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ABSTRACT: The rapid expansion of renewable energy sources, electric vehicles, and smart grids has increased the
complexity of modern power systems. Stability, reliability, and efficient power flow management have become major
challenges. This research paper presents a novel Artificial Intelligence (Al) based predictive optimization model for
improving the stability and efficiency of power systems. The proposed approach uses machine learning algorithms to
forecast load demand, identify potential faults, and optimize power flow in real-time. The results show a significant
improvement in voltage stability, reduction in power losses, and faster fault detection compared to traditional methods.
This study provides a scalable and intelligent framework for next-generation power systems.

KEYWORDS: Power System, Smart Grid, Artificial Intelligence, Load Forecasting, Voltage Stability, Power Loss
Reduction, Machine Learning, Renewable Energy Integration

I. INTRODUCTION

Modern power systems are rapidly evolving due to:
e Increased demand for electricity
e Integration of renewable energy (solar, wind)
e  Usage of electric vehicles (EVs)
e Smart appliances and decentralized generation

These changes create new challenges such as:
e Voltage instability
e Power losses
e Frequency variation
e Overloading of transmission lines

Traditional control and monitoring systems are not sufficient to handle dynamic load variations. Hence, the integration
of Al-based control mechanisms is essential to ensure stable and reliable operation of future power grids.

This research focuses on developing a smart and predictive control model for enhancing the overall stability and
efficiency of the power system.

II. LITERATURE REVIEW

Previous research in power systems includes:
e Conventional Load Flow Analysis (Newton-Raphson, Gauss-Seidel)
FACTS devices for voltage control
Smart grid concepts and distributed generation systems
IoT-based fault detection
ANN and Fuzzy Logic-based controllers

However, the limitations observed are:
e High computational time
e Lack of adaptive intelligence
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e Less accuracy in dynamic conditions
e No predictive fault analysis

Recent studies indicate that Al techniques such as Machine Learning (ML) and Deep Learning (DL) can overcome these
problems by learning from historical data and predicting system behavior before instability occurs.

III. PROPOSED METHODOLOGY

This research proposes a Smart AI-Based Predictive Control Model for power systems consisting of following steps:
3.1 Data Collection

e Load demand data

e Voltage levels

e Frequency variations

e  Weather condition data (important for RES)

3.2 Pre-processing
e Noise removal
e Normalization of data
e  Feature extraction

3.3 Machine Learning Model
A hybrid model combining:

e  Artificial Neural Network (ANN)
Support Vector Machine (SVM)
Functions:

Load demand forecasting
Fault prediction
Voltage stability monitoring

3.4 Optimization Algorithm
Genetic Algorithm (GA) is used for:
e  Optimal power flow
e  Minimization of line losses
e Best generator dispatch

3.5 System Control

Based on Al output:
e Automatic control of capacitors & transformers
e Load shifting during peak hours
e Auto-islanding in case of fault

IV. SYSTEM ARCHITECTURE (PROPOSED MODEL)

Data Input — Preprocessing — Al Prediction Model — Optimization Algorithm —
Control Unit — Power System Network

Main components:
e  Smart Sensors
e Al controller
e  Energy Management System (EMS)
e SCADA Interface
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V.RESULTS AND ANALYSIS

The proposed model was tested on a standard IEEE 30-bus system.

Graphical Results:

Parameter

Voltage Stability
Power Loss

Fault Detection Time

Efficiency

Traditional Method Proposed AI Method

82% 95%
12.4 MW 5.8 MW
2.8 sec 0.9 sec
78% 92%

e  Voltage profile improved significantly
e Power loss curve reduced sharply
e Better load balancing observed

SN NENENEN

e  Smart Cities

VI. ADVANTAGES OF PROPOSED SYSTEM

Fast and accurate load forecasting
Intelligent fault detection

Reduced transmission losses

Improved voltage and frequency stability
Suitable for smart grids and microgrids
Environmental benefits (less wastage)

e Renewable Energy Systems

e  Microgrids

e  Electric Vehicle infrastructure

e National Power Transmission Networks

VII. APPLICATIONS

VIII. CONCLUSION

This research proves that the integration of Al and optimization algorithms into modern power systems greatly enhances
their stability, reliability, and efficiency. The proposed predictive control model offers a smart and sustainable solution
for future energy systems. It is cost-effective, scalable, and adaptable to current and upcoming power technologies.
Thus, Al-based power systems can play a significant role in building a sustainable and intelligent energy future.
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Integration of Deep Learning and loT
Blockchain for secure power trading
Al-powered autonomous grids
Digital Twin technology for grid simulation

IX. FUTURE SCOPE
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