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Abstract 

As the development of economy and the improvement in living level, the number is 
increasing for people to get fresh good.but the fresh food becomes bad easily and it is 
hard to keep. Also it needs to keep low temperature in daily transportation and 
distribution so that makes the distribution Path in Cold temperature more expensive 
and stricter than the distribution in normal temperature .So it is useful to reduce cost 
effectively and improve the user’s satisfaction by planning the path of distribution 
reasonably. this article bases on the reality of steps in distribution of cold food chain and 
the model of general distribution way by thinking about the cost of fresh food spoilage 
and the customer’s requirement of different time. Also the article tries to minimize the 
total economy of distribution by the way of building the distribution model and 
designing the genetic algorithm. Then the essay uses the MATLAB to solve these 
problems by programming and improve the genetic algorithm in the process of 
debugging. At last, the essay uses the data of distribution in the Industry of Mengniu, 
Sichuan to test the reasonability and feasibility and offers a viable plan and reference 
case for the optimization of distribution path in cold food chain. 
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1. Introduction 

1.1. Research background 

With the continuous development of the economy and the gradual improvement of living 
standards, people are more pursuing a high-quality life, and the demand for fresh food such as 
fresh agricultural products and aquatic products is increasing year by year. High-quality fresh 
food has become a necessity of modern people's daily life. 

According to the "2015 China Refrigeration Industry Development Analysis Report", the total 
amount of my country's cold chain logistics in 2015 was about 4 trillion yuan, an annual growth 
rate of 22%, and fresh food accounted for the vast majority of the total cold chain logistics. 
However, the cold chain circulation rate of cold chain food in my country is relatively low. The 
cold chain circulation rates of fruits, vegetables, meat, and aquatic products in my country are 
22%, 34% and 41%, respectively, with annual growth rates of 36%, 31% and 23% respectively. , 
And the cold chain circulation rate of developed countries such as the United States and Japan 
exceeds 95%. Moreover, the annual loss of fruit and vegetable food in my country is as high as 
15%, and the loss in developed countries such as Europe and the United States is only about 5%. 
my country's cold chain logistics still has a lot of room for development. 

Cold chain fresh food cannot remain fresh for a long time at room temperature. Therefore, cold 
chain logistics technology is needed in the logistics links of cold chain food storage and 
transportation. However, the development of cold chain logistics technology in my country is 
lagging behind, and the logistics route planning is not scientific and reasonable. Therefore, there 
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are problems such as high cold chain food circulation costs, large losses, low cold chain food 
quality, and low customer satisfaction. It has become a key factor restricting the circulation of 
cold chain food. 

1.2. Research meaning 

Cold chain distribution is an important link in cold chain logistics and transportation. Using 
scientific methods to plan the distribution path reasonably will effectively reduce the total 
logistics cost of fresh food distribution, effectively reduce the cost of corruption and increase the 
cost of fresh food. The quality of delivery service enhances the timeliness of delivery and 
customer satisfaction. Different customers have different arrival time requirements. If the 
refrigerated truck does not arrive at the customer's location within the specified time, it will 
adversely affect the customer's inventory management and production process. In addition, the 
delivery of fresh cold chain food for too long may cause product corruption and deterioration, 
resulting in unnecessary cargo damage costs. For distributors, how to construct a mathematical 
model that minimizes the total economic cost of cold chain logistics distribution under different 
time window constraints is of great significance. 

1.3. Research ideas 

This article first analyzes the state of cold chain logistics in my country. The demand for cold 
chain fresh food is increasing. Cold chain fresh food is prone to corrosion and difficult to 
maintain freshness for a long time. It needs to be kept at a low temperature in the distribution 
links such as storage and transportation. Environment. However, the lack of cold chain logistics 
technology and equipment in my country restricts the development of cold chain logistics. In 
this case, how to plan and arrange logistics activities scientifically and rationally is very 
important. 

Through the understanding of the current situation of the cold chain in my country, especially 
the analysis of the problems in the cold chain distribution link, it is found that in the cold chain 
distribution link, the general distribution path optimization model cannot meet the special 
requirements of customers for time windows, and only calculates The mathematical model of 
transportation cost cannot truly reflect the total economic cost of the cold chain distribution link, 
and the general algorithm can only achieve the effect of local optimization, and cannot achieve 
the purpose of global optimization. 

