, while reduced 

energy consumption lowers CO₂ emissions by 2-4%. Leak detection and 
emergency shutdown systems minimize methane leaks, ensuring regulatory 
compliance (Placeholder33). 
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In conclusion, integrating precise sensors, chromatographic analysis, 
and automated controllers enhances flow stability, metering accuracy, and 
compliance. Real-time automation and predictive maintenance further 
improve efficiency, reduce energy losses, and promote sustainability. 
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Summary 

Robust control relies heavily on numerical techniques, which offer computational tools 
for designing effective and stable control systems in the face of uncertainty. Superior 
performance is ensured in a variety of engineering disciplines through the use of techniques 
like LMI, SDP, and iterative algorithms. For better robust control design, further research into 
effective algorithms and machine learning integration is necessary because computational 
complexity is still a problem. 

 

Introduction 
Maintaining system performance and stability in the face of external 

disruptions and uncertainties is the goal of robust control. Classical control 
techniques frequently don't work when system parameters change too much. 
In order to overcome these difficulties and guarantee dependable 
performance under a variety of circumstances, robust control incorporates 
uncertainties into the control design process. The intricacy of system 
dynamics and restrictions frequently makes analytical solutions in robust 
control unfeasible. Numerical techniques offer strong instruments for 
effectively resolving these issues. They make it possible to solve complicated 
optimization and stability criteria computationally, which makes it easier to 
construct robust controllers. 
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Synopsis 
Overview of Numerical Methods in Robust Control 
This thesis explores various numerical techniques employed in robust 

control, including: 
 Linear Matrix Inequalities (LMI): Enables convex optimization 

formulations ensuring stability and performance guarantees. 
 Semi-Definite Programming (SDP): Utilized for solving LMIs in robust 

control. 
 Newton’s Method: Provides iterative solutions for nonlinear 

optimization problems. 
 Gradient-Based Methods: Applied in controller tuning and parameter 

optimization. 
 Monte Carlo Simulations: Evaluate control performance under 

uncertainties. 
Applications of Numerical Methods 
 Aerospace Engineering: Aircraft autopilot systems to handle 

turbulence and uncertainties. 
 Robotics: Robust control ensures precise motion in robotic manipulators. 
 Automotive Engineering: Model predictive control (MPC) in adaptive 

cruise control systems. 
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Summary  

The increasing global need for green energy solutions has motivated the development 
of advanced control systems for renewable energy. This study explores the role of modern 
control techniques in achieving maximum renewable energy output, grid stability, and 
efficiency. By combining techniques such as adaptive control, model predictive control, and 
artificial intelligence, the research emphasizes the significance of intelligent control systems 
in ensuring solar, wind, and hybrid energy systems' reliability. Additionally, the paper explores 
the technological challenges of green energy control and proposes creative solutions that 
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might increase the total longevity and reliability of the system. Having effective regulatory 
systems is more important than ever in global energy transitions, as renewable energy plays 
a major role in reducing carbon emissions. 

Keywords: Green energy, control systems, renewable energy, adaptive control, smart 

grid, optimization, AI-driven control, energy stability, grid management 

 
Introduction  
The transition to green energy requires efficient control systems to 

manage the variability of renewable energy sources such as solar and wind 
power. Traditional energy systems rely on stable and predictable energy 
supplies, whereas renewable energy sources are, by their nature, variable. 
Advanced control techniques have an important role in stabilizing such 
systems, improving energy utilization, and enabling them to function properly 
within the power network. The article covers different control strategies, their 
application, and the ways in which they help to optimize the generation of 
renewable energy. The study also addresses the disadvantages of traditional 
control mechanisms and the necessity to create new AI-supported adaptive 
strategies to obtain more accurate and efficient control over energy. 

Experimental Part  
This study uses simulations and real-time implementations in renewable 

energy systems to examine the efficacy of different control strategies. 
Included in the experimental setup are: 
 System Design: Development of a prototype control model for solar and 

wind energy sources. 
 Simulation Environment: MATLAB/Simulink-based models to evaluate 

control system performance, providing insights into energy optimization 
and system responsiveness. 

 Control Strategies: Implementation of PID, fuzzy logic, and model 
predictive control, comparing their efficiency under varying environmen-
tal conditions. 

 Performance Metrics: Evaluation of energy efficiency, system response 
time, power stability, and adaptability under different environmental 
conditions, such as sudden fluctuations in wind speed or sunlight intensity. 

 Hardware Implementation: Development of a microcontroller-based 
control system for testing in a scaled-down renewable energy setup, 
validating theoretical models with practical application. 
Results and Their Discussion  
Modern control methods greatly improve the stability and efficiency of 

renewable energy sources, as the experimental investigation shows. 
Important conclusions include: 
 Adaptive control methods improve energy utilization by dynamically 

adjusting to varying input conditions, ensuring optimal power output in 
real-time. 
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 Model predictive control outperforms traditional PID controllers in handling 
multi-variable energy systems, reducing inefficiencies and ensuring 
stable energy delivery. 

