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Abstract: In order to select the optimal transportation route among alternative transportation routes
more accurately and objectively, the choice of urban oversize cargo transportation routes was studied
by taking the optimization weight-TOPSIS combination method for specific calculations. This model,
based on an entropy weight method, cloud model, and TOPSIS method, combines the superiority
of the cloud model for reflecting the randomness and discreteness of subjective evaluation with the
advantages of the TOPSIS method in dealing with the problem of multi-objective programming.
Through selecting and classifying several the main road influencing factors of urban oversize cargo
transportation, based on the data of four urban roads, the entropy weight method is used to initially
determine the weights of each influencing factor, the cloud model is used to optimize weights,
the TOPSIS method is used to compare and evaluate the paths, and the optimal transportation
route is selected on this basis. The results showed that the optimization weight-TOPSIS method
is scientific and accurate for the multi-objective planning of oversize cargo transportation route
selection, and solves the problem of the impact of subjective factors in existing methods and the
difficulty of processing multiple influencing factors. The Pearson consistency test results show that
the Pearson correlation coefficient between the proposed method and the actual oversize cargo
transportation route selection is 0.995, which is higher than the calculation results without using the
combination weight.

Keywords: TOPSIS; entropy weight method; cloud model; urban freight transport; oversize cargo

1. Introduction

As an important part of modern logistics, oversize cargo transportation refers to a
series of applications of suitable vehicles, ships, and other transportation tools, using the
corresponding safety measures and the necessary administrative permission, via roads,
waterways, railways, and other transportation methods, from the place of departing to the
place of delivery. A series of professional operations such as moving, loading and unload-
ing, transportation, and storage of oversize cargos with non-dismantling characteristics is
carried out.

Due to the development of infrastructure construction, the number and scale of
construction projects are increasing, and the large-scale equipment supporting them is
becoming bigger, heavier, and of higher value. The demand for the oversize cargo logistics
market continues to increase.

Due to actual transportation demands, there are situations where oversize cargoes
are transported through cities. This kind of transportation has caused great problems for
urban traffic. Generally, it is necessary to block roads in advance and carry out necessary
demolition operations. At the same time, because the transportation speed of oversize car-
goes is generally slow, it will also cause long-term lane occupation over time. Furthermore,
the inability to select a suitable transportation route quickly and accurately is an unsolved
problem of current oversize cargo transportation. In order to minimize the interference
of oversize cargo transportation on urban traffic from the space dimension and the time
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dimension, as well as make the route selection of oversize cargo transportation faster
and more reasonable, this paper proposes a model of oversize cargo transportation route
selection based on the optimization weight-technique for order preference by similarity to
an ideal solution (TOPSIS) method. The purpose of the research is to construct a calculation
and grade division method for urban oversize cargo transportation routes.

Our research uses the entropy weight method for initial weight calculation, the cloud
model for weight optimization, and the TOPSIS method for route selection. Since the
entropy weight method can fully reflect the objectivity of the weights, it is selected as the
initial weight calculation. Since the cloud model can perform a good conversion between
subjective and objective expressions, the cloud model is introduced to optimize the weights
of the entropy weight method. Since the TOPSIS method has a good application effect for
multi-objective planning problem:s, it is used to calculate the final result. In the summary
section, the calculations of the TOPSIS method, entropy weight-TOPSIS method, and the
optimization method used in our research are compared and analyzed with the actual
transportation selections in the past five years.

This paper is divided into five parts for writing, as shown in Figure 1:
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Figure 1. Research route.

2. Literature Review

In the field of oversize cargo transportation, Meng has conducted research on a route
selection method based on the turns of road intersections [1]. Petraska suggested an
algorithm for the assessment of heavy-weight and oversize cargo transportation routes [2].
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Bazaras developed a route selection criteria system for oversize goods transportation [3].
Wolnowska performed research on the multi-criterial analysis of oversize cargo transport
through a city [4]. Luo tried to find a route planning method of multimodal transportation
for oversize and heavy cargo based on reconstruction [5].

