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The “new land-sea corridor” has brought cross-border facilitation and increased trade financing channels. It not only has long
been a road-sea transportation corridor but also has been upgraded to a trade corridor. As one of the most inclusive cities,
Chongqing, with the help of this channel, can bring more dividends and international resources to the entire western region.
Through the logistics base of Singaporean-Chongqing cooperation in multimodal transport, Chongqing can play an important
role as a channel operation center and an important logistics hub. Some international shipping resources will be extended to
Chongqing, letting the whole western region share the agricultural by-products brought by Southeast Asian countries.
Multimodal transport is a common mode of transport in international trade; it combines various modes of transport
organically, brings into play the advantages of various modes of transport, and can reduce costs to a large extent. At present,
multimodal transport is mostly used for importing and exporting goods; multimodal transport is not widely used in
agricultural by-product logistics transportation. Multimodal combination will be used in the transportation of agricultural by-
product logistics; it can avoid the shortcomings of simply using road transportation and make the logistics transportation cost
of agricultural by-products lower and management more convenient. Based on the large data, this paper considers factors such
as route factors, transfer mode selection, and window meeting time in the transfer process; a mathematical model and
advanced colony ant algorithm can be used to solve the transfer optimization problem of a very large fleet of agricultural by-
product logistics. This solution can provide instructions and suggestions for companies that should increase relevant scientific
research.

1. Introduction

In August 2019, China recently issued the Master Plan for a
new land-sea corridor in theWest. This is an important mea-
sure to deepen the two-way opening-up of land and sea and
to promote the development of the western region to form
a new pattern. The planning period is from 2019 to 2025,
and the outlook is to 2035. Located in the hinterland ofWest-
ern China, the new land-sea corridor links the Silk Road Eco-
nomic Belt to the north and the 21st century Marine Silk
Road to the south. It coordinates with the Yangtze River Eco-

nomic Belt and plays an important strategic role in the coor-
dinated development of the region. The plan points out that
with the deepening of the strategy of regional coordinated
development, the great development of the western region
still faces arduous tasks. It is necessary to further strengthen
the construction of transportation infrastructure in the
western region, expand the existing channel capacity, coor-
dinate the development of the Yangtze River Economic Belt,
and improve the quality and efficiency of logistics develop-
ment. “New land-sea corridor” is an important part of the
China-Singapore (Chongqing) strategic interconnection

Hindawi
Wireless Communications and Mobile Computing
Volume 2021, Article ID 1880689, 13 pages
https://doi.org/10.1155/2021/1880689

https://orcid.org/0000-0002-7171-8672
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/1880689


demonstration project, the third intergovernmental cooper-
ation project between China and Singapore. In November
2018, Premier Li Keqiang of the State Council of China
and Prime Minister Lee Hsien Loong of Singapore held
talks, pointing out that taking the signing of the memoran-
dum of understanding on the “new road between land and
sea” as an opportunity, land and sea go hand in hand to
promote two-way interconnection [1]. Since then, the
“South-to-South Passage” in the Sino-Singapore (Chong-
qing) strategic interconnection demonstration project coop-
erated by China and Singapore has been officially renamed
“New Road for International Land-Sea Trade” (referred to
as “New Road for Land-to-Sea Trade”) nine months after
it was proposed. Agricultural by-products are perishable,
difficult to store, and difficult to transport for a long time.
As a result, producers are facing greater market risks. Many
agricultural products and group products cannot achieve
“flow of goods” and “optimal value for money” [2]. The rea-
son is that the logistics of agroindustrial and segmented
markets in Southeast Asian countries are backward, with a
low level of transparency, poor networks, incomplete infor-
mation, high disparity rates, and levels low of logistics and
equipment. In this case, reducing the logistics cost of agri-
cultural by-products and improving the efficiency of logis-
tics have become an important way to promote
agricultural development and increase farmers’ income [3].

