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Abstract 

Based on the background of the rapid spread of COVID-19, in order to block the path of 
human-to-human transmission of the virus, the use of drones for "last mile" end delivery 
can effectively solve the problem of material supply during the epidemic isolation stage. 
This paper considers the range and load constraints of UAVs, establishes a distribution 
route optimization model with the shortest total delivery time as the goal, and designs a 
symbolic encoding method that conforms to the model to generate chromosomes 
according to the characteristics of taking first and then sending in the distribution 
process. The adaptive crossover and mutation probability is designed to improve the 
optimization ability of the genetic algorithm, and finally the simulation test is carried 
out. The results show that compared with the standard genetic algorithm, the improved 
adaptive genetic algorithm is more efficient, better quality, and has better solving ability 
in solving such problems. 
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1. Introduction 

The COVID-19 epidemic that broke out in Wuhan, Hubei Province at the end of 2019 has spread 
rapidly around the world. With the escalation of the epidemic, my country has adopted 
stringent epidemic prevention and control measures. Traffic control and residential isolation 
are implemented throughout the country, and the lives of residents and various industries are 
Development has had a huge impact. During the epidemic, the offline market was basically 
paralyzed, and it was extremely dependent on the online market, and online transactions 
showed explosive growth. However, logistics and distribution, as the bloodline of commercial 
operations, are facing tremendous pressure like many industries. On the one hand, epidemic 
prevention and control measures have increased the demand for daily basic living materials 
transportation and distribution, but on the other hand, the epidemic has brought such things 
as There are many problems such as outages of transportation routes, fewer delivery vehicles, 
insufficient delivery personnel, decreased logistics efficiency and increased costs. Therefore, 
only by changing the traditional logistics and distribution methods can customers who have 
been in a closed and isolated area for a long time be served. The new distribution model based 
on drones can not only greatly improve the efficiency and accuracy of cargo distribution, but 
also reduce distribution costs. It played a huge role at this critical moment. 

At present, the issue of unmanned aerial vehicle delivery has attracted widespread attention 
from domestic and foreign scholars. Daniel Scherme studied the application of UAV in the 
vehicle routing problem with the goal of the shortest delivery time, and proposed an algorithm 
based on variable neighborhood search to solve it [1]. Sacramento David et al. considered time 
window constraints, studied the UAV vehicle routing problem with the goal of cost 
minimization, and proposed an adaptive large neighborhood search algorithm to solve it [2]. 
Roberto Montemanni et al. aimed to minimize the total service time and studied the parallel 
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UAV dispatching traveling salesman problem [3]. Wang Zheng et al. constructed a mixed integer 
programming model and designed a branch and bound algorithm to study the integrated path 
selection problem of trucks and drones [4]. Mauro Dell’Amico et al. considered the cooperation 
of trucks and drones to deliver packages to customers, with the goal of minimizing completion 
time, and studied the problem of flying partner traveling salesman [5]. Jarosław Wikarek et al. 
considered using a truck that transports a certain number of drones to transport packages. Each 
drone can take off from the truck and then deliver the package to the customer. You can also 
collect the package from the customer and build an optimization model with the goal of 
minimizing transportation costs [6]. Yusuke Funabashi et al. studied the routing problem for 
minimizing the energy of UAVs and proposed a dynamic programming algorithm to effectively 
solve the problem [7]. Quang Minh Ha et al. studied the traveling salesman problem of UAVs, 
aiming at minimizing the total operating cost of the system or minimizing the completion time 
of two vehicles, and designed an adaptive diversity control method The hybrid genetic 
algorithm solves this problem [8]. 

This article studies the problem of drones delivering delivery services to multiple businesses 
and customers in a specific area. This solution can not only meet the population isolation 
requirements when major public health emergencies such as new coronavirus pneumonia 
occur, and reduce the number of people involved. Indirect contact can increase the flexibility of 
traditional trucks to deliver goods and improve the overall delivery efficiency. Therefore, how 
to make the total delivery time the shortest through reasonable route planning has become an 
important problem that needs to be solved in the "last mile" delivery service of UAVs. This 
paper considers the range and load constraints of UAVs, establishes a delivery route 
optimization model with the shortest total delivery time as the goal, and designs an adaptive 
genetic algorithm to solve it. Since the standard genetic algorithm is easy to fall into the local 
optimal solution during the solving process, which affects the global optimization ability of the 
algorithm, this paper designs an adaptive crossover and mutation probability that is 
automatically adjusted according to the chromosome fitness, and the use of chromosomes with 
high fitness is low. To ensure the convergence of the algorithm, chromosomes with low fitness 
use higher probability of crossover and mutation to enhance the optimization ability of the 
algorithm; at the same time, a variety of different crossover and mutation operations are used 
to enhance the genetic algorithm. The optimal search ability effectively reduces the 
evolutionary stagnation phenomenon and ensures the diversity and convergence of genetic 
algorithms. 

