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Due to the limitation of later stage intelligent algorithms, the fruit and vegetable fresh-keeping cold chain transportation scheme
did not meet the expectation and could not achieve the dual objectives of the shortest time and the lowest consumption at the same
time. In order to solve the above problems, a cold chain transportation model of fruit and vegetable fresh-keeping in a low-
temperature cold storage environment is proposed. -e model is based on the topology of the cold chain transportation network.
By setting the assumptions of the fruit and vegetable fresh-keeping cold chain transportation model, the objective model is
composed of three parts: vehicle power fuel consumption cost, cold chain transportation refrigeration cost, and total fruit and
vegetable loss cost. Under six constraints, the improved ant colony algorithm is used to find the optimal fruit and vegetable fresh-
keeping cold chain transportation route. -e experimental results show that compared with the methods based on ALNS, genetic
algorithm, and quantum bacterial foraging optimization algorithm, the research method can bring the best comprehensive benefit
by accomplishing the fruit and vegetable transportation task in the shortest time at the lowest cost, and the research goal is
thus achieved.

1. Introduction

Fruit and vegetable consumption takes up a large part of our
daily consumption. Different from other types of food, fruits
and vegetables have very short shelf life because of high
water content and vulnerability, and they easily go rotten,
especially in a high-temperature environment such as
summer. According to statistics, 80 percent of fruit and
vegetable loss occurs in the transportation link [1]. In such a
context, the transportation environment should meet high
standards in order to guarantee the freshness of fruits and
vegetables. Cold chain transportation, as the most frequently
used fruit and vegetable transportation method nowadays,
refers to the transportation of food at a preset low tem-
perature to guarantee the freshness of food during trans-
portation to reduce food loss. However, a low-temperature
environment is maintained through vast energy consump-
tion, which means that cold chain transportation consumes
a large amount of energy. -us, the delivery cost is greatly
raised [2]. As mentioned above, the optimization of the
transportation route becomes especially important.

Optimized transportation route planning can greatly
shorten the transportation time so as not only to reduce fruit
and vegetable loss but also to lower logistics transportation
cost. Many experts and scholars at home and abroad have
done a relevant study on the planning of transportation
routes. For example, -eeraviriya et al., targeting fuel
consumption and taking the physical condition of roads as
constraints, came up with the adaptive large neighborhood
search (ALNS) model based on the heuristic method to solve
location decision-making and transportation route planning
problems [3]. Shrivastava et al. studied the distribution and
inventory planning in a supply chain under transportation
route disruptions and uncertain demands where, when faced
with different amounts of damaged goods supply, enter-
prises need to make suitable distribution strategies and
optimal inventory planning strategies at the risk of dis-
ruptions to maximize expected profits [4]. Yang considered
the dynamic uncertainty of the urban traffic network based
on distribution route optimization and planned an opti-
mized distribution route utilizing the objective function of
minimum cost and employing genetic algorithms for
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solutions [5]. Ning et al. proposed the optimization method
of the cold chain distribution route of fresh agricultural
products under carbon tax mechanism in allusion to the
heavy carbon emission during fresh agricultural products
cold chain distribution. Targeting minimum carbon emis-
sion cost and comprehensive cost, this method introduced
the carbon tax mechanism; conducted quantitative analysis;
adopted constraints of quantity demanded, time demanded,
and discharge time; calculated the optimal solution of the
distribution model using quantum bacterial foraging algo-
rithm; and then obtained the shortest distribution route [6].

Despite certain achievements through the application of
the previous methods, the transportation schemes obtained
did not meet expectations affected by later stage solutions.
-erefore, a cold chain transportation model of fruit and
vegetable fresh-keeping in a low-temperature cold storage
environment is built in combination with previous research
experiences in allusion to the problems mentioned above.
-e model is expected to provide a reliable basis for cold
chain transportation planning.

