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Abstract 

With the rise of Internet food delivery platforms and the improvement of people's living 
standards, food delivery has become more and more popular in our lives, and more and 
more people choose to order food delivery instead of cooking by themselves. A good 
takeaway experience is inseparable from the support of the distribution link. The most 
important point of optimizing the distribution link is to plan the delivery route of the 
takeaway. The planning of the takeaway distribution route is actually a vehicle route 
optimization problem, and now the domestic traffic congestion problem is getting more 
and more serious, and road congestion should be taken into consideration when 
planning routes. This paper studies the route optimization problem of takeaway 
delivery vehicles considering the occasional road congestion. Customers have soft time 
window requirements. To reduce distribution costs and improve customer satisfaction 
as the goal, establish a mathematical programming model, and design a genetic 
algorithm to solve it. Finally, verify it with a simulation example. 
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1. Introduction 

Today, the food delivery industry is developing rapidly in China. Data shows that the scale of 
China's food delivery industry reached 653.6 billion yuan in 2019, an increase of 39.3% 
compared to 2018. China's largest food delivery company-Meituan's 2019 financial report 
shows that Meituan's food delivery business continued to maintain a strong growth momentum 
in 2019. The number of transactions for the year reached 8.7 billion, a year-on-year increase of 
36.4%, and the transaction amount reached 392.7 billion yuan, a year-on-year increase 38.9%, 
the average value of each order increased by 1.8% year-on-year. And as of the end of 2019, the 
scale of Chinese food delivery consumers has reached 460 million, an increase of 12.7% over 
2018. It can be seen that the scale of China's food delivery industry is very large, and it is still 
growing at a considerable rate, and there are also many food delivery consumers. An 
indispensable link in the food delivery industry is delivery. Delivery personnel need to deliver 
food from merchants to consumers. Consumers have requirements for the punctuality of 
delivery. Merchants hope that the lower the delivery cost, the better. How to spend less money 
and deliver food from merchants to consumers efficiently and on time has become a problem 
worthy of research, and now the traffic congestion problem in large cities in China is very 
seriously. When we study the route optimization of takeaway delivery vehicles, we must also 
consider the serious congestion of a certain route. Zhang Liya et al. [1] established a time-
windowed, dynamic, multi-depot and multi-target delivery vehicle route model considering 
customer priority from the perspective of customer satisfaction and delivery cost, and designed 
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an improved iterative local search algorithm to solve the model; Yao Kun et al. [2] studied the 
impact of changes in real-time traffic conditions caused by frequent traffic congestion on the 
optimization of low-carbon vehicle routing, the road traffic state index was used to represent 
the city’s real-time traffic conditions, and the goal was to establish an integer with low carbon 
and shortest delivery time planning model for path optimization; Chen et al. [3] based on the 
analysis of customer satisfaction characteristics of catering O2O take-out customers, based on 
the traditional pick-up and delivery vehicle routing problem model, proposed an optimization 
model suitable for catering O2O take-out distribution, and proposed an inspiration to solve this 
model effectively Formula algorithm; Li et al. [4] based on the solution strategy based on the 
simultaneous delivery and retrieval VRP problem, introduced time penalty cost to measure the 
time window of takeaway delivery, defined the objective function as the total incremental cost 
of takeaway delivery, established a mathematical model, and used k-means for cluster solving; 
Li Yanfeng et al. [5] combined the dynamic urban traffic network with the vehicle routing 
problem, and considered a type of urban dynamic network vehicle routing optimization 
problem under real-time traffic information, in the problem, two types of frequent traffic jams 
and occasional traffic jams are considered, in this situation, a solution strategy that combines 
the initial route arrangement and real-time route adjustment is proposed. 

After observing the real takeaway delivery problems and studying the research literature of 
domestic and foreign scholars, this paper studies the route optimization problem of takeaway 
delivery vehicles that consider occasional congestion, introduces time window constraints, and 
establishes a mathematical programming model. The optimization goal is to reduce the total 
cost of merchant delivery and improve customer satisfaction, design genetic algorithm to solve 
it, and provide certain reference for takeaway merchants to plan delivery routes. 

