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Abstract: The characteristics of passenger flow are important indications for public transit network planning and 

operation optimization. To make up the missing passenger volumes data from the IC card readings, this paper pro-

poses a methodology to estimate the passengers’ on-and-off volumes at transit station. The method can effectively 

solve the problem of time difference between IC card charging system and bus GPS system, and the lagging in the 

IC card swiping. Taking Tianjin and Shenzhen as examples, the paper presents the application of the method from 

macroscopic to microscopic views, such as bus line investigation and passenger flow characteristics. The integration 

between bus and rail transit is also discussed. The results show the high accuracy and strong applicability of the 

methodology in estimating passengers’ on and-off volumes at transit station. DOI: 10.13813/j.cn11-5141/ 

u.2018.0605-en 
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0  Introduction 

The characteristics of passenger flow are important indi-

cations for public transit network planning and operation 

optimization. Comprehensive and systematic mining and 

analysis of passenger flow characteristics are of great sig-

nificance to improve the level of industry decision-making 

and management, to promote the establishment and im-

provement of industry access, supervision, subsidies and 

other systems, and to promote the sustainable and healthy 

development of urban economy 
[1]

. The traditional technical 

means to obtain passenger flow characteristics are mainly 

manual surveys, including manual count and questionnaire 

survey. Limited by technical means and cost, there are many 

problems in the manual survey data, such as insufficient 

samples, randomness and even sample deviations, which 

makes it difficult to make a comprehensive and in-depth 

objective evaluation of passenger flow characteristics. The 

industry planning and management of public transportation 

are in need of the support of scientific and infor-

mation-based technology means and methods. 

In recent years, public charging system of transit IC card 

(hereinafter referred to as “IC card”) has been widely used 

in various cities. The transaction data of IC card record in 

detail the relevant about the use of public transportation 

system by passengers, such as the card number, bus or rail 

transit line, vehicle, transaction time, and transaction cost. It 

provides valuable data resources for analyzing passenger 

flow of urban public transportation system. However, since 

the IC card charging system failed to fully consider the 

needs of transportation analysis when it was built, the data 

lack some key travel information. For example, the IC card 

data of one-ticket bus line lack such key information as pas-

senger on-and-off volumes and time, which brings incon-

venience to passenger flow analysis and makes it difficult to 

carry out deep data mining 
[2]

. To make up for the above 

deficiencies, researchers in the world have carried out a se-

ries of studies on the estimation of passenger on-and-off 

volumes at transit station through the fusion of IC card data 

and vehicle GPS data. 

For the estimation of passengers’ on-volumes at transit 

station, the IC card data were clustered temporally in Refer-

ence [3], and the time labels of each cluster were matched 

with the estimated time of the vehicle passing through the 

station. References [4–5] made use of the GPS and IC card 

data fusion to achieve the estimation of passengers’ on vol-

umes at transit station through matching the vehicle arrival 

time with the IC card swiping time. The estimation of 

on-volumes was carried out in Reference [6] according to 

the time matching of GPS data and IC card data and the 

similarity of GPS arrival interval between adjacent stations 

and clustering interval between adjacent IC cards. In Refer-

ence [7], based on the analysis of GPS and IC card data fu-

sion, single user was taken as the basic unit to estimate the 

on-volumes, and the clock difference between GPS system 
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and IC card system was further considered. 

For the estimation of passenger’s off-volumes at transit 

station, Reference [8] took a single passenger as the basic 

analysis unit, and determined the alighting station through 

considering the spatial relationship between the passenger’s 

boarding station and alighting station. Reference [4] made 

use of GPS data and IC card data fusion to estimate the 

alighting station based on the characteristics of commuters 

travelling back and forth between the starting station and the 

terminal. Reference [9] relied only on the passenger board-

ing time data to determine his alighting station through 

transfer analysis and cluster analysis in the absence of GPS 

data. In Reference [10], the probability model of trip chain 

was used to determine the random stop. In Reference [7], it 

was proposed to estimate the alighting station based on the 

first and last rides (the same line), continuous transfer, his-

torical trip probability, etc. 

