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Abstract— To overcome the limitation of some of the
metaheuristic optimization algorithm engineer tries to
developed new algorithm or modified the older one by making
combination between metaheuristic algorithm that are already
exist this process is called hybridization and it’s become an
important tool to solve many real-life optimization applications
in the industry.
This paper proposes a hybrid algorithm based on the
combination between differential evolution algorithm and
particle swarm optimization algorithm .the algorithm was
tested on well knowing mechanical benchmark and the results
are compared to other optimization algorithm from literature.
Keywords— differential evolution; particle swarm;
Hybridization; Mechanical system; meta-heuristic

I. INTRODUCTION
Engineering is a profession whereby principles of nature
are applied to build useful objects. The design of industrial
component is often dependent on the parameter of the
design itself. A well designed system demands the choice of
parameters on which its design is based. To solve real life
problems engineer tend to use numerical methods called
optimization approach such as evolution algorithm and
swarm intelligence.
Both algorithm are widely used in multiple problems and
they show a big efficacy for solve constrained and
unconstrained problem. Despite of their advantage these
algorithms have limitation in certain problem. In order to
improve their performance a number of modifications have
been suggested in literature, one of them being the
hybridization of the two algorithms. Hybridization is a trend
observed in many studies on meta-heuristics. It allows
taking advantage of the cumulative advantages of different
meta-heuristics. Some hybrid versions of DE and PSO
include Swagatam Das et al. [1] proposed a hybridization of
PSO and DE for continuous optimization problems.
Xiaoping [2] introduced an algorithm by making balance
between DE and PSO parameters where the population was
generated either by DE or PSO according to the algorithms
parameters. José Garcia [3] proposed to use the scheme
employed in DE as a mechanism to adjust the velocity of
particles in PSO algorithm.
One of the most well known benchmark in mechanics is the
design of welded beam problem for minimum cost. Many
researchers have been done on this problem Ragsdell and
Phillips in [4] have presented optimal design parameters for
a class of welded beam structures using Geometric
programming approach and compared their results with
those produced by the methods contained in a software
package called Opti-Sep. This problem was also solved by
Deb [5] using a simple genetic algorithm with binary
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representation, and a traditional penalty function. Carlos A.
Coello Coello [6] have introduced a new GA-based
technique that uses coevolution to adjust automatically the
weight factors of a penalty function to find optimum
solution of welded beam design their result showed better
solution compared to [4] and [5]. A differential evolution
approach based on a co-evolution mechanism, named CDE,
is proposed by Fu-zhuo Huang, Ling Wang and Qie He [7]
to solve the welded beam design problem using a special
penalty function to handle the constraints. Qie He,
Ling Wang [8] have presented a novel constraint-handling
technique
called
co-evolutionary
particle
swarm
optimization CPSO based on incorporating a co-evolution
model into PSO in which a part of the swarm are used for
evolving suitable penalty factors. Tapabrata Ray and K. M.
Liew [9] have introduced an optimization algorithm that is
based on a society and civilization model and used a novel
no dominance scheme to handle constraint. In order to solve
numerical optimization problems R M Rizkallah [10]
applied a new algorithm called SCA-OPI which include a
sine–cosine algorithm (SCA) integrated with orthogonal
parallel information the algorithm some engineering
applications. This paper presented the Hybridization of
differential evolution and particle swarm optimization
algorithm, called DEPSO, the new algorithm is applied on a
well knowing design and the results were compared to other
algorithm taking from literature.
II. BASIC OF DEPSO ALGORITHM
A. Differentiel Evolution
DE algorithm is a stochastic optimization method
minimizing an objective function that can model the
problem’s objectives while incorporating constraints. As an
advanced computing technique, differential evolution was
first proposed by Price and Storn in 1995.This technique
includes three important operations: mutation, crossover and
selection, and it utilize the three operators to evolve from
randomly generated initial population to final individual
solution. Mutation and crossover are used to generate new
vectors (trial vectors), and selection is then used to
determine whether the new generated vectors can survive
the next generation .The algorithm mainly has three
advantages; finding the true global minimum regardless of
the initial parameter values, fast convergence, and using a
few control parameters Being simple, fast, easy to use, very
easily adaptable for integer and discrete optimization, quite
effective in nonlinear constraint optimization including
penalty functions and useful for optimizing multi-modal
search spaces are the other important features of DE.[11,12]
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B. Particle swarm optimization
Particle Swarm Optimization (PSO) is a nature inspired
metaheuristic method. This method was first introduced by
Kennedy and Eberhart in 1995 [13] .it incorporates
swarming behaviors observed in flocks of birds, schools of
fish, or swarms of bees, and even human social behavior,
from which the idea is emerged. PSO is a population-based
optimization tool, which could be implemented and applied
easily to solve various function optimization problems, or he
problems that can be transformed to function optimization
problems. As an algorithm, the main strength of PSO is its
fast convergence, which compares favorably with many
global optimization algorithms [14].
C. DEPSO
Despite the big advantages of differential evolution and
PSO algorithms in many domains, each of these algorithms
has its own weak point, to overcome these shortcomings
new variations must be made on the algorithm. The DEPSO
algorithm combine the ability to maintain the diversity of
population and to explore the search space from DE
algorithm and the mechanism to memory the previous steps
and to use global information about the search space from
PSO.This hybridization decreases the probabilities to trap in
local optimum and increase the speed convergence of the
algorithm.
The pseudo code of the Hybrid DE and PSO (DEPSO)
Algorithm is:
Input: the initial values of control parameters: NP, Gmax,
Var, Cr and F.
Step1: / / Initialization
For i =1 to NP population size do
Generate an initial population Xij
Evaluate the initial population using penalty function to
handle constraints
Step2: // Generation Loop
For g=1 to Gmax do
For j=1 to Var (dimension) do
Generate the trial vector // r1, r2, r3 are Selected randomly
such us that r1  r2  r3
Select j rand  Var
If (rand () < CR or j = jrand) // rand () denotes a uniformly
distributed random
number between 0 and 1//

