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Abstract

Project Code: RSA5280006

Project Title: Performance Enhancement of Multiobjective Evolutionary Algorithms for
Design Problems with Expensive Function Evaluation

Investigator: Sujin Bureerat, Department of Mechanical Engineering
Faculty of Engineering, Khon Kaen University

Email: sujbur@kku.ac.th

Project Period 3 years

This project investigates performance enhancement of multiobjective evolutionary algorithms
(MOEASs) dealing with design problems with expensive function evaluation. Firstly, such
performance improvement of MOEAs is achieved in such a way that surrogate models are
integrated into the main procedure of MOEAs leading to hybrid algorithms. The obtained
hybrid algorithms are then implemented on real-world applications that have time- consuming
function evaluation. Hybridisation of MOEAs with surrogate models can be carried out by
using the main search procedure of a particular MOEA is used as the main optimisation
procedure. Having produced a number of design solutions, a surrogate model can be
constructed. Then a MOEA is used to search for Pareto optimum solutions while function
evaluation is based on the surrogate model. This means that the surrogate-based optimisation
is a special operator to produce some offspring to the main optimisation process.

Approximation of function gradients from those already explored design solutions
during an evolutionary optimisation process is proposed in this study. It has been found that
the integration of approximate gradients to the evolutionary procedure leads to an improved
EA performance. This newly invented operator will be further investigated in the future
research.

Design of mechanical parts using MOEAs has been demonstrated. Those components
include a torque arm plate, an automotive connecting part, and a three-dimensional torque
arm. Function evaluation for designing the components is accomplished by means of finite
element analysis which is said to be time consuming. It has been found that, with the
interfacing of surrogate models into MOEA search procedure, the performance of the
optimisation process has been greatly improved in terms of both convergence rate and
computing time.

Design/optimisation of air-cooled heatsinks using MOEAs has been demonstrated. This
is said to be a difficult and complicated design problem that is impossible to be tackled by
using classical gradient-based optimisers. The encoding/decoding processes for heatsinks with
straight plate fins, oblique plate fins, straight pin fins, and splayed pin fins are proposed. The
design problem is to simultaneously minimise heatsink junction temperature and fan pumping
power. A number of MOEAs are used to tackle the design problems and it is found that
population-based incremental learning is the most efficient MOEA for this design task. It is
also illustrated that the integration of surrogate models into the MOEA main procedure leads
to a superior heatsink design process.

Keywords: Multiobjective Evolutionary Algorithms, Surrogate Models, Mechanical
Part Design, Heatsink Design, Approximate Gradient, Hybrid Algorithms
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