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Abstract. With the development of liquefied natural gas(LNG) port, as
one of the crucial LNG port sitting process, the LNG terminal site’s
condition assessment method has always received attention from experts,
scholars concern more and more about the method’s practicality and
reliability. In the traditional condition assessment method, due to the
characteristics of the complex and extensive factors in the comprehensive
assessment of the LNG terminal site, the assessment system is not
comprehensive enough, or the assessment is too complex, the indexes are
not easy to quantify, such problems are emerging. In view of the above
reasons, the principal component analysis(PCA) method is used to
transform the multi-indicators that affect the comparison of terminal sites
into a few comprehensive indicators. A comprehensive evaluation model
of the LNG terminal site based on cloud matter element theory and
subjective and objective comprehensive weighting method was constructed.
By the subjective and objective comprehensive weighting method, the
comprehensive weight of each index is determined and the LNG terminal
site comprehensive assessment standard cloud element model is
constructed with the combination of cloud model and matter-element
theory. The cloud matter-element correlation function is established to
determine the degree of association between the matter element to be
evaluated and the standard cloud matter element model. In order to
eliminate random errors and improve the credibility of the results, the
algorithm is used for multiple calculations and analysis to achieve the
purpose of simultaneously giving the evaluation results and coefficients of
credible degree. Finally, the reliability and rationality of the method are
verified by an example.

1 Introduction
With the increasing proportion of global energy consumption and supply of Liquefied
Nature Gas(LNG), major ports along the world have actively responded to and constructed
LNG receiving stations and pipeline layout projects. In the actual site selection process,
there are often multiple terminal location options in the same LNG project area. In order to
avoid blind selection, and provide a certain scientific basis for the terminal site comparison.
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This paper carried out research on the comparison and selection of LNG terminal sites. The
comparison and selection of LNG terminal site refers to an important task of selecting
multiple candidate sites, which plays a role in escorting the construction and operation of
the receiving station.

Due to the complex factors of the comparison, evaluation and selection of LNG terminal
sites, for a long time, the means most widely used have been the comprehensive evaluation
method of experts. By selecting the construction sites based on the individual experience,
knowledge and subjective judgment of experts, this often lead to the results of authoritative
experts decisively. Because the period of LNG industry development is not so long, there is
not much literature and paper on the selection of LNG terminal sites. Although the industry
has applied a large number of comprehensive evaluation mathematical models, such as the
linear weighted evaluation method [1], the nonlinear weighted evaluation method, and the
technique order preference ideal solution method (TOPSIS), There is the lack of a sound
theoretical system and technical support which subjectively influenced by human factors.
Hao proposed a fuzzy comprehensive evaluation model for LNG terminal port based on
fuzzy mathematics theory [2], which opened up a new way for terminal port site
comparison and selection research, but fuzzy mathematics theory relied too much on
human’s evaluation to make the model applicable and feasible. At the same time, the
limitations of the judgment results are increased.

Based on the existing research results, this paper takes into account the inadequacies of
previous research, and uses principal component analysis to transform multiple-indicators
that affect comparisons and selections of receiving stations into a few comprehensive
indicators. Through the principle of additive integration, the subjective weight of the LNG
terminal assessment index are determined by the analytic hierarchy process(AHP) and the
objective weight of each indicator are calculated by the variation coefficient method
(VCM), and the comprehensive weight of each indicator is integrated. A comprehensive
assessment method based on cloud-matter element model and principal component analysis
is proposed by integrated with cloud model and matter-element theory which can reflect the
double uncertainty of evaluation and qualitative and quantitative analysis and processing
problems.

2 Establishment and optimization of the LNG terminal site
assessment system
At the first step of the site selection of LNG terminal, a perfect condition assessment
system need to be built at the beginning. Each factor of LNG terminal site assessment may
lead a big loss, so we need to set up a complete system. But a very complete system may be
too complicated to do the assessment work. There need an appropriate and necessary
method to simplify the system. Principal component analysis(PCA) is a good choice to deal
with this problem [3] [4].

