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Abstract. As a kind of transport big data, mobile signaling data has been widely used in various fields
of urban transport research with the characteristics of wide coverage, real-time dynamic and low
acquisition costs. This paper constructs the method of extracting the travel information of the rail
transit passenger flow on the basis of summarizing the shortage of the existing algorithms for
recognizing the travel path of the rail transit. In the entering-station identification, signaling data
generated by different signaling events with location area updating are used to identify key trajectory
entering-points based on space-time sequences between adjacent key trajectory points and the location
information of the rail transit cell. In the leaving-station identification, a method based on the principle
of proximity was proposed which combined with the cell information near the orbital station. The
results show that passenger flow characteristic information of rail transit can be obtained accurately
according to the phone signaling data. The passenger flow distribution characteristics acquired can
meet the nature of land use around the station.

Keywords: Urban rail transit, cell phone signaling, passenger flow characteristics

1 Introduction

It is an important basis for improving the quality of rail network service and building a high quality urban
rail transit system to grasp the information of the passenger flow accurately and promptly. It can
effectively grasp the passenger flow characteristics and to make the rail traffic operation more satisfied
with the residents' travel demand. The use of mobile location technology to transit the travel path of
residents as a new survey technology has been widely used in the travel information collection. By
collecting and analyzing the mobile location data produced in the process of resident trip, the complete
resident travel information can be obtained. The handset data acquisition is convenient, the cost is low, the
coverage is wide and the dynamic real-time performance is strong [1]. Through the extraction and mining
of the key trajectory data in the travel process of the residents' rail transit, the information of the complete
resident rail traffic travel chain can be obtained. It can master the information of the passenger flow in the
rail traffic and grasp the spatial and temporal distribution characteristics of the passenger flow and analyze
the transit. The requirement of rail transportation operation management is provided with effective
decision support.

The operation management of rail transit needs a large number of accurate passenger flow data as
support. The detailed and timeliness of the passenger flow data determines the scientific and feasibility of
the government decision-making department and the transit operation manager to formulate management
plans. The traditional passenger traffic information acquisition mainly includes station inquiry, vehicle
transiting investigation and camera investigation. There are many problems, such as small sample size,
complicated investigation organization, difficult data updating and so on. In the face of increasingly
complex passenger flow characteristics, especially the characteristics of transfer passenger flow between
multi transit lines. The survey data are difficult to accurately reflect the characteristics of the actual traffic
demand and cannot meet the needs of the expanding and complex rail transit network operation and
management.

The method of traffic information extraction based on mobile location data can record individual travel
chain information completely. Compared with the traditional means of traffic investigation, it has the
advantages of low cost, short cycle and wide coverage, which can be more comprehensive, efficient and
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continuous to obtain the travel time and location information of the residents [1]. It can provide auxiliary
and supplement for the current information extraction and passenger flow characteristics research.

By using mobile location technology, the signaling data produced in the process of resident travel are
obtained, and the travel chain information of the rail transit passenger flow is excavated. Through the
identification of the key trajectory points in the course of the residents' transit trip, the travel information
of the residents' entry stations, exit points are analyzed, and the time-varying characteristics of the rail
transit passenger flow are studied. The spatial distribution features facilitate the overall grasp of the
passenger flow law of the rail transit network and provide decision-making support for the continuous
improvement of the operational organization of rail traffic and the improvement of the quality of rail traffic
service. It is of great significance to study the method of using the signaling data of mobile phone to extract
the passenger travel information of the rail traffic. It is of great significance to grasp the characteristics of
the passenger flow, to grasp the passenger flow rule and to improve the management of the passenger flow
in the rail traffic operation.

In 1990s, mobile phone positioning technology was used to collect travel information and gradually rise
[2]. Mobile communication data has recorded many travelers' spatial and temporal positions. At present,
mobile signaling data has been applied to many aspects of urban traffic planning and urban traffic travel
information collection.

The White J.K [3] in the United States proposed the use of mobile data to extract the resident traffic OD
data. White J.K based on the mobile cellular cell (COO) location technology principle, studied how to
accurately extract the OD data through the mobile phone data, and verified its feasibility by using the
simulation. The research conclusion shows that with the positioning technology positioning of the mobile
phone, the research results show that the location of mobile phone is located. With the deepening of
precision, extracting OD from handset signal data sets (switching data and phone list data) will be an ideal
way to study travel OD.

Carlo Ratti [4-6], in cooperation with Italy Milan and Rome telecom operators, analyzed the distribution
characteristics of urban residents' activity intensity, and combined the mobile location data with GIS
geographic information to explore the internal relationship between the service intensity of the
communication cell and the intensity of regional population density. The research shows that the intensity
of individual activity is positively related to the cell service strength in the region.