1.4. Research contents 

Based on the establishment of the cold chain distribution route optimization model, this paper 
considers two optimization goals, one is to minimize the distribution cost, and the other is to 
maximize customer satisfaction. This paper sets a time window for each customer on the basis 
of the general distribution route optimization model, and adds the time window constraint to 
the model, stipulating that the delivery vehicle must reach the customer’s location and serve the 
customer within the time window. Window regulations will discard the planning scheme. At the 
same time, the cold chain food corrosion model is used to evaluate the freshness of cold chain 
food in the distribution process, reduce product loss as much as possible, and maintain the high 
freshness of cold chain food in the distribution process. While improving customer satisfaction, 
the distribution cost is minimized, and the overall benefit of the enterprise is guaranteed. The 
algorithm solving process uses genetic algorithm to use MATLAB programming to calculate the 
results, so that the calculation results can get the global optimal solution, and achieve the 
purpose of global optimization. 
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2. Modeling of Vehicle Routing Problem for Cold Chain Food Distribution 

2.1. Description of cold chain logistics distribution path optimization problem 

The cold chain food delivery vehicle path optimization problem described in this article refers 
to that there are several refrigerated vehicles in a distribution center, and multiple cold chain 
distribution demand points are known, and the refrigerated vehicles can meet the needs of 
multiple distribution points. The refrigerated trucks start from the distribution center and 
deliver the goods to the customers in sequence according to the planned distribution sequence. 
Among them, the delivered goods are cold chain fresh food. The distance between the 
distribution center and each demand point and each demand point is known. The capacity of the 
distribution center meets the volume demand of all demand points, the capacity of the 
refrigerated truck, and the transportation rate, The refrigeration rate is known, the loss 
coefficient of fresh food is known, and the parameters such as the rated load of the refrigerated 
truck are the same and in good condition. The customer's demand requires a known delivery 
time window. With the above conditions known, this article scientifically and rationally 
optimizes the path of cold-chain food delivery vehicles, and reasonably plans the delivery 
sequence of refrigerated trucks, so that the cold-chain food delivery links meet the requirements 
of all customers’ time windows while making the total economical delivery the cost is minimal. 

2.2. Modeling ideas 

The high cost of cold chain distribution has become a pain point in the cold chain distribution 
link, so the objective function of this model is to minimize the total economic cost of distribution. 
The total economic cost of the distribution link includes the cost of dispatching vehicles, 
transportation costs, etc. Due to the perishable nature of cold chain food, customers have strict 
requirements on the arrival time of delivery vehicles in the actual delivery process. It is difficult 
to meet the different time window requirements of different customers with a path optimization 
scheme aiming at the smallest total cost. The inability of delivery vehicles to reach the 
customer's location within the specified time will seriously affect the customer's market 
planning. At the same time, the delivery plan with the goal of minimum cost will also make the 
delivery time longer and cause serious corruption of cold chain food, and product quality cannot 
enter the market. The huge economic loss also severely reduces customer satisfaction. 

Therefore, under the premise that the total economic cost of distribution is minimized, this 
article adds the cost of product corruption to the calculation of the total cost, and also adds time 
constraints. Different customers have different time window requirements. When a distribution 
plan arrives When time cannot meet the time window needs of all customers, this kind of 
distribution plan will be discarded to maximize customer satisfaction and obtain a better 
distribution plan. 

The cold chain food delivery vehicle route optimization model proposed in this paper mainly 
considers the following ideas: 

Cold chain foods cannot be kept fresh for a long time due to their perishable characteristics. The 
expenses incurred due to food corruption are also part of the total economic cost of the 
distribution link. The general path planning model only considers the transportation cost in the 
distribution process, and does not consider the quality changes of the goods during the 
distribution process. The route optimization model of this article adds the cost of cargo damage, 
which makes the model more realistic. 

Due to the perishable nature of cold chain food, customers will have strict requirements for 
delivery time, and after the goods are delivered to the customer location, they will generally 
undergo secondary processing, and it will be serious if the goods cannot be delivered to the 
customer within the specified time. Affect the customer's marketing plan, thereby greatly 
reducing customer satisfaction. The path optimization model of this article will add the time 
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window limit of customers to meet the time window requirements of different customers and 
improve the satisfaction of delivery customers. 