Additionally, some scholars have conducted research on route selection in recent
years. Koohathongsumrit used Functional Resonance Analysis Method (FRAM), data
envelopment analysis (DEA), and multi-criteria decision-making (MCDM) methods to
conduct research on transportation route selection and used a real-world multimodal
freight transportation route selection between Thailand and Cambodia to verify them [6].
Pamucar proposed an adaptive neuro fuzzy inference guidance system, which can provide
actual routing advice to the driver in light of the real-time traffic conditions [7]. Ma
presented a multi-objective robust optimization model for transportation by taking robust
control parameters into consideration [8]. In the area of modelling, Herrera contrasted
the Sequentially Timed Events Plotting (STEP) method and the Functional Resonance
Analysis Method (FRAM) for accident analysis and modelling [9]. Zhu introduced the
novel integration of a Super efficiency SBM model of data envelopment analysis (DEA)
and Partial Least Squares Structural Equation Modeling (PLS-SEM) in a land use study [10].
Campisi researched the benefits of including a small underpass in a city through Analytical
Hierarchy Process (AHP), which prioritized a number of decision-making alternatives [11].

At present, scholars from various countries have conducted a lot of research on the use
of the entropy weight method. Its application fields and scenarios have become wider, and
it has been widely used in agriculture, industry, economy, computer, energy, transportation,
and other fields. In traffic and transportation, Huang used the entropy weight method to
evaluate the transportation of dangerous cargos; the results show that the unsafe actions
and behaviors of humans are the most dangerous factors that influence the normal and
safe operations of transportation [12]. Guo used the entropy weight method to determine
the weight of each evaluation metric to analyze the impact of reticulation community;,
which is open to the surrounding road traffic [13]. In other fields, researchers have used
the entropy weight method to study a series of environmental issues, mainly focusing
on many evaluations, such as the impact of floods [14-16], the water quality of ground-
water and surface water [17,18], the impact of environmental pollution, the vulnerability
of building landslides [19], the impact of climate disasters [20], and the analysis of the
interaction between population and environment [21], etc. The entropy weight method
also had many applied types of research in economics. In recent years, research has mainly
focused on the selection of suppliers and order distribution [22], enterprise product quality
evaluation [23], soft power analysis [24], community sustainability assessment of public
rental housing [25], user behavior analysis [26], social development analysis [27], and social
impact evaluation [28], etc. In the research of energy and related fields, scholars used the
entropy weight method to optimize the design of the hybrid energy system [29], compre-
hensive evaluation of power grid planning [30], evaluation of park energy utilization [31],
comprehensive risk assessment of electricity [32], calculation of petroleum standard indi-
cators [33], and diesel engine emission evaluation [34], etc. In other practical application
fields, scholars also used the entropy weight method to determine weight coefficients in
ionospheric combination prediction [35], construction project management evaluation [36],
decision support for heavy machine remanufacturing [37], etc. There have been many
studies on the entropy weight method itself, such as a study on Shannon entropy [38],
studies on the combination of AHP and the entropy weight method [39,40], a study on
the combination of the entropy weight method and fuzzy algorithm [41], and research on
the combination of the ideal point method and the entropy weight method [42,43]. At the
same time, Kumar et al. systematically reviewed and sorted the development process of
the entropy weight method [44].

Cloud models study fuzziness and randomness and the relationship between them,
which can improve the deficiency of probability theory and fuzzy mathematics in dealing
with uncertainty. Therefore, it is applied in risk control, trust evaluation, and other aspects
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of research. Zhao and Li proposed a hybrid risk evaluation model based on a cloud model
and fuzzy comprehensive evaluation (FCE) method to evaluate the risk of Ultra High
Voltage projects and find out the key risk factors [45]. Liu applied a novel integrated
FMEA model based on cloud model theory and a hierarchical TOPSIS method to assess
and rank the risk of failure modes [46]. Wang developed a new quantifiable subjective trust
evaluation approach based on the cloud model, which can effectively support subjective
trust decisions and provide a helpful exploitation for subjective trust evaluation [47]. Zhang
suggested a trust evaluation method for clustered wireless sensor networks based on the
cloud model, which implements the conversion between the qualitative and quantitative
of sensor nodes’ trust metrics [48]. Li used the cloud model in a smart distribution grid to
achieve mutual combination and conversion between the qualitative evaluation system
and the quantitative study [49]. Wang proposed a decision-making method based on a
cloud model in order to solve multicriteria group decision-making problems in situations
where the criteria weights are known completely, but the decision-makers” weights are
unknown and the criteria values are interval linguistic variables [50].