2.1 The factors to consider of LNG terminal site assessment system

Refer to the specification of site selection and design for LNG ports and jetties [5] [6] [7]
[8], the factors to consider of site selection for LNG port and jetties should include but not
limited to the following: water conditions, land conditions, hydrological/meteorological
conditions, geological conditions, seismic conditions, construction conditions, social
support conditions, external pipeline layout, external supporting conditions, port services
and management level, ship navigation conditions, compliance with planning, surrounding
project relationships and impacts, project investment/schedule and other special important
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factors. Due to the complexity of site selection considerations, in order to facilitate the
comparison of terminal sites, it is necessary to re-form a set of new indicators that are
unrelated to each other to replace the original indicators.

2.2 Establishment and optimization of assessment system based on principal
component analysis

Principal component method can apply in many aspects of multivariate statistical analysis.
Its basic theory is to use ideology of decreasing dimension. We can build a new index
system by using a certain of algorithm on the basis of multi-parameter and multi-sample
data array. Though the quantity of indexes in new system decreased, they can reflex initial
system’s information more intensively. The new index parameters are called principle
component. The key steps are as follows:

 Standardize p indexes value in n samples to obtain matrix Z .

 Built correlation coefficient matrix TR=ZZ / ( 1)n  , calculate p eigenvalues:
1 2 3 p 0       ,then calculate their corresponding feature vector:

1 2e ( , , , )i i i pil l l  .

 Calculate variance contribution rate: i /i i    , then sort rate and make sure
that when first m indexes’ accumulating rate more than 0.85, we can regard these
m principle components can reflect p indexes.

 Calculate n sample’s principle component: i j i,j 1 2M =Z , , , pe e e  ， .
The principal component extraction is carried out on the consideration factors, and then

the classification and generalization are implemented to obtain the evaluation index system
as shown in figure 1.

Fig. 1. Evaluation system.

3 Principle of evaluation model based on cloud matter element
theory
Due to the characteristics of uncertainties in the evaluation process of LNG terminal site,
and the evaluation level boundary information is ambiguous and random, the cloud matter
element model is a combination of cloud model and matter-element theory which can
process and solve this problem qualitatively and quantitatively.

3.1 Cloud model
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The cloud model is a category of uncertainty artificial intelligence that converts between
qualitative and quantitative. The uncertainty in nature is mainly random and ambiguous
from the perspective of attributes. The cloud model explains the objective phenomenon law
with double uncertainty through a unified mathematical expression [9].

3.1.1 Concept of cloud model

Cloud is the basic unit of the cloud model. The so-called "cloud" refers to a distribution on

the domain U , which can be expressed in the form of joint probability  x,u
, that is,

for x U  , there is a random number with a tendency to be stable such that    0,1A x  .
Where U is the quantitative domain composed of exact values; A is the qualitative

concept onU ;  A x is the membership of x toA .

3.1.2 Digital characteristics of the cloud

The cloud model can be represented by three data  xE , ,n eE H : Expectation xE : The
expectation that the cloud droplets are spatially distributed in the universe is the point value
that best represents the concept of the corresponding level boundary in the terminal.

Entropy nE : The degree of uncertainty depends on the degree of outliers and the degree
of ambiguity. It also reflects the randomness of the sample data collected during the
terminal evaluation process and the ambiguity of the sample data range. The smaller the
entropy value, the smaller the double uncertainty of the sample data.

Super-entropy eH : used to measure the uncertainty of entropy, that is, the entropy of
entropy, which is determined by the double uncertainty of entropy, which reflects the
degree of dispersion of sample data.

The cloud membership function composed of the above three data of expectation,
entropy and super-entropy can not only characterize the double uncertainty of the threshold
value of the terminal evaluation level, but also soften the classification intervals.