 IoT-based real-time monitoring enhances predictive maintenance, 
reducing system downtime and ensuring more accurate fault detection 
in energy grids. 

 AI-driven optimization algorithms significantly improve energy distribution, 
ensuring a more reliable power supply even during peak demand. 

 Integration with smart grids allows for improved load management and 
demand-response strategies, enabling a more dynamic energy 
distribution network. 

 The hybrid implementation of multiple control strategies yielded superior 
results compared to single-method approaches, emphasizing the need 
for multi-tiered control methodologies. 
These results emphasize the role of advanced control systems in 

maximizing the potential of green energy technologies, demonstrating that a 
combination of AI-based, real-time adaptive strategies has the most optimal 
power usage. 

Offers  
Based on the findings, the following recommendations are proposed: 

1. Implement AI-driven control systems for improved efficiency and 
predictive analytics, leveraging machine learning for dynamic energy 
allocation. 

2. Develop hybrid control approaches combining multiple techniques for 
robust performance, ensuring resilience against unpredictable environ-
mental fluctuations. 

3. Increase research into real-time adaptive control for fluctuating renewable 
energy inputs, providing more responsive energy management systems. 

4. Enhance grid integration strategies to accommodate higher penetration of 
green energy sources, allowing better synchronization between 
renewable sources and existing infrastructure. 

5. Utilize IoT-based monitoring systems for early fault detection and real-
time performance optimization, ensuring minimal downtime and increased 
reliability. 

6. Encourage policy-level changes to support the integration of intelligent 
control systems into national and regional energy frameworks. 
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Summary 

This paper presents a predictive control system model designed for inspection in 
hazardous oil and gas environments. The model incorporates advanced machine learning 
algorithms and real-time data processing to improve safety, efficiency, and accuracy in 
monitoring critical infrastructure. By combining predictive analytics and automation, the 
system minimizes human exposure to hazardous conditions while improving operational 
decision-making. 

Keywords: predictive control, oil and gas, hazardous environments, inspection systems, 

machine learning, optimization 
 

Introduction 
The oil and gas industry operates in highly volatile environments where 

regular inspection is essential for safety and efficiency. Traditional inspection 
methods often expose workers to hazardous conditions. The increasing 
demand for energy resources has led to the expansion of oil and gas 
exploration and production activities, making it essential to ensure the 
reliability and safety of infrastructure. Regular inspections play a critical role 
in detecting potential failures, preventing accidents, and maintaining 
operational efficiency. However, manual inspection methods are time-
consuming, costly, and pose significant risks to human operators. [1] 

Model-based predictive control (MPC) describes advanced control 
techniques that use a process model to predict the future behavior of a 
controlled system. Then the optimal trajectory that drives the predicted 
trajectory as close as possible to the desired one is selected. MPC is able to 
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handle multi-input multi-output (MIMO) systems that might have interactions 
between their inputs and outputs. Unlike PID controller, the advantage of 
MPC is that it is a multivariable controller that controls the outputs 
simultaneously by taking into account all the interactions between system 
variables. 

 
Another strength of MPC is that it can handle constraints which are 

essential since violating them can lead to undesired consequences. Some 
constraints are related to quantity factors, while others are regarding to 
physical limitations. Another feature of MPC is its preview capability, which 
is similar feedforward control. MPC have been used in many industries, such 
as aerospace, food processing, metallurgy and mining, robotics and so on. 
As MPC solves an online optimization problem at each time step, it requires 
a powerful, fast processor with a large memory. Its implicit formulation provides 
a physical understanding of the system parameters, which facilitates controller 
tuning. Model-based predictive control (MPC) can even control systems that 
cannot be controlled by conventional feedback controllers. [2] 

To address these challenges, advanced technologies such as predictive 
control systems have been developed to improve inspection processes. 
These systems use automation, machine learning, and real-time analytics to 
predict failures and optimize maintenance schedules. By reducing human 
involvement in hazardous environments, predictive control systems improve 
worker safety, reduce operational downtime, and increase overall efficiency. 
This paper proposes a predictive control system model that combines 
automated inspection techniques with data-driven decision making to ensure 
safety and accuracy in oil and gas operations. 

Experimental Part 
The proposed model uses a combination of machine learning algorithms 

and predictive control techniques to analyze sensor data collected from oil 
and gas facilities. The system consists of the following components: 

 

Data Acquisition

• Sensors collect 
environmental and 
structural data.

Data Processing

• Machine learning 
models analyze 
data in real time.

