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Abstract. Our study aims to obtain the highest level of reliability for a quadcopter, taking financial
and mass limitations into account, to achieve the highest level of reliability with the lowest mass
and cost. For this purpose, we first calculated the reliability and the relationships that govern it,
and based on these relationships, we determined the reliability of the quadcopter subsystems. In
order to achieve the highest level of reliability, we utilized optimization algorithms. It is possible
to increase the reliability of a system through several methods, such as enhancing the quality of
parts and components, using surplus components, improving the quality of parts and components
by always using surplus components, and redesigning the system. This study examines the
possibility of increasing quadcopter reliability by using additional parts and optimizing it using
the firefly algorithm. Lastly, in order to validate the results obtained from the firefly algorithm,
we implemented the problem once again using the genetic algorithm and compared the results
obtained from both algorithms. After 20 times of running the algorithms, the optimal reliability
values were 0.99925 for the firefly algorithm and 0.99999 for the genetic algorithm.

Keywords: reliability, optimization, quadcopter, firefly algorithm, genetic algorithm.
1. Introduction

Engineering and technical management are essential components of every modern society.
They are responsible for planning, designing, constructing, and maintaining everything from the
most specific product to the most complex systems. System failures result in disruptions on
multiple levels and can even threaten society and the environment. Therefore, consumers expect
reliable and safe products and systems [1].

There are different definitions of reliability, which can be defined as the probability that the
device will not fail until a sure time t, the average operating time of a device between two
consecutive failures, the continuity of operation without failure, the probability of a device or
system remaining in a functional condition without occurrence. Nevertheless, in the end, the
complete definition of reliability is the probability of satisfactory performance of the system under
specific working conditions for a particular time. It is reliability. The mathematical definition of
probability states that it is a numerical index whose value can be from zero to one. When the
probability is equal to zero, it means that there is no possibility of occurrence, and when it is one,
it means that the occurrence is particular.

Nevertheless, in the other three sections, including satisfactory performance, time, and certain
working conditions, which are all engineering parameters, probability theory does not help in any
way, and only engineers and experts can provide information related to satisfactory performance
and time may be continuous, or discontinuity may be considered. Finally, the work conditions
may be wholly uniform or strongly changing. Therefore, probability theory is only a tool to
convert the information of a system into possible performance prediction [1-3].

On the other hand, today, we are witnessing the emergence of a new and different generation
of birds in the aviation industry, which has caused tremendous changes in this field. Among this
new equipment, quadcopters, which due to their particular characteristics, such as high stability,
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controllability, small dimensions, etc., have caused it to play many roles in various industries.
Several high-tech elements are contained in quadcopters, as well as specific flight standards,
which make them highly functional. According to their estimates, any failure or defect will incur
a great deal of expense, no matter how small. Therefore, reliability estimation is of particular
importance for these systems [1, 4].

Also, it is impossible to improve reliability in any way because our financial resources are
limited, and we also cannot increase the mass of the system beyond the permissible limit because
we will have problems in flight. Therefore, we need to optimize the reliability. Consequently, we
can achieve the best possible reliability by spending the least financial and criminal resources [5].

In this research, to increase the quality and performance of the quadcopter and reduce financial
costs, we want to investigate the reliability of the electronic board and printed circuit. Then we
optimized the reliability of its electronic board using the firefly algorithm and validated the results
obtained using the genetic algorithm. Also, this work is about calculating the reliability of
electronic components as well as optimizing reliability with the firefly algorithm for innovative
quadcopters.

1.1. Background research

Reliability is an old concept and a new discipline, which has been the focus of engineers in
many industries today for the development and improvement of quality. Reliability assessment
methods in terms of the history of their origin, first in connection with the aerospace industry and
during World War 1. The second was done for German rockets in a preliminary way, but it was
quickly noticed in other industries, such as the nuclear industry, which was under intense pressure
to ensure the safety of nuclear reactors to provide electrical energy.