3.1.3 Normal cloud

Cloud models have a variety of distribution patterns, such as trapezoidal clouds, normal
clouds, and so on. Among them, normal clouds are widely used due to their unique
mathematical properties. This paper analyses the normal cloud model according to its own
needs [10].

3.2 Matter-element analysis theory

Matter-element theory refers to the use of primitives (including matter elements, events,
and relationship elements) as logical cells, and qualitative and quantitative consideration of
the qualitative and quantitative changes of things in a scalable way. The matter element is
the basic cell in the theoretical analysis of matter element [11], which consists of the name
of the thing N , the feature of the thing c , and the value v corresponding to the feature of

the thing. The expression is  R= N,c,v . Among them, the feature element  M ,c v consisting
of the feature name c and the corresponding magnitude v not only describes the
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characteristics of the thing, but also the relationship between the quality and quantity of the
thing.

3.3 Establishment of cloud matter-element model

In the traditional matter-element analysis model, the threshold value or measured value of
each indicator with certainty is represented by v , but its double uncertainty is not
considered [12]. In this paper, the cloud model has the unique advantage of dealing with the
double uncertainty of things. The v value is replaced by the normal cloud  xE , ,n eE H ,
and characterizing the ambiguity of the concept of the boundary level of the index
through nE , and portraying the randomness of the site assessment data to evaluate
through eH . The cloud matter model represents:

 
 

 

1 1 11

2 2 22

, ,
, ,

, ,

x n e

x n e

xn nn enn

E E HN c
E E Hc

R

E E Hc

 
 
 
 
 
  


(1)

3.4 Establishment of level boundary cloud model

In order to improve the credibility of the evaluation results, the Duffel method is used to
divide the boundaries of the LNG terminal site selection criteria. The Duffel process is
shown in figure 2. According to possible consequences of assessment, at first, we can
divide the consequences into four class: best, good, fair, bad.

Fig. 2. Delphi method process.

The content of the questionnaire is the level of the second level index under the first
level indicator given by each expert and the second level indicator judgment matrix
established by the 9 scale method. The feature values of each judgment matrix are obtained,
and the weight vector of the second indicator is obtained. The weight value of the second-
level index is multiplied by the corresponding level of the second-level indicator. Finally,
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the corresponding level of each level-level indicator is summed to obtain the level of the
first-level indicator. The results are shown in table 1.

Table 1. Grade limit of LNG terminal port site evaluation indices.

Grade
Evaluation index limit

1c 2c 3c 4c
Best ≥90 ≥85 ≥80 ≥88
Good ≥75 ≥75 ≥70 ≥76
Fair ≥60 ≥65 ≥60 ≥65
Bad <60 <65 <60 <65

Then, we can define the interval upper limit and lower limit as maxC and minC before
we calculate three eigenvalues. Using the following formula to calculate xE and nE :

 
 

x min max

n max min

e

E / 2

E / 6
H

C C

C C
s

 

 



(2)

s is a constant and is determined by the double uncertainty of the corresponding
indicator, which can be determined according to the actual situation.

By equation 2, a standard normal cloud model for the terminal evaluation index is
obtained [13], as shown in table 2.

Table 2. Grade limit cloud model of LNG terminal port site integration evaluation indices.

Grade
Grade limit cloud model

1c 2c 3c 4c

Best (95,1.6667,1.0000) (92.5,2.5000,1.0000) (90,3.3333,1.0000) (94,2.0000,1.000
0)

Good (82.5,2.5000,1.0000
) (80,1.6667,1.0000) (75,1.6667,1.0000) (82,2.0000,1.000

0)

Fair (67.5,2.5000,1.0000
) (70,1.6667,1.0000) (65,1.6667,1.0000) (70.5,1.8333,1.00

00)

Bad (30,10.0000,2.0000) (32.5,10.8333,2.0000
)

(30,10.0000,2.0000
)

(32.5,10.8333,2.0
000)