2. Problem description and model building 

2.1. Problem description 

The problem studied in this article can be described as follows: consider only a takeaway 
merchant, the merchant only uses its own delivery personnel to complete the takeaway 
delivery of the users who order the food in the area, the delivery personnel return to the 
merchant after completing the delivery, and the delivery personnel use a motorcycle, the 
capacity is limited, but there is no limit on the farthest distance. The delivery personnel have 
working hours. The delivery starts some time before the meal starts, and the delivery stops 
after a period of time after the meal ends; the location of the ordering users in the area is 
unevenly distributed, and the amount of customer orders is different. In order to improve 
customer satisfaction, customers can set a soft time window. If the delivery staff arrives earlier 
or later than the time window, the merchant needs to pay the customer a certain amount. Each 
customer is only served by one delivery staff once. If a certain road section is very congested, 
avoid this road section and deliver another customer first. 

2.2. Model building 

2.2.1. Parameter design 

Design model related parameters: 0 is a takeaway merchant. There are 𝑚  customer 
points (1,2,3, ⋯ , 𝑚). The delivery staff is set to 𝑉 = {1,2,3, ⋯ , 𝑑}. Motorcycle capacity is 𝑓. The 
daily delivery time is [𝑇1, 𝑇2]. The order quantity of the 𝑖th customer is 𝑔𝑖 . The time window 
requirement of the 𝑖th customer is [𝑡1

𝑖 , 𝑡2
𝑖 ]. Service time is 𝑡𝑠. The time when the vehicle arrives 

at customer 𝑖 is 𝑡𝑖 . The distance from point 𝑖 to point 𝑗 is 𝑑𝑖𝑗 . Vehicle speed 𝑣 = 1, indicates that 

the distance from point 𝑖  to point 𝑗  is equal to the time value from point 𝑖  to point 𝑗 . Each 
delivery staff will incur a fixed cost 𝑐. The driving cost per unit distance is 𝑐1. The penalty cost 
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per unit time arriving later than the time window is 𝑐2. The penalty cost per unit time arriving 
earlier than the time window is 𝑐3. The decision variables are: 

𝑥𝑖𝑗
𝑒 = {

1   Vehicle 𝑒 from point 𝑖 to point 𝑗
0            other

 

2.2.2. Objective function 

Establish a mathematical model for optimizing the route of take-out delivery vehicles. The 
objective of the model is to reduce the total cost of take-out merchants and improve customer 
satisfaction. The improvement of customer satisfaction is reflected in the need to pay additional 
penalty costs when arriving earlier or later than the customer’s time window. The model is as 
follows: 

𝑚𝑖𝑛𝑓(𝑥) = 𝑐 ∑ ∑ 𝑥0𝑗
𝑒

𝑚

𝑗=1

𝑑

𝑒=1

+ 𝑐1 ∑ ∑ ∑ 𝑥0𝑗
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𝑚

𝑗=0

𝑚

𝑖=0

𝑑
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𝑖 , 0)

𝑚

𝑖=0
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𝑚

𝑖=0

                                                                                                        (1) 
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𝑑𝑖0

𝑣
)

𝑚
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≤ 𝑇2         𝑒 = 1,2, ⋯ ⋯ , 𝑑                                      (5) 

𝑡𝑗 = 𝑡𝑖 + 𝑡𝑠 +
𝑑𝑖𝑗

𝑣
                                                                    (6) 

Formula (1) means that the fixed cost of each dispatcher + the total distance travel cost + the 
penalty cost for arriving later than the time window + the penalty cost for arriving earlier than 
the time window is minimized; The formula (2) means that every customer is delivered but 
only delivered once; Formula (3) means that the delivery personnel sent from the merchant 
will eventually return to the merchant; Formula (4) expresses the vehicle capacity constraint; 
Formula (5) indicates that the delivery person returns to the merchant before the delivery ends; 
Formula (6) represents the relationship between the time before and after the arrival of the 
two client nodes. 

3. Algorithm design 

3.1. Genetic algorithm 

Genetic algorithm is a meta-heuristic algorithm inspired by the natural selection process. It 
belongs to a larger type of evolutionary algorithm. Genetic algorithm relies on mutation, 
crossover, and selection and other biologically inspired operators to generate optimization and 
search for high-quality solutions to problems. 

Generally, genetic algorithms first encode feasible solutions according to the characteristics of 
the problem to be solved, determine the population size and iteration number of the initial 
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population in advance, and randomly generate a corresponding number of chromosomes 
according to the population size, thus generating an initial population, and then decode the 
chromosomes, and then calculate the fitness of each chromosome according to the fitness 
function, use the selection operator to select the excellent chromosome according to the 
calculation result; according to the set crossover coefficient and variation coefficient, use 
crossover operator and mutation operator to perform crossover and mutation operations on 
the selected chromosomes; then iterates to the next generation, continues to decode, calculate 
the fitness function, select, crossover, and mutation operations until the optimal solution is 
found or the number of iterations is reached. 