Several years after the United States launched its first satellite, statistical analyses of reliability
and orbital failures were developed. In 1973, Krishna Behari Misra introduced the concepts of
reliability and cost. The concept of reliability suggests many methods for optimal design of a
system under certain conditions. In most of the articles, the main issue is assigning reliability to
the components of the system and optimizing it based on bounded information. This process is a
partial optimization for reliability. In the design phase, a designer has many options for system
design. These options include increasing the reliability level of components and using extra
components. A correct optimal system design examines all these options. Throughout the
feasibility article Satisfying the optimal design is followed by cost constraints and the use of
supporting components [6].

Kamal Kumar Govil investigated issues of partial reliability, discrete points of cost, and
reliability. Also, placing these discrete data in a standard chart is necessary and vital. In this article,
by using the least squares method, the crucial relationships of reliability and cost are expanded for
use in problems with discrete data [7].

To increase reliability of series-parallel systems, plug-in components are used in the
optimization plan, referred to as the redundancy allocation problem. In order to increase reliability
concepts and components while taking into account limitations such as volume and weight, this
problem aims to increase reliability concepts and components. The series-parallel structure is one
of the types of system structures that is designed by allocating redundant components in parallel
to the components of a system with a series structure [8].

Ku et al. stated in an article in 2000 that, in general, reliability can be defined as the long-term
quality or the probability of a system's optimal performance under certain operational conditions
in a certain period of time [9].

Zigo et al. designed a multi-objective optimization model for the reliability optimization
problem through the allocation of additional components with transformation intensification. They
solve the problem using a genetic algorithm [10].

In 2012, Joseph Homer Saleh et al. analyzed the reliability and failure of satellite electronic
subsystems and their improvement through redundancy [11].
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Additionally, in 2022, Tripti Dahiya et al. tried to improve the reliability of a system by
combining two optimization algorithms, PSO and GA, in an article called Reliability optimization
using hybrid genetic and particle swarm optimization algorithm [12].

Kazem Imani et. al. published a paper in 2022 in which they tried to calculate the reliability of
a quadcopter power distribution [13].

1.2. Reliability indicators

The classic index of reliability, as mentioned, is the probability of failure, but many other
indicators are also used for this purpose today, which depends on the type of system and their
operational requirements, some of which are mentioned below [1, 14]: 1 — The number of expected
failures in a certain time range. 2 — The average time between failures. 3 — Expected loss in
investment due to failure. 4 — Expected reduction in system output due to various types of
malfunctions. Each of these indicators can be evaluated using the relevant theory of reliability,
and their selection will depend on the type of problem [15].

1.3. Types of system configuration

A system includes a network of components that are connected to each other in series, parallel,
series-parallel combination and complex.

1.3.1. Series configuration

In series mode, all components of the system are considered critical, in other words, the failure
of one component will cause the entire system to stop and fail.

If system reliability R (t) and the reliability of the n component with R,,(t) are shown and n
components of the system are considered independent of each other, then the following
relationship is established in the series mode:

Ry(t) = Ry(t) X Ry(t) X ... X Ry, (t).

As a result, the reliability of the system will not be greater than the lowest reliability of the
components, so according to the above relationship, in order to achieve high reliability for a
system with series components, the high reliability of each component is very important. If the
failure rate of each component is constant and equal to, the reliability of the system is calculated
as Eq. (1) [1, 16]:

RO =] k=[] _exp-2) = a0 = exp(-,0) (1)

1.3.2. Parallel configuration

The combination of two or more components that are parallel to each other or, in other words,
redundant members of each other, is called a parallel system. In this configuration, the system
stops or crashes when all the components fail, and as long as at least one component performs
optimally, the system will continue to work. System reliability R;(t) For n parallel and
independent components, it is obtained from the Eq. (2):

Ry(t) =1-— Hn_ (1= Ri(©)) = Max{R,(t), R,(t), ..., R, (D}. ()

The reliability graph of the two supporting members is convex at the beginning of the time
range. In comparison, the same graph for the single component is concave in the entire time range
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compared to the origin of the calculations. This difference is well shown in Fig. 1. In this figure,
the failure rate for both modes, it is 0.005 per unit of time [1, 17, 18].
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Fig. 1. Reliability changes in parallel and single system
1.4. Combined series-parallel configuration

This system includes both series and parallel relationships between components. An example

of a combined system is shown in Flg 2.
}_{L}_’.
S

Fig. 2. Combined series-parallel configuration

To calculate the reliability of the system, the network is broken into several sets, then the
reliability of each set is calculated, and then the reliability of the system is obtained from the
relationship of the reliability values of each set. In Fig. 7, the reliability is calculated as follows
[3, 18]:

Ry =[1-(1—-Ry)@—Rp)l, R, =Ry XRp, R3=R¢XRyg,
R,=[1—(1—R)(1—Rs)], Re=RyXRp.