3.5 Cloud matter-element correlation function

Based on the correlation function calculation of the cloud matter element model, the
correlation between the numerical value and the cloud matter element and the correlation
degree between the cloud object element and the cloud matter element are determined. This
article uses the former according to the characteristics of the assessment of the port. The
calculation steps are as follows:

 Regard the value x as a cloud drop;
 Generating a random number 'En obeying a normal distribution, where the

expected value is nE and the standard deviation is eH ;
 The degree of correlation between the value and the normal cloud matter element

is obtained:
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 

2
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u =exp

2
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n
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x

E

  
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 

(3)

4 Determination of the assessment rank based on the subjective
and objective comprehensive weighting method

4.1 Determination of index weight coefficient

In this paper, the subjective and objective comprehensive weighting method, which
integrates the analytic hierarchy process [14] and the coefficient of variation method [15],
is used to determine the weight coefficient of each index in the port evaluation. The
expression is:

1 1

2 2

9 9

|
|

=

|

c A S R
c A S R

S R
c A S R






   
   
   
   
   
   

 
(4)

In the formula, i represents the comprehensive weight value of indicator ci ; A
represents the analytic hierarchy process of subjective weight assignment; S represents the
coefficient of variation method for objective weight assignment method that can reduce
human interference; R represents the synthesis between A and S .

Let the subjective weight vector be sW and the objective weight vector be oW .
Through the additive integration principle, the subjective weight value and the objective

weight value are combined to obtain the final weight:

W=a s oW bW (5)
Assuming there are n indicators, then:

1

1 1a
1

1

n

i
i

niP
n n

b a


     
 

 (6)

where iP is the corresponding component from the small to large after the subjective
weight vector is sorted in ascending order [16].

4.2 Determination of the rank of the port assessment

First, according to the correlation value between the to-be-evaluated index data calculated
by the formula (3) and the normal cloud of each evaluation level standard, the
comprehensive evaluation matrix D is composed of the correlation degree values.

Then, combined with the integrated weight coefficient W , the comprehensive
evaluation result vector is obtained from equation (7).

B=W D (7)
Finally, using the weighted average principle, the preliminary evaluation result r is

calculated from equation (8).
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(8)

In formula, bi is the corresponding component of vector B , if is the score of the
grade i to which the data to be evaluated belongs. According to 4 classes as mentioned
before, we can rate them by using “4” “3” “2” “1” as responding 4 classes. The higher the
rank, the higher the score.

In the process of calculating the correlation between the quantitative index x and the
standard normal cloud using the correlation function [17], since 'En is randomly generated.
In order to eliminate the random error, the final evaluation result, that is, the expected
value rxE and the entropy mE are obtained according to the equations (9) and (10) after
multiple calculations.

     1 2 h
rx

r x r x r x
E

h
 




(9)

  2

1

1 h

rn i rx

i

E r x E
h 

    (10)

In the formula: h is the number of times that r is calculated, and 100 calculations are
performed in this paper;  r x is the evaluation score obtained by each operation.

The rxE value is a reflection of the level of the terminal port evaluation result. In order
to measure the degree of dispersion of the evaluation result  r x , the entropy mE
corresponding to the evaluation level is obtained, and the more concentrated the evaluation
result, the smaller the value. In order to better measure and present the evaluation results,
the confidence coefficient is defined as follows:

rn

rx

E
E

  (11)

The magnitude of the  value reflects the degree of dispersion of the evaluation results
expressed by rxE and the degree of confidence as shown in table 3.

Table 3. The meaning of  value

Reflecting results  Dispersion of assessment results Credible degree

rxE Large Large Small
Small Small Large

5 Case study
This paper takes two candidate terminal sites of an LNG project in China as an example for
analysis and verification. The candidate ports are comprehensively evaluated by using the
evaluation index system of figure 1. Through data statistics and analysis, the scores of the
evaluation indicators of the two terminal ports are finally obtained, as shown in table 4.
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Table 4. Index matrix of to-be-evaluated object.

