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Abstract

With the increase of traffic demand, the concept of
coordinated development of multiple modes of
transportation dominated by public transportation has
become a consensus. Many large cities are actively
developing three-dimensional urban rail transit and
constructing a public transport network with urban rail
transit as the backbone. Due to its small volume and
flexible route selection, medium volume traffic has been
favored by many cities. In this paper, a comprehensive
decision-making model of the system is established by
DEA data envelopment analysis method, based on the
research and analysis of various middle mass rapid transit
system. Taking Yongxiu County of Jiangxi province as a
case, the adaptability of Bus Rapid Transit (BRT),
Autonomous Rail Rapid Transit (ART) and Rail Transit
were evaluated and ranked. In the meantime, this paper
studied the selection of the system of mass transit system
and its adaptability to Yongxiu County.
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1 Introduction

Due to the rapid growth of car ownership and the lag
in the construction of road facilities in recent years, the
vulnerability of urban transport network has become a
hot and difficult problem in the current research on

road network [1]. By virtue of its own advantages and
development potential, the middle urban mass rapid
transit system has received more favor and attention,
and has gradually become a powerful supplement to
the mass transportation system of ground and rail.
Middle urban mass rapid transit system mainly
includes Rail Transit, Bus Rapid Transit (BRT) and
Autonomous Rail Rapid Transit (ART), which is quite
recent. The classification of urban public transport
system types is shown in Figure 1.

Most of the domestic and foreign metropolises built
a multi-level rail transit network and operated well by
monorail, APM and other low traffic volume system,
These low and medium volume systems are diversified,
flexible in route selection and small in size,
complementing urban railways and subways [2]. The
related work can be appied in various new emerging
scenarios [3-7].

Famous scholars at home and abroad have studied
the MRT system. Jingyan Shen. Based on the basic
concept of “traffic class and support guiding system”,
discussing various systems and putting forward the
evaluation system and principles of “function,
environment, safety and economy” for the selection of
various systems [8]. Almasi M H, Oh Y, Sadollah A, et
al. found an optimum set of transit routes that
corresponds to chosen tradeoffs between user cost,
operator cost and, notably, unsatisfied demand cost [9].
Jinhui Zhang studied the selection of urban rail transit
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Figure 1. Types of urban public transport systems
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vehicle system, and used Analytic Hierarchy Process
(AHP) and Fuzzy Comprehensive Evaluation to
comprehensively evaluate vehicle system [10].
According to the hierarchy of urban rail transit
selection and the goals and contents of the selection
work in the line network planning stage, a three-level
selection theoretical system of “rail transit mode-
system standard-vehicle standard” is proposed by
Lingyang Kong, and also proposed an optimization
model for urban rail transit selection in terms of
functional performance, application scope and
technical characteristics of urban rail transit [11]. Ying
Xu established the standard decision model of medium
and low volume urban rail transit system by using the
AHP -Grey Relational Degree Analysis Method, and
took the system standard selection of Yuquan line of
Beijing rail transit as an example to verify the
effectiveness of the method [12].

The efficiency evaluation theory is mainly used to
establish the comprehensive evaluation model of
public transportation lines for the selection of middle
urban mass rapid transit system. It was first proposed
by Farrell in 1957, which constitutes the basic idea of
Data Envelopment Analysis theory (DEA) [13]. Lovell,
R. Fare and others discussed the enterprise efficiency
evaluation proposed by Farrell in detail [14-16]. DEA
is a tool for evaluating the relative effectiveness of
comparable decision-making units. Besides, the similar
evaluation research has been studied in different fields
[17-21].

The efficiency of DEA depends on the distance
between the evaluated Decision Making Unit (DMU)
and the optimal DMU, and has nothing to do with the
DMU with poor performance [22].