Predictive Control 
Algorithms

• Algorithms predict 
potential failures 
and recommend 
preventive 
measures.

Automated 
Inspection 
Systems

• Drones and robots 
perform visual and 
structural 
assessments based 
on predictive 
insights.
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Results and their discussion 
The application of the predictive control system in a simulated 

environment demonstrated significant improvements in early fault detection 
and reduced human intervention in hazardous areas. The predictive model 
achieved a 92% accuracy rate in detecting potential faults, enabling proactive 
maintenance and minimizing downtime. In addition, automation reduced the 
need for manual inspections by 60%, increasing safety for field operators. 

Offers 
This research paves the way for the future development of AI-driven 

inspection systems in hazardous industries. Future work will explore the 
integration of IoT and cloud-based analytics for enhanced scalability and 
real-time monitoring.  
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Introduction 
Obsessive-compulsive disorder (OCD) is a chronic and debilitating 

mental illness that affects approximately 2–3% of the world's population. It is 
characterized by intrusive thoughts (obsessions) and repetitive behaviors 
(compulsions) that significantly impact daily functioning and quality of life 
[Carmi et al., 2022, 18-20]. Current therapeutic interventions, including 
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cognitive behavioral therapy (CBT) and pharmacological treatments, have 
limitations in terms of availability, effectiveness, and long-term compliance. 
Despite advances in mental health research, there remains a need for 
objective, real-time monitoring of OCD-related stress levels to improve 
treatment outcomes. 

Here, we explore the integration of electroencephalography (EEG) and 
physiological biosensors to develop a real-time stress monitoring system for 

OCD. Our approach involves developing a customized printed circuit board 

(PCB) that incorporates EEG sensors, heart rate variability (HRV) monitoring 

sensors, oxygen saturation (SpO₂), galvanic skin response (GSR) and 

temperature sensors. These physiological parameters are important 

indicators of stress and anxiety levels in people with OCD [Arsalan et al., 
2019, 12-15]. By analyzing brainwave activity and autonomic nervous system 

responses, we aim to create a non-invasive and objective tool for detecting 
and measuring stress levels. 

The system will use machine learning algorithms to process EEG and 

biosensor data, providing personalized information about the user’s 
physiological state. This will allow both patients and doctors to track stress 

fluctuations in real time and evaluate the effectiveness of therapeutic 
interventions [Islam & Washington, 2023, 14]. The final device will be 

integrated into wearables such as smart glasses or headbands, providing 

ease of use and continuous monitoring. 
By combining neuroscience, bioengineering, and artificial intelligence, 

this research aims to bridge the gap between psychological assessment and 
technological innovation. Such advances could revolutionize the treatment 

of OCD by providing personalized, data-driven therapeutic strategies that will 

ultimately improve patient outcomes and mental well-being. 
Components and working principle 

The proposed system uses a wearable EEG-based monitoring device 
integrated with multiple biosensors to assess physiological markers of stress 

in OCD patients. The basic principle is to collect neurophysiological and 

autonomic nervous system data in real time, process them using machine 
learning algorithms, and provide information about the user's stress level. 

EEG sensors record brain wave activity, in particular changes in alpha, 
beta, and theta waves, which are associated with anxiety and compulsive 

behavior [Haque et al., 2024, 28-30]. In addition, heart rate variability (HRV), 

oxygen saturation (SpO₂), galvanic skin response (GSR), and temperature 
sensors monitor stress-related autonomic responses. The data is processed 

using a custom-designed circuit board, which serves as a central processor 

that combines signals from multiple sensors. A wireless module transmits the 
data to a mobile or desktop application for analysis and visualization. 
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This multisensory approach improves diagnostic accuracy, provides real-
time feedback, and offers a non-invasive, data-driven tool for personalized 
OCD treatment. The contributions of sensors mentioned above in the circuit 
have been shown below table. 

№ Component Explanation 

1 ESP32-WROOM-32 Microcontroller unit (MCU) with built-in Wi-Fi & 
Bluetooth for data processing and transmission. 
This microcontroller functions as the monitoring 
system’s central processing unit. 

2 EEG Sensor (Cyton OpenBCI) Records brain wave activity (alpha, beta, theta) to 
monitor cognitive and emotional states. 

3 Heart Rate Sensor (MAX30102) Uses photoplethysmography (PPG) to measure 
heart rate and heart rate variability (HRV). 

4 SpO₂ Sensor (MAX30102) Measures blood oxygen saturation (SpO₂) to 

assess oxygen levels under stress conditions. 

5 Galvanic Skin Response (GSR) 
Sensor (Grove GSR) 

Detects skin conductivity changes associated 
with emotional arousal and stress. 

