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Colonial Competitive Algorithm: A Novel Approach for PID
Controller Design in MIMO Distillation Column Process

Esmaeil Atashpaz Gargari, Farzad Hashemzadeh, Ramin Rajabioun, Caro Lucas

Purpose - This paper describes Colonial Competitive Algorithm (CCA), a novel socio-
politically inspired optimization strategy, and how it is used to solve real world
engineering problems by applying it to the problem of designing a multivariable PID
controller. Unlike other evolutionary optimization algorithms, CCA is inspired from a
socio political process, the competition among imperialists and colonies. In this paper
CCA is used to tune the parameters of a multivariable PID controller for a typical
distillation column process.

Design/Methodology/Approach — The controller design objective was to tune the PID
controller parameters so that the integral of absolute errors, overshoots and undershoots
be minimized. This multi-objective optimization problem is converted to a mono-
objective one by adding up all the objective functions in which the absolute integral of
errors is emphasized to be reduced as long as the overshoots and undershoots remain
acceptable.

Findings — Simulation results show that the controller tuning approach, proposed in this
paper, can be easily and successfully applied to the problem of designing MIMO
controller for control processes. As a result not only was the controlled process able to
significantly reduce the coupling effect, but also the response speed was significantly
increased. Also a Genetic Algorithm (GA) and an analytical method are used to design
the controller parameters and are compared with CCA. The results showed that CCA
had a higher convergence rate than GA, reaching to a better solution.

Originality/value — The proposed PID controller tuning approach is interesting for the
design of controllers for industrial and chemical processes, e.g. MIMO evaporator plant.
Also the proposed evolutionary algorithm, CCA, can be used in diverse areas of
optimization problems including, industrial planning, resource allocation, scheduling,
decision making, pattern recognit

ion and machine learning.

International Journal of Intelligent Computing and Cybernetics, Vol. 1 No. 3, 2008,
pp. 337-355
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Application of Imperialist Competitive Algorithm for Material Properties
Characterization from Sharp Indentation Test

A. Biabangard-Oskouyi, E. Atashpaz-Gargari, N. Soltani and C. Lucas

Abstract: In this paper a novel technique is proposed for characterizing the elasto-
plastic properties of materials from sharp indentation test. Indentation test response is
obtained for a wide range of engineering materials from finite element modeling. Finite
element results are utilized for training a multi-layer artificial neural network which
predicts indentation test response from elasto-plastic properties. Finally a new
optimization algorithm inspired from historical imperialist competition called
“Imperialist Competitive Algorithm” is developed and is employed for material
properties evaluation from indentation test curve. Results obtained from applying the
proposed method to a variety of sharp indentation test responses, indicate the good
ability of proposed method for interpreting the indentation test responses for material
properties determination.

Accepted to be published in International Journal of Engineering Simulation (1JES)
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Imperialist Competitive Algorithm: An Algorithm for Optimization
Inspired by Imperialistic Competition

Esmaeil Atashpaz Gargari & Caro Lucas

Abstract: This paper proposes an algorithm for optimization inspired by the
imperialistic competition. Like other evolutionary ones, the proposed algorithm starts
with an initial population. Population individuals called country are in two types:
colonies and imperialists that all together form some empires. Imperialistic competition
among these empires forms the basis of the proposed evolutionary algorithm. During
this competition, weak empires collapse and powerful ones take possession of their
colonies. Imperialistic competition hopefully converges to a state in which there exist
only one empire and its colonies are in the same position and have the same cost as the
imperialist. Applying the proposed algorithm to some of benchmark cost functions,
shows its ability in dealing with different types of optimization problems..

2007 IEEE Congress on Evolutionary Computation (CEC 2007) . pp 4661 - 4667
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Designing an optimal PID controller
using Colonial Competitive Algorithm

Esmaeil Atashpaz Gargari & Caro Lucas

Abstract: in this paper we use a new search heuristic called “Colonial Competitive
Algorithm” to design a optimal PID controller for a sample system. The PID controller
is designed in such a way that it minimizes the sum of settling time, rise time, maximum
overshoot and integral absolute error. A comparison among Colonial Competitive
Algorithm and Genetic Algorithm is made through designing the controller.

First Iranian Joint Congeress on Intelligent and Fuzzy Systems, September 2007,
Mashhad, Iran.

Designing MIMO PID Controller using Colonial Competitive Algorithm: Applied
to Distillation Column Proces

Esmaeil Atashpaz Gargari, Farzad Hashemzadeh, Caro Lucas

Abstract: In this paper, a colonial competitive algorithm is applied to the problem of
designing a multivariable PID controller. The goal is to design a controller to decouple
the controlled process, and to track the desired inputs by outputs of the process as much
as possible. The method is used to design a multi variable controller for a typical
distillation column process. Also a GA and an analytical method are used to design the
controller parameters. Comparison results among these methods show that the controller
obtained by colonial competitive algorithm has better performance than the others.

2008 IEEE Congress on Evolutionary Computation (CEC 2008) . pp 1929 - 1934
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Colonial Competitive Algorithm as a Tool for Nash Equilibrium Point
Achievement

Ramin Rajabioun, Esmaeil Atashpaz-Gargari, Caro Lucas

Abstract:. This paper presents an application of Colonial Competitive Algorithm
(CCA) in game theory and multi-objective optimization problems. The recently
introduced CCA has proven its excellent capabilities, such as faster convergence and
better global optimum achievement. In this paper CCA is used to find Nash Equilibrium
points of nonlinear non-cooperative games. The proposed method can also be used as an
alternative approach to solve multi-objective optimization problems. The effectiveness
of the proposed method, in comparison to Genetic Algorithm, is proven through several
static and dynamic example games and also multi-objective problems.

Springer LNCS, ICCSA 2008, Italy

Adaptive Beamforming Using Colonial Competitive Algorithm

Mahnaz Roshanaei and Esmaeil Atashpaz-Gargari, Caro Lucas

Abstract: Recently introduced Colonial Competitive Algorithm (CCA) has shown its
excellent capability on diverse optimization tasks. In this study a Uniform Linear Array
(ULA) adaptive antenna that uses this global search heuristic is developed. The obtained
results are compared with those of a Genetic Algorithm (GA) and Least Mean Square
(LMS). The evolutionary algorithms are applied to the problem of beamforming based
on minimizing Signal-to-Interference-plus-Noise-Ratio (SINR). The results show not
only GA and CCA perform better than LMS in both parts, but also CCA outperforms
GA and LMS in these parts.

2nd International Joint Conference on Computational Engineering, KMCK 2008,
Vancover, Canada
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Vehicle Fuzzy Controller Design
Using Imperialist Competitive Algorithm

Ashkan MohammadZadeh Jasour, Esmaeil Atashpaz Gargari, Caro Lucas

Abstract: In this paper a novel socio-politically inspired optimization strategy, an
Imperialist Competitive Algorithm, is applied to the problem of designing a fuzzy
controller. The goal is to design a controller to enhance the transient and steady state
behaviour of the system output. Having fixed the rule base of the fuzzy system, the
controller is designed through determining the membership functions of the input and
output variables. The design method is applied to a model of vehicle. The inputs of the
fuzzy system are velocity of the vehicle and the sloop of the road. The fuzzy controller
controls the speed of the vehicle by adjusting the amount of gas into vehicle engine.
Comparison results among the designed controller and the controller designed by the
expert show that the controller obtained by Imperialist competitive algorithm has better
performance than the expert controller.

Second Iranian Joint Congeress on Intelligent and Fuzzy Systems, September 2007,
Mashhad, Iran.