The model takes minimization of total economic cost as the objective function. The total 
economic cost includes vehicle dispatch cost, transportation cost, refrigeration cost and cold 
chain food deterioration and loss cost. Under the premise of reasonable assumptions and 
constraints, the model is used to rationally plan the delivery sequence of vehicles, so that the 
total economic cost of delivery is the lowest and the time window requirements of all customers 
are met. 

Reasonable use of vehicle resources. Try to meet all customer needs with fewer refrigerated 
trucks, reduce vehicle dispatch costs, and pay attention to the number of customers served by 
one refrigerated truck to prevent overloading of vehicles and overtime delivery caused by 
excessive service time happened. 

Reduce the number of times a single customer is served. It means that a customer is distributed 
by only one refrigerated truck, which prevents the customer's demand for goods from being 
divided, reduces the number of operations for the customer, and reduces the total economic cost 
of the distribution link. 

2.3. Assumptions, constraints and parameter description 

2.3.1. General assumptions of the model 

There are many unavoidable complex factors in the cold chain food distribution link, such as 
road conditions, vehicle conditions, weather conditions and other complex factors. These 
situations are unavoidable and will cause some slight errors in the calculation results. Therefore, 
for the convenience of calculation, this article makes the following reasonable assumptions 
about these unavoidable external situations: 

Assuming that the distribution roads are all unblocked, the refrigerated trucks are regarded as 
moving at a constant speed during the delivery; 

The load capacity of the refrigerated truck can meet the demand of several demand points; 

The refrigerated truck's rated load and other parameters are the same and in good condition; 

The customer's demand, location, time requirements and other parameters are known; 

The capacity of the distribution center can meet all needs; 

The goods carried are a single type of goods; 

During the delivery process, the temperature inside and outside the refrigerated truck 
compartment remains constant. 

2.3.2. Constraints of the model 

The cold chain food distribution route optimization model in this paper must be carried out 
under certain constraints, and the optimal solution with the lowest total economic cost can be 
obtained under the constraints of constraints. According to the actual problems of the cold chain 
distribution link, in view of the basic conditions of the model, we propose the following 
constraints: 

The starting point and ending point of the refrigerated truck path are cold storage; 

The planning scheme shall meet the demand of all demand points; 

The loading capacity of the refrigerated truck must be less than the rated loading capacity of the 
refrigerated truck; 

One refrigerated truck can be responsible for the distribution tasks of multiple distribution 
points; 

Each delivery point can only be delivered by one refrigerated truck at one time; 

The vehicle must be delivered within the time window of the demand point. 
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2.3.3. Parameter setting of model 

O represents a cold chain distribution center; 

M={ 1,2......,i = MO} Indicates that the distribution demand point is a collection of customers; 

U= O M represents the collection of all nodes, including cold chain distribution centers and 
demand points; 

Qѝ indicates the delivery volume of refrigerated products for the first customer; 

{ 1,2......, }ON n N= =  represents a collection of refrigerated trucks; 

P indicates the maximum capacity of the refrigerated truck; 

F represents the dispatch cost of the nth refrigerated truck, and Cp is the total dispatch cost; 

cO indicates the transportation cost per kilometer of refrigerated trucks, CO represents the total 
transportation cost of refrigerated trucks; 

a indicates the unit price of refrigerant,    indicates refrigerant consumption per unit time, Cf 
indicates the total cooling cost of the distribution process; 

price indicates the unit price of delivery products,  Indicates the loss factor of goods in cold 
chain distribution; 

ijd  represents the distance from demand point i to demand point j; 

ijt represents the transportation time from demand point to demand point j, and  ,i j U ; 

1it  indicates the upper limit of the customer's time window, and i U ; 

V indicates the average speed of the refrigerated truck; 

totalC  represents the total cost of cold chain logistics and distribution; Decision variables: 

ijnX  indicates whether the n ( )n N  refrigerated truck is dispatched from demand point i to 

demand point j ( ),i j M ,a value of 1 means yes, a value of 0 means no.  

inY  indicates whether the ( )i i M  demand point is dispatched by the n th refrigerated truck, a value of 1 

means yes, a value of 0 means no; 

2.4. Cost analysis of cold chain food logistics distribution 

transportation cost p n

n N

C F


=  

p n

n N

C F


=
 

Transportation costs refer to the costs incurred by vehicles during the distribution process, and 
generally refer to fuel consumption costs. The total transportation cost CO can be expressed 
cooling cost. 