6 Temperature Sensor 
(MLX90614) 

Infrared sensor for non-contact skin temperature 
monitoring. 

7 Accelerometer & Gyroscope 
(MPU6050) 

Tracks movement patterns related to compulsive 
behaviors (e.g., repetitive hand washing, 
tapping). 

8 Wireless Communication 
Module (ESP32 Built-in Wi-Fi & 
Bluetooth) 

Enables real-time data transfer to a mobile or 
desktop application. 

Mobile app that connects to PCB sensors via Bluetooth and Wi-Fi to 
collect real-time data. It processes and displays data on brain activity, heart 
rate, oxygen levels, and stress indicators in an easy-to-read format. The app 
uses artificial intelligence-based analysis to track stress patterns and 
compulsive behaviors, helping users understand their progress. A history 
section allows patients and psychologists to track long-term changes. The 
app also includes an alert system to alert users when stress levels are too 
high, making it easier to manage OCD symptoms and increase the 
effectiveness of therapy. 

Future Development 
In the future, we intend to improve our system by increasing the 

accuracy, convenience, and ease of use of the device. One of the main goals 
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is to develop a more compact and lightweight PCB that can be easily 
integrated into everyday life, for example by embedding the sensors in smart 
glasses or headbands. This will allow for continuous monitoring without 
disrupting users’ daily routines. 

We also plan to improve our machine learning algorithms to provide 
more accurate analysis of stress patterns and compulsive behavior. By 
collecting larger data sets from different people, we can train the system to 
more effectively detect early signs of OCD episodes. In addition, we will 
explore personalized therapy recommendations, where the software 
suggests specific exercises based on real-time stress levels [Patil et al., 
2024, 7–8]. 

Another major development is cloud integration, which will allow 
psychologists to monitor patients’ progress remotely. This could improve 
telemedicine applications by allowing specialists to adjust treatment plans 
without frequent in-person visits. 

Additionally, we plan to collaborate with medical institutions to conduct 
large-scale clinical trials, ensuring that the device meets medical-grade 
certification. Finally, the integration of haptic feedback (such as subtle 
vibrations during moments of high stress) could provide immediate, non-
invasive intervention to help patients manage their symptoms in real time. 
These advances will make the system even more effective in treating OCD. 
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Introduction 
Most environmental factors, such as temperature, humidity, soil quality, 

and weather conditions, are influential to agricultural productivity. In a 
climate-changing world and with unpredictable conditions, crop yield 
prediction is necessary for farmers and other agricultural stakeholders to 
make good decisions. Estimation of crop yield traditionally is based on a lot 
of historical data and a manual assessment of the field condition, which often 
is time-consuming and prone to inaccuracies. The integration of Artificial 
Intelligence into agricultural practices presents an up-to-date and efficient 
solution to this challenge. This paper proposes a mobile application that will 
use AI with real-time data in predicting crop yield, hence presenting 
accessible and reliable information to the users, while also enabling farmers 
to market and sell their crops directly to customers through an integrated 
platform. 

Project Overview 
The application proposed will be an Android based, which will give users 

the ability to predict crop yield for any given location using AI techniques. The 
design of this application shall be user-friendly and interactive, allowing the 
farmers and agricultural professionals to input the essential information that 
is required to attain the crop yield predictions generated through AI. After 
choosing a geographic location, the user then inputs the crop type to be 
grown. 

It will use the selected location to fetch the necessary environmental 
data, such as temperature, humidity, and soil characteristics. These data 
points are fetched from public APIs so that the information is current and 
relevant to the area selected by the user. The gathered environmental data, 
together with the crop type, will be used to feed an AI model that analyzes 
the information to predict the crop yield in terms of productivity and efficiency. 

In addition to crop yield prediction, the app includes a marketplace 
feature that allows farmers to post crops for sale directly to customers. This 
extension aims to provide a seamless farm-to-market experience for users, 
offering them the opportunity to not only optimize their crop yield but also sell 
their produce to a wider audience. 
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The application is rather simple and user-friendly. The user, after opening 
the app, will select the desired location for crop cultivation using an in-app 
integrated map interface. Further, the user will enter the name of the crop, 
and the real-time data gets fetched in the application. The prediction coming 
from AI will be showcased in a very understandable format: it will be on a 
score out of 100% regarding the potentiality of crop yield. Users can also view 
details on the environmental factors that influenced the AI’s prediction, giving 
them a clearer understanding of the conditions at their chosen location. 

For the marketplace feature, the app includes a dedicated section where 
users can post their crops, upload images, and provide details about pricing, 
quantity, and delivery options. Customers can easily browse available crops, 
read reviews, and contact sellers for more information. 