In the application of the TOPSIS method, some scholars used it in the research of
logistics and transportation. Li used TOPSIS to determine the location of the logistics center
and verify the applicability of TOPSIS in the field of transportation and logistics [51] and
supplier selection [52]. Rostamzadeh used TOPSIS to conduct research on risk management
in the supply chain and transportation fields, and these research results have been well
applied in enterprises [53]. Sirisawat used TOPSIS to study reverse logistics in the electron-
ics industry and illustrated the robustness of the method [54]. In other fields, the TOPSIS
method is often used—e.g., in management research, such as the analysis of corporate
driving factors [55], the selection of device location [56], the selection of personnel [57],
the selection of information technology solutions [58], and the problem of location selec-
tion [59], etc. The main research achievements for the environment are earthquake disaster
analysis [60], environmental indicator evaluation [61], solid waste management [62], and
drought assessment [63], etc. Over recent years, improvement of the TOPSIS method has
been in progress. Yoon introduced the behavior tendency of decision-makers to improve
the TOPSIS method [64]. Akram explored the application of the TOPSIS method in group
decision making [65], Zhang introduced grey relational analysis [66], Hanif introduced
the CBR method [67], and Sangaiah integrated fuzzy DEMATEL, TOPSIS, and ELECTRE
methods [68].

It can be summed up from the literature review that there is currently no research
on the route selection of oversize cargo transportation passing through a city. However,
there are research foundations of oversize cargo transportation and route selection. From
the method perspective, the literature review introduces the current research status of the
entropy weight method, cloud model, and the usage of the TOPSIS method in recent years.
These three methods have not been combined and applied in the research and practical
application of oversize cargo transportation, and will be further explored and discussed in
this paper.

3. Materials and Methods
3.1. Influence Factor Analysis

Many influence factors need to be considered in urban oversize cargo transportation.
Some key factors play an important role in transportation. Some directly affect whether
the transportation route can be used, and others have a great impact on the cost and time
of transportation operations. Through the actual operation of large cargo transportation,
and the opinions of practitioners in a logistics company, this paper selects the following
factors as the basic influence factors for evaluating the urban transportation of oversize
cargo: total mileage, number of horizontal curves with a turning radius less than 20 m,
number of switch-back curves, road mileage with a longitudinal gradient greater than 5%,
road mileage with a width of less than 15 m, road mileage with a width greater than 25 m,
and the number of bridges with headroom less than 5 m.
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There are many types of attribute, including benefit attributes, cost attributes, and
interval attributes. The benefit attribute has a positive influence on the result, the cost
attribute has a negative influence on the result, and the interval attribute can be accepted
in a certain interval.

This section is divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.1.1. Total Mileage

In a general sense, the increase in total mileage of a road section will increase the
transportation cost and transportation time, which is a factor to be considered in path
comparison. It is defined as a cost attribute, denoted as TM, and its unit is kilometers.

3.1.2. Horizontal Curves

In urban transportation, inevitably, there will be intersection turns; the length and
width of the oversize cargos are larger than the ordinary cargos and the trajectory deviation
is greater than that of ordinary vehicles when passing through the curve. In the general
urban road design process, ordinary vehicles are used as a design reference, and the
transportation of oversize cargo is rarely considered. Therefore, transportation bottlenecks
are often formed in the curvature radius of the turning radius, which is too small, and the
general reconstruction method is to widen the roadbed and pavement at the curve.

In this paper, the number of horizontal curves with a radius less than 20 m and the
number of switch-back curves, which mainly affect the transportation of oversize cargos,
are taken as the important influence factors for the judgment of transportation channels.
In actual transportation, the smaller the curve of the small radius curvature, the higher
the passing capacity of the oversize cargo; therefore, it is defined as a cost attribute. The
number of horizontal curves with a radius less than 20 m is denoted as FC and the unit is
quantity. The number of switch-back curves is denoted as TC and the unit is quantity.

3.1.3. Longitudinal Gradient

The value of urban road longitudinal gradient directly affects a series of problems such
as driving speed, transportation cost, and transportation safety. For oversize cargo, the
impact of longitudinal gradient on transportation will increase compared to ordinary cargo
due to the expansion of the weight and volume of the cargo. Therefore, the longitudinal
gradient is an influencing factor that must be considered. Based on the influence of the
actual urban transportation process, this paper introduces one influence factor—road
mileage with a longitudinal gradient of more than 5%. The longitudinal gradient is defined
as a cost attribute. The road mileage with a longitudinal gradient greater than 5% is
denoted as LG and the unit is kilometers.