f ij ijn

n N i U j U

C t X
  

=
 

In the cold chain distribution link, refrigerated trucks use some methods to control the 
temperature inside the car, so that the goods are kept in a low temperature environment. The 
general refrigeration methods used are fuel refrigeration, refrigerant refrigeration, etc., no 
matter which method is used, in the delivery process, There will always be refrigeration costs, 
and refrigeration costs are related to transportation time. In this paper, f3 is used to denote the 
consumption of refrigerant per unit time. The cost of refrigeration during cold chain distribution 
and transportation can be expressed as 

f ij ijn

n N i U j U

C t X
  

=
 

Cold chain food loss cost 

Due to the perishable nature of cold chain food, in the process of low temperature distribution, 
although it is at a relatively low temperature, there is still a process of cold chain food corrosion 
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and deterioration. This article adds factors to the cost calculation of cold chain food distribution. 
Corruption loss cost caused by cold chain food corruption. 

Because the cold chain food delivery involved in this article is generally delivered within the 
city, the delivery time is relatively short. In addition, the interior of the refrigerated truck 
compartment is in a relatively low temperature environment, and the spoilage rate of cold-
chain food is greatly reduced. Therefore, this paper uses a simple constant-speed qualitative 
change continuous qualitative change curve to describe the quality change of the goods during 
the cold chain food delivery process. 

Figure 1 Constant-rate qualitative change continuous type qualitative change curve 

The loss coefficient of the goods during transportation is  , and the unit price of cold chain food 
is price , so the loss cost Cs of cold chain food during transportation can be expressed as:  

in* tS i ij

n N i U j U

C price QY
  

= 
 

Due to the large variety of cold chain foods, most of the relatively well-packaged products such 
as red wine, milk and other fresh foods are basically free of corruption during the distribution 
process, so the calculation of the loss cost depends on the actual situation. 

2.5. Modeling 
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The meaning of each expression in the model is as follows: 

The objective function (2-5) is the total cost of cold chain distribution, including vehicle 
dispatch costs, transportation costs, refrigeration costs, and goods loss costs. The model takes 
minimization of the total cost as the decision-making goal; 

Constraints (2-6) restrict refrigerated trucks from being overloaded; 

Restriction (2-7) The total number of departure refrigerated vehicles shall not be greater than 
the maximum number of vehicles NO; 

Constraints (2-8) The starting and ending points of distribution are both distribution centers; 

Constraint (2-9) A demand point can only be delivered by a refrigerated truck; 
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Constraint (2-10) is a flow conservation limit, that is, vehicles arriving at the demand point must 
leave the demand point; 

Constraint (2-11) the calculation formula of travel time between each demand point; 

Constraint (2-12) The refrigerated truck needs to reach the customer's location within the 
specified time; 

Constraints (2-13) and (2-14) are decision variables. 

3. Model Solving Based on Genetic Algorithm 

3.1. Introduction of genetic algorithm 

Genetic algorithm was proposed by Professor J. Holland of the University of Michigan in the book 
"Adaption in Natural and Artificial Systems" published in 1975. Genetic algorithm is a biological 
evolution process that simulates the natural selection and genetic mechanism of Darwinian 
biological evolution. Calculation model. 

Genetic algorithm is to simulate the evolution of organisms. First of all, we need to use 
appropriate coding methods to transform actual problems into chromosomes in genetic 
algorithms. Each chromosome represents an initial individual. After that, we evaluate each 
individual and calculate the fitness of the individual to measure the individual's ability to adapt 
to the environment and the chance of survival. The higher the fitness, the better the individual 
and the greater the chance of survival. The genetic operation is performed after the fitness is 
calculated. The genetic operation is composed of selection, crossover, and mutation. The 
selection operation requires us to select individuals with high adaptability in the group into the 
next generation by appropriate methods, weed out individuals with poor adaptability, and select 
individuals for crossover and mutation. The crossover operation is mainly to exchange a part of 
the chromosome between the selected individuals to obtain two new individuals. The mutation 
operation is mainly to change some parts of the selected individual's chromosome selection and 
change its genotype to form a new individual. After the genetic operation, a new population will 
be generated, and the above operation will be repeated until the set termination condition is 
reached. At this time, decoding the chromosomes of individuals with the highest fitness in the 
population can get the optimal solution we need.  

