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Abstract— This paper presents a spatial and time analysis 

method of big data of public transport card based on classification 
statistics and visualization , including the use of classification 
statistics to obtain different types of IC card type distribution, 
swiping card number distribution, passenger flow time 
distribution, to determine the peak passenger flow and to 
Visualization method presented, and to do an effect analysis about 
reduce the number of bus swiping card in peak period , so as to 
provide a basis for public policy development. Secondly, taking 
Xiamen city as an example, using the above methods, it is 
concluded that the student cards’ swiping card peak period share 
more time with all peak period. Here, two measures are proposed 
to increase the amount of student card swiping in peak hours and 
to set up student special line, so as to alleviate congestion and 
estimate the implementation effect. 

Keywords—Urban traffic, Visualization, Classification statistics;  
Bus swiping card data, Peak period, Discount card 

I. INTRODUCTION  
Bus is an essential bridge throughout people's daily life. In 

recent years, it is more and more difficult to get on the bus in 
rush hour. There are also a series of problems on bus, such as 
the debate about students' occupation of seats and giving up 
seats to the elderly. These problems have a great impact on the 
operation of buses. Students and the elderly generally use 
preferential cards when they take buses. They also enjoy more 
care when they use preferential cards. They crowd into buses 
with office workers during peak hours, which causes 
dissatisfaction of the general public. Thus, a topic arises: can 
people with preferential cards avoid the rush hours of going to 
and from work? To solve these problems is the focus of today's 
society. Use the data of bus swiping card to analyze the status 
quo of various types of cards, and put forward some targeted 
suggestions and estimate the implementation results according 
to the analysis and processing results. This not only provides a 
direction for the reform of public transport operation 
management, improves the utilization efficiency of resources, 
but also contributes to the harmonious development of society. 

Tanaka Mikio and Sato Norio of Japan used IC card data to 
analyze passengers' travel behavior, and combined with data 
mining technology to study the rules and characteristics of 
subway passenger flow in Japan. The passenger travel time 
information obtained from the mining is used in the optimization 
research of metro traffic planning [1]. The University of 
Westminster in the UK uses public transport data for the analysis 
of the public transport market, including the number of card 
swiping per capita, travel time of passengers and regional 
distribution [2]. 

Yang Zhiwei, Zhao Qian, etc. combined the bus card 
passenger flow data with the bus passenger flow survey data, 
used the ordered clustering algorithm to divide the bus peak area, 
established the regression equation for predicting the passenger 
flow under different peak conditions, and used the card swiping 
volume in different peak areas to realize the prediction of the 
total passenger flow in different peak areas [3]. 

The difference of this paper is not to analyze bus IC card as 
a class, but to subdivide bus card into elderly card, student card 
and ordinary card. 

 

II. AN SPATIAL AND TIME ANALYSIS METHOD OF BUS 
INTELLIGENT CARD DATA BASED ON CLASSIFICATION 

STATISTICS AND VISUALIZATION 

A. Data preprocessing of IC card 
Due to the huge amount of data and information in IC, there 

are still some gaps and wrong data in the data. In order to 
improve the quality of data, we need to preprocess the data [4]. 

• Data elimination： 

1) Excluding other public transport card swiping data, 
such as subway, BRT, taxi, etc. 

2) Excluding data outside the research time range. 
3) Excluding records with missing field data. 
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4) Excluding records with abnormal field data. 
• Attribute elimination: 

Some attributes are useless for the analysis and prediction of 
the passenger flow by swiping the card. The existence of these 
data can not improve the accuracy of the prediction results, but 
occupy the storage space of the database and reduce the 
efficiency of data mining [5]. 

B. The classification and statistics method of public transport 
passenger flow and its visual presentation method based 
on card type 

There are many different types of bus cards. Generally speaking, 
there are three types of public transport cards: ordinary card, 
discount card and free card. The number of cards and the 
number of times of swiping are classified and counted to 
determine the peak period of swiping and present it in a visual 
way. 