3.1.4. Road Width

Road width is also one of the influencing factors affecting the urban transportation
path of oversize cargo. The level of urban roads, the number of two-way lanes, and
whether or not there are partitions will affect the width of the passable roads. Branch
roads with narrow road widths or roads with partitions will restrict urban oversize cargo
transportation. In this paper, road mileage with a width less than 15 m and road mileage
with a width greater than 25 m are regarded as important factors in determining the
transportation path. The shorter the road mileage with a width less than 15 m, the higher
the passing capacity of the oversize cargos, which is defined as a cost attribute, denoted as
RN, with the unit being kilometers. The longer the road mileage with a width greater than
25 m, the higher the passing capacity of the oversize cargos, which is defined as a benefit
attribute, and denoted as RW, with the unit being kilometers.
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3.1.5. Bridges

Due to the intersection of roads and overpass bridges and pedestrian bridges in urban
roads, the available headroom of the road changes. This research counts the number of
overpass bridges and pedestrian bridges in each route and uses the 5 m clearance height
usually required for oversize cargos as the demarcation point to count the number of
flyovers with a clearance height of less than 5 m.

Many intersections use overpass bridges to reduce the conflict of traffic flow lines.
Due to the existence of overpass bridges, the usable road headroom changes. This paper
counts the number of overpass bridges on each road and counts the number of bridges
with a headroom less than 5 m. The number of bridges with a headroom less than 5 m is a
cost attribute, denoted as BN, and the unit is quantity.

Based on the road design drawings and on-site measurements, the data of four routes
through Suzhou are selected as alternative route sections for urban oversize cargo trans-
portation. The attribute values of the four routes are in Table 1:

In all Tables of this paper:

FC is the number of horizontal curves with a radius less than 20 m.
TC is the number of switch-back curves.

TM is the total mileage.

LG is the road mileage with a longitudinal gradient greater than 5%.
RW is the road mileage with a width greater than 25 m.

RN is the road mileage with a width less than 15 m.

BN is the number of bridges with headroom less than 5 m.

Table 1. Alternative routes attribute values.

Route EC TC ™ LG RW RN BN
Section (Quantity) (Quantity) (Kilometer) (Kilometer) (Kilometer) (Kilometer) (Quantity)
R1 4 0 23.13 2.45 7.01 43 5
R2 8 2 25.3 5.12 10.1 471 7
R3 3 1 23.77 3.34 5.77 1.22 10
R4 6 1 22.58 2.8 7.48 2.15 5

3.2. Weight Calculation
3.2.1. Standardize

First, the data are standardized and non-quantitatively strengthened, and the original
road parameter data are scaled to make them fall into a small specific interval. To remove
the unit restriction of the data, the original data are transformed into a dimensionless value,
so that the factors of different units can be compared and weighed. The original data matrix

is set as:
4 0 2313 245 7.01 43 5

8§ 2 253 512 101 471 7
3 1 2377 334 577 122 10
6 1 2258 28 748 215 5

Y =

In this paper, the Z-score method is used to standardize the original data, and the

conversion formula of the Z-score method standardization is as follows:
y—y
z = 1
- M

where y indicates the original data, ¥ indicates the mean value of the original data, o
indicates the standard deviation of the original data, and z is the standardized value of the
original data.

After standardized calculation, the descriptive statistics of the original data are in
Table 2:



Appl. Sci. 2021, 11,2213

7 of 20

Table 2. Descriptive statistics of original data.

Factor Minimum Maximum Mean Stal}da.rd
Deviation
FC 3 8 5.25 2.21736
TC 0 2 1 .8165
™ 22.58 25.3 23.695 1.17532
LG 2.45 5.12 3.4275 1.18624
RW 5.77 10.1 7.59 1.82218
RN 1.22 4.71 3.095 1.68017
BN 5 10 6.75 2.36291

After the standardization, each datum retains two decimal places, and the matrix is
recorded as:

02 0 02 0 029 088 0
1 1 1 1 1 1 04
Z=(Gi)yr=| 0 05 044 033 0 0 1
06 05 0 013 039 027 0

3.2.2. Determine the Weight of Influencing Factor

In this paper, the entropy weight method is used to determine the weight of each
influencing factor. According to the explanation of basic principles of information theory,
information is a measure of system order and entropy is a measure of system disorder.
According to the definition of information entropy, for a certain item factor, the entropy
value can be used to measure the degree of a certain factor’s discreteness. The smaller the
information entropy value of the factor, the greater the degree of the factor’s discreteness,
and the greater the impact of the factor on the comprehensive evaluation (i.e., weight); if
the value of the factor is all equal, the factor does not play a role in the comprehensive
evaluation. Therefore, the tool of information entropy can be used to calculate the weight
of each factor and provide a basis for a comprehensive evaluation of multiple factors.