Because the history of logistics research in our country is
not long, the research of logistics theory is relatively weak
and lagging behind, and the theoretical system has not been
established. In the new wave of “logistics fever,” there are
fewer studies on agricultural by-product logistics and even
fewer studies on logistics combined with a certain region.
The domestic research on agricultural by-product logistics
mostly focuses on the research of agricultural by-product
logistics, model-by-market development model, role of the
supply chain in the agricultural sector by market, distribu-
tion of logistics by market, macrotraining of limitations of
development of agricultural products by market, and coun-
termeasures [4–6]. These studies provide ideas for the devel-
opment of agricultural by-product logistics in China and
provide a theoretical basis for further research of agricultural
by-product logistics [7]. However, we can also see that much
of the research focuses on macrobarriers and limitations of
agroindustrial development and group product sectors.
There are also a few studies that apply some of the tech-
niques of modern logistics development to the agroindustrial
and product sectors of the group, but there is a lack of in-
depth research. And in conjunction with specific areas for
system analysis and investigation [8], this paper tries to
improve the level of research and construction of agricul-
tural by-product logistics, so that most of the agricultural
by-products can truly achieve “smooth flow of goods” and
“value for money.” Multimodal transport refers to the use
of two or more modes of transport in the process of logistics
transportation and distribution, the realization of conver-
gence and transshipment among various means of transport,
and ultimately the completion of the entire transport process
together. There are five modes of logistics transportation:
highway, railway, waterway, aviation, and pipeline. Automo-

bile logistics can be transported by highway, railway, and
waterway. In recent years, with the rapid development of
railway transportation and waterway transportation, by-
product logistics has gradually begun to use these two modes
of transportation [9]. However, in the transport of commod-
ities in my country, only roads and waterways account for
7% and 8% of the total commodity transfer by market. Com-
pared with traditional road transportation, railway transpor-
tation and waterway transportation have great cost
advantages in long-distance transportation [10]. For exam-
ple, a freight charge always accounts for only 70% to 80%
of the freight charge. However, train and boat transportation
are not beneficial in short distances and low-level transpor-
tation. Therefore, if the road, railway, and waterway trans-
portation can be flexibly used and allocated in the logistics
transportation of by-products, it will inevitably save costs
for enterprises.

This includes the use of comprehensive data collection
and analysis, logical and inductive extraction, SWOT pro-
cess analysis, and energy analysis to study the construction
and management of agricultural and product logistics sys-
tems on the West Coast. The significance of this study is to
study the advantages and disadvantages of various modes
of transport, integrate their advantages, and study the special
transportation problem of agricultural by-product logistics,
apply the technology of researching practices to propose a
suitable model, and then find the appropriate algorithm, find
the method of transporting multiple vehicles, and finally
help the corresponding company save money.

2. Proposed Method

2.1. The Elements and Characteristics of the Logistics System
of By-Agricultural Products. The logistics system of by-
agricultural products is composed of various elements of
logistics, and there is an overall organic relationship between
the elements [11]. The local elements of a logistics system
by-product can be divided into general elements, functional
elements, and supporting elements. General elements refer
to three elements: human, mushroom, and material; service
elements refer to transfer, storage, packaging, loading and
unloading, distribution, processing, distribution, and logis-
tics services; support elements refer to programs, rules and
regulations, and program management.

The characteristics of the logistics system of by-
agricultural products are as follows: (1) The logistics system
of by-agricultural products is a multiobjective system. The
general goal of a product logistics system is to determine
the efficient transfer of products in the field. Around this
general goal, there will be many goals [12, 13]. For example,
the logistics quantity should reach the appropriate scale, the
logistics time should be the shortest, the logistics service
should be the best, and the logistics cost should be the low-
est. (2) The logistics system by the market is a large-scale
program. This is especially true for regional geography, as
many products are often distributed in different regions
[14]. The main problem of long-distance planning is that it
is difficult to manage and very reliant on information. (3)
The by-product logistics system is a dynamic system. Firstly,
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the logistics system of by-agricultural products is often com-
posed of multiple operation subjects. The elements and
operation of the system often change, which makes it diffi-
cult to maintain long-term stability. Secondly, by-product
logistics is strongly influenced by seasonality, and the
requirements for logistics systems vary greatly in different
seasons, which also determine that the operation of the
logistics system is difficult to be stable [15, 16]. Dynamics
requires that the system must be flexible and changeable.
(4) Benefit deviation exists among the functional elements
of the by-product logistics system. This mainly refers to
the improvement of the efficiency of one of the functional
elements in the logistics system which does not necessarily
improve the efficiency of the whole system and sometimes
even has a negative effect. For example, the transfer of the
logistics system is advanced, but the logistics information
function is declining. Blindness and poor mobility will cause
a large pension of products and cause losses. The separation
of interests requires that we look at the logistics from a sys-
tem perspective, so that all the links of logistics can be inte-
grated with each other to maximize overall efficiency [17].
There are three main components of the industrial structure
elements of the logistics system of by-agricultural products:
one is the logistics platform, the other is the logistics opera-
tion enterprises, and the third is the logistics settlement plat-
form. The logistics platform includes the logistics facility
platform, logistics information platform, logistics policy
platform, and other parts. The entities of the logistics plat-
form can be divided into two parts: routes and nodes. From
the perspective of regional planning, logistics nodes refer to
regional logistics hubs, regional logistics centers, etc. Logis-
tics routes refer to highways, railways, airlines, navigation
routes, and other logistics channels. The logistics operation
enterprise is the main body of micrologistics operation,
which operates on the supporting platform and is the lead-
ing force to make the whole logistics system move [18].
The logistics distribution platform refers to the whole pro-
cess of spending and distribution of resources from the fields
of production, exchange, storage, transfer, and packaging.