1.4.1. Optimization

Optimization is the art of finding the best solution among existing situations. The innate desire
of every human being to reach perfection shows the theory of optimization. Man wants to visualize
and describe the best and achieve it, but since he knows that he cannot identify and define well all
the conditions governing the best, in most cases, instead of the best or absolute optimal answer,
he finds a satisfactory answer. Optimization is an important tool in the decision-making and
analysis of physical systems. Mathematically, an optimization problem is a problem of finding the
best solution among a set of candidates or possible solutions. In this and similar cases, since more
than one objective function must be considered, it is necessary to consider the application of multi-
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objective optimization methods. The most important feature of such methods is that by using
multi-objective optimization models, more than one candidate solution is available to system
designers and engineers; Each of these answers will display the balance between different
objective functions [16].

1.4.2. Multi-objective optimization

Multi-objective optimization methods are used in many branches of science and engineering
when a balance needs to be established between two or more conflicting objectives to reach
optimal decisions in the system. Undoubtedly, in many engineering applications, designers of
engineering processes and systems make decisions based on conflicting goals. For example, in the
process of designing a car, in addition to the fact that engineers aim to design a car with maximum
performance, at the same time, they seek to design a car with the lowest number of emissions and
fuel consumption.

2. Methodology
2.1. Reliability prediction

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
[EC-62380 document have advanced the reliability plan.

2.2. Calculating quadcopter reliability

In calculating the reliability, estimating the failure rate of parts is very important. Calculating
this number is very expensive for companies producing parts due to the complexity and variety of
lifetime tests. As a result, in most cases, the failure rate of parts is not recorded in their information
table. This makes it difficult to calculate the reliability of the quadcopter. To overcome this
problem, alternative methods are used to calculate the failure rate of these parts. One of these
methods, which is used for electronic parts, is reliability prediction based on models. Statistics
have expanded. Another method is the method of assigning reliability to each of the components,
which is achieved according to the influencing parameters of a system, including complexity,
technology, environmental conditions, and performance time. Here we consider the operational
life of the quadcopter as 3 years [19, 20].

2.3. Optimization methods

Optimization methods and algorithms are divided into two categories: exact and approximate
algorithms. Approximate algorithms are divided into two categories: heuristic and meta-heuristic
algorithms. In the exact method, we have a series of algorithms that can give a completely accurate
and definitive answer by searching and viewing all the data. These algorithms have low speed and
naturally, they are not very useful for problems with large data and dimensions. On the other hand,
in the approximate method, there are another series of algorithms that can search specific parts of
the data by using the initiative, and by doing so, they increase the speed of generating the answer.
Although, this is heuristic algorithms do not guarantee that the obtained answer is the best possible
answer. That is, if you search further, you will probably find a better answer. The biggest problem
of the heuristic method is that it needs to know the problem. In other words, an innovative
algorithm will be responsible for a specific problem. Another problem of heuristic algorithms is
their getting stuck in local optimal points, and premature convergence to these points, and here
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another series of algorithms have been created that can search for optimal points without having
the problems of heuristic methods. Indeed, meta-heuristic algorithms are able to solve the problem
with reasonable speed and accuracy by providing a general solution without knowing the problem.
These methods are in the term independent of the problem [5].

2.3.1. 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 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, 21-24].

The procedure for implementing the FA algorithm can be as the code in Fig. 3.

