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Abstract: This project presents a fault detection methodology for the IEEE 9-bus system using MATLAB and
Simulink. The IEEE 9-bus system is a well-established testbed for studying power system stability and fault
analysis due to its complexity and interconnectivity. In this study, various types of faults, including single-
line-to-ground (SLG), line-to-line (LL), double-line-to-ground (DLG), and three-phase faults, are simulated
and analyzed. The primary objective is to develop a fault detection mechanism that accurately identifies and
classifies fault types, location, and severity within the network. The system dynamics are modeled using
MATLAB’s Simulink environment, leveraging the capabilities of the Sim Power Systems toolbox for power
systems simulation. The proposed fault detection algorithm employs wavelet transforms and signal processing
techniques to analyze the transient response during fault conditions. By examining voltage and current
waveforms at critical nodes, the algorithm pinpoint’s fault locations and classify fault types based on
characteristic transient features. The findings of this research are essential for advancing the reliability of
protection systems, as the early detection of faults minimizes system downtime and ensures stable power
delivery. The project concludes with a performance analysis of the fault detection approach, illustrating its
effectiveness and accuracy across different fault scenarios in the IEEE 9-bus model.

Index Terms -Fault Detection, IEEE 9-Bus System, Wavelet Transform

|. INTRODUCTION

The reliability and stability of a power system are crucial for ensuring uninterrupted power delivery. Faults in
power systems, such as short circuits or line-to-ground faults, can cause severe disruptions, leading to
equipment damage, power outages, and economic losses. Hence, the need for accurate and efficient fault
detection methods is paramount.

The IEEE 9-bus system is a standard benchmark model widely used in power system studies. It represents a
simplified yet realistic configuration of a power grid, encompassing generators, transmission lines, and load
buses. This system serves as an ideal platform for analyzing various operational and fault scenarios due to its
manageable complexity and representational accuracy.

Using MATLAB and Simulink for fault detection in the IEEE 9-bus system enables researchers and engineers
to model, simulate, and analyze power system behavior under normal and fault conditions. MATLAB
provides a versatile programming environment, while Simulink offers a graphical interface for dynamic
system simulation. Together, they allow for:

Modeling of Power System Components: Accurate representation of generators, transformers, transmission
lines, and loads.

Fault Simulation: Creation of various fault conditions, such as single-line-to-ground (SLG), double-line-to-
ground (DLG), line-to-line (LL), and three-phase faults.
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Fault Detection Mechanisms: Implementation of algorithms to identify fault types, locations, and severity
based on voltage, current, and power measurements.

System Response Analysis: Evaluation of how the power system responds to faults, aiding in the design of
protective relays and control strategies.

This project aims to develop a robust fault detection framework for the IEEE 9-bus system. By leveraging
MATLAB & Simulink, it seeks to enhance understanding of fault dynamics and contributes to improved fault
management in modern power systems.

1. BLOCK DIAGRAM
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Fig. Block Diagram of Fault Detection in IEEE 9 Bus System Using Matlab & Simulink

This block diagram illustrates a fault detection system for an IEEE 9 bus power system using MATLAB and
Simulink. The system begins with a 230V AC power supply that feeds into a rectifier for AC to DC
conversion. The converted power then flows through transmission lines, which form the core component
where potential faults may occur. The transmission lines connect to multiple monitoring and control
components. A voltage and current indicator monitor the electrical parameters, while .an Arduino UNO
microcontroller processes this information and controls the system's response. The Arduino manages a relay
that can connect or disconnect the load based on detected conditions, and it displays relevant system
information through an OLED display.

The fault detection module continuously monitors the transmission lines for any abnormalities or faults in the
power system. When a fault is detected, the system can respond by triggering the relay to protect the load.
This setup enables real-time monitoring, fault detection, and protective actions in the power distribution
system, with the Arduino serving as the central control unit that processes inputs and manages outputs based
on the system's conditions. The entire system represents a practical implementation of power system
protection, combining hardware components with MATLAB and Simulink software for simulation and
control purposes. This integration allows for both theoretical analysis and practical demonstration of fault
detection in power systems.
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Fig. Circuit Diagram of Fault Detection in 2 Bus System

The system consists of two Arduino Uno boards working together to control and monitor eight AC light
lines through relay modules. Each Arduino manages four relay modules, with Arduino Uno 1 controlling relays
1-4 and Arduino Uno 2 controlling relays 5-8. The setup is powered by a 9V DC supply derived from AC
power through a rectifier circuit. Each Arduino board is equipped with an OLED display connected via 12C
protocol (using pins A4 and A5) to show real-time voltage and current measurements of the monitored lines.

The core functionality revolves around power monitoring and protection. The system continuously monitors
voltage (through pins A0-A3) and current (through pins A4-A7) for each line, comparing them against preset
thresholds (10V for voltage and 2A for current). If voltage drops too low or current exceeds the safe limit, the
corresponding relay switches off automatically, and the system activates the next relay in sequence. Each relay
module connects to an AC light holder using a Normally Open (NO) configuration for the live wire and
Common (COM) for the neutral wire, ensuring safe switching and electrical isolation between the control
circuit and AC power lines.