In the DEPSO algorithm the PSO mechanism is integrated
in the DE in the phase of selection and it activate only when
the solution found by DE algorithm didn’t satisfy the
condition. The algorithm has only few control parameters
and it is simple, fast, and easy to use.
III. BENCHMARK PROBLEM AND RESULTS
A. Experimental settings
Like the other métaheuristic algorithm the DEPSO has a few
control parameter to adjust, the population size NP and the
maximum number of generations allowed for each
algorithm Gmax presented in TABLE 1, are the input
parameters for the DEPSO algorithm .
TABLE I.

INPUT PARAMETER FOR THE DEPSO ALGORITHM

Input paramètres

Population size

Gmax

DE
PSO

50
30

500
500

In this section a mechanical constrained design benchmark
optimization problem from the literature is used to test the
performance of DEPSO algorithm .Many papers were
published to solve this problem using different other
optimization algorithm .now the DEPSO algorithm is
applied to the same problem and comparisons are made .one
of the major problem of constrained problem is how to deal
with violation of constraint. Deb’s heuristic constraint
handling method (Deb’s 2000) based on penalty function is
used in this problem. The details on the design benchmark
problem are given in the following section.
B. Design of Welded Beam
The objective is to design a welded beam for minimum cost.
There are four design variables height of weld (h), length of
weld (L), height of beam (t) and width of beam (b) as shown
in Fig.1. Design vector can be defined as x=(x1, x2, x3, x4).
Design is subjected to the constraints on shear stress (s),
bending stress in the beam (r), buckling load on the bar (P c),
end deflection of the beam (d) and side constraints. This
problem is solved by many researchers by using different
optimization methods [15].
The problem can be stated as follows:

Else
End if
Evaluate the trial vector using penalty function to handle
constraints
If

<

then

Else
PSO activated
Find a new particle using PSO mechanism
End if
End for
End for.
Output: the best individual with the smallest objective
function value in the population

Fig.1. a 3D view of the welded beam, b 2D view of the welded beam, c
displacement heat map, d stress heat map [16].
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Subject to:


Where:

Fig.2. Evolution of best mean results obtained by DEPSO for welded beam
design



The solution given by DEPSO algorithm for the
proposed problem of welded beam design show better
results than other algorithm in term of quality of final
solution and the simulation results of the best solution show
that the algorithm can achieve the optimal solution for the
given problem.



V. CONCLUSION
In this paper hybrid algorithm called DEPSO is proposed
which combines DE and PSO mechanism and
its performance is validated on benchmark from real life
problems. Numerical results show that DE-PSO
outperformed other optimization algorithm and it is more
effective in obtaining better solution.
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