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ABSTRACT 
A large passenger flow, generated by the large-scale activities held in the city, will bring a great challenge to Urban Rail 
Transportation. Considering the service indexes of the urban rail transit during the period of large-scale activities, including the 
availability, the convenience, the efficiency, the reliability and the comfort, an evaluation index system for the support concept, from 
the perspective of the passenger, has been established. Taking the FIA Formula 1 World Championship from 2013 to 2015 as an 
example, as well as using the grey correlation method, evaluated the support concept implied by the operator. Results show that the 
using of grey correlation method for the evaluation of the support concept is very prosperous, with the advantages such as simple 
calculation and results with high reliability, which can be used to reduce the loss brought by large-scale activities as well as to 
control and eliminate the potential safety hazards in time. 
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INTRODUCTION 

 

Large-scale activities held in the city, bring a big amount of economic and social benefits to the city, 

however, it also bring a great challenge to the Urban Rail Transportation system, which designed to serve the 

traffic demand generated by commuting. Facing the heavy traffic demand during the Large-scale activities, 

making a non-structural and scientific support concept might be a key to solve the imbalance between supply and 

demand during large-scale activities. So, an evaluation on the support concept of the large-scale activities, seems 

to be indispensable to identify the strengths and the weaknesses. However, there is no such a systematic and 

scientific evaluation mechanism or evaluation method exist so far. In the aspect of the theory research, 

MaGuozhong1, TangQiaomei2 studied the causes of large passenger flow and it’s time and spatial distribution 

characteristics, made a clear description of the emergence and development of a large passenger flow; 

YingMinghong3、ZhangLun、ChenFukun4 studied operation management and optimization during activities, 

which was deeply concerned；JinGuilin5 studied the emergency strategy be taken by the stations which were 

influenced by a large passenger flow, which had the very good guiding significance for practice. However, 

nobody has studied Rail transit operation scheme evaluation during the large-scale activities systematically which 

were worth deeply researching.  

 In the process of large-scale activities, the factors influencing passenger experience are very complicated, 

and the internal relations between various factors is difficult to describe quantitatively, so the traditional methods 

to solve the problem of single objective decision, such as linear programming, does not apply anymore. While the 

grey correlation analysis which is used under the condition of incomplete information is a multifactor statistical 
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analysis method, based on the sample data to various factors, using Grey correlation degree to describe the 

strength、size and the order of the relationship between factors. Choosing the grey correlation method 6 to 

evaluate the support concept would made the evaluation results more intuitive under the condition of incomplete 

information, which is more in line with reality. 

 

The Establishment Of Evaluation Index System: 

As the passengers are the direct perception and the main service subject, to a large extent, their satisfaction of 

rail transit services reflects the quality of the support concept. Considering the various services which customers 

would care about, based on the passengers’ reaction and satisfaction on the services, this paper uses the quality of 

service and passengers' satisfaction to establish an evaluation index system, and use it to carry out an evaluation 

qualitatively and quantitatively. During the large-scale activities, the evaluation index system of rail transit 

support concept is shown in Fig 1. 
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Fig. 1: The indexes of the evaluation system 

 

A. Availability indexes: 

Rail transit passenger flow ( 1A ):  it means the total number of passengers which use urban rail to get to there 

and get away during the large-scale activities. The data is the difference between the total number of passengers 

in stations which directly service the activities (including the passengers which were in the station and out of the 

station) and the norm during the large-scale activities.  

Utility index of transportation ( 2A ): it means that the reciprocal of the product of the average travel time and 

the average travel cost which used by passengers taking rail transit to the large-scale activities. Its computation 

formula is shown in Eq. 1 It can partly reflects that the charm of all kinds of transportation for passengers, 

indicating that the degree of transportation meets the passengers travel demand.  

2

1

*
A

T C
              (1) 

In the formula: 

T : Average passenger travel time which used by passengers taking rail transit to the large-scale activities; 

C : Average passenger travel cost which used by passengers taking rail transit to the large-scale activities; 

The bigger the values of 1A  and 2A  , the more attractive this mode of transportation. Besides, this metric can 

be compared with transportation utility index of the public transportation. 

 

B. Convenience indexes: 

Special Guidance Signs for Rail Transit. ( 1B ): it refers to the number of directional indicators that are added 

to the station for direct service to the event during Large-scale Activities. 

Access distance of rail transit ( 2B ): it refers to the distance from the rail transit station entrance whose the 

service radius covering the large-scale activities to the venue entrance, which reflects the accessibility to and from 

large-scale activities by the subway. 

 

C. High efficiency indexes: 

The transferring time of the passenger walking out of the field ( 1C ):it refers to the time spent by the 

passengers walking from the exit of the large-scale activities to the entrance of the rail transit station serving the 

activities directly during the peak time of the large - scale activities, Including travel time, time-limited queuing 

time and so on. The calculation is as follows: 

1C T T w r           (2) 

In the formula: 
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Tw: Passenger travel time which used by passengers walking out the field and into the station; 

Tr : Passenger travel time which used by passengers because of the passenger flow-limiting measures 

adopted to reduce the chance of accidents; 

Tickets purchasing time of the passenger ( 2C ): it refers to that at the peak time of the passenger flow during 

the large-scale activities, the sum of the queuing time and ticket purchasing time of a passenger. The calculation 

is shown in Eq.3: 

2 *
S

C T
N

 w
t

m

         (3) 

In the formula: 

SwThe total number of queues at the point of sale; 

NmThe number of AFC available; 

Tt Average time cost of the passengers on purchasing tickets. 

