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Abstract. This paper investigates the High Lift System (HLS) application of complex
aerodynamic design problem using Particle Swarm Optimisation (PSO) coupled to Game
strategies. Two types of optimization methods are used; the first method is a standard PSO
based on Parcto dominance and the second method hybridises PSO with a well-known Nash
Game strategies named Hybrid-PSO. These optimization techniques are coupled to a pre/post
processor GiD providing unstructured meshes during the optimisation procedure and a
transonic analysis software PUMI. The computational efficiency and quality design obtained
by PSO and Hybrid-PSO are compared. The numerical results for the multi-objective HLS
design optimisation clearly shows the benefits of hybridising a PSO with the Nash game and
makes promising the above methodology for solving other more complex multi-physics
optimisation problems in Aeronautics.

1 INTRODUCTION

With increasing complexity in engineering design problems, research in Computational
Intelligence System (CIS) for Multi-Objective (MO) and Multidisciplinary Design
Optimization (MDO) faces the need for developing robust and efficient optimisation methods
and produce higher quality designs [1, 2] without paying expensive computational cost. Game
strategies including Nash and Pareto Strategies are Game Theory tools [3, 4] which can be
used to save CPU usage and to produce useful Pareto non-dominated solutions due to their
efficiency in engineering design optimisation. In this paper, two game strategies are
implemented and coupled to a Particle Swarm Opimisation (PSO) [5]; the first optimisation
method uses a Parcto optimality based PSO while the second method uses a dynamic
combination of Nash-equilibrium [3, 7] and Pareto optimality approaches (denoted as Hybrid
Game). Hybrid-Game consists of one Parcto-Player and several Nash-players providing
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uses the Pareto tournament selection operator which ensures that the new individual is not
dominated by any other solutions in the tournament.
As shown in Figure 1, RMOP originally consists of seven modules;

LY N
"’ e
ParetoR

" A
t py 14 T b ~ NP3 ;
AR ] R

>

Figure 1: RMOP.

* ELIU is an elite module for game strategies especially for dynamic Nash-Game.
This module forces to link between Pareto and Nash Game to solve complex single
and multi-objective design problems.

* EVAU is a module for evaluation and collecting results from analysis tools. It is
also capable to handle other language-based interfaces.

* JOPU is a module for handling input, output data and also plotting convergence
history, initial population (with/without buffer population), total populations,
Pareto optimal front.

» IRPU is an initial random population module.

* MEAU is a module for allocating/dis-allocating memory for population and it
provide Parallel/Distributed optimisation environment.

* NDOU is a module for computing Pareto-tournament, non-dominated sorting
solutions from population.

* RANU is a module for generating pseudo random number module and Artificial
Neural Network (ANN).

* S8SOU is a searching module; selection, mutation, crossover for GA and also it
produces velocity, positioning module for PSO.

In this paper, RMOP uses PSO scarching method and also a module; ELIU is developed
and added to hybridise RMO-PSO with a non-cooperative Game Strategy; Nash-Game. ELIU
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filx)=x and f,(g.h)=gh (3)

g(x,)=l+9(2x,.)/(nml), h(fong) =1=TTg n=30% €[0:1],

Stopping criteria: Gen < 100
ZDT3 — Discontinuous Pareto Optimal Problem

f(x)=x and f,(g.h)=gh o

g(xi)=1+9(2x,.)/(n—l), h(f.g)=1- fl/g—gsin(mmf,), n=30,x,.6[0:1]

Stopping criteria: Gen < 100

ZDT4 — Multimodality Pareto Optimal Problem

fi(x)=x and f(gh)=gh )

g(xj)=1+10(n—1)+2(xf—10005(4Jz:xf)), n(f.g)=1-\f/g-

I

n=10,x, E[O : 1],x2_m G[—S : 5], Stopping criteria: Gen < 200

Figures 2 and 3 show that RMO-PSO has no difficulty to find true Pareto optimal front for
complex multi-objective mathematical design problems; ZDT1, ZDT3 and ZDT4. Therefore

RMO-PSO is -applied to solve a multi-objective High Lift Systems (HLSs) design
optimisation with confidence.