2. Problem description and model construction 

2.1. Problem description 

Research on the path optimization of the "last mile" drone delivery in the context of the spread 
of the new crown epidemic. It is described as follows: an instant delivery platform receives n 
orders and delivers them within a certain period of time, and no one Starting from the 
distribution center, the machine must first pick up the goods at the pick-up point, then deliver 
it to the customer point, and return to the distribution center after completing all the 
distribution tasks. Reasonable distribution route planning is required to minimize the total 
time spent on distribution and meet the following conditions: 

(1) The drone must first pick up the goods at the pick-up point, and then deliver it to the 
customer point; 

(2) The pickup point and the corresponding delivery point can be served only once; 

(3) The maximum payload of the drone is known; 

(4) When the power of the drone is insufficient, the charging mode can be used to restore the 
power immediately, and the time is not counted; 
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(5) The driving speed of the drone is constant. 

2.2. Parameter and variable description 

The definitions of sets and variables are shown in Table 1 below. 

 

Table 1. Parameter and variable definition 
Symbol Definition 
𝐼 Set of merchant points𝐼 = {1,2, ⋯ , 𝑚} 
𝐽 Set of customer points 𝐽 = {𝑚 + 1, 𝑚 + 2, ⋯ ,2𝑚} 
𝑁 Set of all points  𝑁 = (0) ∪ 𝐼 ∪ 𝐽 
𝐴 Set of all the arcs 𝐴 = {(𝑖, 𝑗)|𝑖, 𝑗 ∈ 𝑁, 𝑖 ≠ 𝑗} 

𝑑𝑖𝑗 Distance between points (𝑖, 𝑗) 
𝐿 Maximum cruising distance 

𝑄𝑚𝑎𝑥   Maximum cargo capacity 
𝑡𝑖𝑗  Time to reach point 𝑖 
𝑠𝑖𝑗 Average service time at point 𝑖 
𝑣 Constant driving speed 

𝑥𝑖𝑗 Decision variable, 1 when flying from node 𝑖 to node 𝑗 
𝑦𝑖𝑗 Decision variable, 1 when the customer 𝑗 is served by the merchant 𝑖 

 

2.3. Model building 

𝑚𝑖𝑛 𝑍 = ∑ ∑ 𝑡𝑖𝑗𝑥𝑖𝑗𝑗∈𝑁𝑖∈𝑁                                                           (1) 

∑ 𝑥𝑖𝑗𝑖∈𝑁 = 1, ∀𝑗 ∈ 𝐼 ∪ 𝐽                                                           (2) 

∑ 𝑥0𝑗𝑗∈𝐼 = 1                                                                        (3) 

∑ 𝑥𝑖𝑗𝑖∈𝑁 − ∑ 𝑥𝑗𝑖𝑖∈𝑁 = 0, ∀𝑗 ∈ 𝑁                                                     (4) 

∑ ∑ 𝑥𝑖𝑗𝑗∈𝑆𝑖∈𝑆 ≤ |𝑆| − 1, ∀𝑆 ∈ 𝐼 ∪ 𝐽                                                   (5) 

∑ ∑ 𝑑𝑖𝑗𝑗∈𝑁𝑖∈𝑁 𝑥𝑖𝑗 ≤ 𝐿                                                               (6) 

∑ ∑ 𝑞𝑖𝑗𝑗∈𝐼∪𝐽𝑖∈𝐼∪𝐽 𝑥𝑖𝑗 ≤ 𝑄𝑚𝑎𝑥                                                          (7) 

∑ 𝑥𝑖0𝑖∈𝐽 = 1                                                                          (8) 

∑ 𝑦𝑖𝑗𝑖∈𝐼 = 1, ∀𝑗 ∈ 𝐽                                                                    (9) 

𝑦𝑖𝑗(𝑡𝑖 − 𝑡𝑗) ≤ 0, ∀𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽                                                         (10) 