2.2. Analysis of Multimodal Transport of Agricultural and
Sideline Products. Many businesses are divided according
to the route, which is divided according to the different
modes of transportation that are involved in heavy trans-
port, as follows. (1) Land-land transport refers to two modes
of transport on land, one by one, and the combined trans-
port of roads and railways [19, 20]. This type of joint trans-
portation is very common. There are very few transportation
tasks that can be completed by rail transportation. Basically,
road transportation is required to collect and distribute
goods at the ends. This kind of joint transportation can give
full play to the advantages of large railway transportation
volume, high speed, high security, low cost, etc., and at the
same time, it can achieve the purpose of terminal distribu-
tion to the household. With the continuous improvement
of China’s railway line network, the railway operation has
been speeding up, and the railway has been extended to
China’s vast field. This mode of transportation has become
more and more spacious and has broad prospects. (2)

Land-to-air intermodal refers to the combination of air
transport and road transport and rail transport to complete
the transport mission, which is generally used to transport
high value-added, time-sensitive cargo that requires air
transport. Land and air transport can also be divided into
three forms: railway, public, and iron. (3) Sea-air transport
refers to the connection of air transport and maritime trans-
port to complete the transport mission. In sea-air transport,
maritime transport is usually the mainstay, and air transport
is responsible for the final section of the mission, so that the
advantages of low maritime transport costs can be fully uti-
lized, and the timeliness of air transport can be applied.
However, in the actual implementation process of sea and
air transportation, it is inseparable from the intermediate
connection process of road transportation [21]. (4) Land
and sea transport refers to the connection of maritime trans-
port with road transport and rail transport to complete the
transport mission. This type of transportation is generally
aimed at bulk cargo and long-distance transportation tasks.
The entire transportation process has cost advantages and
consumes less energy. China’s import and export cargo
transportation is also mainly realized through land and sea
transportation. This type of intermodal transportation has
been developed relatively well, with specialized agents and
carriers, which provide convenience for enterprises. (5) Con-
tinental bridge transportation is actually a kind of sea-rail
combined transport, which refers to the use of railways or
highways to connect with the mainland to complete the
transportation tasks. This method is very important in cur-
rent international transportation, which can save a lot of
transportation time, improve transportation efficiency, and
finally promote the development of international trade.

2.3. Improved Analysis of Ant Colony Algorithm. Biointelli-
gence has always been the focus of scientists and has become
a source of inspiration for scientists to develop new algo-
rithms or designs. The intelligent behavior of colony animals
such as bee colonies, flocks, and ant colonies has also
attracted the attention of scientists. According to Scientist
Gross, by observing and experimenting with the foraging
behavior of ant colonies, an explanation is given about pher-
omones: each ant leaves a pheromone on the passing road
during the foraging process; the concentration of phero-
mone will produce a path for the ant behind [22, 23]. The
higher the concentration of pheromone, the greater the
probability that subsequent insects will choose this method;
however, pheromone concentration will decrease slowly
over time and will increase with the number of duck insects
passing by. Influenced by Gross’s observations, MarcoDor-
igo et al. linked the intelligent behavior of ant foraging to
the classic traveling salesman problem and proposed an
ant system concept to solve the traveling salesman problem,
which is the basic ant colony algorithm. The colony algo-
rithm primarily utilizes the communication and cooperation
characteristics between individual insects by releasing pher-
omone in the process of insect repellent. The colonial colony
algorithm uses insect colonies to simulate behavior. Their
behaviors are consistent with the following rules: (1) each
time the artificial ant loops, a taboo table is created to record
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the path that has passed, which has appeared in the taboo
table. The path in the loop will not be selected again in this
cycle; (2) when the artificial ant selects the path that has not
passed, it will make a selection according to the concentra-
tion of the pheromone on each path. The higher the concen-
tration of the pheromone, the greater the probability that the
path is selected; (3) each time the artificial ant completes the
cycle, the pheromone of the corresponding concentration is
released according to the length of the entire path, and the
pheromone concentration on the path is updated. The tran-
sition probability is specifically expressed as follows:

Pk
ij =

ταij tð Þηβij tð Þ, j ∈ allowed k,

0, otherwise,

(
ð1Þ

Jaccard =
SEG ∩GTj j
SEG ∪GTj j , ð2Þ

xH =
p2 − p1 + 1

2
: ð3Þ

In formula (3), allowed k or transfer city node that ant A
can choose when it is at city node i; artificial ant colony has
memory function, tabuk is a taboo table that records the city
node that ant A has traveled, it will follow. The artificial ant’s
search behavior is dynamically adjusted; α and β are the two
computational factors of the ant colony algorithm, α is the
information heuristic factor and β is the expected heuristic
factor; nij is the expected degree of the artificial ant moving
from the urban node i to the urban node j [24]. In the trav-
eling salesman problem, the shorter the distance between the
city node i and the city node j is defined, the higher the
degree of expectation of sending a transfer, and the greater
the transition probability. As long as the pheromone
develops slowly over time, the parasites will update the pher-
omone in each direction after the end of all cycles. By using
the parameter ρ to represent the pheromone volatilization
coefficient, 1 − ρ is the information residual factor, which
prevents the infinite accumulation of pheromones. The
way pheromone is updated can be expressed in the following
two ways:

τnewij = 1 − ρð Þτoldij + Δτij, ð4Þ

Δτij = 〠
m

k=1
Δτkij: ð5Þ

In equations (4) and (5), the amount of pheromone left
by all the artificial ants passing through the path (i, j) in this
cycle is represented, indicating that the kth artificial ant
passing the path in this cycle (i, j) is the amount of phero-
mone left behind. The parameter setting in the ant colony
algorithm has a great influence on the performance of the
algorithm. The number of artificial ants Dorigo studied the
influence of the placement position of artificial ants on the
experimental results. The results show that the solution
effect of placing artificial ants separately into different cities
is better than solving all the artificial ants in the distribution.

The effect is better. At the same time, the number of artificial
ants also has a great influence on the solution effect. When
the number of artificial ants is small, the pheromone gradu-
ally evaporates over time, and the pheromone on many
paths volatilizes prematurely, which makes the search qual-
ity of the algorithm decrease. When the problem scale is
large, the effect is more obvious. Adding a certain amount
of artificial ants can improve the global search ability of
the ant colony algorithm, improve the stability of the algo-
rithm, and ultimately improve the quality of the solution
but continue to increase the number of artificial ants, so that
when the number is too large, the number of pheromones on
each path will be caused. The difference is not so obvious,
which will slow down the convergence of the algorithm,
which is not conducive to improving the quality of the
solution.

After using the genetic algorithm to improve the ant col-
ony algorithm, the pheromone initial setting of the ant col-
ony algorithm needs to be adjusted:

τs = τc + τci,

U2 =
s − p1 − kx2,

x − p2 − k 1 − x2ð Þ:

( ð6Þ

R coefficient calculation formula:

R = 100% × 1 −
Rj j − kj j

kj j
� �

: ð7Þ

In formula (7), τc refers to a pheromone constant given
according to a specific problem, and τci is a pheromone
transformed according to a solution result of the genetic
algorithm. The pheromone update rule of the ant colony
algorithm is adjusted as follows:

(1) The general update rule of pheromone:

τ i, jð Þ = 1 − ωð Þτ i, jð Þ + ωΔτ i, jð Þ, ð8Þ

Δτ i, jð Þ =
1
Lgh

i, j in the optimal solutionð Þ,

0, else:

8><
>: ð9Þ

Equations (8) and (9) indicate that after all artificial ants
have completed a traversal, only the path of the ant with the
optimal solution is selected for the pheromone update,
where ω represents the global pheromone volatilization coef-
ficient and lgb represents the traversal, the path length of the
optimal solution.

