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%Eﬁ%ﬁ% 2T 20.69 0.003333 0.168903 | 0.924894 |0.064471
L | HIEBT 0.9 0.016667 0.281835 | 0.832005 |0.088964
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Mutation:IDP Setting
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Crossover
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Random Search in limited search area by Grid Search
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Random Search in limited search area by Grid Search
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Random Search in limited search area by Grid Search
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Computational Intelligence Laboratory

Random Search in limited search area by Grid Search
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1 Introduction

The Evolutionary Computation Competition 2018 address the problem of selecting the optimal landing site
for the lunar landing exploration mission[l]. For the Single Objective Optimization, the variables longitude
and latitude should maximize the total communication day while handling two constraints, the number of days
of continuous shade and the inclination angle of the landing point. The Particle Swarm Optimization (PSO)
method was chosen to approach this problem.

1.1 Moon Landing Problem

The goal for single objective optimization category is to maximize the total communication day[1]. Since
the communication day is represented with a minus sign, the goal is actually to minimize it. There are two
constraints, the number of days of continuous shade has to be lower than 0.05 and the inclination angle of the
landing point has to be lower than 0.3. The input data is a set of latitude and longitude normalized between 0
and 1.

2 Method

A slightly modified version of the PSO that can be found in the github repository SwarmPackagePy[2] was
used. The SwarmPackagePy original code would call for the external evaluation model[1] for each candidate
solution, thus resulting in a long run-time. A modification was made in order to call the external evaluation
model for a entire generation of candidate solutions at once. This modification does not affect the behavior of
the original code.

The PSO starts with a set of random candidate solutions. In every generation, each solution is updated
based on the global best and on the particle best[3]. This method takes 5 parameters[2]: number of agents,
number of iterations, two acceleration coefficients and a weight for the velocity. The two acceleration coefficients
are the balance between the importance of the global best and the particle best when updating a candidate
solution|[3].

2.1 Constraints Handling and Parameters settings

A penalty method was chosen to handle the constraints. To evolve the PSO, the following fitness function
F was used:

F=-f+ (cl4+c2)w



3. RESULT

where f is fitness computed by the external evaluation model, cl and c2 are the constrains values, and w
represents the importance of constraints in guiding the search. The value of w was arbitrarily set at 0.7.

In order to achieve 30,000 evaluations, the number of iterations and agents were determined by the following
equation:

30000 = (n_iterations+1)n_agents

Lower values of agents resulted in early convergence, thus, in order to increase the diversity of candidate
solutions, its value was set at 2000 and the number of iterations at 14. The two acceleration coefficients were
both set at 1, and its weight at 0.5.

3 Result

Four experiments were performed, and each experiment was run 21 times. Two experiments was run with
number of agents set at 600 and the number of iterations at 49, and two other experiments was run with
number of agents set at 2000 and the number of iterations at 19. The parameters for the data submitted to the
competition is in the subsection Constraints Handling and Parameters settings.
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Figure 1: (a) Heatmap for agents = 600, iterations = 49, and total results = 42; (b) Heatmap for agents = 2000,
iterations = 14, and total results = 42; (¢) Merged results from (a) and (b).
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Median Best Worst Mean Stdev
Communication time | -0.60835892 | -0.7323314 | -0.13424031 | -0.5462231319 | 0.1575111594

Table 1: The best results found with the parameter settings at agents=2000 and iterations=19
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December 4, 2018

1 Introduction

The Evolutionary Computation Competition 2018 address the problem of se-
lecting the optimal landing site for the lunar landing exploration mission.

1.1 Moon Landing Problem

For the multi-objective objective optimization, the variables longitude and lat-
itude should minimize 3 objectives. The first is the number of shade days, the
second is the communication time and the third is the inclination angle. In real-
ity, we want to consider the maximum communication time. for consistence, the
value for the communication time is negated, leading to a mimization problem.

Also, this optimization considers two constraints, the number of days of
continuous shade and the inclination angle of the landing point. The number of
days of continuous shade has to be lower than 0.05 while the inclination angle
of the landing point has to be lower than 0.3. The input data is a set of latitude
and longitude normalized between 0 and 1.

2 Method

MOEA /D-DE variant of MOEA /D framework, was chosen to address this prob-
lem. uses DE mutation operator instead of SBX crossover operator to produce
offspring solution.

In this study, we are interested in addressing the moon lading problem
by using the Multi-objective Evolutionary Algorithm based on Decomposition
framework, MOEA /D [1].MOEA /D represents a class of population-based meta-
heuristics for solving Multi Objective Problems. In this framework, each indi-
vidual has a specific weight vector which is used to decompose the original
multi-objective problem into simpler, single-objective subproblems by means
of scalarizations. Each subproblem is then evaluated and its utility value is
calculated by an aggregation function given the related weight vector.

The work in this paper is based on MOEA/D-DE [2]. A slight modified
version of the MOEA /D-DE was implemented using the code available in the
R package MOEADTr [3].



Here, the configuration and parameters used in this MOEA /D-DE variation
are introduced.

The decomposition method used was Simplex-Lattice Design (SLD), with
the number of weights as 14, leading to a population size of size N = 120.

The scalar aggregation function used was the adjusted Weighted Tchebycheff
(AWT).

The neighborhood assignment function is based on the distances between
weight vectors in the space of objectives, with the neighborhood size T = 20,
and the neighborhood search probability 4, = 0.9.

The reproduction procedure consists of applying Differential Mutation, fol-
lowed by a polynomial mutation, and then truncation. After truncating, a local
search is performed followed by truncation. The three individuals participat-
ing in the Differential mutation are chosen at random, and the ® parameter is
randomly chosen between 0 and 1 (independently sampled for each operation).
The Polynomial mutation operator values are 7,,20 and p,, = 0.445 [4]. The
local search three-point quadratic approximation with gamma = 0.95.

The replacement strategy used was the restricted neighborhood replacement,
with size nr = 2.

Constraint handling method used was to use a penalty function with the
penalization constant 8 = 0.95.

Following many recent works, as the one from Cai et. al [5], we used an
external archive which is updated using nondominated sorting and crowding
distance principle of NSGA-II [6]. The size of the population on this external
archive is the same as the working population, 120.

The termination criteria used was number of evaluations, being set to 30000.
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