2. Materials and Methods

As ready-to-eat products, fresh fruits and vegetables are not
easy to preserve and have a short shelf life. -erefore, cold
chain transportation becomes the key to guaranteeing the
freshness of fruits and vegetables. In cold chain trans-
portation, fruits and vegetables are preserved in removable
cold storages to maintain a constant low-temperature en-
vironment to effectively guarantee the freshness of fruits and
vegetables. However, the maintenance of a long-time low-
temperature environment consumes a large amount of
energy and thus increases the transportation cost [7]. In such
a context, effective planning of the formulation of trans-
portation schemes becomes crucial. Optimal transportation
routes can greatly shorten the transportation time, which
means not only less fruit and vegetable loss and better
freshness but also less energy consumption and lower
transportation cost. Based on the aforementioned analysis,
the problem of fruit and vegetable fresh-keeping cold chain
transportation can be reduced to the problem of optimi-
zation of vehicle routes and transportation routes [8]. -e
research mainly contains the following parts, namely, the
analysis of cold chain transportation network topology,
problem description and model assumption, the establish-
ment of target models, the setting of constraints, and optimal
solutions of models. -e following are detailed analyses of
these parts.

2.1. Analysis of Cold Chain Transportation Network Topology.
Cold chain transportation network topology refers to the
transportation network composed of the distribution center
and all customer points, as shown in Figure 1.

Figure 1 shows the basic topology of the cold chain
transportation network, composed of one center point and
multiple customer points. Nevertheless, a single trans-
portation center network cannot meet demands in terms of
large regions and big populations; therefore, one region

usually has multiple center points and more customer points
[9]. With each center point in charge of the transportation
and distribution of a portion of customer points, a large
network is formed with multiple distribution centers.

-e determination of the distribution of center points and
multiple customer points and the determination of the cold
chain transportation network topology in one region are the
precondition and foundation for transportation route planning
[10]. GIS (Geographic Information System) is employed here
to build the transportation network map which contains three
parts: the construction of the road network, the point mapping,
and the description of the transportation network map. -e
detailed analyses are as follows.

2.1.1. Construction of Road Network. -e road network
means the routes of connection between the points in one
region [11], and the construction process is as follows:

Step 1: To output the basic information of each route to
form Set E. -e basic information of a route includes
road name, route code, road grade, road length, road
width, and road condition factor.
Step 2: To determine the cross point and isolated
endpoint to form Set V. In Set V, each point or end-
point is given its attribute information, that is, the serial
numbers of crossroads and the coordinates of cross
points and isolated endpoints.
Step 3: To draw the electronic map of the road network.

2.1.2. Point Mapping. Point mapping is to map the center
points and customer points and label them on the electronic
map of the road network according to their coordinates [12].
-e detailed process is as follows:

Step 1: To input the information of the points to form
Set C. -e information of the points includes the point
code, the point attribute, and demanded quantity of
points.
Step 2: Tomap the points onto the electronic map of the
road network through vertical mapping.
Step 3: To conduct appropriate adjustment of mapping
points according to the actual situation.
Step 4: To compose superposition points and the road
network and store the mapping points to form Set C′.
Set C′ includes the following information: the corre-
spondence between the mapping points and the points
in Set C, the coordinates of the points before and after
mapping, and the serial numbers of the routes related
to the points.

2.1.3. Description of the Transportation Network. Based on
the above two steps, the transportation network topology is
constituted and described as follows:

Y � C′, E, V, W􏼈 􏼉, (1)

where W is the positive real number set, the weight of the
route [13].
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2.2. Problem Description and Model Assumption

2.2.1. Problem Description. Problem description is to con-
duct definition and description in allusion to the fruit and
vegetable transportation route planning. -e description of
the problem can better pinpoint the direction and goal of
research and serve as the guidance of the whole study [14].
Based on this study, that is, the fruit and vegetable fresh-
keeping cold chain transportation in a low-temperature
environment, the description is as follows: on the basis of
cold chain transportation network, all cold chain trans-
portation vehicles depart from the distribution center point
in the network and deliver fruits and vegetables to retailers in
the shortest time on minimum consumption through ap-
propriately planned transportation routes when preset
constraints are met [15].