Based on standardized data, a factor data matrix is constructed with the information
entropy. Setting the information entropy of each factor to Ej, its calculation formula is:

1 n
Ej= *mi; pijIn pjj )
-
pij = -2 3)
Y zij
i=1

where 1 indicates the number of alternative routes, and in this paper, this is 4. If p;; = 0,
then define limopi]- Inp;j = 0. According to the calculation formula of information entropy,
pij—

the information entropy of eight factors is calculated as E1, E, E3, E4, Es, Eg, Ey. Based on
the information entropy, the weights of the seven factors are calculated as:

1-E .
wl 7_2Eirl ’ 7 ()

The result of the calculation is shown in Table 3:
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Table 3. Information entropy and weight.

Factor Information Entropy Weight
FC 0.676 0.129
TC 0.750 0.100
™ 0.658 0.137
LG 0.587 0.165
RW 0.686 0.125
RN 0.707 0.117
BN 0.432 0.227

3.3. Cloud Model Optimization

The entropy in the cloud model reflects the degree of value divergence. Our research
uses cloud entropy to optimize the weights obtained by the entropy weight method, and
proposes an improved factors weight calculation method. The subjective scores of oversize
cargo transportation practitioners in a Suzhou logistics company are processed through
the cloud model, and then, the improved calculation method is used to obtain a weight
distribution that takes into account both subjective and objective weights, and reflects the
importance of each factor as accurately as possible.

3.3.1. Definition of Cloud Model

Set U as a quantitative target interval with clear upper and lower bounds, and C as a
qualitative subinterval of U with fuzzy upper and lower bounds. For a certain value x in
the target interval U, denote it as x € U. The membership degree of x for the qualitative
subinterval C is recorded as pc(x). For all x € U, the distribution of the membership
degree in the target interval is defined as the membership cloud. The value range of pc(x)
is [0,1]. The membership cloud is the insinuation from U to the value range of pc(x) in the
target interval, denoted as pc(x) : U — [0,1],Vx € U, x — pc(x).

3.3.2. Descriptive Statistics of Cloud Model

Cloud models are generally characterized by three descriptive statistics, which are
mean value (Ex), entropy (En), and hyper-entropy (He). The cloud model can be expressed
as C(Ex, En, He).

Ex: The mean value in the cloud model is the same as the mean value in statistics. It
is the average value of all cloud droplets and the basic characteristic value of the cloud
model, which can reflect the central position of the model.

En: The entropy of the cloud model is defined by the randomness of the cloud droplets
set in the model. It is a representation of the uncertainty of the cloud droplets set, as well as
the dispersion and ambiguity between cloud droplets. The magnitude of entropy reflects
the breadth of the subinterval C. The larger the entropy, the wider the coverage of C.

He: Hyper-entropy is a secondary statistic based on entropy, which is a representation
of the uncertainty of entropy and also a manifestation of the randomness of the cloud
model. In the cloud model, the greater the hyper-entropy, the larger the cloud thickness
and the greater the degree of dispersion between cloud droplets.

3.3.3. Backward Cloud Generator

The backward cloud generator (BCG), as shown in Figure 2, is the process of transform-
ing a certain number of accurate numerical values into qualitative relations C(Ex, En, He),
and further analysis and calculations are carried out according to the three descriptive
statistics, Ex, En, and He, of the generated cloud model. This is the basic transformation
principle of BCG. In this case, we input the exact score, analyze the discreteness of the
score through BCG from Ex, En, and He, and use the result of the analysis as an important
reference for weights. Our research uses the backward cloud generator as the tool of
weight optimization.
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—» FEx
Drop(x,,p,) ———» BCG —» En
—» He

Figure 2. Backward cloud generator.

