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In the process of emergency relief material dispatching, most of the traditional algorithms for dispatching are for single rescue
point and single material dispatching, which cannot solve the problem of multirescue emergency relief dispatching. The various
supply and demand points for emergency relief materials and the multiple emergency relief material dispatching are utilized to
create the multiobjective planning model, which is then used as the optimization objective to create the best material dispatching
plan. Genetic algorithm (GA) is used to solve the optimal material dispatching scheme and symbolic coding; special pulse
crossover operator and variational operator are used to ensure the quality of the solution. The experiment proves that the
simulation method of the aviation emergency rescue process considering the application scenario characteristics is efficient in the
emergency rescue process and can meet the application requirements of material dispatching in the process of civil emergency

disaster relief.

1. Introduction

At the moment, the primary goal of the development of the
domestic aerospace industry is to increase the safety of
human life and property while simultaneously raising the
level of economic construction and technology, as well as
fully reflect the values of social and humanistic care and
harmony, among other things. Aviation emergency rescue
and dispatch has piqued the interest of many professionals
and academics since it is a quick and efficient way of rescue
that is not limited by distance. Due to its vast development
area, emergency disaster relief scheduling has attracted the
attention of numerous industry experts and received a great
deal of attention [1-6].

It has been a long time since my country was regarded as
one of those suffering from the most severe natural disasters
in the entire world. More than 138 million individuals in my
country were harmed by various natural disasters
throughout the year 2020, with direct economic losses
amounting to as much as 370.15 billion Chinese yuan

(US$415 billion). Furthermore, it is impossible to ignore the
annual losses suffered by my nation in the fields of public
health, social security, and other public emergencies, as well
as the effects of these losses. As a critical component of
disaster relief efforts following disasters, aircraft emergency
rescue has the qualities of rapid reaction time and strong on-
site engagement capabilities, making it one of the most
successful methods of reducing the loss of life and property
during disasters. The need for aviation emergency rescue
services is rising as my nation’s system for aircraft emer-
gency rescue keeps getting better [7-11].

The following are the materials dispatching methods
currently in use in the domestic emergency rescue and
disaster relief process:

(1) A civil aviation emergency rescue material sched-
uling method based on the hierarchical division
behaviour state reorganization network algorithm.
The method makes use of neural networks’ incred-
ible parallel processing power to complete the dis-
patching of emergency aid for civil aviation [12-16].
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Despite the fact that this method is minimal in cost, it
is time-consuming and computationally difficult,
and it is unable to match the real-time requirements
of disaster relief material distribution.

(2) Using the global optimal search capability of parti-
cles, a method based on the particle swarm algorithm
is used to find the best route for distributing
emergency relief supplies for civil aviation. It has the
drawback of not being able to meet the actual needs
of emergency disaster aid for multiple rescue points
despite being a simple operation that is primarily
intended for the dispatch of a single rescue point.

(3) A dispatching model is developed that is focused on
providing the quickest possible emergency response
time in order to meet the dispatching goal for civil
aviation emergency relief materials. Despite the fact
that this procedure is time-consuming, it is also
expensive [17-19].

To address the aforementioned concerns, a simulation
technique for the aviation emergency relief process is pre-
sented that takes into account the unique characteristics of
the application situation. A multiobjective planning model is
developed by utilizing multiple supply and demand points
for emergency relief materials [20, 21], as well as multiple
emergency relief material dispatching. The development of
an ideal material dispatching method is then carried out
using a GA, with this model serving as the objective
function. Symbolic coding, unique crossover operators, and
variational operators are employed to guarantee the
achievement of the ideal material dispatching scheme. The
results of this experiment demonstrated the effectiveness
and capability of the optimization strategy for emergency
relief material dispatching based on an enhanced GA to
satisfy all application requirements for material dispatching
throughout the disaster relief process.

The rest of the article is as follows: Section 2 discusses the
principle of material dispatching in the emergency rescue
process. Section 3 analyzes the proposed method. Section 4
explains the experiments and results analysis. Section 5
concludes an article.

2. Principle of Material Dispatching in
Emergency Rescue Process

As a result of previous experience with the implementation
of emergency relief material dispatch in China, it has been
determined that civil aviation emergency relief material
dispatch should meet the following conditions.