(2) Pheromone local update rules:
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τy t + 1ð Þ = 1 − ρð Þτy tð Þ + ρτ0,

R = 〠
θ

x=1
Vx = 〠

ϑ

x=1

Wx
∑n

1WI

Sx
� �

:
ð10Þ

R and GT coefficient calculation formula:

ρ = 1 −
R ∩GTj j
R ∪GTj j : ð11Þ

In order to obtain a reliable original boundary within the
new terrestrial channel, the network uses a hybrid simula-
tion function to reduce the gap between the new terrestrial
channel and the marked image:

S kð Þ = ∂1 f
kð Þ
bce + ∂2 f

kð Þ
iou + ∂3 f

kð Þ
ssim, ð12Þ

f =
n∑n

i=1∑
n
j=1wij xi − �xð Þ xj − �xð Þ

∑n
i=1∑

n
j=1wij xi − �xð Þ2

=
n∑n

i=1∑
n
i≠jwij xi − �xð Þ xj − �xð Þ
S2∑n

i=1∑
n
j=1wij

:

ð13Þ

I is the superparameter of each loss function. BCE loss
function is the most widely used loss function in binary clas-
sification and channel:

S = βX + In − αWð Þ−1ε, ð14Þ

Wκ =
2k
k + 1

+
1
2
+

1
2k

� �
c2 − c1

3

h i2
+
2 c2 − c1ð Þ

3
, ð15Þ

where s and W represent the height and width of the
input image, respectively. Cross-border facilitation can be
used for image quality assessment, through which the struc-
tural information of the new land-sea channel can be
obtained. Therefore, if it is integrated into the loss function
of the network, the structural information of the annotated
image can be obtained. S and W represent the pixel values
of the corresponding areas of the channel image and the
expert annotation image, respectively, and the cross-border
convenience of X and Y is defined as C:

Cssim = 1 −
2μxμy + C1

� �
2σxy + C2
� 	

μ2x + μ2y + C1

� �
σ2
x + σ2

y + C2

� � : ð16Þ

The loss function of cross-border convenience considers
the local neighborhood of each pixel. A higher weight can be
assigned to the boundary. Since the loss along the boundary
is the largest at the beginning of training, the use of cross-
border facilitation helps to optimize the extraction of bound-
ary features. When combining the three losses, the C loss
function is used to maintain a smooth gradient for all pixels,
and the C loss function is used to pay more attention to the
similarity. The cross-border convenience loss function is

used to optimize the channel details through the large loss
near the boundary to improve the image channel accuracy:

G1 =
s − p1 − x1,

x − p2 − 1 − x1ð Þ,

(
ð17Þ

ln Ait = a0 + a1du ∗ dt ∗ G + 〠
N

i=1
bjXu + εu: ð18Þ

Equation (18) indicates that the artificial ant updates the
pheromone on the corresponding path after transferring
between the nodes, indicating the local pheromone volatili-
zation coefficient. By using the global pheromone and the
local pheromone update rules at the same time, the ant col-
ony algorithm can be prevented from falling into the local
optimal solution, and a better solution can be found.

3. Experiments

In the traditional single-road transportation model, since the
transportation of agricultural products in Southeast Asian
countries is directly from the producer to the distributor,
the rate on each line can be obtained only by the transporta-
tion distance and the freight rate of the corresponding line.
In the use of the multimodal transport model of agricultural
and sideline products, it is much more complicated. For the
rate on each line, not only the information of the distance
should be obtained but also various expenses, such as the
short-distance transportation cost of the road at both ends,
railway transportation, and water transport transported by
shift. If the minimum transport requirement is not met, then
there will be storage time of agricultural products at the train
station and dock, which will bring costs, and the correspond-
ing costs on each route will not be the same. Again, this
increases the difficulty of collecting model data. Although it
is difficult to obtain exact model data, manufacturers can
understand supply and demand conditions, rationally set the
levels of agricultural products, reduce and maintain parking
costs at train stations and terminals, or sign a complete service
contract including the carrier. The speed of each line is fixed,
which solves problems using the model [25, 26].