Cell phone signaling has advantages in sample size, coverage range and data acquisition. Cell phone
signaling technology is suitable for medium and macro level passenger flow detection. In urban rail transit
monitoring, the mobile signaling technology can identify passenger transfer paths and transfer stations,
through the key transit points identifying mobile users. The travel time consumption, travel distance and
travel times of the mobile phone users are calculated, and the passengers' travel demand (the time of travel
demand concentration, concentration area and so on) is analyzed. Through the statistics and analysis of
the mobile phone user density within a certain range of stations and lines, the law of the passenger flow can
be further explored.

2 Methodology

Before carrying out the identification of transit travel path, the data needed for path recognition are
predefined.
1) Individual signaling database
Qi: signaling data of article i;
MSID: the unique identification number of an individual;
TIMESTAMPi: indicates the time when the i signaling data is generated.
Ti: indicates the time point of the occurrence of the signaling of article i;
LACi: the location area number for the signaling of article i;
CELLID:i: the cellular number representing the signaling of article i;
EVENTIDi: signaling event number indicating i signaling;
LNGi: represents the longitude position of the cell recording i signaling;
LATi: represents the latitude position of the cell recording i signalling.
2)Transit cell database
LINE: the name of the transit line;
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STATION: the name of the transit station;
LAC: indicates the location number of the transit station;
CELLID: indicates the cell number of the orbital station.
3) Transit station location database
LINE: the name of the transit line;
STATION: the name of the transit station;
LNG: the location of the longitude of the transit station;
LAT: the dimension position of the transit station.
4) Transfer station adjacency station database
LINE: the name of the transit line;
HCZ: the name of the transfer station;
LZ: the name of the station adjacent to the transfer station.

2.1 Rail Transit Travel Path Recognition Based on Rule Algorithm

2.1.1 Passengers entering station recognition

In order to match the station signaling, from all the cell signaling databases, the individual MSID is used
as the unique identification number, and all the individual signaling data Q produced in one day is
extracted, and LAC; and CELLID; are used as the retrieval objects in the individual signaling events, and
each individual signaling data Qi is matched with the transit cell database GD. The LAC,, and CELLID,,
of the first m signaling data Q. in Q are the same as the GD database, that is, (LAC,,, CELLID,) €GD
(LAC, CELLID) and EVENTID,=7, the signaling is the signaling data of the individual incoming
stations.

Identify the station, match the LAC,, and CELLID,, of the signaling Q,, with the transit cell database
GD, identify the station station, record the cell information of the station, and take the M signaling data
as the starting point of the transit traffic path identification.

2.1.2 Passengers exit Station Recognition

According to the station signaling, the signal data of the individual is identified on the basis of the
station recognition and the signaling data Q. of the incoming station is used as the starting point to
identify the signaling data after the m signaling. When the first signaling Q.’s LAC, and CELLID, do not
belong to the underground cell system database, that is (LAC,, CELLID,) ¢GD (LAC, CELLID), and
when EVENTID,=7, the signaling Q, is the individual outgoing signaling recording data.

2.2 Service Range Identification of Rail Station Based on Spatial Clustering Algorithm

DBSCAN is a more representative density clustering algorithm /7-8/. By calculating the density of points
in a certain range, it divides all points into different types, and allows the fusion of point sets satisfying
certain requirements. Finally, a random cluster is developed in the noisy data space. Each cluster is defined
as a density phase. The maximum set of points.

Definition 1: Eps-neighborhood of a point. The area of a given object whose spatial distance is Eps.
Definition 2: Core point. If the sample points in E neighborhood of p are larger than or equal to a
threshold MinPts, then p is called a core point, as shown in FIGURE 1.

Definition 3: Directly density-reachable. For the sample set D, if the sample point q is in the E
neighborhood of point p, and p is a core point, then the object q is directly density-reachable from the
object p.

Definition 4: Density-reachable. For a sample set D, given a set of sample points p1, ps,.., p;, if p= p1 and
q= p;, if the object p; is directly density-reachable from pii, then the object q is density-reachable form
object p.

Definition 5: Density-connected. There is a point o in the sample set D. If the object o to object p and
object Q are all density-reachable, then point p and point q are density-connected, as shown in FIGURE 1.
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Figure 1. DBSCAN parameter and clustering mechanism.

3 Data

3.1 Data Collection

This experiment is to explore the characteristics of the signaling data produced in the course of the rail
transit trip from the experimental data, excavate the regularity of the signaling data sequence, and
construct the method of the transit traffic information extraction model.

Therefore, based on the requirements of modeling and analysis, this paper selects the passenger travel
data of Chongqing rail transit station and analyzes the mobile signaling data around the station.