By means of input and output, various evaluation
indexes for relative effectiveness of DMU of the same
decision type are determined and calculated
respectively [23]. Directly analyze how to determine
the direction and degree of improvement of non-DEA
effective corporate decision-making management units
based on the “projection principle”, so as to provide
corporate managers and personnel with important
corporate management decision-making information.

Efficiency was originally defined as a concept
applied to physics, later, the concept of efficiency has
been extended a lot in economics, and many fields of

Table 1. Modern tram single train passenger capacity

economics have applied such concepts to systematically
evaluate efficiency. This paper introduces about the
concept of efficiency in traditional economics field of
public transportation, the MRT system, think the MRT
system provided by the bus lines and public transport
infrastructure is mainly put in, the investment of the
facilities in the route planning, operation and services
as the main output, the effect of unit of the MRT
system produced by the resources of the public
transportation route planning, operation, service, this
paper further defined as the effect of the MRT system
efficiency of regular bus.

Based on the research and analysis of various middle
urban mass rapid transit system, this paper establishes
a comprehensive decision-making model for middle
urban mass rapid transit system by means of DEA data
envelopment analysis. Taking Yongxiu County in
Jiangxi Province as a case, the appraisal and sorting of
the adaptability of the three system systems of BRT,
ART and tram system are carried out, and the selection
of the system of mass transit system and its
adaptability to Yongxiu County are studied.

2 Analysis of Middle Urban Mass Rapid
Transit System

Medium-capacity buses mainly include low- and
medium-speed trams, Bus Rapid Transit (BRT), and
the newly emerged Autonomous Rail Rapid Transit
(ART), etc.

Bus Rapid Transit (BRT) is a new type of
transportation system with operating speed and
passenger transport capacity between rail transit and
conventional buses, which can achieve high capacity
and high efficiency transportation capacities through
its exclusive bus corridor, and use the transportation
strategy of “transit priority” to increase the operation
speed.

Trams are light rail vehicles that are powered by
electricity and carry about 6,000 passengers per hour.
Compared with traditional trams, modern trams can be
designed to run by various ways of right of way [23].
The passenger capacity of modern trams is shown in
the Table 1.

Passenger comfort

Train-frame
Three modules

Three modules Three modules

seat

Comfortable (seating + standing 4 people /m?)
Normal (seating + standing 6 /m?)

Maximum (seating + standing 8 people /m?)

Maximum peak load (1.15 times of passengers per § people /m?)

40 56 70
180 254 360
220 310 430
280 400 550
320 460 630

Autonomous Rail Rapid Transit (ART) is a new type
of medium quantity transport system [24]. ART adopts

the flexible grouping mode of high-speed rail, which
can adjust the number of passengers according to the
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change of passenger flow, and can carry different
numbers of passengers according to the different
grouping, which can make up for the defects of other
modes of transport with small volume [25].

Electric drive technology is regarded as one of the
most promising technologies to solve the fossil fuel
energy crisis and environmental pollution worldwide
[26]. When the city chooses the MRT system, it will
comprehensively consider the transportation capacity,
technology, economy, environmental protection and
other dimensions, and choose the best one.

In terms of technical characteristics, BRT and ART
are driven by electric power. From the point of view of
aesthetics and comfort, ART and modern tram have a
better contribution to the construction of urban culture
and can improve the ride experience. Compared with
tram, ART has lower upfront costs and operating costs.

From a capacity point of view, the BRT chose a
fixed form and could not be marshalled and
reconnected. However, its transport capacity is
basically the same as that of the tram.

The safety of traffic is also attracting more and more
attention. ART express train is equipped with PIS,
CCTYV audio information system and GPS positioning
system [27] on the basis of multi-axis steering system
to follow and control the track and ensure the running
on the preset track.

3 Standard Selection Evaluation Method
for Middle Urban Mass Rapid Transit
System

In essence, the comprehensive evaluation system of

medium-volume rapid transit line is a system of
comprehensive analysis and evaluation with multiple
indicators. This paper mainly establishes a
comprehensive evaluation model by using Data
Envelopment Analysis (DEA) method, and select the
appropriate Middle Urban Mass Rapid Transit System
according to the characteristics and needs of different
cities.