2.4. Problem statement

The firefly algorithm is a new population-based multivariate approach developed by Xin-She
Yang and inspired by the behavior of the blinking properties of fireflies. The flickering light can
be formulated in such a way that it is accompanied by an optimized objective function, which
enables the formulation of the firefly algorithm. To implement this algorithm for a board, we
consider a quadcopter that includes six main components, each component is marked with a
number as follows. For this purpose, we consider four main components and each index represents
one of the components. These are the four components in order: 1 — flash memory, 2 — driver,
3 —transmitter and receiver, 4 — processor, 5 — flow sensor, 6 — temperature sensor.

In this problem, the weight function, the cost function, and the objective function are known,
and the relationships and correlations between them are known. We should get the most optimal
mode for reliability by running the program and determining the different modes of redundancy
in order to have the most optimal mode according to the weight and cost limitations. In this case,
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the maximum weight is 5000 grams and the maximum cost is 3500 dollars. Next, in order to
validate the firefly program, we implement this program in Toolbox Optimization of MATLAB
software by genetic algorithm and compare the results.

Objective function of optimization problem f(x). x = (x1. ..., xa)"

Generate initial population of » fireflies x; (7 = 1. 2. .... 71) using generation of
numbers with uniform distribution

Light intensity [; at x; is determined by f{x;)

Define light absorption coefficient y

Initial generation. k=0

while (k < MaxGenerations)
Update the generation number. k =k + 1
for i =1 ton (all n firetlies)
torj =110 (all n fireflies)
if (J; < I) in case of a minimization problem
Move firefly i towards j in d-dimension:
end if
Attractiveness varies with distance 7 via equation (7)
Evaluate new solutions and update light mtensity
end for j
end forj
Rank the fireflies and find the current best
end while
Postprocess results and visualization

Fig. 3. Algorithm of the FA

The reliability-redundancy assignment problem to maximize the system reliability by
considering the constraints can be formulated as follows:

In this research, we are looking for multi-objective optimization. We want to have maximum
reliability with minimum cost and weight for our quadcopter. The following function should be
maximized Ry = f(r,n). Also considering 1 <i<m,n; € Z*,g(r,n) <1,0<1,<1,1,€R
where in R;. Subsystem reliability, g are a set of constraint functions (weight and cost functions),
r = (11, 1,713, ...). Reliability vector of subsystem components and n = (ny,n,,ns, ...) are the
vector of redundancies assigned to the subsystem. r; and n;. The reliability and number of
components of each subsystem is in the i-th component of the subsystem. For example, n; The
total number of flash memory (main + spare) and ;. The amount of reliability of flash memory.
£(0). The objective function for all reliability of the subsystem, 1 is the resource limitation of the
subsystem and m is the number of components of each member in the subsystem. This problem is
a series of mixed-integer nonlinear problems. The problem can be started as follows:

The function f (r,n) = [[72,[1 — (1 — r;)™] should be maximized. Considering the weight function
g1(r,n) = T, wn?e®25™ < W, and cost function, g,(r,n) = XM, C(r;)[n;e%?°™] < C, where
inl1<n;<6and 7, €R and 0.5 <1; <0.999999 and n; € Z* and C the limit of the cost
(budget). Here, i is the desired part number in the subsystem. For example, n, represents the total
number of flash memories (main + surplus) and 7y indicates the reliability of flash memories with

b.

the number considered C(r;) = a;. [%] "is the component cost function where T is the
operating time of each subsystem component in which it does not fail. W is also an upper limit of
the weight of the subsystem. It’s derived from the fault tree analysis of the subsystems’ structure
diagrams. Since the attractiveness of a firefly is proportional to the intensity of light seen by
neighboring fireflies, we can now define the attractiveness f of a firefly in terms of the Cartesian
distance between firefly i and firefly j. In this case, the distance of the i-th firefly to the more
attractive (brighter) j-th firefly that is attracted to it, is Eq. (3):

1
X =x + Boe"l‘rizf(xj -x)+a (rand - E)' 3)
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The second part is related to the attractiveness of fireflies, where 5, is the absorption
coefficient of fireflies, absorption coefficient in r = 0. In the third part, we are looking to create
random numbers using the a coefficient. The generated random number is between 0 and 1.