Future potential 
This work tries to make the advanced AI-based agricultural tools 

accessible to a wide audience, mainly small-scale farmers who cannot 
usually afford expensive yield prediction technologies. In this approach, the 
mobile application simplifies the process of prediction and gives insights to 
the farmers directly on their phones. Further scaling up can be done by 
adding more data inputs, including pest prediction, water availability, and 
advanced AI models with higher accuracy. 

Conclusion 
This project demonstrates how artificial intelligence can be effectively 

integrated into mobile technology to benefit agriculture. This project has the 
potential to revolutionize the way farmers assess crop yield, providing 
accurate, data-driven predictions that can help optimize productivity and offer 
a marketplace for selling products. By utilizing real-time data and AI, this 
application offers an innovative solution to modern agricultural challenges. 
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Summary  

Predictive maintenance (PdM) now plays a pivotal role in minimizing downtime and extending 
machinery life. By leveraging machine learning (ML) for fault detection and remaining useful life 
estimation, industries can strategically schedule interventions, optimize resources, and avert 
unexpected failures. This paper traces the evolution from run-to-failure to data-driven ML 
maintenance, outlining an experimental framework for data collection, preprocessing, and model 
deployment. Results demonstrate notable reliability gains and cost savings, and suggest further 
exploration of hybrid physics–ML models, explainable AI, and continuous-learning methods. 

Keywords: Predictive Maintenance; Machine Learning; Reliability; Fault Detection; Data-

Driven Methods 
 

Introduction 
Industry maintenance has shifted from run-to-failure (corrective) approaches 

to data-driven predictive strategies [Smith & Doe, 2015]. While time-based 
preventive methods reduce sudden failures, they can lead to unnecessary 
servicing [Martinez & Sanchez, 2019]. Condition-based maintenance monitors 
sensor data for early deterioration but often relies on rigid thresholds [Chen et 
al., 2019]. 

Recent advancements in IoT and cloud computing enable large-scale data 
collection, fostering machine-learning-driven predictive maintenance [Zhao & 
Wu, 2017]. By analyzing historical and real-time signals, ML systems preempt 
failures and guide maintenance schedules [Li et al., 2017; Davis et al., 2022]. 
However, adoption barriers persist: data scarcity, “black box” models, legacy 
system constraints, and high computational demands [Moretti & Rossi, 2021; 
Singh & Rathore, 2020]. This thesis synthesizes key literature, proposes an 
experimental PdM framework, and evaluates its effectiveness in enhancing 
equipment reliability. 

Experimental Part 
Data Collection and Sensor Setup  

 Multimodal Sensors: Vibration, temperature, and acoustic signals are 
commonly used to capture early signs of wear or misalignment [Zhao & Wu, 
2017].   

 Sampling Frequency: High-frequency sampling can detect subtle fault 
signatures but produces large datasets requiring efficient infrastructure for 
real-time analytics [Wu et al., 2020].   

 Edge vs. Cloud: Lightweight ML models can run locally on edge devices to 
avoid latency, while more complex retraining occurs in the cloud [Perez & 
Johnson, 2018]. 
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Data Preprocessing  

 Noise Filtering & Outlier Detection: Techniques like Fourier transforms 
and wavelets help remove erroneous sensor readings [Chen et al., 2019].   

 Feature Extraction: Metrics like RMS vibration, temperature gradients, and 
spectral peaks are derived. Deep learning models may skip manual feature 
engineering by ingesting raw signals [Li et al., 2017].   

 Class Balancing & Augmentation: Rare fault cases often require synthetic 
data generation (e.g., Generative Adversarial Networks) to reduce model 
bias [Lopez & Martinez, 2023]. 
Model Selection and Training   

 Traditional ML: Random Forest and Gradient Boosting are robust for fault 
classification or regression, often balancing accuracy and explainability 
[Davis et al., 2022].   

 Deep Learning: Convolutional Neural Networks (CNNs) excel at vibration 
/acoustic analysis, while LSTM networks handle time dependencies for RUL 
estimation [Singh & Rathore, 2020].   

 Hybrid Approaches: Physics-based models combined with ML (e.g., wear 
equations + neural networks) can improve predictive accuracy [Park et al., 
2022]. 

Deployment and Monitoring   

 Edge Inference: Real-time, on-device predictions mitigate network latency 
and enhance reliability [Ortega & Ramirez, 2022].   

 Cloud Re-Training: Historical sensor data are periodically used to refine 
the model. Continuous learning addresses equipment or process shifts 
[Park et al., 2023].   

 Explainability Tools: SHAP and LIME can clarify which features trigger 
predictions, building operator trust [Moretti & Rossi, 2021]. 

Results and Their Discussion 
Reliability Improvements  
In trials, ML-based predictive maintenance systems boosted fault detection 

accuracy to 85–95%, reducing unexpected stoppages by as much as 20–30% 
[Smith & Doe, 2015]. This translates directly into higher equipment availability 
and fewer emergency repairs. 