The transportation of public iron-water involves trans-
portation modes and nodes. The comprehensive transporta-
tion cost is composed of the transportation mode cost and
the node transit cost. In practice, the time value should be
additionally considered. The cost of highway nodes is
16.58~22 yuan/ton, and the fee is 23.3~33.6 yuan/ton; the
cost of the port node is 32.09~34.58 yuan/ton, and the
charge is 24~26 yuan/ton. Considering the cost separately,
the cost of road and road transport is highest in each cate-
gory. The whole society should plan to reduce the share of
rail transport and increase the share of rail transport to
reduce the transport costs. In the iron-water combined
transport mode, compare the direct railway stationed in
the port and the short distance to the port cost change.
According to whether the Chongqing port has the condi-
tions of iron-water combined transport and port throughput
capacity, select the central point of Chongqing (main city
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Cuntan port, orchard port, Donggang) and Northeast point
(Wanzhou Jiangnan, Wanzhou Hongxigou) as a pilot port
for hot metal water transport analysis of the seamless con-

nection mode of hot metal water transport and the short
cost of the road to the port mode. The goods are directly
loaded into the port from the railway without intermediate
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Mode of transport

Path

Distributor2 (water transport)

Distributor1 (public transport)
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Figure 1: VSC vehicle storage center.
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loading and unloading. The mode 2 road short barge
needs to increase the number of unloading trains at the
railway station. The cost is different firstly, the short barge
transportation increases the loading and unloading cost,
and the second is the cost of railway transportation and road
transportation during transportation. The cost difference
between the two modes = loading and unloading cost + road
transportation cost − railway transportation cost; after sim-
plification, cost difference = cargo quantity ∗ ðloading cost +
freight rate difference ∗mileageÞ. If the cargo capacity of the
five ports (Cuntan, Orchard, Donggang, Wanzhou Jiangnan
Pass, and Wanzhou Hongxigou) is 20%, the combined trans-
port mileage comparison model will reduce the cost by 265
million yuan, 89% of the cost of road shorting.

4. Discussion

This paper selects 9 VDCs (including Anting total ware-
house), IS large VSC vehicle storage center. The situation
of these VDC and VSC is shown in Figure 1. Of the total
of 9 VDCs and 15 VSCs, 6 VDCs and S VSCs belong to indi-
vidual brand warehouses, and their distribution and trans-
portation need to be arranged separately according to the
needs of these brands. When the agricultural and sideline
product logistics companies studied in this paper do not
consider these special libraries, they only consider the
remaining 3 VDCs and 10 VSCs, which can be used by all
brands.

The logistics route of agricultural and sideline products
of new channel is shown in Figure 1. Although only one line
is used for connection between urban areas, this line repre-
sents the possibility of unification of multiple transport
routes, but in actual transmission, the route between each
of the two cities can only select the type of transmission.

As shown in Figure 2, different routes of different trans-
port methods will lead to different lengths, and the techno-
logical speed of different transport methods will also vary.
Therefore, it is necessary to count the distances of various
modes of transportation on each path. According to the
analysis of existing road transportation, railway transporta-
tion, and water transportation network, this paper first
judges whether there are three kinds of transportation
modes between each two city nodes and then according to
the road transportation, railway transportation, and water-
way published on the Internet.

As shown in Figure 3, each mode of transportation has
its own characteristics, namely, its respective advantages
and defects. The purpose of multimodal transport is to com-
bine these modes of transport, to exert their strengths, to cir-
cumvent their respective defects, and finally to complete the
transportation task. The concept of mass transport is very
good, but its implementation process must first be related
to the current transmission network and the application
conditions of most transport systems.

As shown in Table 1, all kinds of transportation methods
have only considered their own service objects in the previ-
ous development, and their respective hardware equipment

Table 1: Technical characteristics of various transportation modes.

Item Distance limit Technology Economic Energy consumption Short distance

Transformation 12.09 3.97 3.21 11.45 6.35

Staff handling 12.65 5.12 2.54 11.82 7

Division 11.65 5.51 2.72 13.62 6.5

Highway 10.44 5.53 2.07 12.2 5.42

Railway 9.44 4.16 2.58 11.36 5.69

Waterway 7.64 3.86 2.53 11.2 5.1
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Figure 4: Delivery speed of different transportation tasks.
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constructions are also different, and some aspects cannot be
used interchangeably. The “transportation service” effect
that multimodal transport wants to achieve is not only the
part of the transportation supplier and the demand side that
directly contacts but also the hardware level that the inter-
mediate transportation company can provide and the tech-

nical characteristics of various transportation modes.
Among the many transport methods, pipeline transport is
incompatible with other transportation systems due to its
technological characteristics. Therefore, this paper only
studies four modes of transportation: railway, waterway,
highway, and aviation.
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As shown in Figure 4, the transportation speed of trans-
portation mode includes both technical speed and delivery
speed. The delivery speed of various modes will be affected
by the transit time and transit time during transportation.
The delivery speed of different transportation tasks will be dif-
ferent. For the convenience of research, the speed we are talk-
ing about refers to the technology of various transportation
modes. Among these four modes of transportation, the speed
of air transportation is much higher than the other three
modes, and the water transportation speed is the lowest.