2.5. Structure of the manuscript

In the continuation of the Results section, it is divided into two sections: component reliability
calculation and optimization section. In the reliability section, we examine the components of the
quadcopter and calculate the reliability of the various parts of the quadcopter using the failure rate
and existing relationships and tables.

Next, in the optimization section, we will first explain the parameters and the algorithm, and
then we will express the results of the firefly algorithm. Finally, we use the genetic algorithm to
validate the result of the firefly algorithm.

In the Conclusion section, we have compared the results of firefly and genetics algorithms and
we have displayed the results of the comparison under the title of Table 9.

3. Results
3.1. Reliability
3.1.1. Estimating the reliability of command board

The command and data management board includes several main and vital components that
are placed on the printed circuit fiber. Next, the reliability of the important components and the
printed circuit fiber is calculated. After calculating the reliability of various components, the
reliability of the data command management board is calculated using the following relationship

[4]:

Rboard = RPCB X Rsoldred components»

Rsoldred components — Rcomputerscomponents X Rconnections-
3.1.1.1. Processor

In order to design and build the command and data management board, a processor with good
processing power and at the same time low power consumption, which has a hardware decimal
computing unit, should be used. This processor is designed to be used in applications with high
power consumption. This processor uses the ARM-Cortex R4F architecture and is a product of
Texas Instruments. The FIT value of this part is 41.2. In order to design and build the command
and data management board, a processor with good processing power and at the same time low
power consumption, which has a hardware decimal computing unit, should be used. This
processor is designed to be used in applications with high power consumption. This processor uses
the ARM-Cortex R4F architecture and is a product of Texas Instruments. The FIT value of this
part is 2.41. The component reliability is calculated as follows:

FIT 241 _o Failure

IT = Ahours x 10° - Ahours = 1—09 = 1—09 =241x%x10 W’

R = e~ = ¢~241X107°X365x3 = 0.999976249.
3.1.1.2. AT45 flash memory

This part is made in Atmel technology company. The information of the various components
of the quadcopter is stored in this part. The FIT of this part is equal to 1.3. The reliability of this
part is calculated as follows:
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R = e~ = ¢~13X107°%365X3 = 0.999998576.
3.1.1.3. Sender and receiver

This part is a product of Texas Instruments company with FIT 4.65. The reliability of this part
can be calculated as follows:

R = e—lt — e—4.65><10_9><365x3 = 0.99999949().
3.1.1.4. Motor driver

This part is a product of Analog Device company with FIT 1.44. The reliability of this part is
calculated as follows:

R = ™M = ¢ 144X1077x365:3 = 0.9999984232.

The reliability of the command board and data management components along with the
number of parts are listed in the Table 1.

Table 1. Reliability of electrical components

Part type FIT Reliability Number of parts
Flash memory 1.3 ] 0.9999985762 1
Driver 1.44 | 0.9999998423 2
Sender and receiver | 4.65 | 0.9999994908 1
Processor 2.41 | 0.9999762494 1
Flow sensor 2.7 | 0.9999970437 1
Temperature sensor 3 0.9999967155 1
ECS 1.5 | 0.9999983516 1

Now, if we consider redundancy for some important components, their reliability changes as
follows (Number of components = number of main components + redundancy).

Table 2. Redundancy for some important components

Flash memory

Number of components (n) 2 3 4

Reliability (r) 0.9999991624 | 0.999994774 | 0.9999997485
Driver

Number of components (n) 2 3 4

Reliability (r) 0.9999986554 | 0.9999989546 | 0.9999991542
Sender and Receiver

Number of components(n) 2 3 4

Reliability(r) 0.9999996542 | 0.9999997562 | 0.99999998545
Processor

Number of components (n) 2 3 4

Reliability (r) 0.999980215 | 0.999982654 | 0.999985423
Flow sensor

Number of components (n) 2 3 4

Reliability (r) 0.9999975364 | 0.9999977332 | 0.999997866
Temperature sensor

Number of components (n) 2 3 4

Reliability (1) 0.9999971344 | 0.9999974352 | 0.9999978999
ECS

Number of components(n) 2 3 4

Reliability(r) 0.999998644 | 0.9999990444 | 0.999999235
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Finally, the reliability of the command board is equal to 0.999999456.
3.1.2. Reliability estimation of printed circuit fiber and connections
3.1.2.1. Estimating the reliability of connections