3.2. The design of genetic algorithm for solving the route optimization model 
of takeaway delivery vehicles 

This paper designs a genetic algorithm to solve the route optimization model of takeaway 
delivery vehicles. 

3.2.1. Encoding, decoding and initial population generation 

Genetic algorithms have several commonly used encoding methods, such as binary encoding, 
floating-point number encoding, symbol encoding, etc. For vehicle path optimization problems, 
natural number encoding is more appropriate. Use the natural number 0  to represent the 
takeaway business, and use the natural number 1,2,3, ⋯ , 𝑚  to represent different ordering 
customers, randomly shuffle the 𝑚  natural numbers 1,2,3, ⋯ , 𝑚  to generate a sequence of 
numbers, which is called a chromosome. Set the initial population size 𝑛 in advance, generate 𝑛 
different such chromosomes, treat these 𝑛 chromosomes as a set, then this set is called an initial 
population. 

Then decode the chromosomes, extract one of the chromosomes, divide the chromosomes into 
several fragments according to the constraints of vehicle capacity, delivery end time, and 
customer time window, and insert a natural number 0  at the beginning and end of each 
fragment. It means that a delivery person departs from the take-out merchant to deliver each 
customer in turn and then returns to the path of the take-out merchant. The number of clips 
indicates how many delivery personnel need to be dispatched. 

3.2.2. Fitness function and selection operator 

Use fitness function 𝑔(𝑥) = 1/𝑓(𝑥) to calculate for each decoded chromosome. The objective 
function 𝑓(𝑥)  represents the total cost required to travel on the path after chromosome 
decoding, the smaller the total cost, the larger the value of the fitness function 𝑔(𝑥). 

According to the value calculated by the fitness function, first use the optimal selection method 
to select the chromosome with the highest fitness and keep it as the optimal chromosome of 
this generation, and then use the roulette selection method to select the chromosomes in the 
population. The roulette selection method is an operator that draws on the idea of Russian 
roulette, a gambling game. It is a method of proportional selection. The basic idea is that the 
probability of each individual being selected is proportional to its fitness. The greater the 
degree of chromosome, the easier it is to be selected. The probability of each chromosome being 
selected is the ratio of the fitness of that chromosome to the total fitness of all chromosomes. 
This selection operator selects chromosomes of the same size as the initial population. 

3.2.3. Crossover, mutation and iteration 

First, perform crossover operation on the selected chromosomes, set the crossover coefficient 
to 𝑥 in advance. The crossover operator designed in this paper is as follows: 

If there are two chromosomes {7, 2, 8, 4, 3, 6, 9, 10, 5, 1} and {9, 4, 7, 8, 2, 5, 3, 10, 1, 6}, randomly 
select two points like 8  and 10  from the second chromosome, cut out this segment 
{8, 2, 5, 3, 10} between two points and insert it into the same position of the first chromosome, 
the first chromosome becomes {7, 2, 8, {8, 2, 5, 3, 10}, 4, 3, 6, 9, 10, 5, 1}, delete the points in the 
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surrounding position that contain the numbers in this segment to become 
{7, {8, 2, 5, 3, 10}, 4, 6, 9, 1} , then the new chromosome generated after crossover is 
{7, 8, 2, 5, 3, 10, 4, 6, 9, 1}. 

Randomly extract chromosomes from the selected population, and perform such pairwise 
crossover operations based on crossover coefficients. It is guaranteed that 𝑥 ∗ 100% of new 
chromosomes are generated by crossover, and (1 − 𝑥) ∗ 100% of chromosomes are generated 
directly and randomly inherited from the previous generation of chromosomes. The total 
chromosome size produced is the initial population size. 

Then perform mutation operations on these chromosomes, set the mutation coefficient to 𝑦 in 
advance. The mutation operator is described as follows: 

If there is a new chromosome generated after crossover is {7, 8, 2, 5, 3, 10, 4, 6, 9, 1}, randomly 
select two points 2 and 4, and swap the positions of these two points , a new chromosome is 
generated {7, 8, 4, 5, 3, 10, 2, 6, 9, 1}. 

Use the above operator to perform mutation operation on 𝑦 ∗ 100%  of the crossover 
chromosomes. After the entire population undergoes the above-mentioned crossover and 
mutation operations, and then inserts the optimal chromosome of this generation, a new 
population is generated. This new population is decoded, fitness function calculated, selection, 
crossover, mutation and other operations are performed again, and iteratively loops until 
reaching the number of iterations set in advance. 