Among the above estimation methods, some do not con-

sider the clock difference and the lagging in the IC card 

swiping; some use estimation rules which are not perfect 

and prone to misjudgment; and some are on the basis of a 

single user which affects the estimation efficiency. In view 

of this, the paper proposes a method of estimating 

on-and-off volumes at transit station based on clustering 

similarity and data fusion. After the IC card data are clus-

tered temporally, a cluster is used as the basic analysis unit, 

and then the lagging of card swiping is processed according 

to the relationship between the median and the correspond-

ing arrival time interval vehicle GPS. Through the similarity 

between the label vector of IC card clustering time and the 

vehicle GPS estimated opening time vector under different 

shifting values, the problem of clock difference in IC card 

data is analyzed. Effective estimation of alighting station is 

achieved through comprehensive consideration of the trans-

fer relationship, the relationship between the first and last 

rides (including the first and last rides of the day, the last 

ride of the day and the first ride of the next day), the com-

muting relationship and the diversity of bus line choices, etc. 

Taking Tianjin and Shenzhen as examples, the paper pre-

sents the application of the method from macroscopic to 

microscopic views and discusses the integration between 

bus and rail transit, providing support for upgrading the lev-

el of public transportation services in Tianjin Binhai New 

Area. 

1  Data preparation 

1.1  Data overview 

The data mainly included dynamic operation data, and 

basic data such as bus/rail transit line stations, etc. 

1) GPS arrival and departure data: By preprocessing the 

original GPS data, the vehicle GPS arrival and departure 

time table is generated, which mainly includes line ID, line 

name, license plate number, trip ID, driving direction, sta-

tion sequence, station ID, arrival time, and departure time. 

2) IC card data: It includes bus and rail transit card data. 

By preprocessing the detailed IC card data, the IC card in-

formation table is generated, which mainly includes card 

number, card swiping time, card-swiping terminal equip-

ment, license plate number (or rail transit station), and 

card-swiping fees. 

3) Daily passenger transport volume of the line: Statistics 

of passenger transport volume by line, direction and date 

include the card-swiping volume and cash payment volume, 

which is used for the sample expansion analysis of 

on-and-off volumes at transit station. 

4) Transit station basic data: It mainly includes the line 

ID, line name, direction, station sequence, station ID, station 

name, and station latitude and longitude. 

To improve the estimation efficiency, the transit station 

data were preprocessed. Spatial clustering was performed 

for different platforms at the same station to form station 

groups. The clustering conditions are as follows: bus sta-

tions have the same or similar names, with distance less than 

150 m (as shown in Figure 1). Stations with an average 

platform spacing of less than 100 m account for approxi-

mately 89%, 92% less than 120 m, and approximately 95% 

less than 150 m. 

 

Figure 1  Station clustering analysis 
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1.2  Sensitivity analysis of transfer identification 

parameters 

The main influence parameters for the estimation method 

include the transfer time reachability threshold Δt (the in-

terval between two adjacent card-swipings for boarding) and 

the transfer space reachability threshold Δd (the distance 

between the last stop and this boarding station). In order to 

further determine the values of parameters reasonably, the 

estimation result of passengers’ on-and-off volumes at trans-

it stations in Tianjin Binhai New Area wa taken as an exam-

ple to analyze the sensitivity of different values of 

parameters to the estimated results. 

1) Transfer time reachability 

As shown in Figure 2, as the transfer time reachability 

threshold Δt increased, the initially identified transfer coef-

ficient (only satisfying the time reachability condition) in-

creased continuously; and when Δt was greater than 90 min, 

the change of the initially identified transfer coefficient 

tended to be stable. 

 

Figure 2  Threshold of time accessibility (transfer between buses) 

2) Transfer space reachability 

As shown in Figure 3, with the increase in transfer space 

reachability threshold Δd, the off-volume estimation rate 

increased gradually; and when Δd was greater than 1 km, the 

off-volume estimation rate tended to be stable. 

2  Model establishment 

2.1  Estimation of on-volumes based on clustering 

similarity 

1) Select the GPS arrival and departure data and IC card 

data in one day for one bus, and sort them by time. 

 

Figure 3  Threshold of space accessibility (transfer between buses)  

2) Cluster the IC card data by time. The clustering condi-

tion is that the adjacent time interval is less than Δt (in gen-

eral, the interval time of card-swipings for boarding at the 

same station is less than 72 s 
[9])

). Multiple clusters are pre-

sented if the mentioned interval time exceeds 72 s due to the 

lagging in the card swiping or other reasons. In addition, the 

minimum value of the corresponding swiping time of the 

cluster is regarded as its time label. 

3) Calculate the average GPS arrival and departure time. 

Use it as the estimated vehicle opening time, and take this 

time as the basis for matching with the IC card swiping time. 