The reliability between the board and the components are sensitive to heat and the type of
connections. The sensitivity can be expressed in the form of Eq. (4) [19], [25], [26]:

j
Apipr = (1 +3 % 1073 x [Z (1,); (ATL-)O-GB] x Zad. )
1
Table 3. Connections on board [25-27]
Effective coefficient (1,); n; <8760 Cycles/Year (my); = nd76
n; > 8760 Cycles/Year (my); = 1.7nd6

n;: Number of cycles including turning the board off and on in a year with temperature range of AT;

AT; = (T,0); — (Taeds AT;
(Tac)i: Outdoor environment temperature in (T,e);i: Indoor environment temperature, near the
the ith phase of operation components in the ith phase of operation
For solder joints in each 1 billion hours equal A4
0.5

Due to the small space of the board and box, the temperature of the environment near the
components is the same as the temperature around the board. As a result, the failure rate and
reliability of connections are:

Apipr = (143X 107% X [1x (27 = 3)*%°]) X 766 X 0.5 X 1077 = 3.92 X 10-7f/h,
R = e~ M = ¢—3:92x1077x365x2X24 — () 993 1.

The reliability of a printed circuit fiber depends on the area of the fiber openings, the number
of circuit layers, the width of the signal path on the board and the number of connections:

140.1Vs

X1
3 L

N
Apipr = 5% 10712 X 7 X 00 X [N, 1+?+Np><

> e x e ).
1

Coefficients and impact factors can be calculated using the Table 4.

®)
X <1+3 x 1073 x

Table 4. Effective coefficients and factors in calculating the reliability of printed circuit fiber [27]

Effective coefficient Number of Layers <2 T =1
T, Number of Layers > 2 m, = 0.7 x \/m

Np: Number of Signal Paths
N;: Number of holes in the board
S: Board Area (120 cm?)
_ 1740(5p5 o)

e

= 303 273+¢,
0.56 035 023 | 015 | 0.1 Width of the maximum flow

path

1 2 3 4 | s 7,

For the proper analysis of the temperature coefficient, the maximum temperature of the device
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must be taken into account, and for this purpose, the diagram in Fig. 4 is used:

= 61740(303 273+13) = 0710.

The fiber printed circuit board for the control board has 19 apertures, including embedded
apertures for screws, connecting parts and connectors. Also, there are 53 signal paths in all layers
of the board to connect different parts. According to Eq. (5):

f 1+01\/_
Apcg =5 % 107 12><0710><1><ll9>< 1+—+53 ‘ x 1.0260

— 6801 x 1091
Ay

Finally, the reliability of printed circuit fiber is equal to:

Rpipr = et = e—3.801><10_9><365><24- = 0.94946346.

g gt g gl g s s iaasglaagalhseodanngd
0 10 20 30 40 50 60 70
T & (Ambient Temperature)

Fig. 4. Temperature factor changes in the range of 0-70 degrees Celsius

3.1.3. Battery

The SB (Storage battery) in the quadcopter is the only generator of electrical energy. Most of
the batteries are of the lithium polymer (LiPo) type. The reason for using these BC (Battery cells)
is because of their high energy density and high discharge rate. The reliability relationship of the
SB part is defined as Eq. (6) [27]:

R—i MO R X (1—Ryo)™ 6
SB _]=bm]' (le—j)' BC ( BC) ) ( )

where nb is the number of batteries, which is equal to 4, and kb is the excess number of batteries
which is equal to one:

mb = nb — kb.