Our research invites Suzhou oversize cargo logistics practitioners to give scores to
factors and use a backward cloud generator to analyze the score table.
The mean of the data is calculated as:

Ex:n_lle- @)

=1

The center distance of the data is calculated as:
1 n
=Y |xi — Ex| ®)
n
i=1
The variance of the data is calculated as:

§?2 =

(x; — Ex)? @)

-

n—1

i=1

The cloud entropy of the data is calculated as:
m o1&
En = 5 % Ei_zl|xi—Ex| (8)

According to the calculation result of cloud entropy, combined with the entropy weight
method, calculate the optimized weight according to Formula (9). The mean values Ex are
processed on the basis of the degree of dispersion En, and the weights of the factors in this
part are calculated and adjusted, and then the result is combined with w; in Section 3.2.

Exl- 1

1
"2 In(1+En)+1 = Ex;
Zgl 11’1(1+El’li)+1

“w; )

The judgement is based on two aspects: the mean value and the cloud entropy. The
larger the mean cloud value, the more important a factor is. If the cloud entropy is larger, it
means that the practitioners have greater disagreement on the factor, and the weight of
the factor should be reduced. The smaller the cloud entropy, the smaller the disagreement
among practitioners on this factor, and the weight of the factor should be increased.

The subjective scores of oversize cargo transportation practitioners in a Suzhou lo-
gistics company are shown in Table 4. The research conducted this investigation with
practitioners and asked them to score the impact of factors on the actual transportation
process based on work experience and actual cases. The score range is 0-100, and the score
is an integer multiple of 5. The higher the importance, the higher the score.

Table 4. The scores given by practitioners.

Practitioners Number FC TC ™ LG RW RN BN
1 80 85 60 75 85 50 90
2 90 85 70 80 90 60 85
3 80 80 65 75 95 65 85
4 75 70 50 70 85 50 85
5 85 90 60 70 95 70 95
6 70 75 50 65 90 65 100
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The score is calculated by the backward cloud generator, and the cloud images ob-
tained are shown in Figures 3-9:
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Figure 3. Cloud image of FC.
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Figure 4. Cloud image of TC.
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Figure 5. Cloud image of TM.
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Figure 6. Cloud image of LG.
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The degree of dispersion of the droplets in Figures 3-9 indicates the inconsistency
of individual scores for this indicator. It can be seen from the figures that the degree of
dispersion of RN, LG, TC, and BN is significantly smaller, indicating that the score trends
for these indicators are consistent. The middle line of the images in the figures represents
the mean value of the indicators. The mean value of the indicators is adjusted according to
the degree of dispersion. The higher the degree of dispersion, the greater the divergence of
individual scores on this indicator, which should be reduced on the basis of the mean value.

The mean value (Ex), entropy (En), and hyper-entropy (He) of the eight factors are

shown in Table 5:

Table 5. The descriptive statistics of cloud models.

Factor Ex En He
FC 80 6.27 3.28
TC 80.83 7.31 0.85
™ 59.17 7.66 2.35
LG 725 5.22 0.48
RW 90 4.18 1.59
RN 60 8.36 0.43
BN 90 6.27 0.85

According to Formula (9), using the mean value Ex and the cloud entropy En to
optimize the weight obtained by the entropy weight method in Section 3, the optimized
weights are shown in Table 6:

Table 6. The factors weight.

Factor Weight
FC 0.139
TC 0.122
™ 0.121
LG 0.154
RW 0.157
RN 0.110
BN 0.197
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3.4. TOPSIS Application
3.4.1. Step 1

The same trend processing can make any scheme with the better standardized attribute
value have a larger attribute value after processing.

Normalize benefit attributes and cost attributes and establish a corresponding matrix.
Convert the values in the table to the interval [0,1].

The standardized decision matrix is recorded as: Z = (zij) AxT"

The transformed decision matrix is recorded as: A = (a;;) 47

Set z;“ax as the maximum value in j column of the decision matrix, and z]r-nin as the
minimum value in j column of the decision matrix.
If zjisa benefit attribute, then:

min
max : min (10)
Z: — Z.

] ]

Zi]' —Z
Llij =

In this paper, road mileage with a width greater than 25 m is a benefit attribute.
If zj is a cost attribute, then:

max
Z: — Z,']‘

Bij = “max — pmin (11)

] ]

In this paper, cost attribute includes: total mileage, number of horizontal curves
with a turning radius less than 20 m, number of switch-back curves, road mileage with a
longitudinal gradient greater than 5%, road mileage with a width of less than 15 m, and
the number of bridges with a headroom less than 5 m.