3.2. Genetic algorithm design 

3.2.1. Chromosome coding 

When chromosome coding is in progress, it is necessary to transform the route selection status 
of all vehicles into a set of chromosomes of genetic algorithm. Each chromosome represents a 
different vehicle route selection plan. Through the fitness evaluation and genetic operation of 
each chromosome, the better Excellent route plan. 

This paper adopts the method of real number coding, and takes the number of demand points, 
that is, the number of customers MO, as the length of the gene, and the M-th locus represents the 
M-th demand point. Use the number of vehicles T as the gene value of the gene locus, that is, a 
random integer from 1 to NO, which represents the delivery vehicle assigned to each demand 
point. For example, chromosome 4242113 means that the fifth and sixth demand points are 
delivered by vehicle 1, the second and fourth demand points are delivered by vehicle 2, the 
seventh demand point is delivered by vehicle 3, and the first and third demand points are 
delivered by vehicle 4. Shipment. 

This coding method only reflects which delivery demand points the refrigerated truck needs to 
deliver, but does not reflect the specific delivery order. Therefore, in the subsequent fitness 
calculation, we will divide the demand points of different vehicles according to the time window 
Sort, and calculate fitness based on the result of time window sorting. 
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3.2.2. Population initialization 

Population initialization is the beginning of genetic operations. The initial population is 
composed of different individuals of a certain size. Through fitness calculation, selection, 
crossover, mutation and other operations generate progeny populations, and then iterative 
calculations are continued until the termination conditions of the model algorithm are reached. 
Therefore, the number of individuals in the initial population affects the subsequent genetic 
operations. Due to the particularity of the model program in this paper, when the initial 
population is too small, there may be no individuals in the population that can adapt to the 
environment, and subsequent genetic operations cannot be performed; When it is too large, it 
will cause too long calculation time and reduce calculation efficiency. 

The cold chain food distribution involved in this article is generally short-distance distribution 
in the city, which involves fewer demand points and does not require a large initial population 
size. Therefore, the number of chromosomes in the initial population in this article is set to 100. 
The MATLAB program generates a matrix of 100 rows and MO columns, and uses real number 
coding to generate the initial population. 

3.2.3. Fitness function processing 

Fitness is used to express the survival probability of each chromosome, and the fitness function 
is used to find the survival probability of all chromosomes in each generation group, so as to 
compare and screen according to the survival probability of each chromosome. Since the 
objective function of this article is to minimize the total economic cost of distribution, the 
reciprocal of the total economic cost is used as the fitness function in the processing of the fitness 
function, 1/f C= . If the delivery plan corresponding to the chromosome violates the constraints 
of the model, we set the delivery cost C of the plan to inf, which is infinite, so that the fitness of 
the chromosome 0f = . 

3.2.4. Genetic  manipulation 

 (1) Selection operator 

The purpose of selection operation is to select better individuals to enter the next generation 
and eliminate individuals with poor fitness. The selection operation is based on the degree of 
fitness to judge whether the individual can enter the next generation, that is, the survival of the 
fittest in the population gene. This article chooses a combination of roulette strategy and 
maximum retention strategy to select operators. The roulette strategy is to calculate the 
proportion of individual fitness to the total fitness of the group. Individuals are selected based 
on the proportion of individual fitness. However, when the population is too large, the 
appropriate operator is often not selected, which is equivalent to random We select individuals, 
so we combine the maximum retention strategy, which means that the individuals with the 
highest fitness in the population will be saved to the next generation, and the retained 
individuals will not undergo cross-mutation operations to ensure that the current better 
chromosomes will be retained in the offspring and improve the effectiveness of the algorithm It 
promotes the convergence of the algorithm. 

(2) Cross operation 

Crossover operation is the main way to generate new stains. A new chromosome is generated 
by swapping some genes of two chromosomes. The chromosomes participating in the crossover 
are determined by the crossover probability. In this paper, a single point crossover method is 
used to randomly select a position as the crossover point. Perform paired crossover, as shown 
in Figure 3: 

(3) Mutation operation 

In order to expand the search space of the genetic algorithm, mutation operations are performed 
on some chromosomes, and new chromosomes are generated by changing some genes of a 
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chromosome. Individuals undergoing mutation operations are selected by mutation probability. 
This article uses the method of generating random numbers for mutation, that is, randomly 
selecting a gene location for mutation, as shown in Figure 4. 

