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Abstract: Hydraulic systems are extensively used in industrial and mechanical applications for efficient power transmission and
control. However, leakage in such systems leads to pressure loss, reduced efficiency, increased maintenance cost, and potential
safety hazards. Traditional leak detection methods are largely manual, time-consuming, and ineffective in identifying early-stage
faults. This work presents an Artificial Intelligent (Al) -based hydraulic leak detection system that enables real-time monitoring
and intelligent fault identification. Sensors such as flow and temperature sensors are used to continuously collect system data.
The acquired data is processed using a microcontroller, while the role of Artificial Intelligence (Al) is to analyse patterns in the
sensor data and identify abnormal conditions that indicate leakage. Al techniques improve detection accuracy by distinguishing
between normal variations and actual fault conditions, thereby supporting predictive maintenance.The system provides
immediate alerts through a buzzer and LED, along with real-time data display on an LCD. This approach enhances system
reliability, reduces downtime, and minimizes resource wastage. The system serves as a cost-effective and scalable solution, with
potential for future integration of advanced Al and 10T technologies.
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I. INTRODUCTION
Hydraulic systems are widely used in industrial and mechanical applications for power transmission and motion control. These
systems operate on the principle of fluid power, where pressurized liquid is used to generate and transfer energy. They are
commonly used in construction equipment, manufacturing machines, automotive systems, and aerospace applications(1-3).The main
advantages of hydraulic systems include high efficiency, precise control, and the ability to handle heavy loads. However, due to
continuous operation under high pressure, these systems are prone to wear, leakage, and performance degradation. Maintaining the
efficiency and reliability of hydraulic systems is therefore essential for safe and smooth operation.Hydraulic leakage is a major issue
that affects system performance and safety. Leakage can occur due to damaged pipes, worn seals, loose connections, corrosion, or
material fatigue(4-6). These faults often develop gradually and may not be detected in the early stages.Even small leaks can lead to
pressure loss, reduced efficiency, and increased energy consumption. In industrial environments, leakage can also cause safety
hazards such as slippery surfaces and equipment failure. Additionally, fluid loss leads to increased operational costs and
environmental concerns.Detecting leaks at an early stage is difficult using traditional methods, especially for internal or hidden
leaks. Therefore, leakage remains a critical challenge in hydraulic systems.Modern hydraulic systems require continuous monitoring
to ensure reliability and safety(7-8). Traditional maintenance methods such as periodic inspection are not sufficient for detecting
early-stage faults.Leak detection systems help in identifying abnormal conditions in real time. Early detection reduces downtime,
prevents major failures, and lowers maintenance costs. It also improves safety by reducing the risk of accidents caused by
leakage.With increasing industrial automation, there is a growing demand for intelligent systems that can monitor system
parameters continuously and provide alerts automatically. This highlights the importance of developing efficient and cost-effective
leak detection systems. Sensors play a vital role in monitoring hydraulic systems by providing real-time data. They measure
important parameters such as flow rate, temperature, and pressure, which indicate the condition of the system(9).Flow sensors detect
the movement of fluid and help identify changes in flow patterns. Temperature sensors monitor heat levels, which can indicate
abnormal conditions such as friction or fluid loss. These sensors continuously collect data and send it to the controller for
analysis(10).The accuracy and reliability of leak detection systems depend on the performance of these sensors. Modern sensors
provide fast response, high precision, and easy integration with microcontrollers, making them suitable for real-time monitoring
applications.
Il. METHODOLOGY

The methodology of the proposed Al-Based Hydraulic Leak Detection System focuses on developing a smart and cost-effective
monitoring system capable of identifying leakage conditions in hydraulic systems using sensors, embedded systems, and intelligent
monitoring techniques.
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The methodology includes system design, component selection, data acquisition, signal processing, leak identification, alert
generation, and system monitoring.The proposed system continuously monitors important hydraulic parameters such as flow rate
and temperature using sensors. The collected sensor data is processed by an Arduino microcontroller, which acts as the central
control unit of the system. Whenever abnormal conditions are detected, the system identifies a possible leak and generates warning
alerts using a buzzer and LED indicator. Real-time values are also displayed on an LCD screen for continuous monitoring. The block
diagram of Al-Based Hydraulic leak detection system shown in Fig.1