From an analysis of possible sudden failures of such sections, the following failures generated
lead to a complete failure of each section [27].
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Now the reliability equation of each battery is as follows:
Rps = R®5 x [1— (1 — RBC.(1 — RCED))],

where Ry is Reliability of batteries not being damaged, and R® . is Reliability of not shorting
circuit the batteries, and R¢gy is Reliability of not breaking down CEU.so:

Rpc = 0.995 x [1— ((1—0.98) x (1 —0.97))] = 0.9944,
4 41

= — xR, X (1-Rg)*’ =0.99328,
Reo = D TG * Foe X (1= R

finally, the price of each used lithium-ion battery is, so: Costsg = 4 X 25 =100 $.
3.2. Optimization
3.2.1. Firefly algorithm

By running the firefly algorithm in the MATLAB environment 20 times, with a system by
CPU Intel CORE i7 5500U 2 Core 3.40 Ghz and RAM 8 GB 1600 MHz in windows8, the results
of Table 5 and Table 6 were obtained, which show the different optimized parameters, where n is
from 1 to six in the following order: 1 — flash memory, 2 — driver, 3 — transmitter and receiver, 4 —
processor, 5 — current sensor, 6 — temperature sensor.

Table 5. Conclusion 1 reliability optimization by FA algorithm

Parameters Execution number

1 2 3 4 5 6 7 8 9 10

ny 3 2 3 2 4 2 2 3 4 4

n, 3 4 3 3 4 2 2 3 3 4

ng 3 4 4 2 2 3 2 4 4 2

ny 2 4 3 4 2 2 2 3 4 4

ng 2 2 3 2 3 3 3 2 2 3

ng 2 3 3 3 3 3 4 2 2 2
Cost 3464.433402.82|3461.87|3466.38|3415.55|3439.11|3468.86 |3406.48 | 3462.99 |13461.97
Weight |4765.5314595.40|4706.44 |4769.214581.47|4792.78 |4828.23 |4733.45|4568.77 |4617.93
Best firefly [0.98783]0.99615]0.99279| 0.9901 |0.99925]0.94995| 0.9813 | 0.9930 | 0.9962 |0.99044

Table 6. Conclusion 2 reliability optimization by FA algorithm

Parameters Execution number

11 12 13 14 15 16 17 18 19 20

ny 3 4 4 4 3 3 4 3 4 3

n, 2 4 4 2 3 2 4 3 3 3

ns 3 4 4 4 2 4 3 4 2 4

n, 2 3 3 2 3 2 2 3 4 4

ng 2 2 3 2 2 3 3 4 2 3

Ng 3 3 4 2 2 4 2 4 2 4
Cost 3456.88(3476.27|3484.54|3460.77|3485.68|3433.62|3422.03|3428.47|3249.15|3441.77
Weight 4746.584554.85|4647.4814821.39(4722.60|4623.11(4928.60|4463.79(4620.90| 4627.7
Best firefly [0.94675]0.99757/0.98883|0.99027/0.9824410.99765/0.99143]0.97011]0.99757|0.99431

According to these results, it can be concluded that the best mode (Best Firefly) has been
obtained in the fifth execution of the program, which gives us a reliability of 0.99925. 3 will be
surplus. Also, we will have 4 drivers, 2 of which will be main and 2 surpluses. Also, 2 transmitters
and receivers, 1 of which will be main and 1 surplus. 2 processors, one the main number and one
surplus. 3 flow sensors, one main and 2 surpluses. Finally, 3 temperature sensors, one main and 2
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surpluses. The total cost of the subsystem will be 3415.15 dollars and the total weight of the
subsystem will be 4620.9 grams [21], [24].

3.2.2. Genetic algorithm optimization results in optimization toolbox MATLAB

In this case, like FA in the environment of MATLAB version 2020, with a system by CPU
Intel CORE 17 5500U 2 Core 3.40 GHz and RAM 8 GB 1600 MHz in windows8, we run the
program 20 times and report the results. In the optimization of our problem, for algorithms with a
large amount of data, the genetic algorithm is efficient., the following 12 parameters are
considered as variables [26]: nl =x(1), r1 =x(7), n2 =x(2), r2 =x(8), n3 = x(3),
r3 =x(9), nd = x(4), r4 = x(10), n5 = x(5), r5 = x(11), n6 = x(6), r6 = x(12).

The upper and lower ranges of each of these variables are also shown in Table 7.