 
Fig. 4 variation operation diagram 

 

3.2.5. Termination conditions 

When the number of cycles of the entire genetic process operation reaches the upper limit of the 
number of iterations, the optimal chromosome can be obtained and the optimal route plan can 
be obtained. 

4. Calculation Example of Cold Chain Distribution Path Optimization for 
Sichuan Mengniu Youpin Dairy 

Sichuan Mengniu Youpin Dairy Co., Ltd. is a branch of Inner Mongolia Mengniu Dairy Group in 
Chengdu. It was established in 2003 and is responsible for the sales of Mengniu liquid milk in 
the entire Chengdu area. The company receives orders from various supermarkets in Chengdu 
every day, and the company needs to deliver to each demand point on the same day. Through 
the understanding of the current situation of enterprise distribution, the cold chain distribution 
of Sichuan Mengniu Youpin Dairy has the following problems: 

(1) The distribution route is repeated and there is no reasonable planning; 

(2) High distribution costs due to unreasonable route planning; 

(3) The time requirement of the customer is not taken into consideration in the distribution link. 

4.1. Data processing and parameter design of calculation examples 

 

 
Figure 5 distribution of distribution points 
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Take some delivery orders from Sichuan Mengniu Youpin Dairy Co., Ltd. as an example. Deliver 
to 12 distribution points in Chengdu. The starting point and ending point of the distribution is 
Longtan Temple Longgang Steel Plant. The distribution demand points are 6 Hongqi chain stores 
and 6 Wudongfeng chain supermarkets in Chengdu. Locate and mark the delivery point through 
Baidu map. As shown in Figure 5: 

4.1.1. Data processing 

The distance between the distribution center and the distribution point and the distribution 
point is measured by Baidu map. In the table below, the distribution center is labeled 0, the red 
flag supermarket chain is labeled 1-6, and the Wudongfeng supermarket chain is labeled 7-12. 
The spacing table is shown in Table 1: 

 

Table 1 Distance between distribution centers and distribution points (unit: km) 
 0 1 2 3 4 5 6 7 8 9 10 11 12 

0 0 14.9 18.3 15.1 21.3 22 20.6 15 10.7 24.9 17.6 15.6 17.2 
1 14.9 0 8.3 6.6 7.4 8.2 9.8 6.7 6.5 12.6 8.5 7.9 4.5 
2 18.3 8.3 0 6.6 6.5 5.3 3.1 6.2 12.6 15.4 2.4 14.6 6.1 
3 15.1 6.6 6.6 0 1.6 3.2 11.5 0.73 11.7 8.8 8 11.8 3.3 
4 21.3 7.4 6.5 1.6 0 1.8 8.2 1.7 12.7 10.1 8.1 13.2 3.8 
5 22 8.2 5.3 3.2 1.8 0 7.2 2.6 13.9 11.3 7.8 14.3 3.9 
6 20.6 9.8 3.1 11.5 8.2 7.2 0 7.9 18.9 18.6 4.4 21.1 8.3 
7 15 6.7 6.2 0.73 1.7 2.6 7.9 0 12.2 9.3 8.1 12.3 2.8 
8 10.7 6.5 12.6 11.7 12.7 13.9 18.9 12.2 0 15.8 14.9 5.9 10.1 
9 24.9 12.6 15.4 8.8 10.1 11.3 18.6 9.3 15.8 0 16.5 13.4 11 

10 17.6 8.5 2.4 8 8.1 7.8 4.4 8.1 14.9 16.5 0 15.4 8.3 
11 15.6 7.9 14.6 11.8 13.2 14.3 21.1 12.3 5.9 13.4 15.4 0 11.6 
12 17.2 4.5 6.1 3.3 3.8 3.9 8.3 2.8 10.1 11 8.3 11.6 0 

 

The refrigerated trucks that carry dairy products every day depart from the distribution center 
at 8:00 am. After departure, they will arrive at each distribution demand point for delivery. The 
time window and demand of each customer are different. In order to facilitate the calculation of 
the program, we convert the delivery time required by the customer to the time window of the 
difference of the departure time. The time window and demand of the customer on the day are 
shown in Table 2: 

 