It is crucial that emergency relief supplies are given as soon
as possible after a tragedy. The emergency relief material
dispatch procedures that are prepared must be activated as
soon as possible, and the emergency relief dispatch tasks must
be finished at the disaster site in a race against time. This is
assuming that a catastrophic event occurs in a specific location.

The airline’s emergency relief material reserves, which
must be sufficient to fully support the entire process of
emergency relief dispatching tasks until the disaster situa-
tion is alleviated, must be designed to work in a variety of
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harsh disaster environments, particularly in remote areas,
and the airline’s emergency relief material reserves must be
designed to work in a variety of harsh disaster environments,
especially in remote areas.

The service scope of emergency relief material sending
should be broad, and various disaster relief actions should be
carried out to the maximum extent possible, as indicated in
the following mathematical model.

There are m civil aviation emergency relief supplies
supply points by s, s,,- -, s,,, generation table stores a total
of p kinds of emergency relief materials, and R}, R,, -+, R,
represents the number of emergency relief materials that
emergency relief material dispatch is responsible for pro-
viding n emergency material demand points represented by
D,,D,,---,D,.

Assume that the storage quantity of the kth emergency
relief material at the first supply point can be expressed as
By;, 1 <k,1<i<m. The demand for the kth material at the j-
th demand point can be expressed as Q;;, 1< K<P,1< ] <n.
The delivery time from supply point s to demand point D;
can be expressed as t;;,1<i<m,1<j<n. The goal of
emergency dispatch is to be able to obtain a variety of
material supply solutions from emergency relief material
supply points, which can be calculated by calculating the
value of x;;;, x;;; out of the supply point s;, represented by
D;. The quantity of material supplied from the relief material
demand point is represented by Rg. If x;;; > 0, then the label
Fyj; = 1, which can express a relief provided by the supply
point represented by S, for the demand point D;, and vice
versa, the label Fy;; =0,1<i<m,1<j<n 1<k<p.

The following assumptions are made in order to solve the
problem of emergency relief material deployment in civil
aviation:

(1) The journey time of emergency relief supplies from
the supply location to the demand point is constant,
with the exception of unusual events that may occur
during the transportation procedure

(2) The demand point does not need further emergency
manufacturing or resupply because the supply point
for emergency supplies has enough goods to meet the
demand

(3) There is no association between the requests for
different resources, and all emergency relief supplies
are represented as integers

The optimization objectives and modeling of the disaster
relief problem might be stated as follows:

minw, x Y "3 Fyi+w, x min {Fy; x t;;}, (1)
ki j
Vj,vk;zxkijZij’ (2)
1
vjavk)zxkij < By, (3)
1

2k2i2jFyijdenotes the number of times that aviation
emergency relief supplies are dispatched to rescue,
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min {Fkij X tij} denotes the time that aviation emergency

relief supplies are dispatched to rescue, and the normalized

weights of these two parts are expressed as w; and w,,

respectively, in equation (1). In this case, ¥}, ¥y, 2, xj; = Qy;
i

represents the quantity of emergency relief materials needed
by the demand point for that particular sort of emergency
relief material. Every relief supply point’s real quantity of
emergency items is represented by the number
V), Vi Xixkij < By; in the equation.

We can describe the theory of dispatching emergency
relief supplies for civil aviation, but the traditional algorithm
is generally used for single rescue points and single materials,
which is insufficient for meeting the actual needs of disaster
relief.

3. The Proposed Method

Because the traditional algorithm for emergency relief
material dispatching is primarily designed for single rescue
point and single material dispatching, it is unable to meet the
actual needs of emergency relief. To address this issue, we
propose a simulation method for the aviation emergency
relief process taking into account the application scenario
characteristics, which is based on an improved GA, and
which is intended to optimize the emergency relief material
dispatching.

3.1. Development of a Paradigm for Multiobjective Planning.
The multiobjective planning model plays a significant role in
the optimization of the process of distributing emergency
relief materials to the affected areas. It is built on a foun-
dation of numerous civil aviation emergency relief material
supply and demand locations, as well as multiple emergency
relief material dispatching, with the aim of maximizing
emergency relief dispatching efficiency while keeping costs
to an absolute minimum. The following are the particular
measures to take.

Let N be an emergency material supply point for the
scheduling of aviation emergency relief materials, indicated
by Ay, A,,---, A,, m represents the requirements of emer-
gency relief materials, and C;,C,,---,C; represents the
scope of the selection of emergency materials.