Evaluation indexes
Indexes/score

A B
Natural conditions 77.3470 76.9240
Technical conditions 86.3610 73.6530
Planning compliance 73.7420 84.8640
Economic conditions 82.5750 77.4510

The AHP is used to construct the evaluation index judgment matrix to obtain the
eigenvalues, and the subjective weights of each indicator are obtained. Based on the
indexes to be evaluated, the VCM is used to obtain the objective weights of the respective
indicators. Finally, through the principle of additive integration, the subjective and
objective comprehensive weights are calculated (a=0.6968, b=0.3032). The results are
shown in table 5.

Table 5. The weight of each assessment indicator in site selection.

Evaluation indexes Subjective weight Objective weight Comprehensive weight
Natural conditions 0.1017 0.0149 0.0754
Technical conditions 0.5485 0.4309 0.5129
Planning compliance 0.2966 0.3805 0.3220
Economic conditions 0.0532 0.1737 0.0897

Table 6. Results comparison.

Comparison method A site B site
Literature [2] Good Good

Method of this paper Good(��u = 3.1223
ρ = 0.0501）

Good(��u = 3.1062
ρ = 0.1519）

Judgement result by expert A site

Using the correlation function, the correlation between the indexes to be evaluated and
the normal cloud of each evaluation level is obtained, and a comprehensive evaluation
matrix is constructed. Combined with the comprehensive weights of table 5, the
comprehensive evaluation results are obtained, that is, the collection of evaluation results of
each evaluation index. Using the formula (8), the preliminary evaluation results are
obtained. Due to the randomness in the process of associating relevance, the randomness
effect should be weakened. Through the formulas (9) to (11), the final evaluation results of
the comparison port are determined, and the confidence coefficients are also obtained. The
results obtained were compared with those in the literature [2] as well as the actual
selection result. The comparison results are shown in table 6.

Fig. 3. The score cloud model distribution map of the site to be evaluated.
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By comparison of methods, the results of this paper are consistent with the results of the
literature [2], and in line with the actual site selection. However, this paper analyses the
location of the site from the perspective of qualitative and quantitative, not only gives
reasonable location results, but also gives the degree of propensity and confidence
information of each port. The experimental results show that the confidence of each
evaluation result is in a small range, indicating that the evaluation results have high
credibility. In the case where the A-level value is slightly higher than B, and the confidence
coefficient of A is significantly smaller than the B-confidence coefficient, this indicates that
the evaluation result of A is more reliable. From a quantitative point of view, it is more
certain that A should be preferred as the final site of construction.

In addition, from the distribution of the score cloud model of the two sites as shown in
figure 3 [18], the A graph is more concentrated, indicating that the evaluation results are
less dispersed and the corresponding confidence values are smaller. The distribution of the
B cloud model is relatively scattered, indicating that the evaluation results are highly
dispersed, due to the greater confidence value. This result fully complies with the change
law described in table 3, and fully reflects that the cloud matter element model has higher
adaptability in the comparison and selection of the LNG terminal site.

6 Conclusion
The paper uses a combination of multiple models and multiple methods to couple the cloud
model to the matter element, and the model adaptation space is improved. The association
degree between the collected raw data and the established standard cloud matter model can
be directly determined, which avoiding the loss of information due to data normalization
processing. The method proposed in this paper can not only obtain objective and
comprehensive evaluation results conveniently and effectively, but also reflect the degree
of the same result level and the corresponding confidence information, which provides a
new method for the comparison and selection of LNG terminal.

However, using the cloud matter-element model, we must first establish a standard
indices system, and then measure the gap between the data to be evaluated and the standard,
so as to determine the rank of the LNG terminal to be evaluated. This requires the scientific
establishment of a standard indices system for LNG terminals as well as the classification.
Different indices systems will result in different evaluation results. Therefore, in order to
improve the universal applicability and feasibility of the evaluation method, the further
research will focus on the analysis of the LNG terminal standard indices system and
classification.
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