Table 2 Demand and time window of distribution points 

 Demand (piece) Required arrival time Conversion time window upper limit Lower limit of conversion time window 
1 20 8:00~9:00 0 1 
2 10 8:30~9:30 0.5 1.5 
3 15 8:30~9:30 0.5 1.5 
4 25 8:30~9:30 0.5 1.5 
5 10 8:30~9:30 0.5 1.5 
6 15 9:00~10:00 1 2 
7 20 8:30~9:30 0.5 1.5 
8 25 8:00~9:00 0 1 
9 10 9:00~10:00 1 2 

10 15 9:30~10:30 1.5 2.5 
11 20 8:30~9:30 0.5 1.5 
12 15 8:00~9:00 0 1 

 

The company’s refrigerated trucks use fuel-consuming refrigeration, and the refrigeration cost 
per unit time is  =7 yuan/h. The transportation cost per kilometer of refrigerated trucks 𝑐𝑜 
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is 0.75 yuan/km. Calculate the cost of vehicle dispatching Cp=60, and the vehicle dispatching 
cost is 60 yuan. The driving speed of the refrigerated truck in the urban area is V=40km/h. Since 
the transported product is milk with better packaging, the loss cost of the goods is not calculated 
in the process of calculating the cost, 0 = . 

Each refrigerated truck can load 100 pieces of milk, and the customer's demand order is also 
based on the number of pieces, so the number of pieces of milk is the unit of refrigerated truck 
loading and customer demand, and the vehicle load is P=100. 

4.1.2. Parameter setting 

MO=12; % number of demand points 

NO=5; %The number of idle refrigerated trucks at the delivery site 

P=100; % of the rated load of the refrigerated truck 

cO=0.75; %The transportation cost per kilometer of refrigerated trucks 
 =7; % cooling cost per unit time of refrigerated truck 

0 = ; % Loss factor of goods 

V=40; % Average speed of refrigerated trucks 

jc=0.9; % genetic algorithm crossover probability 

by=0.1; % genetic algorithm mutation probability 

gan=100; % the number of individuals per generation of genetic algorithm 

gn=100; % iteration times of genetic algorithm 

4.2. MATLAB solution 

This article uses MATLAB2013a to program to solve the problem of cold chain food distribution 
route optimization. After setting the parameters, import the program code into MATLAB2013a 
to get the best route plan. 

The most adaptive chromosome in the last generation of individuals is 141444121424. From 
the chromosomes, we know that demand points 1, 3, 7, and 9 are distributed by refrigerated 
truck 1, demand points 8, 11 are distributed by refrigerated truck 2, and demand points 2, 4, 5, 
6, 10, and 12 are delivered by refrigerated truck 4. Through the vehicle distribution plan, we can 
draw that: refrigerated truck 1 carries 65 goods, refrigerated truck 2 carries 45 goods, and 
refrigerated truck 4 carries 90 goods. The three refrigerated trucks completed the distribution 
tasks of all distribution points without overloading. 

The driving route is: 

Refrigerated truck 1: distribution center → distribution point 1 → distribution point 3 → 
distribution point 7 → distribution point 9 → distribution center; refrigerated truck 2: 
distribution center → distribution point 8 → distribution point 11 → distribution center; 

Refrigerated truck 3: No departure; 

Refrigerated truck 4: distribution center→distribution point 12→distribution point 
4→distribution point 5→distribution point 2→distribution point 6→distribution point 
10→distribution center; refrigerated vehicle 5: no departure. 

Total cost totalC =205.1927, dispatch cost Cp=60, transportation cost oC =106.3725, refrigeration 
cost =38.8203, and loss cost Cs=0. 

Table 3 shows the time for the refrigerated truck to arrive at each distribution point. 

Refrigerated truck 1: Departure time is 8:00, return time to delivery site 10:04, which takes 124 
minutes; 

Refrigerated truck 2: Departure time is 8:00 and return time to delivery site is 9:08, which takes 
68 minutes; 

Refrigerated truck 3: No departure; 
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Refrigerated truck 4: Departure time is 8:00, return time to delivery site 10:19, which takes 139 
minutes; 

Refrigerated truck 5: No train. 
 