Table 7. Upper and lower ranges of variables in genetic algorithm
Parameters  |x(1) |x(2) |x(3) |x(4) |x(5) |x(6) [x(7) [x(8) [x(9) [x(10)|x(11)|x(12)
Lower Bound 1 1 1 1 1 1 0.5 0.5 0.5 0.5 0.5 0.5
Upper Bound 3 3 4 3 4 3 10.999 | 0.999 | 0.899 | 0.999 | 0.999 | 0.999

The program code is written in MATLAB language and includes a main body that manages
the inputs and outputs of the program. In this program, there is a counter that specifies how many
calls to calculate the objective function are made by the code and how many are made by the
history of the results. Also, if needed, the input data is read from the input files to start the
optimization process. Also, the number of generations and the number of members of each
generation are selected as the main inputs of the optimization process by the user, and the
application specifies the minimum number of primary data to be present in the first population of
primary data [28-31].

MaxGenerations Data =1700; PopulationSize Data = 1080°.

Table 8 and Table 9 show the results of the genetic algorithm.

Table 8. Results 1 optimizing reliability by GOA algorithm

Parameters Execution number

1 2 3 4 5 6 7 8 9 10

ny 4 4 3 3 3 4 3 2 2 4

n, 3 4 4 4 2 3 4 4 4 2

ng 4 4 4 4 4 2 4 3 4 3

Ny 3 2 2 3 2 4 3 4 2 4

ng 4 4 4 4 4 4 2 4 4 4

ng 3 3 3 3 3 2 3 4 3 2
Cost 3464.18|3461.56|3480.88 | 3464.44|3464.44 |3468.09|3461.18|3466.95|3468.43 13477.29
Weight [4696.84|4710.64 |4742.934762.25|4787.74|4831.74 |4890.53 |4716.62 | 4663.99 |4875.72
Best Firefly |0.96998 0.99201 | 0.98691 | 0.987450.98756|0.99924 10.99999 | 0.98103 | 0.98748 | 0.96355

Table 9. Results 2 optimizing reliability by GOA algorithm

Parameters Execution number

11 12 13 14 15 16 17 18 19 20

ny 4 4 4 3 2 4 2 4 4 2

n, 3 3 2 3 3 2 4 4 3 2

ns 4 2 4 4 4 4 3 3 4 4

ny 2 3 3 2 3 2 2 4 4 4

ng 3 2 2 4 2 3 2 3 3 2

ng 4 6 3 4 2 3 4 2 3 3
Cost 3454.38|3443.40|3348.69(3246.27|3446.52|3247.59(3246.79|3466.87|3347.82|3448.4
Weight 4770.74|4657.41|4822.694921.67|4891.48|4672.57|4818.87|4570.42|4626.87|4265.3
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In this case, the best choice was made in the seventh performance. In this case, we have three
memory sticks, one of which is the main number and 2 of which will be redundant. We will also
have four drivers, one of the main and 2 of which will be redundant. Also, there will be four
transmitters and receivers, 1 of which is the main number and 3 of which will be redundant. It is
surplus. 2 processors, one central number, and one redundant number. 2 flow sensors, one central
number, and one redundant number. Finally, there will be three temperature sensors, one of which
will be the main number, and two will be redundant. The total cost of the subsystem will be
3461.18 dollars, and the total weight of the subsystem will be 4890.53 grams.

4. Discussion

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.

4. Conclusions

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
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.

4.1. Limitation

In this research, we were faced with limitations in obtaining the failure rate of some parts, and
with great effort, we succeeded in obtaining their values.
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4.2. Recommendations

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 10. Comparison of the results of FA and GOA algorithms

Parameters FA GOA | Data discrepancy

ny 4 3 1

n, 4 4 0

n, 2 4 2

Ny 2 3 1

ng 3 2 1

Ng 3 2 1
Cost 3451.55 | 3461.18 0.3 %
Weight 4581.47 | 4890.53 0.1%
Best 0.99925 | 0.99999 0.07 %

Therefore, by comparing the obtained answers, we can say that due to the closeness of the
answers, we can ensure the correctness of the answers of the firefly algorithm.
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