HYDRAULIC SYSTEM SENSORS DATA ACQUISITION

AI MODEL LEAK DETECTION ALERT/ DISPLAY

Fig.1 Block diagram of Hydraulic leak detection system

The system requirements were divided into hardware requirements and software requirements.The hardware components required
for the project includeArduino UNO microcontroller,YF-S201 flow sensor,DS18B20 temperature sensor,LCD display with 12C
module,Active buzzer module,LED indicators,Breadboard and jumper wires,Water pump,PVC pipes and connectors,Water
tank,Power supply,these components were selected based on low cost, easy availability, compatibility, and suitability for prototype
implementation.The software requirements includearduino IDE,Embedded C programming,Sensor libraries for Arduino,Serial
monitoring tools. The Arduino IDE was used to write, compile, and upload the code to the microcontroller.The system operates
based on continuous monitoring and analysis of hydraulic parameters.Initially, the water pump circulates fluid through the PVC
pipeline system. The flow sensor continuously measures the flow rate, while the temperature sensor measures the fluid
temperature.The sensor data is transmitted to the Arduino UNO microcontroller. The Arduino processes the incoming data and
compares the values with predefined threshold conditions.Under normal operating conditions, the flow rate and temperature remain
within acceptable limits.When leakage occurs, there is a sudden variation in flow rate and possible temperature changes. The
Arduino detects these abnormal conditions and identifies a leakage event.Once leakage is detected, When a leak is detected in the
system, the buzzer is activated to provide an audible alert, and at the same time, the LED glows to give a visual indication of the
fault. Additionally, a leak warning message is displayed on the LCD screen, ensuring that the user is clearly informed about the
issue through multiple alert mechanisms.This ensures immediate identification of faults and enables quick corrective action.The
Arduino UNO was programmed using Embedded C language in Arduino IDE.

The programming methodology involved as the process begins with the initialization of sensors to ensure that all sensing
components are ready for operation and capable of collecting accurate data. This is followed by the setup of the LCD, which
prepares the display unit to show system information and alerts. Next, pin configuration is carried out to correctly assign input and
output connections between the microcontroller and various components.Once the setup is complete, the system proceeds with
sensor data acquisition, where real-time data such as flow and temperature values are collected. The acquired data is then processed
to make it suitable for analysis. After processing, threshold comparison is performed to check whether the measured values fall
within acceptable limits.Based on this comparison, the leak detection logic is applied to determine if there is any abnormal condition
or leakage in the system. If a leak is detected, alert generation is triggered, activating components such as the buzzer and LED.
Finally, the LCD display is updated to show the current status and any warning messages, ensuring the user is informed about the
system condition.The Arduino continuously runs the programmed logic in a loop.Sensor values are updated in real time.The code
compares sensor readings with predefined threshold values.If abnormal conditions are detected, the system activates warning
outputs.This methodology ensures fast response and continuous monitoring.
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1. RESULTS AND DISCUSSION