 

D. Reliability index: 

Punctuality ( 1D ): it refers to during the large-scale activities, the ratio of the total number of trains arriving 

at the scheduled time to the total number of trains during the event. The calculation is shown in Eq.4. 

1 *100%
t

N
D

N
 p

           (4) 

In the formula: 

Np The number of trains arriving at the site on time during the event; 

Nt  Total number of trains during the event. 

 

E. Comfort index: 

Platform passenger density（ 1E ）：It means that during the large-scale activities, the number of standing 

passengers per unit area on the platform of a rail transit station whose service radius covers the large-scale 

activities, the calculation is as shown in Eq.5. Then divide the passenger service level of urban rail transit 

according to Table 17. 

1

a

P
E

S
 t

           (5) 

Table 1: Standards of the service level for the Urban Rail Transit 
Service Level Status Description density（Person/m2） 

A Normal <0.83 

B Relatively free 0.83-1.53 

C Medium density 1.53-2.5 

D Chaotic 2.5-3.3 

E Very crowded 3.3-5 

 

Section full load rate ( 2E ): It means that during the large-scale activities finish at the peak, the ratio of the 

actual number of passengers passing through a section within a certain period of time from the venue to the 

downtown area and the rated number of passengers of the train compartment during that time, the calculation is as 

shown in Eq. 6. 

2

p

E
*C

vM

N
           (6) 

In the formula: 

vM   The actual number of passengers passing through a section; 

N The number of trains opened during the period; 

pC  The designed capacity of the train. 
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Grey Relational Assessment Model and Its Algorithm: 

The calculation of grey relational coefficient and correlation degree is essentially the difference between the 

geometric shape of the curve, and it uses the difference between the reference sequence and the comparison series 

as a measure of the degree of correlation 8. The main calculation steps are as follows: 

F. The initial evaluation values are obtained by field investigation and data statistics, then construct the 

evaluation matrix n×mij  )(d = D . 

G. The original reference sequence and the comparison sequence are dimensionless. As the dimensions of the 

indicators are not uniform, so order ikijij dd= c ，（ 0d ik  and k is an arbitrary value）, then the matrix can 

be dimensionless processing, and the matrix A is obtained as n×mij  )(c = C . 

H. Select the first column of the moment C as the reference column, and the remaining columns as the 

comparison column. Then calculate the correlation coefficient according to the Eq. 7. 

ijkj
ji

ijkj

ijkj
ji

ijkj
ji

ij
c - cmaxmax  + c - c

c - cmaxmax  + c - cminmin
= ε




        (7) 

In the formula: 
 : As the resolution factor is introduced to reduce the effect of the results as the absolute value is too large, 

and to increase the significance of the correlation coefficient.  10， , Normally, select as 0.5. 

I. Calculate the grey correlation degree 




n

1j

iji  
n

1
= v            (8) 

According to the above method, a column of the matrix is selected as a reference column, and the other 

columns are used as a comparison column. Then obtain the correlation index between the two evaluation indexes 

and the relevance matrix n×mij  )(v = V . The weight of each index can be calculated by the following formula: 
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j = w            (9) 

J. The initial evaluation ( n×mij  )(d = D ) is the standard unified treatment, that is, for a larger the better 

index, there is jkijij dd= E ( 0d jk  , and K is an arbitrary value); for a smaller the better index, there is 

ijikij dd= E ( 0d ik  , and K is an arbitrary value). The normalized matrix is obtained as 

follows: ij m nE= (e )  , then the comprehensive evaluation index can be obtained by weighting with the 

normalization matrix. 





n

j

ij

1

iiE          (10) 

K. The evaluation index is sorted by the comprehensive evaluation index value. 

 

Example calculation: 

According to an analysis, during the FIA Formula 1 World Championship, the spatial distribution of the 

passenger flow presents a characteristic: The closer to the Shanghai Circuit, the greater the passenger flow. 

Therefore, Shanghai Circuit should be the station which is the focus of urban rail transport security program to 

protect and assess. Passenger flow in the time shows the following characteristics: Visitors will be present in a 

short period of time prior to the start of the event, and leave in a more concentrated way after the event. So 

gathering a huge traffic demand in a short period of time (17: 00-18: 00) and a small space, which become the 

contradiction between the supply and demand of transportation system. During the event, the participant does not 

arrive or leave on a large scale, and the induced traffic is smaller after the start of the activity and before the end. 

The period from the 17: 00 to the 18: 00 is the peak period in 2013 Shanghai Circuit, Reaching 18,807 

person/hour, more 10,000 people than entering the passenger flow. Compared to entering the passenger flow, 

more concentrated at the end of passenger traffic. Therefore, this paper chooses the ending time of the event as 
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the evaluation period. To sum up, we select the 2013-2015 Shanghai racing scene as a sample to assess the 

operation of the security program. 