V. METHODOLOGY

The methodology for implementing this fault detection system begins with the installation of voltage
and current sensors along the transmission lines of the IEEE 9 bus system. These sensors
continuously monitor the electrical parameters in real-time, feeding this data to the Arduino Uno
microcontroller for processing. The Arduino is programmed to analyze these inputs against
predetermined threshold values that indicate normal operating conditions. When deviations occur,
the system triggers appropriate responses through its output devices. The installation phase also
includes setting up OLED displays for data visualization and configuring LED indicators for quick
status checks, while the relay component is integrated to provide protective isolation capabilities
when necessary.

During operation, the system follows a sequential process where sensor readings are sampled at regular
intervals by the Arduino. The collected data undergoes algorithmic analysis to detect any anomalies such as
overcurrent, undervoltage, or phase imbalances. Upon detecting a fault condition, the system initiates several
simultaneous actions: it activates relevant LED indicators, updates the OLED displays with fault information
and electrical parameters, and can trigger the relay to disconnect the load if necessary. This comprehensive
monitoring approach utilizes dual OLED displays - one for fault-specific information and another for real-
time voltage/current measurements - ensuring operators have complete visibility into system status while
maintaining protective functions through automated relay responses when fault conditions are detected.
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IV. RESULTS AND DISCUSSION

4.1 Software Results
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Fig. IEEE 9 BUS SYSTEM

This image represents a single-line diagram of the IEEE 9-bus system modeled in a simulation environment
such as MATLAB/Simulink. The diagram includes various components of a power system: generators,
transformers, transmission lines, loads, and buses. The system operates at different voltage levels, including
230 kV, 220 kV, 16.5 kV, and 13.8 kV, with the use of transformers for voltage regulation. It incorporates
load flow data, represented by arrows showing power (MW and MVAR) and per-unit voltages with phase
angles at each bus. Reactive power compensation devices are connected to maintain voltage stability. The
model includes fault simulation capabilities, highlighted by a three-phase fault on one of the lines. The layout
demonstrates the interaction of generators, loads, and transmission lines to analyze stability, fault detection,
or power flow distribution.

Fig. Voltage Characteristics Of The Line — Ground Fault
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This graph illustrates the voltage characteristics of a power system under a line-to-ground fault condition.
The waveform shows the system's voltage behavior over time, with a noticeable disturbance occurring at the
fault instant, typically around 0.1 seconds. Before the fault, the voltages are stable and sinusoidal. At the
fault occurrence, a sharp drop or fluctuation is observed, followed by transient oscillations. These oscillations
eventually dampen as the system stabilizes, depending on the protection scheme and system damping
characteristics. The graph effectively captures the dynamic response of the voltage to a fault, making it useful
for analyzing the system's transient stability and fault-clearing mechanisms.

Fig. Current Characteristics of the Line — Ground Fault

The line-to-ground fault characteristics shown in the graph display a distinctive pattern of system response
during a fault event. The most prominent feature is a significant initial disturbance, indicated by high-
amplitude oscillations in the red waveform, followed by a period of damped oscillations across multiple
traces (shown in red, blue, and cyan). These traces, which likely represent different electrical parameters
such as phase currents or voltages, demonstrate how the system responds to and attempts to stabilize after
the fault occurrence. The waveforms eventually settle into a steady-state condition after the initial transient
period, with all traces converging to more stable values, illustrating the power system's natural response and
potential protective measures taking effect during the fault condition.

IJCRT2501721 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] g266


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

Fig. Voltage Characteristics Of The Double Line — Ground Fault

The plot illustrates the voltage characteristics of a double line-to-ground fault in an IEEE 9-bus system,
highlighting the system's transient and steady-state behavior. A sharp spike at the onset indicates the transient
response caused by the sudden imbalance in voltages due to the fault. This is followed by a stabilization
phase where the voltages return to a steady state, reflecting the system's ability to recover from the

disturbance. Such analysis is critical for understanding fault dynamics and designing effective protection
schemes

Fig. Current Characteristics Of The Double Line — Ground Fault

This plot depicts the current characteristics of a double line-to-ground fault in an IEEE 9-bus system,
showing both transient and steady-state responses. At the onset of the fault, the system exhibits sharp spikes
in current due to the sudden disturbance and imbalance caused by the fault. Following this transient phase,
the currents gradually settle into oscillations with a lower amplitude, indicating the system's stabilization and
recovery. Such characteristics are vital for analyzing fault impacts and optimizing protection mechanisms in
power systems.
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Fig. Current Characteristics Of The Line-Line — Ground Fault

This plot shows the current characteristics of a line-to-line ground fault in an IEEE 9-bus system. The
waveform exhibits periodic oscillations, indicating the fault's impact on the system currents. The oscillatory
nature reflects the dynamic response of the system under fault conditions, highlighting variations in the
current magnitudes across phases. Such analysis is crucial for understanding the behavior of the power
system during faults and designing appropriate protective measures to ensure system stability and reliability.

