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Abstract: Scientists occupied with optimization, observing bi-
ological processes of evolution, thought about using similar rules
to optimize anything from all parts of the human world, espe-
cially in its technical aspect. This way stressed a conception of
evolutionary methods. A genetic algorithm is one of them. This
publication shows an example of application of this method to
optimize the technical problems of an airplane’s wing loading
and power loading in the preliminary design. This problem was
taken to solve because it is easy to compare the result of optimiza-
tion and the same counted using another method. This article
presents the genetic algorithm written by the author and the re-
sults of its work compared with the results of another method.
An agricultural plane was taken as an example.

1. Introduction

Genetic methods are part of heuristic methods. It means that it is not sure if the
result of using them is correct and the way which they follow to get the result can be
different each time they are used. There can also be a situation in which the result is
not found at all.

There are some ways of using genetic methods:
• Genetic algorithms,
• Evolutionary strategy,
• Genetic programming.

A genetic algorithm is the simplest of them. People writing genetic algorithms try
to make this algorithm similar to the biological process of DNA’s crossing-over, using
binary vectors as genes.

Basic definitions:
• Individual – one potential result of a problem;
• Population – group of individuals;
• Gene – one coding sign, ”0” or ”1” in a binary system of coding;
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• Chromosome – group of genes coding one value;
• Genotype – full coded individual, it means a group of chromosomes with each

chromosome coding one value;
• Phenotype – observable characteristic of an individual, it means decoded values.

2. Genetic Algorithm

In Fig. 1 a genetic algorithm’s diagram is shown. This is an algorithm used in an
application written by the author of this publication.

The selection of individuals is performed by applying two methods:

• Roulette Selection – probability that one individual will be chosen to breed is
counted by formula 1.

pi =
eval (xi)∑n
j=1 eval (xj)

(1)

where:
p - probability of choosing
i - number of individuals
x - individual’s genotype
eval(x) - measure of merit of genotype x

• Tournament Selection – firstly, from the whole population a few individuals are
randomly taken. Usually, in a simplest version, there are two individuals taken
but there can be more. They ”fight” in this group, and the winner is chosen

Fig. 1. Genetic algorithm’s diagram
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to breed. The winner is that one which has the best (the biggest) measure of
merit. The group of winners is taken to breed and start a new population. One
individual can take part in a tournament once or more times. It depends on the
author of the algorithm.

The crossing-over is also performed in two methods, in each two chromosomes are
taken for crossing-over:

• Crossing-over at one point – each chromosome is divided into two parts at the
same random point. New chromosomes are made from these parts as in Fig. 2.
One or two new chromosomes can be taken to the next generation.

• Uniform cross-over – there is every gene checked one by one in each chromosome.
If the genes are the same, in the next generation in this place there is the same
gene, if they are different, in the next generation in this place there is a random
gene.

3. Optimization of airplane’s wing loading and power loading

As an example of the problem, optimization of an airplane’s wing loading and power
loading was taken because it is easy to compare results of using a genetic algorithm
with the same problem counted using another method. As an example of a plane
agricultural one was taken.

Fig. 2. Crossing-over at one point

Fig. 3. Uniform cross-over
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Firstly, the problem was solved in an analytical way. The results are shown in
Fig. 4.

Fig. 4. Optimal range of wing loading and power loading for an example plane

In the next step, the same was counted using the application with a genetic algo-
rithm and the result was compared with the analytical one and shown in Fig. 5. This
application was programmed to give as a result the minimum wing loading.

Fig. 5. Result of genetic optimization

To solve this problem a population of one hundred individuals was taken and a
chromosome consisting of seven genes. There were twenty generations made, but in
the sixth the differences between the individuals were very small, as shown in Fig. 6.
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Fig. 6. Wing loading in every generation for the best and the worst individual

4. Conclusion

The application with a genetic algorithm was written and run. It was checked that it
works correctly and can be used for optimizing aircraft construction in the preliminary
design.
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