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Introduction

Due to their high functionality, the presence of various high-tech elements in them, along
with special flight standards, quadcopters have set the conditions in such a way that the
occurrence of any failure and fault, even a small one, involves huge costs. Therefore,
reliability estimation is of special importance for these systems. In addition, due to the
limitation of financial and mass resources for the quadcopter, the design of a system should
be done in such a way as to achieve the highest possible amount of reliability based on our
limited resources. In this article, while calculating the reliability, using optimization
algorithms, the best possible solutions were determined in order to achieve the maximum
possible reliability by spending the least cost and mass.

In this article, an attempt has been made to increase the reliability of the quadcopter by using
redundancy, and for this purpose meta-heuristic firefly algorithm has been used, and genetic
algorithm has been used to validate and validate the obtained results.

keywords: Reliability, Optimization, Quadcopter, Firefly Algorithm, Genetic
Algorithm.

Methodology

Special relationships are used to predict the failure rate of components or systems correctly.
These relationships have been developed with statistical models and based on environmental
parameters affecting the performance of components. Two crucial standards, NSWC-98/LEI
for mechanical parts and MIL HNBK- 217 for electronic components and the IEC-62380
document, have fully expanded these relationships. In this project, the MIL HNBK-21
standard and the IEC-62380 document have advanced the reliability plan.

Firefly Algorithm (FA)

Firefly Algorithm is an innovative algorithm inspired by the light emitting behavior of
fireflies. The algorithm is an evolutionary model based on collective intelligence which was
derived from nature. The main application of this algorithm is solving optimization problems.

In order to increase the search power, accuracy of the algorithm, and improve the resulting
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result, an improved firefly algorithm is used by changing how the firefly moves and
increasing the convergence in the global optimum. According to the type of optimization, the
optimal point can be the particle that has the highest or the lowest value, and the value of this
particle is updated every time it is repeated. In the proposed algorithm, when two values or
two positions are compared, the new location will be obtained according to the location of
the current two values, and a new result will be attained from the difference of the best and
worst value in the global optimum. This move will escape from the worst situation in the
algorithm and will lead the algorithm to the global optimal solution. The firefly algorithm
was introduced in late 2007 by Xin-She Yang, whose main idea was inspired by the optical
communication between fireflies. This algorithm can be seen as a manifestation of collective
intelligence, in which a higher level of intelligence is created from the cooperation of simple
and low-intelligence members, which definitely cannot be achieved by any of the
components. The FA algorithm is a meta-heuristic algorithm inspired by the behavior of
fireflies. This algorithm has been formulated with the following hypothesis:

1- All fireflies are sexual so one firefly attracts all other fireflies. 2- The attractiveness is
proportional to the brightness of the worm, and usually fireflies with less light are attracted
to brighter fireflies. 3- If there is a firefly brighter than the given firefly, it will move
randomly. 4- Lighting must be related to the objective function.

The firefly algorithm by modeling the behavior of a set of fireflies and assigning a value
related to the fitness of the location of each firefly as a model for the amount of firefly
pigments and updating the locations of the fireflies in successive iterations of the algorithm
to search for the optimal solution The problem is solved. In fact, the two main steps of the
algorithm in each iteration are the pigment updating phase and the movement phase. Fireflies
move towards other fireflies with more pigment in their neighborhood. In this way, during
successive iterations, the collection tends towards a better answer. According to the algorithm
and flowchart, we can implement this optimization for the problem of reliability [1, 23-26].

The procedure for implementing the FA algorithm can be as the code:
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Objective function of optimization problem f{x). x = (x1. .... xa)
Generate initial population of » fireflies x; (7 = 1. 2. ..., n) using generation of
numbers with uniform distribution
Light intensity J; at x; is determined by fx;)
Define light absorption coefficient y
Initial generation. k=0
while (k < MaxGenerations)
Update the generation number. £k =k + 1
for 7 =1 to n (all n fireflies)
forj =1 to 7 (all n fireflies)
if (; < I;) in case of a minimization problem
Move firefly 7 towards j in d-dimension:
end if
Attractiveness varies with distance 7 via equation (7)
Evaluate new solutions and update light intensity
end for j
end for 7
Rank the fireflies and find the current best
end while
Postprocess results and visualization

Finding

Quadcopters are a new generation of drones that, due to their high technology, have unique
features such as high controllability and extraordinary stability compared to other drones.
This is why quadcopters are used in many industrial and commercial fields. take

Therefore, due to the high technology and extensive use, these devices must have sufficient
reliability to minimize the risk of their failure and the costs caused by their failure.
Nevertheless, in the discussion of reliability, we are always limited. We are facing:

For example, in quadcopters, we face financial and weight restrictions because quadcopters,
in order to have enough lift force, their weight should not exceed a certain amount, and we
cannot add more parts or put parts of better quality but higher mass for to achieve more
reliability.

Also, we always face financial constraints, and we must spend with limits to achieve more
reliability. These things made us decide that in this research while obtaining the reliability of
the quadcopter by optimizing it with the new meta-heuristic algorithm (Firefly algorithm)
and validating the results with that classic meta-heuristic algorithm (genetic algorithm), we
can obtain the maximum value Get reliability, the lowest cost and weight for it.

This is new research in quadcopter reliability with the view of optimizing reliability while

minimizing weight and cost.

Conclusion

In this project, using applied methods, the failure rate and reliability of electric power
subsystem components were investigated and compared with and without considering

redundancies. Financial resources are limited for component designing, manufacturing, and
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assembling quadcopters. The cost of the subsystem components was calculated according to
the prices listed on Amazon.com and electronic-shop.iu websites.
Nowadays, optimization in the engineering field has found a crucial role due to resource
limitations. We also seek to get the highest efficiency by spending the least resources.
In recent years, with the emergence of meta-heuristic algorithms that are mostly modeled on
nature, the optimization discussion has significantly progressed, the calculation time has been
reduced, and the problem of local singular points in classical optimization has been fixed.
We also have limitations regarding the reliability of the quadcopter, both in terms of financial
cost and the weight of the components. To have the best possible state, we must optimize our
resources.
In the optimization discussion, we used firefly algorithms (FA) and genetic algorithms
(GOA) through the Toolbox Optimization section in MATLAB. Finally, the data obtained
by the firefly algorithm can be validated by comparing the results of two firefly and genetic
algorithms.
In future researches, other optimization algorithms can be investigated and the results
compared with the results of the current research. Also, other UAVs can be investigated in
terms of reliability and risk management.

Table 1. Comparison of the results of FA and GOA algorithms

parameters FA GOA Data discrepancy

n, 4 3 1

n, 4 4 0

n, 2 4 2

n, 2 3 1

ng 2 1

N, 3 2 1
cost 3451.55 3461.18 0.3%
weight 4581.47 4890.53 0.1%
Best 0.99925 0.99999 0.07%
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