2.2.2. Model Assumption. -e route planning of fruit and
vegetable cold chain transportation in a low-temperature
cold storage environment is subject to the effect of many
factors while many of them are not major factors and have
only a minor effect on route planning. -erefore, the
problem study is simplified to reduce the impact of minor
factors on research results [16]. Some assumptions need to
be premade based on the study in the previous chapter as
follows:

Assumption 1: the distribution center is the starting
point, and the vehicle returns to the starting point after
completing the distribution
Assumption 2: all distribution vehicles have the same
load capacity and are all equipped with cold storage
functions
Assumption 3: all vehicles only accomplish the delivery
task without the goods consolidation function [17]
Assumption 4: the distribution center has abundant
inventory, and there is no possibility of stockout
Assumption 5: fruits and vegetables need to be dis-
tributed to each and every customer point only once
Assumption 6: the low-temperature cold storage
environment temperature is fixed during trans-
portation [18]

Assumption 7: the freshness of fruits and vegetables is
only affected by transportation time and their own shelf
life
Assumption 8: the roads between points are clear of
congestions
Assumption 9: in the simulation state, all vehicles are
free from any accident during distribution
Assumption 10: the demands of each and every cus-
tomer are met after the distribution task is accom-
plished [19]

2.3. Construction of the Objective Model. -e objective
model, also known as the objective function, is the de-
scription of the function of the objective to be realized, the
basic model of which is as follows:

min
max

f � f(x), (2)

where x represents the objective function value and f(x)

represents the objective function [20]:

minf � A + B + C. (3)

Based on the abovementioned basic model of the ob-
jective function, the cold chain transportation model of fruit
and vegetable fresh-keeping in a low-temperature cold
storage environment is established, and the mathematical
description is as follows:

minf � A + B + C, (4)

of which,

A � 􏽘
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(5)

where A represents the fuel consumption cost of vehicle
power; N represents the number of customer points; K

represents the number of distribution vehicles; Xlk
ij repre-

sents the distribution demand, Xlk
ij � 1 when there is de-

mand and Xlk
ij � 0 otherwise; Dij represents the distance

between Point i and Point j; Eij represents the fuel con-
sumption cost between Point i and Point j; E1 and E2
represent no-load and full-load fuel consumption costs,
respectively; δ represents the full load degree coefficient [21]:
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where B represents the refrigeration cost of cold chain
transportation; tij represents the travel time spent from
Point i to Point j; to

i represents the time when the distri-
bution task is completed at Point i; tw

i represents the time the
customer spends in waiting for the accomplishment of the
distribution task at Point i; c represents the coefficient of
heat conduction of the carriage; ϕ represents the area of the

Distributi
on Centre

Customer
point

Figure 1: Basic topology of cold chain transportation network.
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cool storage of the vehicle; φ represents the temperature
difference between the inside and outside of the cool storage
of the vehicle; ξ represents the fuel consumption for re-
frigeration for accomplishing one cold chain transportation:

C � 􏽘

N

i�1
􏽘

N

j�1
ψ t

0
i +

Dij

vij

􏼠 􏼡λ + WQφt
0
i􏼢 􏼣, (7)

whereC represents the total cost of fruit and vegetable loss; ψ
represents the cost price of fruits and vegetables of 1 jin
(1jin� 0.5 kg); λ represents the average working efficiency;
vij represents the average running speed of the trans-
portation vehicle in the travel between Point i and Point j; W
represents the damage ratio of fruits and vegetables during
transportation; Q represents the maximum weight of fruits
and vegetables of the transportation vehicle at one time.

-e cold chain transportation model of fruit and veg-
etable fresh-keeping in low-temperature cold storage envi-
ronment here established is a multiple objective function
which is mainly composed of three parts: the fuel con-
sumption cost of vehicle power, the refrigeration cost of cold
chain transportation, and the total cost of fruit and vegetable
loss [22]. -e aim is to seek the optimal transportation route
through the three objectives.

2.4. Setting of Constraints. Objective functions are to be
solved in the scope defined by constraints [23]. -erefore,
constraints should be set for the objective model established
above.

(1) Constraint 1: the constraint on distribution service at
customer points:

􏽘
L

l�1
􏽐
K

k�1
X

lk
ij � 1, ∀k ∈ K, i ∈ N, (8)

where N represents the number of customer points.
(2) Constraint 2: the constraint on fruit and vegetable

load capacity:

􏽘

N

i�1
X

lk
ijqi ≤Q, ∀k ∈ K; l ∈ L, (9)

where qi represents the quantity demanded at
Point i.

