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Abstract: Substations are critical nodes in the electrical grid, responsible for transforming and distributing
electricity. Ensuring their operational integrity is paramount to maintain a reliable power supply. This
project, "Substation Monitoring Over GSM with Flood and FEarthquake Detection," presents a
comprehensive solution to address this concern. It amalgamates cutting- edge technology to monitor and
protect substations from both internal and external threats. Real-time monitoring of critical parameters,
such as transformer temperature, voltage, and current, allows for the early detection of deviations from
optimal operating conditions. An advanced fault detection system takes immediate corrective actions upon
identifying irregularities, thereby preventing potential equipment failures and grid disruptions.

The project goes beyond internal equipment monitoring, extending its protective mantle to encompass
external threats, including earthquakes and flooding. Vibration sensors are employed to detect seismic
activity, while float sensors monitor water levels. The integration of these sensors into the system ensures
the ability to identify and respond to potential disasters swiftly. An innovative feature of this project is its
reliance on GSM-based communication, which promptly alerts relevant authorities via text messages when
any anomalies or threats are detected. This real-time communication guarantees swift responses and
proactive measures, safeguarding the substation infrastructure and preserving the continuity of electrical

power supply

Keywords: Substation monitoring, GSM communication, fault detection, earthquake detection, flood
detection

L. INTRODUCTION
1.1 Overview
Titled "Substation Monitoring Over GSM with Flood and Earthquake Detection" is a comprehensive solution
designed to enhance the operational efficiency and safety of electrical substations. In the realm of substation
management, the project primarily focuses on continuous monitoring of critical components, such as transformers,
to ensure their proper functioning. This involves monitoring vital parameters like temperature, voltage, and
current. Any deviations from established norms trigger immediate alerts and analyses, enabling the early detection
of issues and preventive maintenance.
Furthermore, the project incorporates a sophisticated fault detection system that is capable of identifying
irregularities in transformer performance and electrical parameters. When a fault is detected, the system takes
automatic measures to isolate the problematic component, safeguarding the overall stability of the grid.
In addition to these measures, the project goes a step further by addressing the external threats that substations
face. It employs vibration sensors to detect seismic activity, including earthquakes, and float sensors to monitor
water levels and the potential for flooding. When these sensors identify unusual activity or potential threats, the
system initiates protective actions to mitigate damage to the substation.
One of the standout features of this project is its GSM-based communication system, which ensures that any
anomalies or threats are promptly communicated to the relevant authorities. This real-time alerting mechanism
enables swift responses and proactive measures, thus safeguarding the substation infrastructure and ensuring the
uninterrupted supply of electricity. Overall, this project is poised to significantly
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resilience of electrical substations, addressing both internal equipment concerns and external threats with a
comprehensive and integrated approach.

1.2 Motivation

With our project, we aim to revolutionize substation monitoring, ensuring the seamless flow of electricity even
amidst adversity. By integrating cutting-edge technology and proactive measures, we empower communities to
withstand the challenges of natural disasters and equipment failures. Let's embark on this journey together,
safeguarding the backbone of our electrical infrastructure for a brighter, more resilient future.

1.3 Problem Definition and Objectives
Substations, vital nodes in the electrical grid, face the dual challenge of internal equipment failures and external
threats such as earthquakes and floods. The lack of real-time monitoring exacerbates the risk of grid disruptions,
while inadequate communication systems hamper timely responses to emergencies. Existing methods may not
sufficiently detect subtle deviations, leaving substations vulnerable to damage and compromising the reliability of
the power supply.
e Continuous Parameter Monitoring: Implement real-time monitoring of voltage, current, and temperature in
distribution substations.
e Automated Protective Measures: Develop a system to automatically disconnect power in response to
parameter threshold breaches to prevent damage and hazards.
e Remote Data Transmission: Enable remote data transmission to a central station using GSM and RF
communication technologies.
e SMS Alert Notifications: Establish an alert system to notify authorized personnel via SMS when parameter
limits are exceeded, ensuring rapid response to critical conditions.

1.4. Project Scope and Limitations

This project aims to enhance the operational integrity of distribution substations through the implementation of a
comprehensive monitoring and protection system. It includes the continuous monitoring of voltage, current, and
temperature in real-time, automated protective measures to prevent damage and hazards, remote data transmission
to a central station using GSM and RF communication technologies, and SMS alert notifications to notify
authorized personnel promptly.

Limitations As follows:
e Dependency on GSM and RF communication may encounter limitations in remote or rural areas with
poor network coverage, potentially affecting the reliability of real-time data transmission.
e The automated protective measures may require rigorous testing to ensure they effectively respond to
parameter threshold breaches without causing unnecessary power interruptions or disruptions.
e The scope primarily focuses on monitoring and protection within distribution substations, and it may not
address all potential vulnerabilities or threats in the broader electrical grid system.