3.1 Selection of Evaluation Indexes

The design of the evaluation index system of urban
mass transit system should have the following
characteristics:

(1) The indexes of urban bus line planning and
evaluation should conform to the national standard of
urban bus;

(2) To accurately and reasonably evaluate the level
of urban bus line service planning and the effect of
actual urban bus line service;

(3) Under the prerequisite of not directly affecting
its accuracy, the design of the index system should be
as simple as possible.

After researching, the indicators for evaluating the
rationality of bus line transfer space planning
connectivity mainly include the following four items:
line length, number of stations, average station distance,
average speed of station transportation and peak load
rate. Based on the above understanding of the
evaluation index content of service level of medium
volume rapid transit system, this paper studies and
constructs a set of relatively conventional evaluation
index system of bus line service level, as shown in
Figure 2.

Bus Route Evaluation A

-

Index of Pplanning and Design B1 Operating B2 Service B3
T T N S
| Line Length C1 | | Mumber of Stations C2 | | Project Budget C3 | | Departure Interval C4 | Speed C5 | Peak Load C6 |

Figure 2. Evaluation index system of bus line service level

3.2 Comprehensive Evaluation Model of
Middle Urban Mass Rapid Transit System
Lines

Assuming that there are more than n evaluation bus
lines input and evaluated in the city, each input
evaluation bus line should have more than m kinds of
improved input and output evaluation index and a s
type of improved output input evaluation index, which
represents the g-th output input evaluation index of j-th
input evaluation bus line, It refers to the r-th improved
output input evaluation index (q = 1,2,n; r = 1,2, s) of

the j-th input evaluation and evaluation of bus lines,
then the objective index of each input and output
evaluation of the j-th input evaluation is determined by
the number of the following indicators for evaluating
the optimal evaluation value of the bus line after
comprehensive mathematical planning:

245,y

max h; = —— a

m
quxq/
q=1
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Zu,y,j —quxqj,(jzl, 2,...,1)
r=1 g=1

s.t. u 20,r=1,2,3,..,s ?2)
quO,q=1,2,3,...,m

Where: v, is the weight coefficient of the input
index q; u, Is the weight coefficient of output index r.

Through the dual transformation of C?, can be
obtained

min =V, 3
ijﬂ,j +8 = ij
j

s.t. D yA+S8 =y, 4)
J

A,20,(j=1,2,...,n)

S 20,8 >0

Where: S is the relaxation variable and S* is the
residual variable.
If the optimal value ¥V, =1, then the j-th bus line is

effective with weak DEA; If, under the above
conditions, each of its optimal solutions has S* =0,

S~ =0, then the j-th bus line is DEA effective, and the
optimal value is the comprehensive evaluation index of
the JTH bus line.

In practical problems, often have more efficiency of
decision making units can take to the largest value of 1,
It is generally impossible to distinguish the pros and
cons of these decision-making units with only 7, thus

introducing against type cross efficiency model for
decision making units in order to the method when
determining weights as far as possible to maximize
their efficiency, at the same time as far as possible
minimize other decision-making unit efficiency, realize
the “self assessment” and “he review”.

The cross efficiency evaluation matrix is

Ell E12 Eln
E= E:21 E:zz izn (5)
: : |
E.  F E

nl n2 22

The matrix represents the evaluation value of the i-th
DMU for the j-th DMU, that is, the cross-efficiency
evaluation value, When i=j, E; is equal to the
evaluation result of the C°R model, and the average
value in the j-th column represents the comprehensive
evaluation result of the decision-making unit DMU;.

