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ABSTRACT

y design probl ng ring are typical
straints. The algorithms needed to solve muitiobjectivi
methods f smg!e objective optimization. Computir

-

may often increase significantly for muitiobjective pr
m

rhslr;d\;gn[agﬁ: in dealing with multiohjective optimi

search for ITILII'[IOD_] eciive D]) on. We vaiidate it agamS[ a sei of [T!LIl[]OD_]eC[IVE test ILI]'IL'[IDI']S and
then apply it to solve structural design problems such as beam design and disc brake design. In
addition, we also analyze the main characteristics of the algorithm and their implications.

Crown Copyright @ 2011 Published by Elsevier Ltd. All rights reserved.
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ABSTRACT
This paper proposes the current search (CS) metaheuristics conceptualized from the electric current flowing through

electric networks for optumzation problems with continuous design varables. The CS algontlun possesses two power-
ful strategies, exploration and exploitation, for searching the global optimum. Based on the stochastic process, the de-
rivatives of the objective function is unnecessary for the proposed CS. To evaluate its performance, the CS is tested
against several unconstrained optimization problems. The results obtained are compared to those obtained by the popu-
lar search techniques, i.e.. the genetic algorithm (GA). the particle swarm optimization (PSO), and the adaptive tabu
search (ATS). As results, the CS outperforms other algonthms and provides superior results. The CS 1s also applied to a
constrained design of the optimum PID controller for the de motor speed control systen. From experimental results. the
€S has been successfully applied to the speed control of the de motor.
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1. Introduction

Classical methods often face great difficulties in solving optimization problems that abound in the real world. In order to
overcome the shortcomings of traditional mathematical techniques, nature-inspired soft computing algorithms have been
mumh&ﬁ-------------------------------------------------------------

¢ Several evolutionary or meta-heuristic algorithms have since been developed which combine rules and randomness "
1 mimicking natural phenomena. These phenomena include biological evolutionary processes (e.g., the evolutionary algo-
: rithm proposed by Fogel et al. [1], De Jong [2], and Koza [3] and the genetic algorithm (GA) proposed by Holland [4] and
1 Goldberg [5]), animal behavior (e.g., the tabu search proposed by Glover [6]), the physical annealing process (e.g., simulated
] annealing proposed by Kirkpatrick et al. [7]) and the musical process of searching for a perfect state of harmony (proposed
WDy Geem et al. [8], Lee and Geem [9] and Geem [10] and proceeded with other researchers [11,12]). ;
= Many fesearchers Mave recently studied These meta-Nenristic algorthns, especially GA-Based Tiethods, to Solve varl-
ous optimization problems. However, new heuristic algorithms are needed to solve difficult and complicated real-world
problems. _ __ _ o e e
¢~ The method intr oduced in this paper is a meta-heuristic algorithm which simulates the behavior of animals hunting in &
: group (lions, wolves, etc.). Group hunters have certain strategies to encircle the prey and catch it. Wolves, for instance, rely
l on this kind of hunt very much, so they can hunt animals bigger or faster than themselves. They choose one prey and the
l group gradually moves toward it. They do not stand in the wind such that the prey senses their smell. We employ this idea in
l constrained problems to avoid forbidden areas. In our algorithm, each of the hunters indicates one solution for a particular
1 problem Like real animals which hunt in a group, artificial hunters cooperate to find and catch the prey; i.e., the optimum
pomt in our work.

4
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1. Introduction

o > - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -,

,~ The proportional-integral-derivative (PID) controller was firstly proposed in 1922 by Minorsky [1] and fi r@tl}?‘
: applied for industrial applications in 1939 [2]. The PID controller has been played the most important role as the
1 heart of control engineering practice in the feedback control system due to ease of use and simple realization.
1 However, the major drawbacks of the parallel PID controllers are the effects of proportional and derivative kick
: (or shortly set-point kick). In order to reduce these effects, one of the modified versions of the PID controller
: called the I-PD controller was proposed [3]. By literatures, many analytical design methods for the [-PD were

consecutively launched, for examples, the coefficient ratio assignment (CRA) method [4] and the coefficient
\dlagram method (CDM) [5].

,' ‘Over two decades, the control design framework has been changed to new paradigm known p
1 optimization problem. The metaheuristic optimization search techniques have been widely applied to design the
: I-PD controller. such as particle swarm optimization (PSO) [6] and bacterial foraging algorithm (BFA) [7].
l ! Among the nature-inspired population-based metaheuristic techniques, the cuckoo search (CS) is one of the most
1 powerful techniques proposed by Yang and Deb in 2009 [8]. The CS is very promising and could outperform
existing popular population-based metaheuristic algorithms, such as genetic algorithms (GA) and PSO. The
global convergent property of the CS algorithms has been proved [9]. Moreover, the CS has been applied to solve
several real-world engineering problems. To extend its performance bevond another control problem, the CS is
applied to design an optimal I-PD controller for a DC motor speed control svstem. Results obtained will be
cnmparcd those with the parallel PID controller. !

‘—---
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Talsle
Simulation results of the unconstrained problems

Afgonithm Rosenbrock (R, | Criewangk (CRyg) Coldstein and Price

% Success Mean NF % Success Mean NF % Success Mean NF
Hus 100 1423 54 1328 100 368
ACOg [149] (L] L) Gl 1350 1H 384
CIAC [18] 100 11480 52 S0 000 56 23420
APL[21) 100 9840 - - - -
At j2o) 184} BHN IH KM 1% adi
Algorithm Martin and Gaddy By Sphere

% Success fean NF % Success Mean NF % Success Mean NF
Hus 100 315 oo 327 100 E vk |
ACOz [19] 100 345 100 544 100 781
CIAC [18] 20 11730 100 11960 100 50 000
API[21] = - - - 100 10 150
CACO [20] 100 1725 - - 100 21860
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[1] S. Hlungnamtip, C. Tt at, D. P downreong and S. Suwannarongsri, “Application of

i)

3y UHTINENSEF e A IgounAn

Intensified Current Search to 4-DOF Controller Design for Scaled Vehicle Yaw Rate Control
System,” 2015 Global Engineering & Applied Science Conference, Tokyo, Japan, pp. 74 — 81, 2015.

[2] C. Thammarat, D. Puangdownreong, A. Nawikavatan and S. Tunyasrirut, “Multiobjective Optimization of
PID Controller of Three-Phase Induction Motor Speed Control using Intensified Current Search,” 2015
Global Engineering & Applied Science Conference, Tokyo, Japan, pp. 82 — 90, 2015.

[3] T. Ketthong, S. Tunyasrirut and D. Puangdownreong, “ATS Based I-PD Controller Optimization for DC
Motor Speed Control System,” 2015 Global Engineering & Applied Science Conference, Tokyo, Japan,
pp. 91 - 98, 2015.

[4] D. Puangdownreong, C. Kiree, D. Kumpanya and S. Tunyasrirut, “Application of Cuckoo Search to
Design Optimal PID/PI Controllers of BLDC Motor Speed Control System,” 2015 Global Engineering &
Applied Science Conference, Tokyo, Japan, pp. 99 - 106, 2015.

[5] D. Puangdownreong, D. Kumpanya, C. Kiree and S. Tunyasrirut, “Optimal Tuning of 2DOF-PID PO
Controllers of BLDC Motor Speed Control System by Intensified Current Search,” 2015 Global 9(

Engineering & Applied Science Conference, Tokyo, Japan, pp. 107 - 115, 2015.
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