𝑡𝑗 = (𝑡𝑖 + 𝑠𝑖 +
𝑑𝑖𝑗

𝜈
) 𝑥𝑖𝑗, ∀𝑖, 𝑗 ∈ 𝑁                                                      (11) 

 

The objective function (1) is the shortest total delivery time of the drone; the constraint 
condition (2) means that each node can and can only be served once; the constraint condition 
(3) ensures that the drone departs from the distribution center and must first Go to the 
merchant to pick up the goods; the constraint condition (4) is the in-out balance constraint, 
which ensures that when the drone reaches a node, it must leave from this node; the constraint 
condition (5) is the standard elimination of branch constraints; the constraint condition (6) is 
unmanned The maximum cruising range of the aircraft is restricted; the constraint (7) is the 
maximum load of the drone; the constraint (8) means that the drone must return to the 
distribution center after completing all the distribution tasks; the constraint (9) ensures that 
the merchant and the customer Constraint condition (10) is that the time when the drone 
arrives at the merchant point is earlier than the time when it reaches the customer 
point;constraint condition (11) is the flight time limit of the drone. 
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3. Algorithm solution 

The path planning problem belongs to the NP-hard problem. If an accurate algorithm is used to 
solve the exponential explosion problem, it is difficult to find the optimal solution within the 
specified time. As a heuristic search algorithm that simulates the natural evolution process to 
find the optimal solution, genetic algorithm has excellent global optimization capabilities in 
complex network relationships and is suitable for solving such problems. 

In the algorithm design, firstly encode each possible solution of the model. The encoded 
solution is called a chromosome. N randomly generated chromosomes are formed into the 
initial population; then each chromosome in the population is obtained according to the 
objective function of the model The chromosome locus with higher fitness will have a higher 
probability of inheriting to the offspring population; through the selection, crossover, and 
mutation operations of the algorithm, new chromosomes that are more suitable for the 
environment are generated to form a new population; the algorithm is iterated, The optimal 
chromosome in the last-generation population is decoded and can be used as the approximate 
optimal solution of the model.  

The improved adaptive genetic algorithm process is as follows. 

Step1: Chromosome coding. Using symbolic coding, in view of the characteristics of 
chromosome loci that are taken first and then sent and paired in order, the customer gene must 
be located behind the corresponding merchant gene. Therefore, according to the order 
information, the merchant gene is randomly inserted into the chromosome first, and there is a 
free gene position thereafter, and then the corresponding customer gene is randomly inserted 
into the subsequent gene position. According to this method, until all genes are inserted into 
the chromosome. 

Step2: Initial population generation. Randomly generate N chromosomes as the initial 
population. 

Step3: Fitness calculation. According to the objective function of the model, the fitness of each 
chromosome in the population is obtained. 

Step4: Select operation. First, the elite chromosomes in the population are directly copied to 
the offspring, and the remaining chromosomes in the population are selected by the roulette 
method, that is, the selection probability of the chromosomes is proportional to its fitness to 
calculate that each chromosome is inherited to the offspring population The probability. 

Step5: Cross operation. The crossover operation is to select two chromosomes from the 
population to exchange partial gene positions with a higher probability, thereby generating 
offspring chromosomes with partial parental characteristics, which improves the algorithm 
optimization while ensuring the stability of the algorithm. The algorithm automatically adjusts 
the crossover probability according to the fitness of the chromosome. Chromosomes with high 
fitness use lower crossover probability to ensure the convergence of the algorithm, and 
chromosomes with low fitness use higher crossover probability to enhance the optimization 
ability of the algorithm; A combination of crossover algorithms for crossover operations 
enhances the optimization capability of genetic algorithms and ensures the diversity and 
convergence of the algorithm. Two parental chromosomes, randomly determine the crossover 
locus, inherit the gene fragments of the parent chromosomes before or after the locus directly 
into the offspring chromosomes, and then use the remaining genes that do not contain the gene 
fragments in the heterogeneous parent chromosomes , And fill in the spare chromosomes in the 
offspring chromosomes in order to form two new offspring chromosomes after crossover. 