II. LITERATURE REVIEW
Paper Title: IOT BASED SUBSTATION MONITORING AND CONTROLLING
Authors: M. Paramesh, P. Naresh, S. Haji Munvar, I. Naveen Kumar Reddy, U.K. Pavan
Summary: This project aims to collect remote electrical parameters such as voltage, current, frequency, and
temperature from power stations in real-time and transmit them over a network. Additionally, it includes a relay-
based system to protect electrical circuitry by activating when parameters exceed predefined limits. The system
updates parameters continuously and sends alerts in case of parameter exceedances or relay trips. Implemented
using a microcontroller, like Arduino Uno, the system efficiently communicates with various sensors.
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Paper Title: Flood Monitoring of Distribution Substation in Low-Lying Areas Using Wireless Sensor
Network

Summary: This paper introduces a compact wireless sensing network node equipped with flood detection
capabilities for monitoring distribution substations in low-lying areas. With high sensitivity to abnormal water
levels, the sensor node communicates via Zigbee modules to transmit signals to a control center at a data rate of
115 kbps. This system aims to reduce the risks associated with flood-induced damage to substations, thereby
ensuring the safety of power supply.

Paper Title: Substation Monitoring & Control System

Authors: SouravGorai, Nitish Kumar Sah, PritamKharadhara

Summary: The primary objective of this project is to automate distribution network substations to enhance power
quality, constraint detection, and system protection. It involves remote monitoring of critical parameters like
voltage, current, frequency, and temperature. Utilizing a relay as a safeguard, the system activates when
parameters exceed predefined limits. Real-time data transmission enables remote monitoring and control,
facilitated by a microcontroller like Arduino Uno. This project represents a significant advancement in enhancing
the efficiency, safety, and reliability of distribution network substations.

Paper Title: Smart substation network quality monitoring and fault prediction

Authors: Chao Li, Qi Peng, Dehui Wang, LingluLuo, HuanhuanZuo

Summary: This paper proposes a method for real-time monitoring and fault prediction of smart substation
communication networks based on network communication quality. Using switch ACL and coloring technology,
the paper evaluates communication quality indexes such as bandwidth utilization, delay, and packet loss rate. It
establishes a comprehensive evaluation model and predicts failures based on abnormal network communication
quality. The method's application in a typical 110 kV substation demonstrates its effectiveness in evaluating
network communication quality and guiding maintenance to restore normal network operation swiftly.

Paper Title: Smart substation network quality monitoring and fault prediction

Authors: Bilal Arshad, Robert Ogie, Johan Barthelemy, BiswajeetPradhan, Nicolas Verstaevel, Pascal Perez
Summary: This paper provides a systematic review of IoT-based sensors and computer vision applications in
flood monitoring and mapping, with a focus on improving response to flood risks. Highlighting computer vision
techniques and IoT sensor approaches, the paper discusses real-time flood monitoring, modeling, mapping, and
early warning systems. Additionally, it offers recommendations for future research, particularly emphasizing the
potential of computer vision and IoT sensor techniques in monitoring and managing coastal lagoons, an area
underexplored in current literature.

III. REQUIREMENT AND ANALYSIS

1. Arduino Uno:
Description: Arduino Uno is a microcontroller board developed by Arduino LLC. It's versatile, easy-to-use, and
cost-effective for electronic prototyping and building various projects.
Key Features:

e  Microcontroller: Atmel ATmega328P with 32KB Flash memory, 2ZKB SRAM, and 1KB EEPROM.

e Digital and Analog I/O: 14 digital I/O pins (6 PWM) and 6 analog input pins.

e USB Interface: Built-in for programming and serial communication.

e Power Supply: Can be powered via USB, external power, or battery (7-20V).

e Integrated Development Environment (IDE): Open-source software for coding.
Common Applications: Home automation, robotics, [oT, data logging, education, art projects.
Specifications: Depends on the specific model and version.

2. Four Channel Relay Module:
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Specifications:

4 channels, each with a normally closed and a normally open contact.
Relay Operating Voltage: 3.3V to 5V.

High impedance controller pin.

Pull-down circuit for avoiding malfunction.

Suitable for DC or AC signal control of 220VAC load.

Compliance with international safety standards for isolation.

3. GSM Module (900A):
Description: Operates in the GSM 900 frequency band for wireless communication.
Specifications:

Frequency Band: 890 MHz to 915 MHz (uplink) and 935 MHz to 960 MHz (downlink).
Modulation: Gaussian Minimum Shift Keying (GMSK).

Data Transfer: Supports voice communication and data transfer up to 9.6 kbps.
Network Architecture: Consists of various components for mobile communication.
International Roaming: Compatible with international networks for roaming.

SIM Cards: Uses Subscriber Identity Module (SIM) cards for user authentication.

3. Current Sensor (ACS712):
Description: Measures current in a circuit without affecting performance.
Specifications:

Low-noise analog signal path.

Output voltage proportional to AC or DC currents.

Current Range: 0 to SA.

Used in peak detection, load management, overcurrent protection circuits.

4. Voltage Sensor:
Description: Monitors and calculates voltage supply levels.

Specifications:

Input Voltage: 0 to 25V.
Voltage Detection Range: 0.02445 to 25V.
Analog Voltage Resolution: 0.00486.

5. DC Lamp:
Description: 12V DC lamp for illumination.
Specifications:

Max Power Consumption: SW or 7W.
Lumen Output: 600Im.