Although this paper does not involve interval attributes, for the completeness of
theoretical system, supplementary explanations on interval attributes are provided.

d

If there are interval attributes, set the optimal attribute interval be [Z?, Z] I; z}* is the

intolerable lower bound and z;-’ is the intolerable upper bound.

1—(20—z;;
iy 0
z(sz?’ ) , Sz < Zj
P
- 1 , z?gzijgz}“ (12)
y (g
i ), 24 < z; <20
z?—z;.’ A Bt B |
0 , others

The worst attribute value after transformation is 0, and the best attribute value is 1.
After same trend processing, each datum retains two decimal places, and the matrix is

recorded as:
08 1 08 1 029 012 1

0 O 0 0 1 0 06
1 05 056 067 0 1 0
04 05 1 087 039 073 1

A:

3.4.2. Step 2

Normalize the data matrix after the same trend processing and establish the corre-
sponding matrix. The data are subjected to secondary standardization processing and the
matrix is set after secondary standardization processing as: X = (x;;)

In this matrix,

47"

Xj= =1, ,7 (13)
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Then, construct a weighted normalization matrix:

V = X-W
008 01 007 01 004 001 013
0O 0 0 0 014 0 008
0.1 005 005 007 0 009 0
004 005 0.09 009 006 006 0.13

After weighted normalization, the factor data characteristics of the four alternative
routes are as Figure 10:

FC
0.14

0.12
BN 0. TC
0.06
0.04
02 —RI1

/ R3
RN ™ R4

N

RW LG

Figure 10. Factor data characteristics.

3.4.3. Step 3

Determine the positive and negative ideal solution. The positive ideal solution plane
is formed by the maximum value in matrix V of the benefit factors and the minimum value
in matrix V of the cost factor from all alternative routes. The negative ideal solution plane
is formed by the minimum value in matrix V of the benefit factors and the maximum value
in matrix V of the cost factor from all alternative routes.

vt = {(maxVj|j e "), (minVy|je )
= WV V) (14)
= (0,0,0,0,0.14,0,0)

Vo= {(mintylje 1), (maxVlj e )

= (V7 Vy, V) (15)
(0.1,0.1,0.09,0.1,0,0.09,0.13)

where |1 indicates the benefit attribute and ]~ indicates the cost attribute. The positive
ideal solution plane and the negative ideal solution plane, as shown in Figure 11, can
be obtained.
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Figure 11. Positive and negative ideal solution planes.

3.4.4. Step 4

For all the alternative routes, the better route is closer to the positive ideal point plane
and further away from the negative ideal point plane. Therefore, the factors” comprehensive
distance between the positive ideal solution plane and the negative ideal solution plane in
each alternative route should be calculated. The calculation method is:

—

St = ):(Vij—V].*)z,izl,...A (16)
j=1
N B—

sT= N (v-v) =14 (17)
j=1

where Sf indicates the distance between each oversize cargo transportation route and the
positive ideal solution plane. S;” indicates the distance between each urban oversize cargo
transportation route and the negative ideal solution plane.

The calculated results are shown in Table 7:

Table 7. Distance to positive and negative ideal solution planes.

Route Section St S;
R1 0.24 0.09
R2 0.08 0.26
R3 0.22 0.15
R4 0.22 0.1
3.4.5. Step 5

Calculate the relative proximity and make a judgment; the route with the higher

relative proximity is the better one.
S
Ci=—"—,i=1,...,4 18
oSt +s; (1%

where C; indicates the relative proximity. The calculation resultis: C; = 0.28, C; = 0.77,
C3=04,C4 =0.32.

It can be summarized from the calculation result that the priority ranking of the four
alternative routes is C, > C3 > C4 > ;.
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4. Discussion

As a comparison, this article compares the calculation results using only the TOPSIS
method and the entropy weight-TOPSIS method with the calculation results used in our
research. The calculation results of the three methods are shown in Table 8:

Table 8. Relative proximity of three methods.

. Relative Entropy Optimization
Route Section  p_ imity TOPSIS  \eight-TOPSIS ~ Weight-TOPSIS
R1 C 0.27 0.27 0.28
R2 C 0.69 0.73 0.77
R3 G 0.5 0.46 0.4
R4 o 0.25 0.27 0.32

It can be seen that when only the TOPSIS method is used, the ranking of four routes
is C; > C3 > C; > C4. When the entropy weight-TOPSIS method is used, the ranking
of four routes is C; > C3 > C; = C4. In order to verify the feasibility of the proposed
method, we selected the transportation of oversize cargo across Suzhou in the last 5 years
for comparison as shown in Table 9.