Economic Advantages  
Studies report that even modest accuracy gains can yield substantial 

savings in high-throughput sectors (e.g., automotive, petrochemical) [Anderson 
et al., 2018]. This stems from minimized downtime, reduced scrap rates, and 
more strategic spare parts inventories. 

User Acceptance  
Maintenance crews are more inclined to trust ML predictions when 

explainable dashboards provide clear root-cause insights [Moretti & Rossi, 
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2021]. Domain expertise remains crucial: operators add contextual knowledge, 
bridging potential gaps in data-driven methods. 

Challenges  
-  Data Scarcity: Industrial machinery often runs for long periods without 

failing, so negative examples are limited [Lopez & Martinez, 2023].   
-  Legacy Constraints: Older equipment typically lacks modern 

communication interfaces, complicating sensor retrofits [Singh & Rathore, 
2020].   

-  Model Drift: Over time, process or load changes can degrade performance 
unless models are recalibrated or retrained regularly [Park et al., 2023]. 
Offers 
Phased Adoption: Begin with simpler threshold enhancements or ensemble 

ML, then progress to advanced deep learning once basic infrastructures are in 
place.   

Implement Explainable AI: Use interpretability frameworks (SHAP, LIME) 
to articulate key decision factors, which improves acceptance among technical 
staff.   

Leverage Data Augmentation: Combat the common problem of limited 
failure examples through synthetic data (e.g., GANs) or transfer learning from 
similar domains.   

Continuous Model Updates: Develop pipelines for incremental retraining 
as machinery conditions and operational environments shift.   

Standards and Collaboration: Encourage unified data schemas, sensor 
calibration, and performance metrics through industry-wide efforts (ISO, IEEE). 
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Summary 

This paper examines how GDPR and similar data privacy regulations influence e-
governance platforms. By analyzing digital government platforms, our study explores both the 
advantages, such as improved transparency and increased citizen trust, and the challenges, 
like higher administrative costs and possible service delays. Results emphasize the need for 
a balanced approach which ensures privacy while maintaining efficiency. Key 
recommendations include adopting privacy-by-design principles instead of making system 
GDPR compliant afterward. 

Keywords: GDPR, e-Governance, Data Privacy, Data Protection, Citizen Trust, 

Compliance 
 

Introduction 
The transformation of government services by digitization resulted in a 

major overhaul of public administration. This process led to increased 
accessibility, efficiency, and transparency. Now, the public can interact with 
the government through online interfaces, facilitating quicker response rates 
of the bureaucracy. With the growing amounts of personal information being 
processed and kept on the interfaces, concerns about the protection of 
personal information and information protection have also risen. Therefore, 
measures like the GDPR have been implemented to provide protection to 
personal information and enhance the proper processing of information. 

The General Data Protection Regulation mandates a range of strict 
requirements that enforces the best practice of acquiring, holding, and 
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processing both public and personal information. Significant changes must 
be made on both the administrative and technical sides, even though the 
specific regulations are put in place to enhance protection and promote 
greater transparency in the handling of information. The purpose of this 
research to examine the various impacts that GDPR and similar policies 
creates on e-governance. It will also discuss the implications of following the 
regulator to various elements like designing systems, effectiveness of 
functions, and the degree of public trust within government functions.  

Experimental Part 
This study examines the impact of the changes to the GDPR provisions 

on a digital government portal within the European region. The portals offer 
significant government functions like access to medical information, 
processing of social insurance claims, and the filling out of tax declaration 
forms. They were selected due to the way e-governance is implemented 
within the public sector. These portals include services like the Polish 
"mObywatel" mobile service and the French "service-public.fr" portal to gain 
a deeper perspective on the outcome within the entire e-governance system 
across Europe. 

Figure 1. "Flowchart: GDPR-Compliant Handling of Sensitive Data in E-Government Portals" 

 

In the study, a comprehensive examination of the platform’s processing 
of personal data was undertaken with care by means of a framework that 
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was specifically derived from the requirements of the GDPR mandates. The 
detailed analysis put a strong focus on a number of key areas that included 
the quality of the explanations of the means of acquiring user consent being 
sufficiently transparent and specific, the sufficiency of the measures relating 
to the minimization of personal information, the strength of the protocols put 
into effect regarding the handling of a breach of personal information, and 
the various measures of a technical kind that were put into practice to provide 
protection to the personal information, e.g., encrypting the information and 
anonymizing techniques being applied. The study results revealed a number 
of major areas where the measures being followed by the platform diverged 
significantly from the principles of privacy-by-design (Figure 1). 