Operating Voltage Range: 9-18V DC.
Protections: Over temperature.

6. LM2596 DC to DC Converter:
Description: Step-down (buck) switching regulator for voltage conversion.
Specifications:
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Input Voltage Range: 4.5 to 40V.

Output Voltage Range: 1.25 to 35V.
Conversion Efficiency: Up to 92%.

Short Circuit Protection: Current limiting.

457




(/ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJ ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 3, April 2024

IV. SYSTEM DESIGN
4.1 System Architecture
The below figure specified the system architecture of our project.
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Figure 4.1: System Architecture Diagram

4.2 Working of the Proposed System

The proposed system appears to be a monitoring and control system that utilizes various sensors to detect
environmental conditions and potential hazards. It consists of several components that work together to provide
real-time monitoring, data processing, and notification capabilities.

The system starts with an AC supply, which feeds power to a transformer. The transformer steps down the voltage
to a suitable level for the rectifier. The rectifier converts the alternating current (AC) to direct current (DC), which
is then regulated by a voltage regulator to provide a stable power supply for the other components.

The system incorporates several sensors to monitor different parameters. The float sensor is likely used to detect
water levels or flooding. The earthquake sensor is designed to detect seismic activity or vibrations that could
indicate an earthquake. The DHT sensor measures temperature and humidity levels, while the voltage and current
sensors monitor electrical parameters.

All these sensor inputs are fed into a microcontroller unit (MCU), which is the central processing unit of the
system. The MCU is responsible for processing the sensor data, applying algorithms, and making decisions based
on predefined thresholds or conditions.

The system also includes a relay, which can be used to control external devices or systems based on the MCU's
output. For example, the relay could be used to activate pumps, valves, or alarms in response to specific sensor
readings.

The LCD (Liquid Crystal Display) and GSM (Global System for Mobile Communications) modules are used for
displaying information and sending notifications, respectively. The LCD provides a visual interface for
monitoring the system's status and sensor readings, while the GSM module enables the system to send text
messages or data to remote devices, such as smartphones or monitoring stations, via the cellular network.

Finally, the Android component suggests that the system may have a companion mobile application or interface
that allows users to remotely monitor and control the system using an Android device.

the sensors.
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Overall, this system combines various sensors, a microcontroller, and communication modules to create a
comprehensive monitoring and control solution that can detect and respond to environmental conditions, hazards,
and other relevant parameters.

4.3 Result of System

The "Substation Monitoring System" operates on a well-defined working principle that integrates cutting-edge
technologies for seamless substation management. The heart of the system lies in continuous parameter
monitoring. Specialized sensors are strategically placed within the substation to track critical parameters,
including voltage, current, and temperature. These sensors send real-time data to a central microcontroller. This
microcontroller is preprogrammed with threshold values, and when any of these values exceed the predefined
limits, it activates an electromagnetic relay. This relay serves a dual purpose: it disconnects the power supply to
prevent overloads, overheating, and other criticalfaults, and simultaneously initiates wireless communication.

e Parameter Monitoring: The algorithm continuously receives real-time parameter values (voltage, current,
and temperature) from sensors within the substation.

e Threshold Comparison: These values are compared with predefined threshold limits, which have been set
to ensure safe substation operation.

e Threshold Exceedance: If the algorithm detects that any parameter values exceed the predefined limits, it
initiates a series of actions.

e Electromagnetic Relay: The algorithm activates an electromagnetic relay to disconnect the power

e supply, serving as a protective measure to prevent equipment damage and substation failures.

e Wireless Communication: Simultaneously, the algorithm initiates wireless communication using GSM
and RF technologies, transmitting the critical data to the intermediate or main monitoring station.

e SMS Alerts: To ensure prompt human intervention, the algorithm includes an SMS alert feature. When
parameters breach their predefined limits, the system generates SMS notifications and sends them to
authorized personnel in real-time.

e Overall Purpose: The algorithm's purpose is to continuously assess the substation's condition, trigger
protective measures, and initiate communication to enhance the reliability and safety of power
distribution.
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Figure 4.2: Circuit Diagram of System
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Figure 4.3: Output of System

V. CONCLUSION
Conclusion
In conclusion, the "Substation Monitoring System" is a significant leap in substation management. It provides
real-time monitoring, automated protection, and swift communication through sensors, a microcontroller, and
wireless technologies. This system proactively safeguards against overloads and overheating, contributing to a
more reliable and efficient power distribution network.

Future Work

Integration with Smart Grids: As smart grids continue to evolve, there is a growing need for advanced substation
monitoring systems that can seamlessly integrate with smart grid technologies. This includes real-time data
sharing, grid automation, and enhanced grid resilience.

Machine Learning and Al: Incorporating machine learning and artificial intelligence can improve predictive
maintenance capabilities. These technologies can analyze historical data to predict potential issues and optimize
substation performance.

Cybersecurity Measures: With the increasing reliance on digital communication and data sharing, there's a
growing need for robust cybersecurity measures to protect substation monitoring systems from cyber threats and
attacks.
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