4) Determine the optimal shifting value of the IC card 

swiping time considering the clock difference. Select the 

GPS estimated opening time vector M of the subject vehicle 

and time label vector N corresponding to IC card cluster (the 

first recorded swiping time of the cluster). Perform the sim-

ilarity tests between the vector M and the time label vector N 

of the IC card cluster after the k
th 

shifting respectively. Then 

select the shifting value when the similarity is the best (that 

is, when the value of the similarity evaluation index F is the 

minimum) as the optimal shifting value (see Figure 4). 

 
where Mj is the estimated opening time of the vehicle at the 

j
th 

station; Nk,j is the minimum time label for the IC card 

cluster of the vehicle to be matched with the station j after 

the k
th

 shifting; n is the number of stations. Combined with 

the actual data, the maximum shifting is 15 min. 

 

Figure 4  Procedures of optimal shifting value
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Figure 5  Estimating the boarding passengers at stations 

 

Figure 6  Estimating the off-volumes at stations based on transfer relationship 

5) Carry out the interval division with the GPS arrival 

time of each station as the dividing point. Shift the selected 

single-bus single-day IC card data as a whole according to 

the optimal shifting time and take the IC card cluster as a 

unit. Then determine the corresponding boarding station 

based on the fact that the middle value falls into the GPS 

interval (see Figure 5). 

2.2  Estimating the off-volumes at transit stations 

based on transfer, commuting and round-trip   

relationships 

1) Estimating off-volumes at transit stations based on 

transfer relationship 

The identification of transfer relationship should satisfy 

two conditions: temporal proximity and spatial proximity. 

① The card-swiping time difference between a passen-

ger’s two rides is ≤ Δt. According to surveys, the average 

bus passenger travel time for a single trip is about 30 min. 

Therefore, when the mode of travel is transfer from bus to 

subway/bus and the two routes are different, Δt takes 90 min 

(see Table 1 for analysis); when the mode is transferred from 

subway to bus, Δt takes 20 min considering the time for 

walk. 

Tab. 1  Results of on-and-off volumes at transit stations 

 
Note: The IC card-swiping in Tianjin Binhai New Area is only the card 

swiping data corresponding to the bus routes operated by Binhai New Area 
Public Transport Group Co., Ltd. 

② The alighting station of the first ride and the boarding 

station of the second ride are located within the same group 

of stations or within 1 km apart, and the routes for the two 

rides are different. 

As shown in Figure 6, in Scenario a, the alighting station 

of the first ride is the boarding station A of the second ride; 

in Scenario b, the alighting station of the first ride is Station 

C, which is the closest to the boarding station A of the se-

cond ride and within the same station group as the latter; and 

in Scenario c, the alighting station of the first ride is Station 

E, which is closest to the boarding station A of the second 

ride and within 1 km apart. 

2) Estimation of off-volumes at transit stations based 

on the first and last rides and commuting relationship 

According to commuter’s round-trip characteristics be-

tween morning peak and evening peak, the alighting station 

for the first ride in the morning peak and the boarding sta-

tion for the last ride in the evening peak should generally be 

located in the same station group (or within a distance of 1 

km), and the alighting station for the last ride in the evening 

peak and the boarding station for the first ride in the morn-

ing peak should also be located in the same station group. 

According to the general travel characteristics of passengers, 

in general, if the boarding stations for the first ride on the 

day and the next day are located in the same station group, 

then the alighting station for the first ride and the boarding 

station for the last ride on the day should also be located in 

the same station group, and the alighting station for the last 

ride and the boarding station for the first ride on the day 

should also be located in the same station group. 

As shown in Figure 7, in Scenarios d and f, the alighting 

station for the first ride is Station B1, which is the closest to 

the boarding station B2 for the last ride and within a dis-

tance of less than 1 km, and the alighting station for the last 

ride is Station A2, which is closest to the boarding station 

A1 for the first ride and within a distance of less than 1 km. 

In Scenario e, the alighting station for the last ride is Station 

A2, which is closest to the boarding station A1 for the first 

ride and within a distance of less than 1 km. 
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Figure 7  Estimating off-volumes based on the first and last trips 

and commuting relationship 

For other travels without obvious regularity, considering 

their randomness, estimation of the alighting station is no 

longer based on the estimated probability of the alighting 

station based on history records, but based on the actual 

analysis demand, and sample expansion is performed in 

terms of line or line network. 

3) Sample expansion 

Sample expansion is performed for the estimation of 

on-and-off passenger flows separately according to the es-

timation rate of on-and-off passenger flows and the 

card-swiping rate of each line. 