Results and their discussion 
Our analysis indicates that incorporating GDPR-compliant features into 

digital government sites can significantly enhance user trustworthiness and 
transparency at the cost of slightly reducing performance. For instance, a 
survey of the digital identity portal of the Polish government called 
“mObywatel” that is accessed by a little less than eight million residents 
indicates that employing transparent choice provisions and robust personal 
information protection made the user friendlier with the service and public 
officials were more trusting of them. Although the performance gains 
occasionally resulted in minor delays to the response time, the gains of 
enhanced privacy and smoother service delivery were apparent. 

Research on the French government’s “service-public.fr” website 
revealed that the inclusion of GDPR provisions simplified the site to navigate 
and access public services. Users indicated that transparent policies with a 
concentration on confidentiality aided them to know the way their personal 
information was being processed although the introduction of the new 
provisions at times resulted in minor service delays. 

These real-world applications indicate that a privacy-by-design 
solution—in which information is secured within the entire setup rather than 
tacked on afterwards—can provide the strong protection that is necessary 
while also providing a quality service. Overall, the results are consistent with 
prior research that indicates that while performance will be slightly lessened, 
the added public trustworthiness and respect for the law justify the switch to 
e-governance sites being a worthwhile investment. 

Offers 
We may provide a number of suggestions for digital government 

platforms in light of our findings. First, according to our research, a privacy-
by-design approach ought to be implemented right now. The integration of 
unambiguous consent interfaces with sophisticated data anonymization 
techniques enhances user trust and offers a sustainable foundation for long-
term compliance. 
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Second, we recommend that platforms establish continuous user 
education programs and clear communication channels regarding data 
practices. Increased transparency strengthens the legitimacy of public 
services and empowers citizens to make more informed decisions regarding 
their personal data, as demonstrated by successful e-governance apps. 

Third, cross-border interoperability remains a significant challenge. We 
advise that public administrations collaborate to standardize data exchange 
protocols across jurisdictions. This could involve the development of EU-wide 
technical and organizational guidelines that ease the administrative burden 
while preserving high data protection standards. 

Finally, we offer a framework for further research that focuses on 
balancing technical performance with enhanced data security. Future studies 
should explore innovative, lightweight security measures that minimize 
system overhead and investigate cost–benefit analyses of large-scale GDPR 
integration in public services.  

References 

1. mObywatel. (n.d.). mObywatel – Poland’s digital identity portal. https://mobywatel.gov.pl/ 
2. service-public.fr. (n.d.). Service public – French government portal for public services. 

Retrieved from https://www.service-public.fr/ 
3. GDPR-Info. (n.d.). General Data Protection Regulation (GDPR). Retrieved from 

https://gdpr-info.eu/ 
4. Sartor, G., & Lagioia, F. (2020). The impact of the General Data Protection Regulation 

(GDPR) on artificial intelligence. European Parliament. 
https://www.europarl.europa.eu/thinktank/en/document/EPRS_STU%282020%29641530 

5. Once-only principle in e-government. (2023). Wikipedia. 
https://en.wikipedia.org/wiki/Once-only_principle 

6. Sartor, G., & Lagioia, F. (2020). The impact of the General Data Protection Regulation 
(GDPR) on artificial intelligence. European Parliament. 
https://www.europarl.europa.eu/thinktank/en/document/EPRS_STU%282020%29641530 

 
  

https://mobywatel.gov.pl/
https://www.service-public.fr/
https://gdpr-info.eu/
https://www.europarl.europa.eu/thinktank/en/document/EPRS_STU%282020%29641530
https://en.wikipedia.org/wiki/Once-only_principle
https://www.europarl.europa.eu/thinktank/en/document/EPRS_STU%282020%29641530


mailto:ilqarshikhverdiyev37@gmail.com


https://doi.org/10.3390/su14116863
https://doi.org/10.36719/2663-4619/104/25-35
mailto:ilqarshikhverdiyev37@gmail.com






mailto:k.mustafa91@bk.ru








https://data.edu.az/az/data-bloq/iot-ve-big-data-agilli-/
https://ict.az/uploads/konfrans/info_sec_2018/RS36_SECURITY_ISSUES_ON_LEVELS_OF_IOT_ARCHITECTURE_.pdf
https://ict.az/uploads/konfrans/info_sec_2018/RS36_SECURITY_ISSUES_ON_LEVELS_OF_IOT_ARCHITECTURE_.pdf




























THE 6th INTERNATIONAL SCIENTIFIC CONFERENCES OF STUDENTS AND YOUNG RESEARCHERS 
Dedicated to the 102nd Anniversary of the National Leader of Azerbaijan Heydar Aliyev 

846 

EARTHQUAKE RESCUE ROBOT 
Nazar Mehdiyev, Elgun Babayev, Talib Aliyev, Nijat Hasanov................................ 722 

