Ensembled AVOA-
RCEDUMDA: Advancing
Smart Grid Optimization

An innovative approach combining multiple heuristic algorithms to create

robust solutions for complex power system challenges.




Our International Research Team

Academic Leaders

Professor Josep Guerrero directs the
Center for Renewable Energy and

Microgrids.

Professor Sergio Rivera brings expertise

from Universidad Nacional de Colombia.

Rising Researchers

Libardo Acero, PhD candidate with focus

on optimization algorithms.

Freiman Cepeda, student researcher

specializing in smart grid applications.

Industry Partner

Kannappan Chettiar, CEO of Switching
Battery, provides real-world

implementation insights.



The Power of Ensembled
Methods

Enhanced Robustness Improved Accuracy

Our approach minimizes Combining multiple algorithms
weaknesses of individual reduces error margins. The
methods. This creates more complementary strengths yield
stable performance across more precise optimization
various problem conditions. solutions.

Greater Adaptability

Ensembled methods adjust better to changing grid conditions. They
handle unexpected system variations with greater efficiency.




Core Algorithm Components

AVOA

Adaptive Vibration Optimization
Algorithm mimics mechanical vibration
principles. It excels at exploring diverse
solution spaces efficiently.

Integration Layer

Custom middleware combines
algorithm outputs. This layer applies
weighted decision criteria to balance
competing solutions.

RCEDUMDA

Randomized Centroid-based Ensemble
with Diversity Analysis prevents
premature convergence. It maintains
solution variety throughout

optimization.
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Our Smart Grid Competition
Landscape

1 Early Competitions (2015-2018)

Initial focus on basic grid optimization. Teams primarily used
single-algorithm approaches with limited scope.

9 Middle Period (2019-2021)

Growing complexity in challenge scenarios. Introduction of
renewable integration and unpredictable demand patterns.

3 Current Era (2022-Present)

Advanced challenges requiring multi-faceted approaches.
Real-time adaptation and resilience measures are now

essential components.



Historical Participation

3

PhD Students

Conducted advanced research on theoretical algorithm foundations.

10

Master Students

Focused on practical implementations and testing methodologies.

7

Competitions

Participated in various international smart grid optimization challenges.

4

Years

Continuous improvement and refinement of our methodologies.




Current Research Initiatives

Algorithm Refinement

1 Continuous parameter optimization

Additional Heuristics

2
Exploring complementary methods
3 Benchmarking
Testing against diverse problem sets
4 Machine Learning Integration

Enhancing adaptability with Al

Our ongoing research focuses on perfecting our ensembled approach. We're systematically testing various enhancement strategies to
prepare for upcoming competitions.



Qualitative Educational Impact Analysis

Algorithm Design
Programming

Problem Solving

Team Collaboration

Power Systems

1
0 40 80
B Before Competition [l After Competition

Student proficiency increases significantly across all skill areas. The most dramatic improvements occur in problem-solving

capabilities.
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Learning Opportunities in Competitions

Real-World
Applications

Students apply theoretical
knowledge to practical grid
challenges. This bridges the
academic-industry gap
effectively.

Technical Skill
Development

Participants gain expertise in
programming, data analysis,
and algorithm design. These
skills transfer directly to
industry roles.

Interdisciplinary
Collaboration

Team members from different
backgrounds learn to integrate
diverse perspectives. This
mimics professional working

environments.

Problem-Solving
Under Constraints

Time and resource limitations
foster creative approaches.
Students develop crucial
decision-making skills under

pressure.



Team Collaboration Framework

Problem Analysis

Team collectively breaks down
competition challenges.
Members identify key
constraints and optimization

targets.

Algorithm Selection

Based on problem
characteristics, appropriate
heuristics are chosen. The
team evaluates algorithm
strengths against specific

requirements.

Implementation &
Testing

Code development follows

with continuous verification.

Regular benchmarking
ensures approach validity

throughout development.

Integration &
Refinement

Individual components are
combined into the ensembled
solution. Final tuning
optimizes overall system

performance.



Future Directions

Machine Learning Integration 1 Real-time Adaptation
Adding predictive capabilities 2 Dynamic parameter adjustments
Broader Problem Domains 4 Distributed Computing
Application to new grid challenges 3 Parallel processing implementation

Our research roadmap extends beyond current competitions. We're developing a framework that can address increasingly complex

power system optimization challenges.