G

Wholo Goneration (Poipulamns) ® - + : ‘ Whels Generation (Fc:pu!aﬂms) *
Pareln Front - - H i Pareta Front
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a }
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Tigure 2: True Pareto optimal front for ZDT1 (left) and ZDT3 (right) obtained by .
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5.1 Parameterisation of Design Problems

The High Lift Systems (HLS) consist of multi-element airfoil; slat, main, flap as shown in
Figure 5. The size of the slat and flap considered in this test are 25% and 28% of the chord of
multi-element aerofoil.

The deployment of slat and flap can be defined by six design parameters; dS,, dS;, dS,,
dF., dF,, dF; as shown in Figure 5.

l Flap Actuator Posltion I

| Shat Actuator Position ]

Figure 5: Control parameters for High Lift System.

Figure 6 shows the computational mesh of 16,788 vertexes and 32,039 triangles. The mesh
is generated by using GiD and the model is evaluated by PUMI. The coefficient of pressure
(Cp) distribution obtained by the baseline design is shown in Figure 7.

Figure 6: Mesh conditions obtained by GiD.

5.2 Formulation of Design Problem

Two deployment configurations are considered for the baseline design at take-off (M. =
0.20, a= 15.0°} and landing (M. = 0.12, cc= 17.18°) flight conditions as shown in Figure 7.
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coefficient by 7.5% while Pareto member 7 (best solution for fitness function 2) improves
landing lift coefficient by 13.2 %. Pareto members 1, 2 and 7 are selected and they are
compared to the baseline design. Table 2 compares the fitness values obtained by the baseline
design and Pareto members 1, 2 and 7.

Q.25 T T 1
; : Boseling o
Fitness function 1 RIIO-PSO (T members) ¢
0.245 fromeew RO Baseline =0.2570 .. . ——
ParetoM1=0.2391
dfitressl=-7.5% :
0.24 broormewsts & 3 : = SSOSLSS = TR
0235 Fitness function 2
~ . fp— L T
5 | Good for Take-Off | Baseline =0.2395
-.§ ParetoM7 =0.2117
=- !
e 023 . o dfitness2=-13.2%
[
ur
: /
= — Good fdr both
i S
0225 N Take-Off & Landing
0 22 ._‘\ - 8 A e aamezpazie s
o, | Good for Landing
.
0.2158 Jormimmimsmsrmenss SO, T, I AR DRI S [ DS
w
\ [T—
021 % i i
0235 0.24 0245 025 0255 328

Fitness Functiont

Figure 8: Pareto optimal front obtained by RMO-PSO.

Table 2: Comparison of fitness values obtained by the baseline design and Pareto optimal solutions.

Models Cl at take-off Cl at landing
Baseline Design 3.89025 4.17380
Pareto Member 1 4.18197 (+ 7.5%) 4.44630 (+ 6.5%)
Pareto Member 2 4.11202 (+ 5.7%) 4.63498 (+ 11.0%)
Pareto Member 7 3.99925 (+ 2.8%) 4.72380 (+ 13.2%)

Figures 9 and 10 compare the Cp contours obtained by the baseline design and Pareto
member 2 at take-off and landing conditions.

Figure 9: Cp distributions obtained by the baseline design and Pareto member 2 at take-oft condition.
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Figure 11: Pareto optimal front obtained by RMO-PSO.

Pareto member 1 (best solution for fitness function 1) improves take-off lift coefficient by
15.1% while Pareto member 7 (best solution for fitness function 2} improves landing lift
coefficient by 15.0 %. Pareto members 1, 2 and 7 obtained by HRMO-PSO are selected and
they are compared to the baseline design. Table 2 compares the fitness values obtained by the
baseline design and Pareto members 1, 2 and 7. Figures 12 and 13 compare the Cp contours
obtained by the baseline design and Pareto member 2 at take-off and landing conditions.

Table 3: Comparison of fitness values obtained by the baseline design and Pareto optimal solutions.

Models Cl at take-off Cl at landing
Baseline Design 3.89025 4.17380
Pareto Member 1 447787 (+ 15.1%) 4.66334 (+ 11.7%)
Pareto Member 2 4.47395 (+ 15.0%) 4.74011 (+ 13.6%)
Pareto Member 7 4.40573 (+ 13.3%) 4.79389 (+ 15.0%)

Figure 12: Cp distributions obtained by the baseline design and Pareto member 2 at take-off condition.
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