The results and discussion chapter presents the performance analysis of the implemented Al Based Hydraulic Leak Detection
System. The experimental setup was tested under different hydraulicconditions to evaluate the efficiency, accuracy, reliability, and
response time of the proposed system.The collected sensor data was analysed using machine learning algorithms to identify leakage
patterns. Various tests were conducted by introducing different levels of leakage into the hydraulic system. The results obtained
from pressure sensors, flow sensors, temperature sensors, and Al prediction models are discussed in detail. The experimental study
focuses on analysing the observations collected during system testing to understand its behaviour under different conditions. It
involves evaluating the leak detection accuracy to determine how effectively the system identifies faults. A comparison between
normal and leakage conditions is carried out to highlight the differences in system responses. The overall system performance is
also studied to assess its reliability, efficiency, and responsiveness. Finally, the advantages and limitations of the developed system
are discussed to provide a clear understanding of its strengths and areas for improvement.The hydraulic system was operated under
different pressure and flow conditions. Sensor readings were continuously recorded during both normal and leakage
states.Parameters Observed are Pressure variation.Flow rate variation.Temperature changes.Leak response time.Al prediction
accuracy.Observation During Normal ConditionUnder normal operating conditions.During normal operating conditions, the
pressure remained stable, indicating that the system was functioning without any leakage or blockage. The flow rate was constant,
showing smooth and uninterrupted fluid circulation. The temperature also remained within safe limits, ensuring proper thermal
stability of the system. additionally, no abnormal fluctuations were observed in any of the monitored parameters, confirming that the
hydraulic system was operating under normal and healthy conditions.Observation During leakage conditionWhen leakage was
introduced.During the experiment, it was observed that the pressure dropped gradually over time, indicating a possible leakage in
the system. Along with this, the flow rate changed significantly, showing irregular behaviour in fluid movement. A slight increase in
temperature was also recorded, which further supported the presence of abnormal conditions. Based on these variations, the Al
model successfully generated leak alerts, confirming the detection of a potential fault in the system.These variations confirmed the
effectiveness of the proposed detection system.The system contributes to improved safety by detecting leaks early and preventing
hazardous operating conditions. It also helps in reducing operational losses by minimizing fluid wastage and avoiding major system
failures. Through continuous monitoring and early fault detection, the system supports preventive maintenance, allowing issues to
be addressed before they become serious. Additionally, it leads to increased equipment life by reducing wear and tear and ensuring
smoother and more efficient operation of the hydraulic components. Experimental observations confirmed that the proposed system
accurately detected hydraulic leakage under different conditions. Pressure, flow, and temperature variations were successfully
analysed using Al algorithms. The integration of 10T technology enabled real-time monitoring and remote accessibility. The
obtained results proved that the proposed system is reliable, efficient, and suitable for industrial applications.

The Al model achieved high prediction accuracy in identifying leakage conditions.Performance parameters

e Accuracy
e Precision
e Recall

e Response time
Accuracy levels are shown in Table.1. The results indicate that the Al-based approach provides reliable hydraulic leak detection
performance.

Table 1. Accuracy levels of system

Parameter Obtained Value
Detection Accuracy 95%
Precision 93%
Recall 94%
Response Time 2 seconds

©LIJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue VI June 2026- Available at www.ijraset.com

Fig.2 Al — Based Hydraulic Leak Detection System

V. CONCLUSIONS

The Al Based Hydraulic Leak Detection System was successfully designed, implemented, and tested for real-time monitoring and
leak detection in hydraulic systems.This work focused on integrating sensors, microcontrollers, artificial intelligence algorithms,
and loT technology to identify leakage conditions accurately and efficiently.Hydraulic systems are widely used in modern
industries, and leakage is one of the major issues affecting efficiency, safety, and maintenance cost. Traditional leak detection
methods are often manual, time-consuming, and less accurate. To overcome these limitations, an intelligent Al-based monitoring
system was developed.The implemented system continuously monitored important hydraulic parameters such as pressure, flow rate,
temperature, and vibration. These parameters were collected through sensors and processed using machine learning algorithms. The
trained Al model successfully differentiated between normal operating conditions and leakage conditions.The study highlights that
pressure variation effectively indicated the presence of leakage in the system, making it a key parameter for fault detection.
Similarly, changes in flow rate helped in identifying abnormal operating conditions and system instability. The integration of Al
algorithms significantly improved prediction accuracy by analysing patterns and detecting faults more reliably. 10T technology
enabled remote monitoring, allowing users to access and track system performance from distant locations. Additionally, real-time
alerts enhanced overall system reliability by ensuring immediate notification of any abnormal conditions. The developed system
achieved high detection accuracy with fast response time. The use of artificial intelligence reduced false alarms and improved
overall monitoring efficiency. 10T integration further enhanced system accessibility by allowing remote visualization and cloud-
based monitoring. The system can significantly reduce hydraulic fluid wastage, equipment damage, and operational downtime.
Therefore, the proposed Al-based solution offers an effective and intelligent approach for modern hydraulic industries. Through
automation of the monitoring process, the system reduces the need for manual intervention and enhances efficiency. Additionally, it
supports early fault identification, ensuring timely corrective actions and improved system reliability.
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