L. The first step, Based on field research and data obtained from the subway operators, the initial values of 

evaluation indicators for each year are obtained. The values are shown in Table 2. 

M. In the second step, the initial value of the evaluation scheme was transformed to the dimensionless form 

with the 13-year safeguard scheme as the reference sequence. The results are shown in Table 3. 

N. In the third step, using the dimensionless data in Table 3, and taking the resolution coefficient 5.0 . 

Then according to Eq. 7 and Eq. 8, we can get the correlation degree between any two indexes. The results are 

shown in Table 4. 

O. In the fourth step, we can calculate the weight value of each index according to Eq. 9 The results are 

shown in Table 5. 

P. In the fifth step, A1, B1, D1 are Larger-the-Better indicators in the evaluation index, whileA2, B2, C1, C2, E1, 

E2 are smaller-the-Better indicators. Then according to Eq. 10, the evaluation value and the comprehensive value 

of the annual guarantee scheme under each index can be scored, and the annual protection scheme score and 

comprehensive sorting result are shown in Table 6. 

Q. In the last step, analysis and evaluation results. 

 
Table II: The initial values of the indexes  

Support 

concept 

availability convenience efficiency reliability comfort 

A1 A2 B1 B2 C1 C2 A1 A2 B1 

13 years 154800 0.258 89 0.5 20.5 65 98.8 1.65 100% 

14 years 162400 0.302 97 0.5 17.0 60 97.6 1.71 102% 

15 years 172800 0.204 107 0.5 15.0 58 99.5 1.49 98% 

 
Table III: Dimensionless indexes 

Support 
concept 

availability convenience efficiency reliability comfort 

A1 A2 B1 B2 C1 C2 A1 A2 B1 

13 years 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

14 years 1.05 1.17 1.09 1.00 0.83 0.92 0.99 1.04 1.02 

15 years 1.12 0.79 1.20 100 0.73 0.89 1.01 0.90 0.98 

 
Table IV: The Grey Correlation between indexes  

 A1 A2 B1 B2 C1 C2 D1 E1 E2 

A1 1.00 0.61 0.80 0.75 0.55 0.63 0.75 0.77 0.77 

A2 0.61 1.00 0.63 0.61 0.66 0.64 0.60 0.69 0.63 

B1 0.80 0.63 1.00 0.67 0.52 0.58 0.66 0.68 0.68 

B2 0.75 0.61 0.67 1.00 0.59 0.73 0.95 0.78 0.91 

C1 0.55 0.66 0.52 0.59 1.00 0.69 0.59 0.61 0.59 

C2 0.63 0.64 0.58 0.73 0.69 1.00 0.73 0.82 0.72 

D1 0.75 0.60 0.66 0.95 0.59 0.73 1.00 0.76 0.88 

E1 0.77 0.69 0.68 0.78 0.61 0.82 0.76 1.00 0.83 

E2 0.77 0.63 0.68 0.91 0.59 0.72 0.88 0.83 1.00 

 
Table V: The weight values of the indexes 

A1 A2 B1 B2 C1 C2 D1 E1 E2 

0.11 0.10 0.11 0.12 0.10 0.11 0.12 0.12 0.12 

 

Table VI: The result of the evaluation  

Support 
concept 

availability convenience efficiency reliability comfort total rank 

A1 A2 B1 B2 C1 C2 D1 E1 E2 

13 years 0.10 0.08 0.10 0.12 0.07 0.10 0.12 0.12 0.12 0.92 3 

14 years 0.11 0.07 0.11 0.12 0.09 0.11 0.11 0.12 0.11 0.94 2 

15 years 0.11 0.10 0.12 0.12 0.10 0.11 0.12 0.13 0.12 1.03 1 

 

Through the analysis of the evaluation results of the support concepts, which can be seen is : during the FIA 

Formula 1 World Championship, the reliability and the comfort weights most, followed by the convenience, 

during the development of the future support concept, priorities should be given to meeting the needs of 

passengers in these aspects; the support concepts’ evaluation results from 2013-2015 are shown in Table 6, 2105 

gets the highest score, followed by 2014, the results are in agreement with the field investigation results, it proves 

that the metro company is doing better and better. As well as the evaluation model is practical, which can be used 

in the daily operation management. 

 

Conclusions: 

The Urban Rail Transit, as the main mean of transport of passengers, takes an indispensable role during 

large-scale activities, the evaluation and improvements of its support concept might be necessary. In this study, 
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on the basis of a comprehensive analysis of the Urban Rail Transit system during the large-scale activities, from 

the perspective of passengers, this study established an evaluation index system of urban rail transit support 

concept. This study also established an Evaluation model with grey correlation method, taking the FIA Formula 1 

World Championship from 2013 to 2015 as an example, we did an evaluation on the support concepts during the 

FIA Formula 1 World Championship. Results show that the using of grey correlation method for the evaluation of 

the support concept is very prosperous, with the advantages such as simple calculation and results with high 

reliability, which can be used in the daily operation of the urban rail transit and laid a foundation for the future 

support concept making. 
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