The emergency relief demand rate for the kth material at
the j-th civil emergency relief material demand point on
dayt is

e

DPiji = o (4)

In this equation, e; ;. denotes the amount of I emergency

relief materials obtained from the j-th emergency material

demand point on the ¢-th day, and r;;; denotes the actual

quantity of k materials required by the j-th aviation disaster

relief emergency material demand point on the t-th day,
1<ism,1<k<Lt=1,23,---

After solving for m x 1 emergency relief on tth day, it can

be demonstrated that the average of the m x 1 emergency

relief need rate p, may be used to calculate the total

humanitarian assistance required on tth day by using the
following equation:
X %ejkt 5)
j
b =

mx1 ~

Calculating the whole transportation cost of the relief
process on day t can be accomplished using the following
equation:

€ijkt
o= 23 Thdy 2] ©
ij

In the preceding equation, b, represents the unit trans-
portation cost, d;; represents the distance between the i-th
emergency supply point and the j-th emergency demand point,
€;ji represents the number of the kth material transported
from the i-th emergency supply point to the j-th emergency
demand point, and a;, represents the maximum load capacity
of each aircraft to transport the k-th material are all given.

In the conventional state, aircraft transporting goods
have a loading volume limit represented by v and a loading
weight limit represented by M. In the unconventional state,
aircraft transporting cargo has no loading volume limit. The
critical density can be calculated with the help of the fol-
lowing equation:

Py=—. 7
=5 )

According to the above equation, the complete capacitz
of each emergency relief dispatch transport aircraft for the I'
type of emergency relief materials varies depending on the
type of emergency relief supplies.

v

>

Yo

ak (8)
M
m,

The density of emergency relief materials is represented
by p < p, when referring to the unit material. V; denotes the
volume of the unit material, and m, represents the mass of
the unit material.

The demand for the kth type of material at each
emergency demand point should be proportional to the
number of affected people present at the demand point, and
the proportion of demand for the kth type of emergency
relief material should be proportional to the proportion of
affected people present at the demand point.

rjkt = bk X q]t (9)

In order to keep a lower bound on the relief rate of
various materials, a lower bound based on the actual disaster
situation should be set for each emergency material demand
point in the optimization process of civil aviation emergency
relief dispatch. When p i, > p, is present, po uses the lowest
possible lower bound for relief dispatch.



If a single type of relief material is delivered by each
emergency relief supply point to the corresponding demand
point, the total amount of that relief material delivered by
each emergency relief supply point cannot exceed the
storage capacity of that emergency supply point for that
emergency material, which is expressed as follows:

ek < hjes (10)
J
and the objective function is as follows:
max {p,},
{p} ()
min {c,}.

Finally, the multiobjective planning paradigm in civil
aviation emergency relief material dispatching can be
summarized by the following diagram:

Zejktﬁhjkt:
j

ikt = by x 9jt>

2 eju
J

Pk = >
T ikt

S-t4 - (12)
ZZejkt
j k

br=——"5>

In the process of emergency relief resource scheduling
optimization, the multiobjective planning model is inte-
grated into an optimization objective. It can be expressed by
the following equation:
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p= Z w; X p;,
j
€kt = A X Mgy
Vike = by x 9jt>

2eji
J

Pjke = >
¥ ikt

- (13)

k=12,---1

In summary, we can describe the process of developing a
multiobjective planning model for the optimization of
emergency relief material dispatching, which serves as an
effective foundation for the completion of the optimization
of emergency relief material dispatching after it has been
established.

3.2. Actualization of the Civil Emergency Relief Material
Dispatching Process. As part of the process of optimizing
emergency relief material dispatching, a multiobjective
planning model is developed, which is then translated into
an optimization goal for the purpose of designing the most
efficient material dispatching strategy. The ideal material
dispatching strategy is identified and solved using an en-
hanced GA. The algorithm is the last step in optimizing
emergency relief material dispatching, and it uses symbolic
coding, special crossover operators, and variational opera-
tors to ensure a high-quality solution. The specific actions
that must be taken are as follows:

Pretend you have tempx;;, which represents the
quantity of emergency supplies k currently provided by
aviation disaster relief emergency supply point i for demand
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point j, and tempBy;, which represents the remaining re-
serve quantity of civil aviation disaster relief emergency
supply point k (initial quantity of tempBy;; = By;; ).

