
ANZIAM J. 0(2012), 1–2

A comparison of multi-objective optimisation metaheuristics on
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Abstract

1. Extended Abstract

Recently there has been increasing use of heuristic optimisation algorithms for real
world problems, such as the 2D airfoil design. In the past, solution of this problem
would have been undertaken by a priori aggregation of objectives, such as lift and
drag coefficients, into a single objective, the lift/drag ratio [1]. Maintaining the multi-
objective formulation of the problem allows the exploration of the behaviour of the
airfoil across a range of design parameters and operating conditions, but requires the
use of more complex metaheuristics and a need to address conflicting objectives.

Particle Swarm Optimisation (PSO) [2] is readily applicable to many problems due
to its simplicity and effectiveness. Inspired by the social behaviour of various species,
it uses a number of particles (candidate solutions) moving around the search space to
find the best solution. Particles may be guided by their own best solutions found, as
well as the best solution the swarm has obtained so far.

Different variants of this algorithm have been developed, mainly focused on the
swarm topology. Some current topologies are: wheel, Von Neumann, local best,
and global best. In this paper the 2D airfoil design problem is used to investigate
the capabilities of these different variants of the Multi-objective Particle Swarm
Optimisation (MOPSO) algorithm. The MOPSO variants are also compared to the
Non-dominated Sorting Genetic Algorithm (NSGA-II) [3] and Tabu Search (TS)
algorithm [4].

The 2D airfoil design problem is essentially one of optimising the shape of the
airfoil to maximise lift and minimise drag. The Free Form Deformation (FFD)
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parameterisation method [5] is used to define the shape of the airfoil using four control
points that are allowed to move in X and Y dimensions. Leading and trailing edges
of the airfoil are fixed. The Xfoil freeware is used to calculated the lift and drag. The
constraints and method of shape manipulation lead to many infeasible solutions.

Each algorithm was run on the problem four times and the best attainment surface
selected. The attainment surfaces achieved by all of the MOPSO variants completely
dominated that of NSGA-II. In general, they also have significantly improved diversity
of solutions compared to TS. A possible reason for this is that MOPSO uses established
feasible solutions as guides for particles. Even if a particle strays into infeasible areas
of the search space, it has a reference point in the feasible area to guide its search.
TS avoids infeasible regions by temporarily adding them to a blacklist which makes it
more difficult for it to cross infeasible areas to find new feasible solutions to exploit.

MOPSO proved its ability to exploit good solutions in the presence of a large
number of infeasible solutions, making it well-suited to problems of this nature.
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