Table 9. Actual route selections of oversize cargo transportation.

Year R1 R2 R3 R4
2016 0 2 1 2
2017 0 1 0 0
2018 1 1 2 1
2019 2 2 1 1
2020 0 3 1 1

It can be seen that in the actual route selections of oversize cargo transportation in the
past five years, 22 transportations have occurred. Among them, there are three selections
for route 1, nine selections for route 2, five selections for route 3, and four selections
for route 4. The percentages are 0.136, 0.409, 0.227, and 0.182. The Pearson correlation
coefficients between the three methods and the actual transportation route selections were
checked; the Pearson correlation coefficients are shown in Table 10:

Table 10. Pearson correlation coefficient.

Method Pearson Correlation Coefficient
TOPSIS 0.938
Entropy weight-TOPSIS 0.977
Optimization weight-TOPSIS 0.995

According to the analysis, it can be concluded that the matching degree between the
optimization weight-TOPSIS method proposed in this research and the actual transporta-
tion route selections is significantly higher than the TOPSIS method, and slightly higher
than the entropy weight-TOPSIS method. In the actual urban transportation of oversize
cargo, in addition to objective conditions, the subjective route choice is also very important.
Therefore, subjective judgment should be appropriately introduced in the design of the
route selection algorithm to make the calculation results more realistic.

Regarding the calculation of the TOPSIS, the authors believe that the calculation
method used in this paper is effective for the situation discussed in this case. In some
special cases, such as when the solution plane is difficult to reach, the positive ideal solution
plane and the negative ideal solution plane can be adjusted to meet the requirements of
variables and practical applications.



Appl. Sci. 2021, 11,2213

17 of 20

5. Conclusions

Based on the optimization for entropy weight-TOPSIS with the cloud model, this
paper constructs a calculation method for the selection of oversize cargo transportation
routes, which can improve the reasonability and accuracy of route selection. The entropy
method is used to objectively weight the seven main transportation influence factors,
and on this basis, the cloud model is used to optimize weight with a subjective score
and the TOPSIS method is used to divide alternative transportation routes. Using four
routes through Suzhou which are capable of oversize cargo transportation for empirical
analysis and calculations, reasonable calculation results could be obtained. In the actual
transportation of oversize cargos, the calculation results of this method could be used
to provide the decision-making basis for the rapid selection of oversize cargos through
the city.

This method could comprehensively consider subjective and objective weights. Fur-
thermore, because the urban oversize cargo transportation route choice problem is a
multi-target plan, the accuracy and scientificity of the evaluation results are guaranteed by
introducing the cloud model into the entropy weight method to distinguish the attributes
of each factor. Based on the characteristics of the cloud model that can reasonably handle
subjective evaluation, it can be used to optimize the weight; the objective distribution of
the weight is ensured and the subjective opinions of the practitioners are fully considered.

For different types of oversize cargos, adjusting factors in the actual transportation
process could be considered. For example, for ultra-high cargos, the decision maker
could introduce more height-related factors, such as traffic lights and overhead wires. For
ultra-wide cargos, more factors related to width could be introduced, such as bus stops.

The main contributions of this study can be summarized as follows:

1. It summarizes the factors that need to be generally considered in urban oversize
cargo transportation.

2. Based on the characteristics of the cloud model that can reasonably handle subjective
evaluation, it can be used to optimize the weight; the objective distribution of the
weight is ensured and the subjective opinions of the practitioners are fully considered.

3. The weight optimization method combined with TOPSIS is introduced into the field of
oversize cargo transportation passing through a city for the first time, providing a new
route selection solution. Its Pearson correlation coefficient for actual transportation
is 0.018 higher than the entropy weight-TOPSIS method and 0.057 higher than the
TOPSIS method.

This research can be used for the selection of large cargo transportation routes within
cities but there is no discussion on whether large cargo can be split and transported, which
can be improved upon in future research. However, since the selected survey objects
are all from urban large-cargo transportation cases, the method can be used in intercity
large-cargo transportation—but it needs to be adjusted according to the characteristics of
intercity transportation.
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