(1) During the disaster relief dispatch optimization
process, determine whether there is an unequal
distribution of relief supplies at the relief demand
point, and if there is, ensure that j satisfies the
condition.

thempkaSQU. (14)

i=1

If not, turn to (4), otherwise, choose J arbitrarily and
turn to (2).

(2) Analyze whether there is an unbalanced distribution
of relief supplies at the relief demand points rep-
resented by J. If so, make k satisfy

ZtempxkijSQU. (15)

i=1

If not, turn (1), and vice versa, choose k arbitrarily
and turn (3).

(3) In the optimization process of aviation disaster relief
resource dispatching, analyze whether there exists a
current reserve of relief materials represented by h at
the supply point greater than 0. If so, make i satisfy
that

Y tempBy;; <Q,. (16)

i=1

If not, the solution fails and exits, and vice versa,
arbitrarily picks j and generates

m
0 ~ min (temkai, Qi — Z tempxki]->. (17)
i=1

In the disaster relief resource scheduling process, the
random number rm represents the number of
emergency relief supplies k distributed by aircraft for
rescue point j of i to be satisfied by
tempx,;; = tempxy;; +rm, (18)
tempB,; = tempBy; — rm.

(4) In the process of scheduling optimization, let x;;; =
tempxy,;, and if x;;; >0, then Fyy; = 1; otherwise,

4. Experiments and Results Analysis

Experiments were carried out in Matlab’s GA toolbox as a
simulation platform in order to illustrate the usefulness of
the improved GA-based optimization strategy for emer-
gency relief material dispatching.

Run the revised GA for a different experiment and
compare the outcomes with those of the current experiment
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using the experimental data in the experimental database for
multiobjective optimization. The outcomes are shown in
Figure 1 for the population size of 290, the number of it-
erations of 99, the crossover rate of 0.7, the variation rate of
0.02, and the weights of 5 and 1, respectively. On the basis of
Figure 1, it can be shown that the modified GA’s optimal
scheduling scheme is essentially consistent with the ex-
perimental data.

Figure 1 depicts the starting point of the environment. It
is decided on the parameter settings based on the com-
parison between empirical and experimental simulation
results. Using the same environment model, the improved
GA, the algorithm described in literature [10], and the
standard GA were all simulated in parallel. Rescue paths
generated by three distinct algorithms are depicted in Fig-
ure 1. Figure 1: Rescue routes determined by three different
methods.

As illustrated in Figure 2, various experimental simu-
lations were carried out in order to evaluate the superiority
of the revised algorithm’s performance.

By comparing the experimental results of the three al-
gorithms, including path length, path height mean square
deviation, and number of turns, it can be seen that the path
calculated by the algorithm of this paper is significantly
better than the path calculated by the traditional GA and the
path calculated by the algorithm of literature [10]. It can be
observed that the path calculated by the algorithm of this
study is much better than the path computed by the con-
ventional GA by comparing the comprehensive indexes of
the three algorithms. Also of note is that the technique
described in this research has significantly increased the
speed with which the algorithm converges, reduced the
number of stable iterations, and improved the search ability
of the algorithm. On the stability front, the indicators
computed by the algorithm in this paper for numerous trials
fluctuate less than those calculated by the algorithm in lit-
erature [10] and the standard ant colony algorithm, indi-
cating that the algorithm in this article is substantially more
stable.

5. Conclusion

An aviation emergency relief process simulation algorithm is
proposed that takes application scenario characteristics into
account in order to address the issue that traditional
emergency relief material dispatching algorithms are pri-
marily designed for single rescue point and single material
dispatching, which does not adequately address the actual
needs of emergency relief. Specifically, an improved GA is
applied to the optimization of emergency relief material
dispatching. By incorporating multiple supply and demand
points for emergency relief materials, as well as multiple
emergency relief material dispatching, a multiobjective
planning model is formed, and the multiobjective planning
model is used as the optimization objective for designing the
optimal material dispatching scheme; the optimal material
dispatching scheme is solved using a GA; symbolic coding, a
special crossover operator, and a variational operator are
used to ensure that t the final stage of optimization is
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complete. In this experiment, it was shown that the opti-
mization strategy for distributing emergency relief supplies,
which is based on an enhanced GA, is effective and able to
satisfy the application needs for distributing emergency
relief supplies.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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