Table 3 Arrival time of delivery point 
Customer number Arrival time requirements Actual arrival time Is the time window exceeded 

1 8:00~9:00 8:23 no 
2 8:30~9:30 9:12 no 
3 8:30~9:30 8:42 no 
4 8:30~9:30 8:41 no 
5 8:30~9:30 8:54 no 
6 9:00~10:00 9:26 no 
7 8:30~9:30 8:53 no 
8 8:00~9:00 8:16 no 
9 9:00~10:00 9:17 no 

10 9:30~10:30 9:43 no 
11 8:30~9:30 8:34 no 
12 8:00~9:00 8:25 no 

 

The vehicle delivery route map is shown in Figure 6: 
 

 
Figure 6 Distribution route map 

 

4.3. Analysis of optimization results 

In this paper, mathematical models and genetic algorithms are used to solve the problem 
through MATLAB programming, and take part of the distribution data of Sichuan Mengniu 
Youpin Dairy Co., Ltd. as an example, to plan a new cold chain distribution vehicle path planning 
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scheme. Whether the plan is reasonable, we can verify the feasibility of the plan from the 
following two aspects. 

(1) The rationality of the distribution route. From Figure 6, we can see that the three selected 
refrigerated trucks start from the distribution center and complete the distribution services to 
the customers in order according to their respective distribution order, and return to the 
distribution center after completing all the distribution services. The distribution routes of the 
three refrigerated trucks did not have the phenomenon of overlapping or repetitive distribution 
routes, indicating that the distribution sequence of the refrigerated trucks in this scheme is 
relatively scientific and reasonable, and there will be no overlapping and overlapping routes, 
which improves the efficiency of distribution and reduces the distribution. cost. 

(2) Time window constraints of delivery. The delivery model in this article adds the constraint 
of time window, the purpose is to allow all refrigerated trucks to reach the customer's location 
within the specified time of the customer. If the optimization result of the case occurs early 
delivery or overtime delivery, the model algorithm is explained. unreasonable. It can be seen 
from Table 3 that the time required for the refrigerated truck to reach the customer’s location 
to serve the customer is within the customer’s time window requirements, and none of the three 
distribution lines has any early or overtime delivery, which meets the time window 
requirements of all customers. Customer satisfaction has been greatly improved. 

In summary, the route geometry of the distribution vehicle path planning scheme obtained by 
the model algorithm in this paper is reasonable, and the path does not cross or repeat. At the 
same time, the vehicle path planning scheme obtained meets the time window of all customers 
and is effective Improved customer satisfaction, in line with the optimization purpose of this 
article. 

5. Conclusion 

This article comprehensively considers the perishable characteristics of food cold chain logistics, 
the customer's time window requirements, and vehicle dispatch costs, transportation costs, 
refrigeration costs and goods corrosion costs. Taking the lowest total economic cost as the 
decision-making objective of the mathematical model, a mathematical model for the 
optimization of food cold chain logistics distribution paths is proposed, and then the genetic 
algorithm is reasonably used and improved, and the MATLAB mathematical software is used for 
programming to realize the related operations of the genetic algorithm. The purpose of the 
research is to effectively reduce the total economic cost of the food cold chain distribution link 
by rationally planning the driving path of the food cold chain logistics distribution vehicle, while 
maintaining the freshness of fresh food, and at the same time meeting the requirements of 
customers in different time windows. And based on the actual planning of the distribution 
situation of Sichuan Mengniu Youpin Dairy Co., Ltd., a distribution route plan that is more 
suitable for the enterprise is obtained, so that the distribution vehicles can serve customers 
within the specified time window, which improves customer satisfaction. It reflects the total cost 
of distribution and achieves global optimization at the same time, which is in line with the 
research purpose of this article, and achieves the reduction of cold chain distribution costs and 
the improvement of customer satisfaction. 

Although this article gives a reasonable mathematical model and algorithm programming design, 
it still has certain limitations. When there are too many orders and too many constraints, genetic 
operations may not be possible. Therefore, when there are too many orders, I want us to achieve 
realistic results and modify some parameters of the genetic algorithm, such as population 
number, and the number of iterations and the probability of cross mutation make the model 
algorithm run more efficiently and quickly. Although this article gives a reasonable 
mathematical model and algorithm programming design, it still has certain limitations. When 
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there are too many orders and too many constraints, genetic operations may not be possible. 
Therefore, when there are too many orders, I want us to achieve realistic results and modify 
some parameters of the genetic algorithm, such as population number, and the number of 
iterations and the probability of cross mutation make the model algorithm run more efficiently 
and quickly. 
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