4 A Case Study on the Standard System of
Middle Urban Mass Rapid Transit
System in Yongxiu County of Jiangxi
Province

4.1 Overview of Yongxiu County

Yong xiu county is located in Jiangxi provincial
development strategy lake with a shaft axis (Jingjiu
development prosperous nine section) important
intersection, which is an important hub and strategic
transportation pivot for the construction of Changzhou-
Kowloon intercity expressway corridor.

Under the background of the rapid development of
backbone cities, Yongxiu County needs to study and
construct a multi-level backbone public transportation
system structure to make up for the lack of existing
public transportation service system structure. In
addition, the construction of Mass Rapid Transit
system (MRT) can also help realize the synergies of
“industry-driven projects and project-driven industries”.

4.2 Standard Selection Scheme of Medium
Volume MRT System

Considering the wurban population and Gross
Domestic Product (GDP) size of Yongxiu County, the
basic conditions for the application of medium-low
speed light rail development in 2003 are corresponding.
Light rail and medium-low speed magnetic levitation
are not suitable for the actual development situation of
Yongxiu County. However, the cable rail system of
medium and low speed light rail magnetic levitation is
too expensive and the technology is not mature enough
at present, so the cable rail system is not considered for
the time being.

Therefore, there are three alternative standard
schemes for the medium volume rapid transit system,
namely BRT, ART and tram.

4.3 Determine Evaluation Indexes
4.3.1 Selection of Input Indicators

The input index mainly refers to the input of bus
operation service enterprises and providers, namely,
the human resources and resources that bus operation
enterprises need to invest in bus service operation. For
example, the number of vehicles in bus operation, the
running length of the line and the average running
station distance, etc. These indicators of input data can
be directly to the survey data to calculate the local bus
company and access.

4.3.2 Selection of Output Indicators

The revenue and output of public transport services
are different in nature, including passenger volume,
ticket sales, service satisfaction, ride comfort and other
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quality outputs. Since the DEA evaluation index model
in this paper requires that the number of each
evaluation index should not exceed that of each unit in
bus service decision-making, this paper mainly selects
6 evaluation models with large weight as the indexes.
The final input and output indicators are shown in

Table 2. Input and output indicators and meanings

Table 2.
4.4 DEA model Calculation Process and
Results

4.4.1 Input and Output Index Data

Satisfaction Evaluation The Index Type Indicators

Meaning

line length U11

total length of bus lines (km)

number of sites U12

the number of stops on the bus route

input indicator departure interval U13

the time between two bus shifts before and after leaving
the departure station (min)

bus line service ul

engineering Investment and Cost calculated at the

satisfaction evaluation project estimate U14  preliminary design stage of construction (100 million
index U YUAN)
delivery speed U21 speed at which public transport vehicles carry passengers
output indicator Ty Sp (km/h)
U2 peak load factor U22 the average full load of passengers carried on the line

during peak passenger hours

Table 3. Statistical results of input and output indicators of DEA model

Input Indicators

Output Indicators

Estimated
St g TSNS DR o TS Pk Lo

($100 million)
ARTI1 5 4 20 2 25 0.946
ART2 14 14 15 5.6 25 0914
ART3 20 19 12 8 25 0.977
ART4 6.6 5 10 2.64 25 0.817
BRT1 5 4 10 3 30 0.869
BRT2 20 19 5 12 30 0.898
BRT3 17.5 14 6 10.5 30 0.826
BRT4 6.6 5 10 3.96 30 0.902
Tram1 5 8 15 6.5 35 0.848
Tram2 20 19 7 26 35 0.834
Tram3 9 15 10 11.7 35 0.805
Tram4 6.6 5 10 8.58 35 0.733

4.4.2 Adjustment and Analysis of Results

According to the C*R model, the relative efficiency
results of the MRT lines in each medium volume
system are calculated as shown in Table 4. Ass shown
above the optimal solutions of ART1, ART4, BRT]I,
BRT2, BRT3, BRT4, tram 1 and tram4 are theta 1. The
optimal solutions of all the relaxation variables in these
decision units are all equal to 0. Thus we can
accurately determine the bus lines reached the DEA
effective, namely under the condition of the line input
costs remain the same line production cost to achieve
the optimization, bus and enterprise operation and
provide bus service utmost to allow passengers to feel
the quality of service the optimal, other several bus
lines of the optimal solution of theta are less than 1,
The DEA is not effective.