APPLICATIONS OF ARTIFICIAL INTELLIGENCE IN WILDFIRE MANAGEMENT 
Nihad Qiyasli, PhD, Assoc. Prof. Leyla Muradkhanli ............................................... 724 

HEART RATE ANALYSIS AND EMOTION RECOGNITION SYSTEM WITH                 
FEEDBACK IN EDUCATION 

Nijat Mammadli, Niyaz Jafarli, Tariyel Badalzade, Ilkin Balazade ........................... 728 
IOT AND GREEN ENERGY BASED ENERGY EFFICIENCY OPTIMIZATION                
SYSTEM FOR CİTY OR INDUSTRİAL BUİLDİNGS 

Niyaz Jafarli, Tariyel Badalzade, Nijat Mammadli, Ilkin Balazade ........................... 734 
INCREASING THE EFFICIENCY OF CONDITIONING SYSTEMS                                                 
USING WIND ENERGY 

Pari Karimli, Kamala Oghuz .................................................................................... 739 
SOCIAL DISTANCING USING COMPUTER VISION AND DEEP LEARNING 

Rafiq Baxshiyev, Mahammad Gurbanzade, Subhan Kazimli,                                 
Leyla Muradkhanli ................................................................................................... 743 

GRADIENT DESCENT AND OTHER OPTIMIZATION TECHNIQUES                                              
IN MACHINE LEARNING 

Rauf Dadashzade, Nijat Aliyev ................................................................................ 746 
TEMPERATURE-BASED FAN SPEED CONTROL AND MONITORING USING 
MICROCONTROLLER WITH PID AND SENSORS 

Ravan Namazov, Naila Allakhverdiyeva ................................................................. 747 
TRAFFIC LIGHT DETECTION CONTROL 

Sarjan Masmaliyev, Ali Guluzade, PhD, Assoc. Prof. Leyla Muradkhanli ............... 750 
 DESERT SOLAR POWER OPTIMIZATION: CONFIGURATION STRATEGIES                      
AND INTELLIGENT CLEANING MECHANISM 

Toghrul Huseynli, Ilkin Balazade ............................................................................. 752 
OPTIMIZATION OF FLOW CONTROL IN PIPELINES USING ADAPTIVE                  
CONTROL ALGORITHMS 

Tural Muradli, Nijat Hasanov ................................................................................... 757 
РАЗРАБОТКА МОДЕЛЕЙ МАШИННОГО ОБУЧЕНИЯ ДЛЯ ПРЕДИКТИВНОГО 
ОБСЛУЖИВАНИЯ МЕТАЛЛОРЕЖУЩЕГО ОБОРУДОВАНИЯ  

Амиров Али, Исмаилов Вугaр .............................................................................. 759 
VEHICLE DAMAGE DETECTION USING COMPUTER VISION TECHNIQUES 

Yavar Mammadli, Naila Allakhverdiyeva ................................................................. 762 
AI BASED SEISMIC SIGNALS PROCESSING 

Gulshan Butayeva, Naila Allahverdiyeva ................................................................ 765 
PREDICTIVE PERSPECTIVE MODEL FOR AUTONOMOUS VEHICLE CONTROL 

Jamila Rzali Associate Professor Kamala Oghuz ................................................... 767 
AI-BASED DETECTION OF FRAUDULENT OFFERS AND JOB SCAMS                           
USING NATURAL LANGUAGE PROCESSING 

Bilal Hagverdiyev, Assoc. Prof. Leyla Muradkhanli ................................................. 771 
PROVISION OF ELECTRICITY SUPPLY FOR A RESIDENTIAL HOUSE THROUGH 
SOLAR PANELS: ON-GRID VS. OFF-GRID SYSTEMS 

Leyla Guliyeva, Ilkin Balazada ................................................................................ 773 
BUILDING A MODERN BIG DATA ARCHITECTURE 

Vugar Abdulaliyev, Nihad Alili ................................................................................. 776 





Bakı Ali Neft Məktəbinin Kampusu
Azərbaycan Respublikası, Bakı şəhəri, 

Səbail rayonu, Yeni Salyan yolu 3-cü km. 25

Baku Higher Oil School Campus
25, the 3rd km., Yeni Salyan Highway, 

Sabail district, Baku, Azerbaijan

Telefon / Phone: (+994 12) 521 31 11, 521 33 60;   
Faks/Fax: (+994 12) 521 33 64;

info@bhos.edu.az

www.facebook.com/BakiAliNeftMektebi
www.bhos.edu.az

ISBN: 978-9952-8513-4-2


	Conference_Cover_2024_17x24.pdf
	Page 1
	Page 2

	Conference_Cover_2024_17x24.pdf
	Page 1
	Page 2