(3) Constrain 3: the constraint on vehicle service:

􏽘

N

i�1
Y

lk
ij ≤ 1, ∀j ∈ 1, 2, . . . , N + L{ }; k ∈ K; l ∈ L,

(10)

where Ylk
ij represents whether the k th vehicle

departing from distribution center l will go by the
route from Point i to Point j; Ylk

ij � 1 if yes and Ylk
ij �

0 otherwise.
(4) Constraint 4: the constraint on the balance of traffic

flow on all transportation routes:

􏽘

N

i�1
X

lk
ij Qij − qi􏼐 􏼑≥ 0, i, j � 1, 2, . . . , N; l � 1, 2, . . . , L; k � 1, 2, . . . , K, (11)

where Qij represents the weight of fruits and vege-
tables on the vehicle on the route between Point i and
Point j.

(5) Constraint 5: the constraint on no transportation
link between central warehouses:

􏽘

K
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􏽘

N

i�1
􏽘

N

j�1
qiX

lk
ij ≤ ζ l, l � 1, 2, 3, . . . , L, (12)

where ζ l represents the volume of fruits and vege-
tables that can be held by central warehouse l.

(6) Constraint 6: the constraint on the total length of
every transportation route:

􏽘
i∈N

􏽘
j∈N

SijY
lk
ij ≤max S

k
, k ∈ K, (13)

where Sij represents the distance from Point i to Point j and
max Sk represents the maximum mileage of vehicle k.

-e objective model is to be solved in the following step
based on the six constraints.

2.5. Solution of the Objective Model. To solve the objective
model is to seek the optimal solution that meets the objective
function by utilizing intelligent optimization algorithms
under the abovementioned constraints. In a previous study,
the solving methods adopted in this step are mostly basic
optimization algorithms. In contrast, basic optimization
algorithms often have their drawbacks that prevent the
solution from reaching the optimal value [24].-erefore, the
fundamental ant colony algorithm is utilized as the basis
here with some improvement. To improve the ant colony
algorithm, we need to know its drawbacks. -e main
problem of this algorithm is the incidental local optimum
problem, which is also the leading cause of the failure in
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finding the optimal solution [25]. Accordingly, this study
optimizes the algorithm in the following aspects:

(1) Based on the original version, the improved state
transition rule adopts a random number r with its
value within the range of 0∼1. -e improved state
transition rule is as follows:

P
k
ij(t) �

r · g
α
ij(t)

􏽐s∈Fh
β
ij(t)

, j ∈ F,

0, otherwise,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(14)

where Pk
ij(t) represents the probability of Ant k

transiting from Point i to Point j at Moment t; F

represents the set of points the ant can reach; α
represents the information heuristic factor; β rep-
resents the expectation heuristic factor; gij repre-
sents the pheromone concentration between Point i

and Point j; hij represents the expectation phero-
mone concentration between Point i and Point j; and
t represents the time. -e improved state transition
rule structure is as shown in Figure 2.

(2) -e improved pheromone update rule:

-e pheromone update rule substitutes Z, the length of
the optimal route in the previous circulation, with Zk:

gij
′ ⟵(1 − q) · gij + qΔgij, (15)

Δτij �

Q

Zk

􏼠 􏼡, i, j ∈ abcdef,

0, otherwise.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(16)

q represents the volatilization degree of the pheromone of
the ant per unit time; Q represents the initial concentration
of the pheromone of the ant; Zk represents the set of global
optimal routes; Δgij represents the value difference of Q

before and after the update; gij and gij
′ represent the

pheromone concentrations on the route between Point i and
Point j before and after the update, respectively.

-e basic solution flow of transportation routes is as
shown in Figure 3.

According to the solution flow based on the improved
ant colony algorithm in Figure 3, the actual situation of the
cold chain transportation plan is obtained, and the ant
colony searching is conducted. When the preset termination
conditions are met, the objective model solution is ended,
the transportation result scheme is obtained, the solution of
the objective function is completed, the optimal cold chain
transportation route is obtained, and the cold chain trans-
portation model of fruit and vegetable fresh-keeping in a
low-temperature cold storage environment is established.

3. Result and Analysis

To test the application effect of the model established, a
simulation experiment is conducted in comparison with
the ALNS based method, genetic algorithm-based method,

and quantum bacterial foraging optimization algorithm-
based method. In the simulation experiment, the simula-
tion platform is Pentium 42.8 GHz with 64G memory, the
operating system is XP SP2, the dominant frequency of
CPU is Intel Xeon E5620/2.4 GHz, the hard disk size is
256G, and the MATLAB tool is employed. -e experiment
conditions are the provision of node storage space and
node digital signal processor, the satisfaction of the
Ethernet controller, and being supportive of software
protocols.
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Figure 2: Diagram of improved state transition rule structure.
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Table 1: Parameter setting of simulation experiment.

