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Abstract. Aiming at the subway operation safety assessment of empowerment as relatively one-sided,
the game theory method is adopted to combine theimproved AHP and the entropy weight method. On
the basis of considering the factors of passenger flow, asystem of evaluation index of metro operation
safety is constructed. Taking Qingdao Metro Line 3 as an example, the weight of each index is
calculated by using this model, and the influence degree of each indicator on the safety of subway
operation is judged, and the comprehensive evaluation of Qingdao metro line 3 is carried out by
combining the principle of fuzzy mathematics.

Introduction

As arelatively closed operation body, the subway system has a complex operation system. Once an
accident occurs, it not only causes huge economic losses, but a so threatens the safety of people'slives.
Therefore, operation safety is the premise of realizing efficient operation of the subway system, and
evaluation of the safety of subway operating system can effectively ensure the operation’s safety and
reliability.

In safety evaluation, evaluation model construction and index empowerment are the main
problems to be considered. At present,there are three methods like subjective weighting method and
the obj ective wei ghting method and combination wei ghting method.The subjective wei ghting method
is based on the rel ative importance of expert knowledge and experience to determine the index, which
isused to calculate the index weight, mainly in AHP, network analysis, such as Jiareservoir et al. [1]
introduced the AHP to the safety evaluation of metro operation system, and calculated the main
factors that influence subway operation safety.Objective method is based on the statistical results of
raw data to determine the weights, the evaluation results with strong mathematical theory, mainly
include the entropy weight method, grey correlation analysis method, etc., such as Jiang Ting [2]
combined with the entropy theory to evaluate the risk of subway operation system.The combination
of weighting method is a comprehensive consideration of subjective and objective factors to
determine the weight and overcome the defects of the single method of empowerment.Commonly
used a combination of empowerment method with linear weighted method, multiplicative synthesis
method, etc., such as Wang [3] by using analytic hierarchy process and entropy value method
combination of empowerment method to evaluate the indicators affecting the safety of urban rail
transit lines operating.

Although the above-mentioned combination of weighting method overcomes the defect of single
weight method, it lacks validity in determining the weighted coefficient, which affects the rationality
of weight. Game theory studies two main and two or more factors in confrontational or competitive
situation, how to make good decisions for scientific questions, the empowerment for subway
operation safety evaluation index combination provides a new train of thought, based on this, this
paper use the game theory model build up on the improved analytic hierarchy process and entropy
weight method combination, the combined method is proposed based on game theory, in order to the
subway operation safety assessment make reasonable, accurate and scientific evaluation.
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Subway oper ation safety evaluation index system

The change of subway passengers serioudly affects the safety of subway operation system, to bring
stability to the great subway operation system. Based on this, this paper considers the influence
factors on the safety of passenger train operation in constructing the index system,combined with the
safety evaluation standard of metro operation [9] and literature [8],in the end, the system of subway
operation safety evaluation index system including passenger flow factor, equipment factor,
management factor and environmental factor is established, as shown in figure 1.
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Fig. 1 The Index System of subway operation safety evaluation

Deter mine portfolio weights based on game theory

This paper determined the subway operation safety evaluation index weight of ideais: first of al,
based on improved analytic hierarchy process (IAHP) the subjective weights are calculated, and then
entropy value method is used to determine the objective weight, finally according to game theory
integration means to cal culate the combination weights.

| AHP deter mines subj ective weights

The traditional analytical method using the nine scale method to generate the judgment matrix,
and lAHP isthe combination of the three scale method to generate interpretation matrix for expertsto
make relatively important decisions in 22 factors, eliminating the need for the judgment matrix
consistency test link, improve computing efficiency and meet the requirements of accuracy
improvement. The general steps of hierarchy the analysis method for [5]:

Determine the comparison matrix.