3  Results and verification 

3.1  Results 

According to the sensitivity analysis of transfer identifi-

cation, it is suggested that transfer time reachability thresh-

old Δt takes 90 min and transfer space reachability threshold 

Δd takes 1 km. Taking Shenzhen City and Tianjin Binhai 

New Area as examples, the passengers’ on-and-off volumes 

at transit station are estimated. As shown in Table 1, the 

successful rate of on-volumes estimation in Shenzhen is 

about 98%, and that of off-volumes is about 61%; due to the 

absence of subway data in the IC card data of Tianjin Binhai 

New Area, the proportions of successful estimations of 

on-and-off volumes are slightly lower, with about 93% for 

on-volumes and about 58% for off-volumes. 

3.2  Estimation method verification 

3.2.1  From microscopic views: test route survey 

Taking bus M352 route (Xinbaili–Shenzhen North) in 

Shenzhen as an example, we compared the survey result of 

passenger flow (15 trips in total) with the estimated result of 

IC card data on the same day (sample expansion was per-

formed according to the successful route estimation ratio 

and card-swiping rate) (see Figures 8 and 9), and found that 

the trend of passenger flow distribution between the two 

results was the same, and there was a good correlation be-

tween them. 

 

Figure 8  Verification of the estimated on-and-off volumes at 

stops along bus M352 route



 

© 2018 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd. 6 

 

Figure 9  Calculation errors in the estimated on-and-off volumes at stops along bus M352 route 

 

Figure 10  Spatial distribution of bus passenger flow in Shenzhen 

 

 

Figure 11  Spatial distribution of bus passenger flow in Binhai 

New District of Tianjin 

To further evaluate the accuracy of the estimation meth-

od, GEH was selected for error testing. 

 
where C is the calculated value, while V is the actual value. 

It is generally accepted that there is no significant difference 

between the calculated value sequence and the actual value 

sequence when GEH is less than 5.0. Compared with the 

relative error, GEH can better evaluate the error; and its 

value is only related to the degree of deviation from the true 

value, which has nothing to do with the positive or negative 

deviation. In addition, its error sensitivity to smaller values 

is rather low. 

The average GEH values of estimated on-and-off vol-

umes at stops along bus M352 route based on Formula (2) 

are 1.65 and 1.99, respectively, which are acceptable. 

Therefore, there is no obvious difference between the analy-

sis result of IC card data and the manual survey result, and 

the estimation method accuracy is high. 

3.2.2 From macroscopic views: comparative analysis 

of passenger flow characteristics 

Tianjin Binhai New area is similar to Shenzhen in geo-

graphical space, which is a long and narrow zone along the 

coast. The spatial distribution of bus passenger flow in 

Shenzhen echoes with its geographical spatial distribution, 

showing obvious banded characteristics along the east–west 

direction to the main urban area (Nanshan District–Futian 

District–Luohu District), and Baoan District, Longhua Dis-

trict and Longgang District on the periphery of the main 
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urban area are closely related to the passenger flow in the 

main urban area (see Figure 10). In Tianjin Binhai New Ar-

ea, the high passenger density is concentrated in the core 

area, and the connection between the core area and the west 

section is relatively close (see Figure 11). 

In the aspect of integrated development of bus and rail 

transit, the main bus passenger flow concentration stations 

in Shenzhen are basically covered by rail transit, and the 

degree of integration of rail transit and bus is relatively high, 

especially the station at the end of the rail transit line (about 

47.5% of the passengers entering and leaving the subway at 

the Baoan Airport East Station are from the bus transfer, as 

shown in Figure 12.). In Tianjin Binhai New Area, only the 

Jinbin Light Rail Line 9 is opened, and the distance between 

the rail station and the bus passenger concentration stations 

is relatively long (see Figure 13). 

 

Figure 12  Integration of bus and rail transit in Shenzhen 

4  Conclusion 

On the basis of summarizing previous studies on the es-

timation of passengers’ on-and-off volumes at transit station, 

we proposed a method to estimate passenger’s on-and-off 

volumes at transit station based on big data fusion of public 

transport by using bus GPS data and IC card data, and pre-

sented its application in two cities of Tianjin and Shenzhen. 

The results showed that the estimation method has the char-

acteristics of high success ratio, high accuracy and good 

generality. On this basis, overall perception of the operation 

of public transport from several spatial dimensions such as 

stations, lines and areas could be realized. Besides, the 

method can be applied to urban public transport planning, 

policy evaluation, line network planning and other fields to  

 

Figure 13  Integration of bus and rail transit in Binhai New Dis-

trict of Tianjin 

provide scientific and quantitative decision-making basis for 

related work. 
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