4.2 Hardware Results

Fig. Hardware Result

This model represents fault detection in a 2-bus power system. It includes poles symbolizing transmission
lines, sensors to measure electrical parameters, and digital displays showing voltage or current levels for
each bus. The system is designed to identify faults, such as voltage drops or line failures, and visually display
the affected parameters. The project demonstrates the operation of fault detection and response mechanisms
in a simplified and educational framework, simulating real-world scenarios in power systems.
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V. CONCLUSION

Fault detection in an IEEE 9-bus system using MATLAB & Simulink involves simulating various fault
scenarios and analyzing their impacts on the power system. By integrating power system analysis with
advanced control techniques, MATLAB & Simulink offer a robust platform for evaluating system
performance under fault conditions. Through detailed simulations, it becomes possible to identify the type
and location of faults, assess the system's stability, and develop corrective actions to mitigate the impact of
faults. This helps in improving the reliability and efficiency of power systems by ensuring prompt fault
detection and reducing downtime.

Additionally, utilizing MATLAB & Simulink for fault detection provides a comprehensive understanding
of system behavior under different fault conditions. The integration of simulation tools enables engineers to
test various protection schemes, evaluate their effectiveness, and optimize system parameters. This process
ultimately contributes to enhancing the overall performance of the power system, ensuring a more resilient
and secure electricity supply for consumers.

REFERENCES
[1] Prof. Faisal Mumtaz, Hardware Supported Fault Detection and Localization Method for AC Microgrids

Using Mathematical Morphology with State Observer Algorithm, 21 November 2023, IEEE

[2] Prof. Xin Li, Analysis and design of connection between solar farm and IEEE 9 bus system, 2021, IEEE
[3] Zhihua Li, Zhanfei Yang, Chunhua Wu, Simulation of Fault Detection in Photovoltaic System Based On
SSTDR, 2020, IEEE

[4] Aditya Patel, M.V.S. Prashant, Jharna Sahu, Ancy Prerena Kujur, Protection Scheme based on Fault
Detection and Fault Classification using Fuzzy inference system in IEEE-9 Bus System, 2018, IEEE

[5] Frank Gerdinand, Johann Meisner, Stephan Passon, PSCAD/EMTDC-based Simulations for Fault
Analysis and Fault Identification in 380V Ring DC Systems, 2017, IEEE

[6] Sajjadi M, Seifi H, A new Approach for Parameter Estimation of Power System Equipment Models, 9-
11 Dec 2019, Piscataway, NJ, USA, IEEE, 2019

[7] Shekar M C, Aarthi N, Contingency Analysis of IEEE 9 Bus System, 18-19 May 2018, IEEE
International Conference on Recent Trends in Electronics, Information & Communication Technology, 2018
[8] https://www.midalcable.com/sites/default/files/AAC-metric.PDF

[9] Kaur R, Kumar D, Transient Stability Improvement of IEEE 9 Bus System Using Power World
Simulator, 18-19 March 2016, France, EDP Sciences, 2016

[10] Kaur R, Kumar D, Transient Stability Improvement of IEEE 9 Bus System Using Power World
Simulator, 18-19 March 2016, France, EDP Sciences, 2016

[11] https://www.pscad.com/uploads/knowledge base/ieee 9 bus_technical note.pdf

[12] A. Cagnano, E. De Tuglie, P. Mancarella, MicroGrids: Overview and guidelines for practical
implementations and operation, Appl. Energy, vol. 258, Jan. 2020, IEEE, 2020

[13] N. Hussain, M. Nasir, J. C. Vasquez, J. M. Guerrero, Recent developments and challenges on AC
microgrids fault detection and protection systems—A review, Energies, vol. 13, no. 9, p. 2149, May 2020,
IEEE, 2020

IJCRT2501721 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] g269


http://www.ijcrt.org/
https://www.pscad.com/uploads/knowledge_base/ieee_9_bus_technical_note.pdf

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

[14] H. R. Baghaee, D. Mlakic, S. Nikolovski, T. Dragicevic, Support vector machine-based islanding and
grid fault detection in active distribution networks, IEEE J. Emerg. Sel. Topics Power Electron., vol. 8, no.
3, Sep. 2020, IEEE, 2020

[15] R. Tiwari, R. K. Singh, N. K. Choudhary, Coordination of dual setting overcurrent relays in microgrid
with optimally determined relay characteristics for dual operating modes, Protection Control Modern Power
Syst., vol. 7, no. 1, Dec. 2022, IEEE, 2022

IJCRT2501721 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | g270


http://www.ijcrt.org/