For the effective bus lines, can simply by looking for
DEA is relatively effective running the plane to adapt

and improve its value indicators, projection value
generally refers to the effective bus lines are in a state
of best service operation projection value of input and
output two indexes corresponding projection values,
adjust the results as shown in Table 5.

Use against cross link efficiency evaluation system
model analysis and calculation of the average relative
efficiency of various types of bus lines. Through the
analysis of calculating the average efficiency of each
column in the matrix can be various types of bus lines
to the relative values of efficiency and the quality of
the fit and unfit quality value sorting, calculation
results and sorting as shown in Figure 3.

Among them, BRT1 has the highest comprehensive
evaluation value among all the lines of MRT system.
The average comprehensive evaluation value of each
rail line is the highest for each MRT system, which
indicates that the output of wisdom rail is maximized at
the current input level after integrating the information
data of each MRT system into the model calculation.
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Table 4. Evaluation results of bus routes based on the C2R model

Input Indicator Relaxation Variable S -

Output Indicator Slack variable

S+
Line Length The Number Departure Es'tlmated Transport Speed Peak Load
(km) of Sites Interval (min) Project Cost (km/h) Factor
($100 million)
DMU i theta S 1 S 2 S 3 S 4 S+1 S+2
ARTI1 1 0.0 0.0 0.0 0.0 0.0 0.0
ART2 0.7 32 4.2 0.0 0.0 6.5 0.0
ART3 0.8 53 5.6 0.0 0.0 8.4 0.0
ART4 1 0.00 0.00 0.00 0.00 0.00 0.00
BRTI1 1 0.00 0.00 0.00 0.00 0.00 0.00
BRT2 1 0.00 0.00 0.00 0.00 0.00 0.00
BRT3 1 0.00 0.00 0.00 0.00 0.00 0.00
BRT4 1 0.00 0.00 0.00 0.00 0.00 0.00
Tram] 1 0.00 0.00 0.00 0.00 0.00 0.00
Tram2 0.97 0.00 0.30 0.00 12.53 0.00 0.14
Tram3 0.96 0.00 7.28 0.00 2.57 0.00 0.00
Tram4 1 0.00 0.00 0.00 0.00 0.00 0.00

Table 5. Result of index adjustment of decision making unit with invalid DEA

Input indicators

Output indicators

Decision Bus Before and After

Departure Estimated Transport

Units  Routes Adjustment LinekLength Thefh;gtrnber Interval Project Cost Speed Pegk Igoad
(km) ot Sttes (min)  ($100 million)  (km/h) actor
before 14 14 15 5.6 25 0.91
DMUZ  ART2 after 6.31 526 10.14 3.79 31.48 0.91
before 20 19 12 8 25 0.98
DMU3 ART3 after 10.53 9.42 9.48 6.32 33.4 0.98
before 20 19 7 26 35 0.83
DMUI0  Tram2 after 19.44 18.17 6.8 12.74 35 0.97
before 9 15 10 11.7 35 0.805
DMUTI " Tram3 after 8.68 7.19 9.65 8.72 35 0.81
2 OE74
09 — o732 0.8
e oa sy 0573 6
o 3 554 USEY 554 0563 UEEY
a [}
m o6 | @512
3 03 { ART
E 04 BRT
w 0.3
2
5 i3 L] ram
E 0.1
] :
DL DL DL DMLUE DMBIUS DMLE DMUT DMUS DMUS  DMULO DMULL DASUL2
Farameter

Fugure 3. Evaluation results and ranking of the cross efficiency model

But out of its four tracks, Track 1 ranked Ilast.
Therefore, by removing one input index one by one
and then recalculating, the index that has great
influence on the structure can be obtained.