Model parameter Numerical value Algorithm parameters Numerical value
Number of vehicles delivered 2 Number of ants (number of vehicles) 2
-e maximum mileage 100 km α 1
-e volume of the carriage 12.7m3 β 3
Vehicle speed 30 km/h Q 0.3
Average outside temperature 21°C q 0.8
Unit refrigerant cost 1.5 yuan Maximum number of iterations 200
Fuel consumption rate per unit time 22.37 g/s r 0.5
Heat transfer derivative of refrigerator truck 0.4 — —
Energy consumption constant 44 — —
Transportation cost per unit mileage 2 yuan — —
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3.1. Overview of ResearchArea. Adopt an area of 10000m ∗
10000m as the research area to conduct the cold chain
transportation route planning research, as shown in
Figure 4.

In Figure 4, there are 2 distribution centers in total, each
represented by a “ ” and 18 customer points in total, each
represented by a “ .”

3.2. Parameter Setting of the Simulation Experiment.
Parameters referred to in the simulation experiment are as
shown in Table 1.

3.3. Route Planning Scheme. Conduct distribution route
planning according to the research model and the three
comparative methods. -e route planning schemes are as
shown in Figure 5.

It can be observed from Figure 5 that the routes planned
through the four methods are different from each other.
-en, total cost calculation is conducted according to the
four different planning schemes.

3.4. Result Comparison. Do statistics of the transportation
time and various costs of the four different planning schemes
in Figure 5, and the result is as shown in Table 2.

It can be observed from Table 2 that, in comparison with
the other three methods, the research method can bring the
best comprehensive benefit by accomplishing the fruit and
vegetable transportation task in the shortest time at the
lowest cost, and the research goal is thus achieved.

4. Conclusion

To sum up, although cold chain transportation can guar-
antee the freshness of fruits and vegetables, the longer the
transportation time goes, the higher the cost becomes.
-erefore, how to complete the fastest fruit and vegetable
cold chain transportation at the lowest cost becomes the
focus of the study. For this purpose, the study is conducted
on a cold chain transportation model for fruit and vegetable
fresh-keeping in low-temperature cold storage to look for
optimal transportation routes. -e experimental results of
the model are as follows:

(1) Result of transportation time: Time of the research
method is the shortest, with that of the ALNS based
method coming in the second place and that of the
quantum bacterial foraging optimization algorithm-
based method and that of the genetic algorithm-based
method following successively. -e reason is that the

Table 2: Comparison of transportation time and various costs of four different planning schemes.

Methods Transportation
time (h)

Vehicle power and fuel
consumption cost (yuan)

Refrigeration cost
(yuan)

Loss cost of fruits and
vegetables (yuan)

Total cost
(yuan)

Research model 2.54 354.94 65.44 187.64 608.02
ALNS based method 2.68 420.05 77.32 200.36 697.73
Genetic algorithm based method 3.20 435.52 76.23 214.64 726.39
Quantum bacterial foraging
optimization algorithm based
method

2.88 387.31 72.34 189.57 649.22
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Figure 5: Route planning schemes. (a) Research model. (b) ALNS based method. (c) Genetic algorithm-based method. (d) Quantum
bacterial foraging optimization algorithm-based method.
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model in this paper sets constraints, and the solution of
the objective function is conducted within the scope
defined by the constraints, which can shorten the
transportation time to a certain extent.

(2) Result of transportation cost:-e transportation cost
of the research method is the lowest, with that of the
quantum bacterial foraging optimization algorithm-
based method coming next and that of the ALNS
based method and that of the genetic algorithm-
based method following successively. -e reason is
that the cold chain transportation model of fruit and
vegetable fresh-keeping in a low-temperature cold
storage environment established in this paper is a
multiple objective function, mainly composed of
three parts: the fuel consumption cost of vehicle
power, the refrigeration cost of cold chain trans-
portation, and the total cost of fruit and vegetable
loss. -e optimal transportation route that meets the
objectives can be obtained through the three ob-
jectives, which can save the transportation cost to a
certain extent.

-e above-mentioned comparison proves that the
transportation route planned in the research model is
preferable. However, the model established does not con-
sider temporary order additions by customers; therefore, the
study needs further improvement.
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