Step6: Mutation operation. The mutation operation is to change part of the gene position of a 
chromosome in the population with a small probability, that is, increase the diversity of the 
population, improve the search ability of the algorithm, and effectively avoid the algorithm from 
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premature convergence. The algorithm automatically adjusts the mutation probability 
according to the fitness of the chromosome. The chromosome with high fitness uses a lower 
mutation probability to ensure the convergence of the algorithm, and the chromosome with 
low fitness uses a higher mutation probability to enhance the optimization ability of the 
algorithm. There is a sequential pairing relationship between chromosomal genes, so a double-
gene mutation operation is designed that does not destroy this relationship. Randomly 
determine a variant locus of the parent chromosome, find the corresponding gene, randomly 
determine the position of the double gene in the offspring chromosome, and then use the 
remaining genes in the parent chromosome that do not contain the double gene to fill the child 
in order In the vacant locus of the generation chromosome, a new generation chromosome after 
mutation is formed. 

 

 
Figure 1. Schematic diagram of cross operation 

 

 
Figure 2. Schematic diagram of mutation operation 

 

Step7: Algorithm iteration. Using genetic algebra as the algorithm termination condition is a 
common method used by many scholars when studying VRP problems. You only need to set a 
reasonable number of iterations T according to the complexity and scale of the problem. If the 
number of iterations is reached, enter Setp8; otherwise, enter Step3. 

Step8: Result output. Output the most adaptable chromosome in the last generation population, 
and other relevant indicators as needed. 

4. Analysis of examples 

The data of a real-time distribution platform is selected through investigation and test, and 
experiments and result analysis are performed to verify the accuracy and stability of the model 
and algorithm. At a certain moment in this example, the distribution center receives 10 
distribution orders, and the drone starts from the distribution center (116.823723, 36.566101), 
assuming its average delivery speed is 20 km/h, the maximum load is 15 kilograms, and the 
maximum cruising range 30km, the longitude, latitude of merchants and customers are known, 
as shown in Table 2. 

This experiment uses C++ language programming to run on a PC, and set the relevant 
parameters of the genetic algorithm. The number of chromosomes contained in a population is 
20, and the genetic algebra is 1000. The minimum crossover probability is 0.5, the maximum 
crossover probability is 0.8, the minimum mutation probability is 0.002, and the maximum 
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mutation probability is 0.1. In order to verify the effectiveness of the algorithm, the standard 
genetic algorithm and the improved adaptive genetic algorithm are compared and analyzed. 
The results show that the total delivery time of the algorithm in this paper is significantly lower 
than that of the standard genetic algorithm. The analysis of the operating results is shown in 
Table 3. The optimal path is 0-4-3-1-13-6-11-5-15-8-18-16-14-2-9-10-12-20-7-19-17. 

 

Table 2. Example data 
Number Merchant location Customer location Cargo weight 

1 116.825017,36.560535 116.813465,36.565854 2 
2 116.830155,36.557564 116.828125,36.565854 3 
3 116.828951,36.565448 116.811560,36.558999 3 
4 116.826149,36.565333, 116.833982,36.555911 1 
5 116.817740,36.565492 116.822322,36.567811 2 
6 116.811291,36.565130 116.830712,36.565680 3 
7 116.829113,36.569463 116.813752,36.565318 2 
8 116.823993,36.567811 116.819088,36.570231 3 
9 116.827406,36.556201 116.814866,36.564724 3 

10 116.825807,36.564883 116.829778,36.567347 2 

 

Table 3. Algorithm comparison results 

Aalgorithm Fitness Delivery Time 
Standard genetic algorithm 0.044 36.56 
Improved genetic algorithm 0.038 22.63 

 

5. Conclusion 

This paper considers the range and load constraints of UAVs, establishes a delivery route 
optimization model with the shortest total delivery time as the goal, and designs an improved 
adaptive genetic algorithm to solve it. For this model, a chromosome generation method that 
conforms to the orderly pairing and fetching first is designed, and an adaptive crossover and 
mutation probability that is automatically adjusted according to the chromosome fitness is 
designed. The chromosomes with high fitness use lower crossover and mutation. Probability is 
used to ensure the convergence of the algorithm. Chromosomes with low adaptability use 
higher crossover and mutation probabilities to enhance the optimization ability of the 
algorithm; at the same time, a variety of different crossover and mutation methods are used to 
operate, which enhances the optimization ability of the genetic algorithm, Effectively reduce 
evolutionary stagnation, and ensure the diversity and convergence of genetic algorithms. 
Compared with the standard genetic algorithm, the improved adaptive genetic algorithm has 
higher quality in solving such problems and has obvious advantages. 
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