After removing one input or output index one by one
and then recalculating, it is concluded that the
departure interval has great influence on the evaluation
result of the circuit. In the previous ranking of cross
efficiency values, the starting interval of the two low-
ranked wisdom rail lines was reduced and then

recalculated. The result is as Table 6:

The adversarial cross efficiency evaluation model is
used to calculate the relative efficiency of each bus line.
By calculating the average value of each column in the
matrix, the average efficiency value of each bus line
can be obtained for sorting of advantages and
disadvantages. The calculation results and sorting
situation are shown in Figure 4.

From the adjusted results, it can be concluded that
the efficiency value ranking of ART1 has been
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Table 6. Adjustment results of invalid decision unit indexes of new DEA

Decision making units DMU2 DMU3 DMU4 DMUS8 DMUI10 DMUI11
Think tank  Think tank  Think tank
Bus routes track 2 track 3 track 4 BRT4 Tram 2 Tram 3
Before and After Adjustment before after before after before after before after before after before after
Line Length (km) 14 579 20 892 66 563 6.6 563 20 194 9 849
Input The Number of Sites 14 4.8 19 17.87 5 446 5 446 19 1817 15 7.11
Indicpators Departure Interval (min) 15 6.81 12 6.82 7 892 10 892 7 6.79 10 9.44
Estimated Project Cost 5 554 g 455 264 353 396 353 26 113 117 3.8
($100 million)
Output  Transport Speed (km/h) 25 25 25 2736 25 30 30 30 35 35 35 35
Indicators  Peak Load Factor 091 093 098 098 0.817 096 0902 096 0.83 1.11 0.805 1.3
. OEI0Y 08363 OESTE DE202
g o o i Y T T 07355 o000 07096 grges 07194
B o7 05998
5 0.6
2 ”i ART
a9 BRT
- 03
= 02 " Tram
£ 01
ie]
DL DAL D3 DiiiLid DrALIS D8ALIG o7 DML DdUs  DMULD DMULI1 DAULZ
Parameter

Figure 4. Evaluation results and ranking of the crossover efficiency model

significantly improved after the starting interval of
ART1, which ranks lower in the previous results, has
been reduced. It can be concluded that the interval of
departure has a great influence on efficiency.

MRT operators want to provide the required volume
with a small number of high-capacity bus units, but
passengers want shorter intervals and faster service. At
the same time, due to the flexible grouping mode of
high-speed rail, The Intelligent rail train can also adjust
the capacity according to the changes of passenger
flow. When the section flow is small, it can use fewer
cars but maintain a shorter departure interval to meet
the needs of passengers. Therefore, it is of great
reference value to optimize and adjust the operation
mode of public transportation through model
calculation.

5 Conclusion

It is an important direction to develop urban
transportation at home and abroad. Current
construction technology is relatively mature and is
suitable for permanent fix counties of three kinds of
traffic in the city MRT system (BRT, ART and modern
tram) general situation of the development, application
and technical characteristics are summarized, the
research analyzed the main factors affecting system
choice, using the data envelopment analysis DEA, the
absorption of expert experience and knowledge at the
same time reflects the importance of each index itself,

and starting from the objective data, to quantify the
system trend of comparative analysis, to reduce the
impact of human factors, calculated using alternative
three system adaptability of sorting, For Yongxiu
county to choose a relatively suitable standard for
development.

The choice of urban rail transit system standard is a
complex system engineering, with many influencing
factors. This paper is only a preliminary study on this
problem, and further study is needed to optimize the
established evaluation index system. In the study on
the standard selection of the mid-volume rapid transit
system in Yongxiu County, the peak period is taken as
the research target. In the further study in the future,
the travel schedule can be more detailed according to
the traffic demand of a specific time period of a route,
and the marshaling method can be determined.
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