3.2 Data Pre-processing

The mobile communication system is unstable. There are some problems in the original data, such as data
anomaly, data loss and the requirement of data accuracy that cannot be analyzed. It is necessary to
preprocess the original data before the algorithm is processed, to "clean" the data, and to reduce the
missing omission produced when the data is measured as much as possible. In order to sort out the
signaling data of volunteers by time, the following data cleaning work is needed to remove invalid data.
The invalid data is the data that does not record the travel behavior in the signaling data, including data
such as repeated data, missing data, communication failure and so on.
(1) Eliminate duplicate data

A large number of repeated data will affect the accuracy of recognition and will also expand the amount
of calculation and have a bad effect on the follow-up statistical analysis. Therefore, it is necessary to delete
the data that is completely repeated.
(2) Eliminate missing data

Due to the instability of communication signals, partial field missing in partial signaling event data will
interfere with subsequent calculations, such as data misplacement, and computer program reading errors.
Therefore, it is necessary to delete the data of the signaling event with a field record. At the same time, the
data that is not 0 of the FLAG value is also deleted because it indicates that the IMSI is not available and
the user's identification number cannot be determined.
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(8) Eliminating communication failure data

In the communication process, when the communication event fails, the cell also records the failed
signaling data. This part of the data may not record the user's location information. Therefore, the failure
data of the communication will be deleted by the event type decision of the EVENTID.
(4) Eliminate small sample data

Some users generate less signaling than the minimum requirement for analyzing travel behavior, so we
delete those data with less than three CID changes in a day's LAC.

4  Verification and Result Analysis

4.1 Method Verification

A total of 295 signaling basic data of 3 groups of different transit travel conditions are selected, of which
there are 1 groups each of which are no transfer trip, transfer (different station transfer) combination, and
transfer (the same change) combination. Four experimental stations were selected and analyzed based on
DBSCAN clustering algorithm.

4.1.1 Service range identification of rail station

Through the model analysis, 95% cell points can be clustered when the parameters are Eps=200m.
When Minpts=5, the number of cells in the same land range is distributed, and clustering is the better
effect. The model calibration effect is shown in Figure 2.

After the selection of the parameters, the clustering analysis can be started. The clustering process, as
described by the DBSCAN algorithm, finally has 36643 points to be clustered. After the clustering is
completed, 20 colors will be extracted randomly from the RGB color. Each class is represented by a color
in a cycle, and the scatter plot is made, and the clustering results are obtained as shown in Figure 3.

Based on the DBSCAN clustering method, MATLAB programming is used to select parameters
Eps=200m, Minpts=200m, to cluster the cells outside the station passenger stations. The clustering effect
of the cell conforms to the property of the surrounding land and the setting rule of the cell. The data of
each station is grouped according to the completed station clustering, and the number of signaling is added
to get the destination distribution map of the station passenger flow. Figure 4 shows the visualization of
the station service scope after visualization.
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Figure 2. The results of number of search range cells clustering.
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Figure 3. The clustering results of cell based on DBSCAN.
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Figure 4. Thermal diagram of service range.

4.2 Result Analysis

4.2.1 Service range identification of rail station

Taking Chongqing Xiao Shi Zi station as an example, the service range of the incoming passenger flow is as
shown in Figure 5. The source of the passenger flow of the station is mainly shown in the south-west
direction and the low direction in the northeast. The southwest direction of the station is the main
attraction area of the early rush station, the north and the south of the station have few passenger flows,
and the east of the station attracts the passenger flow much less. According to the analysis of the nature of
the land use around the small station, it is found that the two directions of the West and the south are
mainly residential, residential and commercial land, the East and the north of the station are mainly
commercial land. The greater the residential land, the higher the intensity of passenger flow, therefore, the
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source of passenger flow of the station shows that the intensity of the East and the north passenger flow is
obviously lower than that of the West and the south. The service range of the station early peak is basically
consistent with the land use nature around the station.
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Figure 5. Thermal diagram of service range.

As shown in Figure 6, there are a number of passenger flow attractions outside the station. The east of
the station is the main attraction of passenger flow, attracting more passenger flow. There are some
passenger flow attractions in the West and the north, and the passenger flow is less. The station is located
in the commercial center of Chongqing, the east of the station is mainly the commercial land area, the main
destination area of the arrival passenger flow, and the west and the south of the station are the mixed land
for commercial and residential. The overall intensity of the overall passenger flow is slightly lower than
that of the eastern commercial center. With the increase of the distance from the station, the intensity of
the passenger flow decreases gradually, and the distribution characteristics of the passenger flow basically
conform to the nature of the surrounding land use.

Figure 6. Distribution map of outbound passenger flow.
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5 Conclusions and Future Work

The number of mobile phone signaling data is large, covers a wide range, and has strong real-time dynamic
characteristics. It is feasible to extract the travel information of the rail traffic, combining the layout of the
cell of the rail transit system. The transit traffic service range algorithm based on DBSCAN clustering
algorithm can extract the source of the incoming station, the outbound passenger flow and the feature of
the direction distribution and identify the service range of the transit station.

This paper selects the characteristics of the passenger flow around the station as the research object and
analyzes the passenger flow service scope of the railway station. The evaluation of the characteristics of the
source of passenger flow is determined by the land development and utilization around the station. In the
follow-up study, we need to select more indicators to quantify, and we can further study the characteristics
of passenger flow with the more detailed questionnaire survey or other data.
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