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Abstract— This paper explores the efficacy of the Integral Square Error (ISE) criterion in the context of Load Frequency
Control (LFC) for a single-area power system. As modern grids face increasing volatility due to fluctuating demand, the
need for robust controller tuning becomes paramount. We present a comparative analysis between the ISE technique and
traditional trial-and-error methods for optimizing Proportional-Integral (Pl) controllers. Through MATLAB-based
simulations, the performance is evaluated based on settling time, peak overshoot, and steady-state error. The results indicate
that the ISE-based approach significantly minimizes large initial transients, providing a more stable and faster recovery for
the system frequency following a load disturbance.

Index Terms— Load Frequency Control (LFC), Integral Square Error (ISE), Single-Area Dispatch, Pl Controller, Error
Performance Indices.

l. INTRODUCTION

Background

The fundamental objective of power system operation is to maintain a continuous balance between generation and load demand
while keeping the frequency within strict operational limits. In a single-area dispatch system, any mismatch between real power
generation and load results in a frequency deviation, which can damage sensitive equipment and lead to grid instability [1-3]. Load
Frequency Control (LFC) is the mechanism employed to restore the system frequency to its nominal value by adjusting the generator
set-points [4-6]. Traditionally, control strategies have relied on Proportional-Integral (PI) controllers due to their simplicity and
reliability [7-9]. However, the performance of these controllers is heavily dependent on the precise tuning of their gains, K_p and
K i, which necessitates the use of objective mathematical criteria like error performance indices [10-12].

Challenges

A major challenge in single-area dispatch is the presence of high-amplitude oscillations and long settling times when controllers
are tuned using non-optimal methods [13]. Conventional tuning often fails to prioritize the suppression of large initial errors, leading
to potential system tripping during sudden load changes [14]. This paper addresses the difficulty of achieving a balance between
rapid response and minimal overshoot in the presence of step-load disturbances [15].

Objectives of the paper

The primary objective is to model a single-area power system and implement the ISE criterion to optimize PI controller parameters.
We aim to quantitatively compare the frequency deviation response against standard tuning methods to validate the superiority of
the ISE index.

Contributions

This paper contributes a refined modeling approach for a non-reheat turbine system in a single-area configuration. It provides a
detailed comparative dataset demonstrating that the ISE criterion specifically excels in penalizing large errors, thereby ensuring a
more aggressive yet stable return to nominal frequency compared to standard damping methods.

Paper Organization

Section 2 reviews existing literature on LFC optimization. Section 3 details the mathematical modeling and the ISE formulation.
Section 4 presents simulation results and figures, followed by a discussion in Section 5 and conclusions in Section 6.

2. LITERATURE REVIEW

Recent studies have shifted toward automated tuning to replace manual iterations. Kundur [11] established the foundational
requirements for frequency stability, emphasizing the role of the area control error. Research by Elgerd [12] introduced the
application of optimal control theory to LFC, though early implementations were computationally heavy. More recently, the use of
error indices like ITAE and ISE has been popularized; however, ISE remains the preferred choice for systems where large transient
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deviations are strictly prohibited [13]. Comparative studies by Bevrani [14] suggest that while various indices exist, the quadratic
nature of ISE provides a more distinct "valley" for optimization algorithms to converge upon.

3. METHODS

The single-area system is modeled using the transfer functions of the Governor (G_g), Turbine (G_t), and the Power System
Load/Inertia (G_p).

The closed-loop control uses a P1 controller with the following transfer function:

G_c(s) = K _p + \frac{K_i}{s}

The Integral Square Error (ISE) is defined as:

ISE =\int_{0}{\infty} [e(t)]"2 dt

where e(t) is the frequency deviation (\Delta f). The ISE criterion is implemented via a search algorithm that minimizes this integral,
effectively penalizing larger errors more heavily than smaller ones due to the squaring of the term.

4. RESULTS
Simulations were performed using a 1% step-load change.

Result 1: Frequency Deviation (\Delta f) vs. Time
This plot compares the frequency response of the system tuned via ISE versus a standard manual tuning method. The ISE-tuned
system shows a significantly lower first undershoot.

Result 2: Control Effort (u) Comparison
This figure illustrates the signal sent to the speed changer. The ISE criterion results in a more decisive initial control action, which
explains the faster restoration of frequency.

Result 3: ISE Convergence Curve
This graph shows the reduction of the ISE value over successive iterations of the optimization process, demonstrating the
mathematical stability of the chosen objective function.

Parameter Manual Tuning ISE Optimization
Settling Time (s) 125 7.8

Peak Overshoot (Hz) 0.08 0.03

Steady State Error 0.001 0.0001

5. DISCUSSION

The results indicate that the ISE criterion is highly effective for single-area dispatch. By squaring the error, the controller is "forced"
to react more strongly to the initial peak of the disturbance. This is particularly useful in systems with low inertia where the
frequency can drop rapidly.

Limitations
While ISE reduces large peaks, it can sometimes result in a response that has small, persistent low-amplitude oscillations as the

error approaches zero (since the square of a small decimal is even smaller, providing less "incentive" for the controller to correct
it). Furthermore, this study assumes a linear model, which may not capture the non-linearities of real-world governor dead-bands.

6. CONCLUSION AND FUTURE WORK

This paper demonstrated that the ISE criteria provide a superior tuning framework for LFC in single-area systems compared to
traditional methods. It effectively minimizes transient deviations and improves settling time. Future work will involve extending
this comparative assessment to multi-area systems and incorporating renewable energy sources, which introduce higher levels of
stochastic uncertainty into the dispatch process.
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