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An Improved Particle Swarm Optimization Algorithm using
Gaussian Mixture Model in Dynamic Environment
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Abstract: Many problems in the real world due to the local and global optimization change over time are a matter of dynamic
optimization. Therefore, optimization algorithms despite global optimization and tracking of environments changed over time are
needed in these environments. We are faced with two problems in designing the particle swarm optimization algorithm for dynamic
environments to find the best solution in a short time and follow the solution after the environmental changes: Outdated memory and
loss of population diversity in search area. The problem of loss of population diversity is one of the biggest challenges in dynamic
environments because diversifying a convergent population to find dynamic optimization and then turning it into a new optimization
greatly reduces the efficiency of the algorithm. Given the challenges presented in this paper, a hybrid particle swarm optimization
algorithm based on a Gaussian mixture model is proposed. In the proposed method, the change of each particle is based on the result
of the best particles in its cluster. The results of the Moving Peak Benchmark experiments show a better performance of the proposed
algorithm than other algorithms.

Keywords: Optimization, dynamic environemts, particle swarm optimization algorithm, gaussian mixture model, moving peak
benchmark.
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Algorithm: The GMMPSO Algorithm

Input: The set of data items D = {x1, X2, ..., Xn}, the number of clusters k.
Ensure: a partition C = {Cy, Ca, ..., Ck}, Ui-;l C;=D.
Initialization:

Initialize the PSO parameters.

for each particle i do

Randomly initialize position of each particle Xi in the search range
(Xmin, Xmax).

Randomly initialize velocity of each particle Vi.

end

Calculate the fitness values for each particle.

Find the personal best position of each particle.

The GMMPSO Loop:
while (success= 0 and t _ max iterations) do
C € {Cy, Cy, ..., Ck} : the GMM partition.
Find the best position of each cluster, p, (t), Vk = 1,2, ..., K.
for each particle i do
Compute p(Ck|§i(t)),Vk =1.2,..,K.
Update the velocity of %;using equation 10.
Update the position of X;using equation 2.
end
Calculate the fitness values for each particle.
Find the best position of each particle.
Find the Particle with the best fitness value.
Assign this position to global best.
End
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17 Expectation-Maximization(EM)

18 Maximum Likelihood (ML)

19 Multi-Swarm PSO (MPSO)

20 Hibernating Multi-Swarm Optimization (HMSO)

2! Adaptive Particle Swarm Optimization (APSO)

22 Finder—tracker multi-swarm PSO (FTMPSO)

3 Speciation based Firefly Algorithm (SFA)

24 Collaborative Evolutionary—Swarm Optimization(CESO)

% Crowding-based Differential Evolution PSO (CDEPSO)

26 Dynamic Population Differential Evolution (DynPopDE)

7 Multi-Population based Locally Mutated Differential Evolution
with Speciation Archive

2% Cluster-based differential evolution with Crowding Archive

% Particle Swarm Optimization And Artificial Bee Colony(DPSABC)
3% PSO with adaptive quantum (PSO-AQ)

31 History-Driven Particle Swarm Optimization (HdPSO)
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' Particle Swarm Optimization Algorithm (PSO)

? Outdated Memory

3 Re-evaluating the Memory

* Forgetting the Memory

° Gaussian Mixture Model (GMM)

¢ Expectation Maximization (EM)

7 Moving Peak Benchmark (MPB)

8 Randomization PSO (RPSO)

° Adaptive Cooperative Particle Swarm Optimizer (ACPSO)
10 Random Immigrants Genetic Algorithm (RIGA)

" Multi-Swarm Cooperative PSO (mCPSO)

12 Hierarchy PSO

13 Partitioned Hierarchical PSO

!4 Multi-quantum swarm optimization

15 Adaptive Multi-Quantum Swarm Optimization (AMQSO)
16 Fast multi-swarm optimization
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