Using the three scale method to the same level of importance of different index for 22, compared
to establish evaluation index matrix K, which said i factors with respect to the degree of important
factorsfor j,and meet k; ,

1 O,Factoriisnotimportantthanfactor j
K; =: 1, Factori isasimportantasfactor | (1)
12, Factor | ismoreimportantthanfactor j

Construction judgment matrix. The corresponding judgment matrix K is constructed by
comparing matrix A.
: -1,0>T,
Among: % =i 1i=n ()

-1
Vi~ rj) T <

In the formula, T;,T; isthe rows of the matrix.
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3) Optima judgment matrix. The matrix A is caculated and the matrix B is
A
Oail

1=1
Y

Qa“ (3)

optimized.bi =,

Calculation index weight.First of al, the weight of each index \y is calculated according to the
single matrix B value;then, the weight of the i index of the corresponding value for the normalized,
the standard weight of the | index value corresponding to thew, . The standard weight w; of thei index
value corresponding to the .

) L ) vvi:nl,i:Lz,L,n
Wzn’(jgij:lZL,n ) A v ©)

Inthe aboveformula, W istheweight of the ithindex, andw is the normalized weight of theith
index, and n is the total number of evaluation indexes.
Objective weight is deter mined by entropy weight method

The entropy value reflects the amount of useful information provided by each evaluation factor
to the decision evaluation. If the entropy of a factor is smaller, the more information is provided by
thisfactor, the greater the weight. Entropy weight method is used to cal cul ate the weight of each index
C,in the evaluation index system of metro operation safety, and the specific calculation process

reference [6].

According to this model, the objective weight of each factor index of metro operation safety
evaluation index system can be obtained.
calculate the weight of the combination

On the basis of improving analytic hierarchy process and entropy weight method, a new method
of combinatorial empowerment is constructed by introducing game theory. Its purpose is to find
consistent between the subj ective and objective weights or compromise, make comprehensive weight
can not only with the subjective and objective weight deviation minimization, as much as possible
and keep the information contained in subjective and objective weights. Specific methods are as
follows|[7]:

Theweight vector w™ , which is obtained by different weighting methods, isgiven by m (m = 2),

and its arbitrary linear combination is;W =3 aWw".a; >0 (6)
i=1
Therefore, finding the most satisfactory weight vector can be attributed to the optimization of m

linear combination coefficient ain equation (7). The optimization goal is to minimize the dispersion
of W with eachW" .Therefore, the following countermeasures mode! is derived:

m
é aW’ - WjT
i=1

min|

J=12L.m (7))

The game model isaset of contains across planning model of multiple objective function, solve
the model is able to get a and a variety of weight assignment method in the overal information
coordinated, balanced and consistent comprehensive weighting results.

According to the differential property of the matrix, the first derivative of the formula (6) is:

aaww =ww (g)

i=1

The a, isobtained by Matlab and normalized to a; =a,/§ a,

i=1

Finally, a; substituted into equation (6) can be used to find the combined weight vector w .
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fuzzy comprehensive evaluation

In this paper, the fuzzy theory is used to eval uate the saf ety index system of metro operation, and
the specific steps are as follows: first, the evaluation level V= {excellent, good, general and poor};
And then combined with metro operation by experts to grade indexes at all levels, so asto work out
the normalized processing, get the fuzzy evaluation matrix, and according to the results of the above
combination empowerment to get the weight of the expert evaluation results are linear weighted,
Finally, according to the principle of maximum membership, comprehensive evaluation of subway
operation safety is carried out.

Analysis of example

The north section of Qingdao metro line 3 has been opened since the end of 2015, with atotal length
of 24.8 km, spanning the southern district, the city and the north district, and li cang-district three
administrative regions, with a total of 22 stations, including six transfer stations. Taking Qingdao
metro line 3 as an example, this paper evaluates its operation safety.
the subjective weight is calculated by using theimproved analytic hierarchy process

First by the panel in three of the importance of the evaluation index scale method are compared,
and two for the comparison of C1 ~ C4 corresponding matrix. Indicators of management factors, for

example, the comparison matrix of the K3.
1 24395 0.3749 0.2187@

12000 ¢1 1 3 13 1Ss) gl a

u e Y S 1 1 24395 03749 0.2187-

g 120 o &1 1 3 13 15 é a
Ks=€0 0 1 0 OUA=&/3 1/3 1 1/6 1/8@832@.4099 0.4099 1 0.1537 0.0896u
2210 &3 3 6 1 y2l 26673 26673 65068 1 05833

& 2221 &5 5 8 2 1§  §5731 45731 111560 17145 1 f

The judgment matrix A3 is obtained by comparison matrix K3 and formula 5.