As shown in Figure 5, transportation costs are affected by
many factors, including fixed costs and operating costs. Fixed
costs include fixed facility costs and mobile facility costs for
transportation, maintenance and depreciation, etc. Operating
costs include fuel costs and labor costs for each transportation
process. Operating costs are affected by the distance traveled.
Among the four modes of transportation, the cost of fixed
facilities for railway transportation is the highest cost of rail-
roads, and the cost of fixed facilities for road transportation
is second and then the cost of fixed facilities for aviation.

As shown in Figure 6, this part has the lowest cost of
shipping; from the point of view of the value of mobile
devices, planes are the highest, followed by ships, then trains,
and finally cars and trucks; from the perspective of operating
costs, aviation is the highest, the road is second, the railway
is the second, and the water transport is the lowest.

As shown in Figure 7, all modes of transport have their
own distance restrictions, which are determined by the techni-
cal and economic characteristics of the transport equipment
and are also affected by different transport tasks. These kinds
of transportation modes are in China’s current freight market.
Train trade and shipping are mainly responsible for medium
and long haul. The air transport was carried out by speed
and a huge load of charge. Road immigration is mainly
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Table 2: Statistical table of transportation distances of
transportation modes among urban nodes (unit: kilometer).

Party style
Transportation distance between nodes

0-1 0-2 0-3 0-4 0-5 0-6

Highway 906 1114 890 1341 2060 2060

Railway 1252 1196 608 1470 21185 —

Waterway 1298 727 1044 — — 1566

1-7 2-8 3-9 5-10 6-11 9-12

Highway 399 137 867 1903 1436 375

Railway — — 876 1757 1616 374

Waterway — — 1275 — — —
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responsible for short-distance transportation, but in China. In
the logistics and transportation industry, road transport will
also be a long-distance transport.

As shown in Figure 8, with the aggravation of the energy
crisis and the increasing environmental pollution, the energy
consumption of the transportation industry has become the
focus of attention of the entire country. In developed coun-
tries, the energy consumption of the transportation industry
accounts for 30% of the total energy consumption in the
country. China currently accounts for about 8%, indicating
that there is still much room for development in China’s
transportation industry, but we must also pay attention to

improving energy utilization. Among these four modes of
transportation, road transportation has the highest energy
consumption, air transportation is the second, and water
transportation is the least, and road transportation energy
consumption accounts for about 80% of the entire transpor-
tation industry. The number of miles traveled is queried for
the distances on each path, as shown in Table 2. For the two
modes of transportation between two urban nodes, respec-
tively, “-” indicates that there is no such transportation
mode between the two city nodes.

There are differences in the single charge of different
transfer methods. When selecting transfer locations in
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Table 3: Optimal transportation methods between nodes.

Path 0-1 0-2 0-3 0-4 0-5 0-6

Mode of transport Waterway Waterway Waterway Railway Highway Highway

Path 1-7 2-8 3-9 5-10 6-11 9-12

Mode of transport Highway Highway Highway Waterway Railway Highway
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different areas, single charges also vary. For ease of study,
this object ignores the difference in the single charge of the
same transfer state in different areas. Referring to the
research literature of the previous scholars, the unit cost of
each transportation mode unit price and each transportation
mode is shown in Figure 9.

According to the comparative analysis of the above opti-
mization results, in the future transportation process, differ-
ent transportation modes can be selected for different
transportation routes. This is a saving of 443,000 yuan over
the 4.934 million yuan required for pure road transport. It
can be seen that the optimization results are obvious. For
example, for the whole vehicle transportation in coastal
areas, it is inclined to consider shipping; for the whole vehi-
cle transportation along the Yangtze River, it tends to con-
sider river transportation; for other cities, it tends to use
road transportation. In some special cases, such as expedited
orders, it can be adjusted to road transport. The time win-
dow settings for each node are shown in Table 3. Set the
penalty cost to 1000 yuan per hour per car.