4. Case analysis 

Table 1 Basic customer information 

Customer ID Coordinate Time Window Demand Service Hours 
1 [41,49] 10:00-13:24 10 10min 
2 [35,17] 10:00-13:22 7 10min 
3 [55,45] 10:00-13:17 13 10min 
4 [55,20] 12:29-12:39 19 10min 
5 [15,30] 10:00-13:19 26 10min 
6 [25,30] 10:00-13:28 3 10min 
7 [20,50] 10:00-13:18 5 10min 
8 [10,43] 11:35-11:45 9 10min 
9 [55,60] 11:37-11:47 16 10min 

10 [30,60] 10:00-13:14 16 10min 
11 [20,65] 11:07-11:17 12 10min 
12 [50,35] 10:00-13:25 19 10min 
13 [30,25] 12:39-12:49 23 10min 
14 [15,10] 10:00-13:07 20 10min 
15 [30,5] 11:01-11:11 8 10min 
16 [10,20] 10:00-13:10 19 10min 
17 [5,30] 10:00-13:09 2 10min 
18 [20,40] 10:00-13:24 12 10min 
19 [15,60] 10:00-13:07 17 10min 
20 [45,65] 10:00-13:08 9 10min 
21 [45,20] 10:00-13:21 11 10min 
22 [45,10] 10:00-13:13 18 10min 
23 [55,5] 11:08-11:18 29 10min 
24 [65,35] 10:00-13:10 3 10min 
25 [65,20] 12:52-13:02 6 10min 
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This paper designs a set of simulation examples based on the characteristics of the take-out 
delivery environment and refers to the R104 example in the Solomon data set to verify the 
effectiveness of the model and algorithm. Set the location of the takeaway merchant to [35,35], 
there are 25 delivery personnel, the motorcycle capacity is 200, the delivery starts at 10:00, and 
the delivery stops at 13:50. There are 25 takeaway orders at mealtime, and the customers are 
distributed in different locations. The customer's location, time window, demand, and service 
time are shown in Table 1 below: 

Suppose the departure cost is 100 and the vehicle speed is 1, which means that the value of the 
distance traveled by the vehicle is equal to the value of the time used. The unit distance cost is 
1, which means that the cost of driving the vehicle is equal to the value of the distance traveled 
by the vehicle. The unit time cost of arrival earlier than the time window is 5, the unit time cost 
of arrival later than the time window is 10, the number of iterations of the genetic algorithm is 
set to 2000, the population size is set to 200, the crossover coefficient is set to 0.8, and the 
mutation coefficient is set to 0.2. Through simulation calculation, the path that the distributor 
should take is shown in Table 2 and Figure 1: 

 

Table 2 Driving route 

Delivery person number Driving path 
1 0→10→19→11→8→7→13→6→0 
2 0→17→9→20→1→3→12→0 
3 0→24→23→22→2→21→4→25→0 
4 0→18→15→14→16→5→0 

 

 
Figure 1 

 

The total cost to be paid by the takeaway business on this route is 946.24. If there is occasional 
congestion on the road at this time, set the road distance of the congested section to infinity, 
such as the road between customer 23 and customer 22, then the road distance between 
customer 23 and customer 22 is set to infinity. At this time, the genetic algorithm is used to 
calculate, and the algorithm will make the vehicle avoid this section of road. Then the driving 
path of the third delivery person becomes 0→24→23→2→22→21→4→25→0, as shown in 
picture 2: 
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figure 2 

 

It can be seen that the algorithm and model proposed in this paper can effectively calculate the 
delivery route of takeout, reduce the distribution cost of merchants, and improve customer 
satisfaction, which is of practical significance. 

5. Conclusion 

This paper studies the route optimization problem of takeaway delivery vehicles considering 
the occasional road congestion. Based on this problem, a mathematical programming model is 
established. The optimization goal is to reduce the total cost of the delivery process and 
improve customer satisfaction. If the time window is exceeded, the customer will be 
compensated with a certain amount of money, to improve customer satisfaction. For this 
mathematical model, a corresponding genetic algorithm is designed to solve it. Simulation 
examples are used to prove the feasibility of the mathematical model established in this paper 
and the genetic algorithm designed. They can effectively plan specific driving paths. When 
encountering occasional road congestion, it can also be re-planned to avoid congested roads. 
However, the research in this article also has its shortcomings. For example, the road 
congestion situation is considered more ideally, and the congestion situation in the actual road 
network is more complicated and difficult to deal with. 
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