The matrix 3 was optimized by formula 6, and matrix B3 was obtained.

The weights of each indicator can be obtained by formula 7 and formula 8 (0.1036, 0.1036,
0.0425, 0.2764, 0.4739).

In the same way, the weight of other secondary indexes and the weight w, of each index are
obtai ned.
calculation of objective weight by entropy weight method

Eight experts were randomly selected to form ajury to grade the operating evaluation indexes of
Qingdao metro line 3. Indicators of management factors, for example,and set into four levels,
excellent(90,100), good(80,90),poor(70, 80),difference (60,70),the scores of each secondary index
are shown in table 1.

Table 1 quantization value of the index
evaluating indicator 1 2 3 4 5 6 7 8

Ca1 85 75 8 90 80 8 8 85
Ca 85 8 8 9 8 8 8 80
Css 7 75 80 8 7 8 8 80
Ca 85 90 90 8 80 9 8 9
Css 95 90 90 9 8 90 8 90

On the basis of the datain table 1, combined with the formula (1), (2), (3) to calculate the index
weights of C31 microcomputer ~ C35 for (0.0667, 0.0433, 0.0600, 0.0433, 0.0600), the weights are
similarly can calculate the other secondary.
the comprehensive weight is calculated by using combination weighting method

According to the entropy value method and the improved analytic hierarchy processto calculate
the subjective and objective weights and formula (11) to the optimization of comprehensive
empowerment theory solutions of first order linear equations, the normalized by subjective weight
and objective weight coefficient = 0.4012, respectively, = 0.5998, (9) can be combined by the type of
weight.
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fuzzy comprehensive evaluation
In order to make the subway operation safety assessment results as accurate as possible, using
guestionnaire survey asked a panel of eight experts, to evaluate each of the factors in the secondary
indexes, through the survey results are statistics and finishing, management factors, for example, the
fuzzy evaluation matrix is zero.

§0.44 0.38 0.16 O.

§0.38 044 0.8

B; = §0.36 0.32 0.3

g0.46 030 0.24

§0.54 036 0.1

B,-W,= (0.1113;0.0917 ;0.0498; 0.0012)

The other criterion layer fuzzy evaluation vector is obtained. By the fuzzy evaluation matrix D,
the weight vector and the fuzzy evaluation matrix D are obtained by the fuzzy evaluation matrix D.
§0.0826 0.0839 0.0259 0.0014g
20.2009 0.1844 0.0672 0.00323
e 0=[0.1299 0.1212 0.0447 0.0021]
€0.1113 0.0917 0.0498 0.0012 U

&.0402 0.0397 0.0156 0.0011f

According to the principle of maximum membership, the operation safety level of Qingdao
metro line 3 is excellent.

2
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w,- D =[0.3937 0.3937 0.1374 0.0752]

Conclusion

(1) Thetraditiona analytic hierarchy process 9 scaling method, the evaluation index to compare the
scale division is more, it leads to several experts in the index to judge the existence difference and
partial probability, led to the evaluation index weight is not accurate. However, the improved analytic
hierarchy process adopts the three scale, which isonly 0, 1, 2 and 3 choices when comparing the two
indexes. The choiceis more simple and reliable.

(2) The introduction of game theory, balance and coordination of the improved analytic hierarchy
process and entropy value method, the role and impact of maximum was overcome by a single
subjective or objective weight respectively, make evaluation result more scientific and reasonable.
(3) Numerical example results show that the Qingdao metro line 3 security level for optimal, and
passenger flow factor, equipment factor, management factor, environmental factors, the
corresponding security level isgood, excellent, excellent, respectively. Therefore, in order to improve
the safety level of metro operation, the passenger flow factor should be considered, and passenger
guidance should be conducted.
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