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Abstract

This paper presents a unified intelligent framework that simultaneously optimizes economic operation and
enables real-time transient stability monitoring in the IEEE 39-bus power system. A Genetic Algorithm is
employed for Economic Load Dispatch, minimizing fuel costs to $51,972.58 per hour under a 6150 MW
demand, yielding a 4.8% reduction ($22.14 million annually) compared to conventional lambda-iteration
methods ($54,500/h). The GA’s global convergence in non-convex cost landscapes is theoretically analyzed
using the Schema Theorem and Markov chain dynamics, ensuring robust handling of quadratic cost functions
and transmission losses. For transient stability, a lightweight feedforward Artificial Neural Network with 20
input neurons (rotor angles and bus voltages), two hidden layers (10 and 5 neurons), and one output neuron
predicts system synchronism with 92% accuracy across 40 test scenarios, computing stability margins from -
75.07° to 59.33°. Compared to time-domain simulations (5-10 s/scenario, ~85% accuracy), the ANN delivers
near-instantaneous predictions. A comprehensive review of hybrid intelligent methods (2023-2025) positions
this work as a bridge between decoupled optimization and stability paradigms. Integration challenges with
Phasor Measurement Units including latency, noise, topology changes, and cyber threats are rigorously
discussed, with practical solutions such as denoising autoencoders and transfer learning proposed for field
deployment. The GA-ANN synergy preconditions optimal dispatch for stability forecasting, offering a scalable
pathway for smart grid Energy Management Systems. Future enhancements include regression-based ANN,
PMU-driven online retraining, and hybrid physics-informed models to further enhance reliability in dynamic,
renewable-rich grids.

Keywords
Economic Load Dispatch, Transient Stability, Genetic Algorithm, Artificial Neural Network, Power System
Optimization.
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