As shown in Figure 10, suppose there are two manufac-
turers and two distributors, and there are three modes of
transportation between each manufacturer and distributor.
Each mode of transportation has its corresponding maxi-
mum carrying capacity L and corresponding rate C. In this
way, the relationship between the power, transmission
capacity, and speed of each line of two processors and two
servers is obtained. The best solution of the model is
obtained from the project data. It can be seen from the table
the price and volume of each mode of transport between

producers and distributors, the maximum carrying capacity
of each mode of transport, and the supply capacity of each
producer, as well as the demand of distributors.

Table 4 assumed that data, which is an oversupply prob-
lem, then continue to use the model to find II to this prob-
lem solution, obtained in Table 5 results.

According to the results of Table 5, the optimal solution
of the model is 534,000 yuan for two manufacturers and two
distributors when multimodal transport is introduced. From
the results of these two cases, if the train or cruise rate is less
than the train rate, then the model described in this study
can increase the total transportation cost, less than the cost
of taking a custom train, in order to achieve the promising
results of this study.

This study in innovation optimized the multidisciplinary
transport network of agricultural products by line design,
developed the model, and confirmed the feasibility of the
model, in order to achieve the expected effect [27]. However,
there are still other problems in the multimodal transport of
agricultural products, such as the storage of agricultural
products in wharf or warehouse and the shelf life of agricul-
tural products, which will be perfected with the development
and research of the subject [28–30].

5. Conclusions

Agricultural and sideline product logistics is an important
part of logistics. Saving costs in the logistics of agricultural
and sideline products can reduce the cost of the entire auto-
motive supply chain. China’s current agricultural and

Table 4: Test data under traditional single-road transportation mode.

Distributor
Producer 1 Producer 2

Freight rate (yuan) Volume (t)
Carrying
capacity (t)

Freight rate (yuan) Volume (t)
Carrying
capacity (t)

Distributor 1 (water transport) 210 X111 600 420 X211 700

Distributor 1 (iron transport) 230 X112 300 440 X212 200

Distributor 1 (public transport) 250 X113 500 460 X213 300

Distributor 2 (water transport) 310 X121 400 370 X221 300

Distributor 2 (iron transport) 330 X122 300 390 X222 400

Distributor 2 (public transport) 350 X123 500 410 X223 500

Demand (t) 1000 800

Table 5: Test results of multimodal transport.

Distributor
Producer 1 Producer 2

Freight rate (yuan) Volume (t) Cost (t) Freight rate (yuan) Volume (t) Cost (t)

Distributor 1 (water transport) 210 X111 = 600 126 000 420 X211 = 0 0

Distributor 1 (iron transport) 230 X112 = 300 69 000 440 X212 = 0 0

Distributor 1 (public transport) 250 X113 = 0 0 460 X213 = 0 0

Distributor 2 (water transport) 310 X121 = 100 31 000 370 X221 = 300 111,000

Distributor 2 (iron transport) 330 X122 = 0 0 390 X222 = 400 156,000

Distributor 2 (public transport) 350 X123 = 0 0 410 X223 = 100 41,000

Total cost (yuan) 534,000
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sideline product logistics market is fiercely competitive, but
the mode of transportation is simplistic, and most of them
use road transportation. The high cost has become a major
obstacle to the development of the automotive industry.
Multimodal transport is now widely used all over the world.
It can combine the advantages of various modes of transpor-
tation and has unique advantages in logistics and transporta-
tion. At present, there are still few enterprises that use
multimodal transport in China for logistics and transporta-
tion. In the application process, many problems are also
highlighted, and there are still much development prospects
and room for improvement. The application of multimodal
transport in the field of agricultural and sideline product
logistics can help autologistics companies save costs and
promote the development of the entire automotive industry.
This paper firstly combs the vehicle routing problem and the
agricultural and sideline product logistics-related theory,
studies the basic model and common solving algorithm of
the vehicle routing problem, and chooses to use the ant col-
ony algorithm to solve the vehicle routing problem. Then,
this paper takes the logistics link of agricultural and sideline
products as the research object, analyzes the business model
of domestic agricultural and sideline products logistics and
the development status of multimodal transport of agricul-
tural and sideline products logistics, and establishes the vehi-
cle path optimization with time window for its multimodal
transport path problem. For the mathematical model, finally,
combined with the VDC and VSC position and demand data
obtained from the survey, the shortcomings of the ant col-
ony algorithm are improved, and the improved algorithm
is used to solve the model, and finally, the optimized path
of multimodal transport is obtained.
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