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Focus: Load frequency control in
interconnected power systems

Method: Fuzzy Logic Controllers optimized

with Particle Swarm Optimization

Abstract

Testing: Four-area interconnected power
system model

Key Findings:

*FLCs demonstrate resilient response across scenarios

*PSO improves robustness through systematic exploration
*Enhanced efficiency in addressing complex grid conditions




These methods often struggle with adaptability and
Problem robustness when faced with significant transients and

nonlinearities."
statement

We need more advanced and robust control strategies to
address these challenges effectively

Traditional methods, like PID controllers, have

limitations in handling the complex dynamics of modern
power grids.




Challenges:

Issue: Sudden load disturbances and generator
outages lead to transient oscillations between
control areas, challenging frequency regulation.
Challenges: Traditional control methods struggle
with the dynamic complexities of modern power
grids, making advanced optimization techniques
necessary.

Challenges in modern power systems:

Renewable integration

Interconnection expansion

Deregulation

Importance of Load Frequency Control (LFC):

Regulates frequency deviations

Controls tie-line power flows

Our approach:

Adaptive intelligent optimization for LFC

Focus on bio-inspired algorithms (PSO, GA,
ACOQ)

Development of adaptive Fuzzy Logic
Controllers
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Optimization algorithm

Particle Swarm
Optimization
(PSO):

Mechanism:
Mimics the social
behaviour of
birds/fish.

Advantages: Known for
fast convergence to
optimal solutions.

Applications: Widely
used in various
engineering
optimization problems.

Genetic Algorithms
(GA):

Mechanism: Based on
principles of natural
selection and genetics.

Advantages: Robust in
exploring large and
complex solution
spaces.

Applications: Effective
in problems requiring
global optimization.

Ant Colony

Optimization (ACO):

Mechanism: Inspired
by ant foraging
behavior.

Advantages: Efficient

in exploring complex

and dynamic solution
spaces.

Applications:
Particularly usefulin
routing and network

optimization problems.




* Dynamic Multi-Area Model:

* Integrates multiple control areas to simulate real-world scenarios.
* Components:

* Generators: Produce electrical power, key to system stability.

* Turbine-Governors: Regulate generator speed and output power.

* LFC (Load Frequency Control) Blocks: Maintain system frequency
by adjusting the generator output.

This approach tested on a standard four-area interconnected power
system model.

This modelincludes LFC blocks, reheaters, governors, rate
constraints, and thermal components to closely replicate real-world
conditions.

The paper evaluated different disturbance scenarios, including
parameter fluctuations and load changes, to test the robustness of
our control strategy.



Interlinked four area
power grids with LFC
blocks, reheaters,
governors, and thermal
components

Four-Area

Network
Model :
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Proposed
Method

Previous approaches have included PID controllers, fuzzy logic controllers, and bio-
inspired optimization algorithms like PSO, GA, and ACO. While these methods have
shown promise, there is a lack of comprehensive comparisons and an ongoing need
for more adaptive optimization techniques. This work aims to fill this gap by exploring
the optimization capabilities of these methods in LFC controller design.

Hybrid Approach:

.. PSO optimizes the Aims for adaptive, robust,
Comblplng A EnG [y membership functions of and efficient load
Logic Control (FLC).
FLC. frequency control.

Implementation:

Model development and Evaluation of system Comparative analysis with
simulation in performance under traditional PID and
MATLAB/Simulink. various load disturbances.  standalone FLC methods




Methodology

Paper proposes integrating fuzzy
logic controllers with Particle
Swarm Optimization to enhance
control robustness.

The goal is to minimize the integral
of squared error (ISE) between
frequency and tie-line power
deviations, optimizing the control
parameters for better performance
which involves systematically
exploring constraint-based
nonlinear optimization.

This FLC design incorporates an
additional input signal to enable
adaptive PID tuning.

The fuzzy logic controller output
scales the PID gains through
specific factors, allowing for more
adaptive control.

PSO is then used to fine-tune these
parameters to achieve optimal
performance.




Fuzzy Logic Controller
Optimization

Equation 1: ue =Kle + K2fedt

Equation 2: u = a(Kpe + Kifedt + Kd(de/dt)) + Bu

Introduction of adaptive PID tuning

Performance Objective and Optimization

Equation 3: ISE = [(Af* + APtie®)dt

PSO algorithm minimizes ISE

Comparison with ACO and GA

METHODOLOGY

1. Define obijective function: J = ISE = _[[0 to Tsim] (AFi*2 + AFtie.ij*2) dt

2. Set constraints: * Kp, Ki, Kd (PID parameters)

j‘ 3. Implement algorithms in MATLAB /Simulink

4. Simulate under various disturbance scenarios

S5¢Evaluate performance metrics

* a, B (Adaptive tuning factors)




aster initial

* Both algorithms reach

similar final performance




overshoot
Overshoot 0.0471 0.6288 TBD '

) Settling ime  0.8881 0.6053  TBD es lowest ISE

ISE 0.2319 0.1119 TBD

CO results pending for comprehensive

comparison O
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Parameter Sensitivity Analysis

" : —e—ACO ] anc '- ie)

T

r sensitivity to

~* ACO demonstrates more consistent

performance across parameter range




Performance Metrics Comparison

ows advantage in ISE

* Trade-offs between speed and

robustness
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Optimization Outcomes: 0.7}
Different optimal controller parameters were obtained using PSO,
GA, and ACO. |

% RN
Comparative Analysis: o
PSO: Fast convergence but may get trapped in local minima. z %4

GA: Robust exploration but slower convergence. 03k

ACO: Efficient exploration of the solution space, suitable for
complex problems. o2r
o1
Performance Metrics Comparison: ‘ \

Visual representation of differences in controller performance

under various Key metrics include Overshoot, Settling Time, and
ISE, with each algorithm showing distinct performance 1
characteristics.

Performance Metrics Comparison
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Discussion of Findings
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Conclusions

ACO: Promising

Hybrid approaches may offer best of multiple algorithms

The findings provide valuable insights into the effectiveness of PSO, GA, and ACO for LFC
optimization.

In conclusion, this paper demonstrates that integrating fuzzy logic controllers with PSO enhances
the robustness and adaptability of load frequency controlin interconnected power systems.

This approach offers significant improvements over traditional methods, providing insights into
designing more secure and resilient grid controls.

This work contributes to the ongoing research in power system stability, addressing critical
challenges in modern power grid operations.




Recommendations:

Future research
should focus on
comprehensive
comparative
assessments for
practical
implementation
in power
systems.

Moving forward, there is potential to further
improve these control strategies by
incorporating more advanced Al methods
and optimization techniques."

Future research could extend this approach
to more complex and larger interconnected
power systems, enhancing the overall
stability and reliability of power grids.

We look forward to exploring these
possibilities and contributing further to this
field.

FUTURE WORK

1.Develop hybrid optimization algorithms
2.Implement real-time optimization for adaptive control
3.Extend study to renewable-rich power systems

4.Investigate multi-objective optimization approaches




QUESTIONS?

CONTACT: SHAHRZADJANGIRLELEC@GMAIL.COM
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