1) Type distribution and the distribution of swiping times 
There are many different types of IC cards, let the total IC 

cards be denoted by 𝐾𝐾，The total IC cards 𝐾𝐾 are divided into 
𝐴𝐴1、𝐴𝐴2、𝐴𝐴3……𝐴𝐴𝑘𝑘 .where, The ordinary card(𝐴𝐴𝑜𝑜𝑜𝑜 ),discont 
card(𝐴𝐴𝑑𝑑𝑜𝑜) and free card(𝐴𝐴𝑓𝑓𝑜𝑜) are as follows. 

                    (1) 

              (2) 

              (3) 
and 

                         (4) 

                                    (5) 

                                     (6) 

                                     (7) 
The IC card number corresponds to a cardholder, and each 

IC card number is unique. Count the number of active cards in 
each card category according to the card number, it will be 
denoted by 𝑀𝑀, and： 

𝑀𝑀𝑜𝑜𝑜𝑜 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴2) + ⋯⋯+ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑖𝑖)           
(8) 

Or 
𝑀𝑀𝑜𝑜𝑜𝑜 = 𝑀𝑀 −𝑀𝑀𝑑𝑑𝑜𝑜 −𝑀𝑀𝑓𝑓𝑜𝑜               (9) 

       (10) 
The percentage of all kinds of cards in active cards is： 

             (11) 
and 

               (12) 

               (13) 

               (14) 
Count the swiping times of each type of card, and record it 

as 𝑁𝑁，then 

𝑁𝑁𝑜𝑜𝑜𝑜 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴2)+. . +𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑖𝑖)          (15) 
or: 

         (16) 
𝑁𝑁𝑑𝑑𝑜𝑜 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑖𝑖+1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑖𝑖+2) + ⋯⋯+ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑗𝑗)       

(17) 
𝑁𝑁𝑓𝑓𝑜𝑜 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑗𝑗+1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑗𝑗+2) + ⋯⋯+ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑘𝑘)       

(18) 
The proportion of swiping times of all kinds of cards is 

           (19) 
and 

                        (20) 

                        (21) 

                          (22) 
 

2)  Time distribution of passenger flow 
For the time distribution analysis of passenger flow, the 

equal interval division method is used. During the survey period, 
a day is divided into several periods with the same interval time, 
and the number of swipes per day in that period is counted. The 
survey period is R days, and the average number of daily card 
swiping in the n-th period is 

        R

N
Q

R

i
i

n

∑
== 1

                                  (23) 
3) Spatial distribution of passenger flow 

For the spatial distribution analysis of passenger flow, the 
statistical method of the total number of people getting on and 
off the train according to the station in a certain period of time 
is adopted. In a certain period of time, count the number of 
passenger flow of each station in that period. The survey period 
is days, and the number of station passengers in n-th periods is 

  𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑁𝑁𝑠𝑠𝑢𝑢 + 𝑁𝑁𝑑𝑑𝑜𝑜𝑑𝑑𝑠𝑠                   (24) 
4) Selection method of peak passenger flow 

The equal interval division method is used to divide every 
possible peak section in a more detailed way. In order to see the 
difference of data more clearly, a bar chart is used. After that, 
the specific peak hours of all kinds of cards are determined by 
the sliding window method. The concept of the algorithm is 



  

shown in Figure 1, where the time period with the largest sum 
of values is the peak hours. That is to say, the possible peak areas 
are divided into time periods at every minute interval, in which 
the peak hours account for time periods. 

      𝑐𝑐 = 60
𝑥𝑥

                                      (25) 
 

 
 

 
Fig. 1. Using sliding window method to calculate peak hour 

 
 

C. prediction and analysis method of reducing the number of 
preferential card swiping in peak period 
The discount card includes a discount card and a free card. 

According to the above method, if there is no overlap or little 
overlap between the peak hours of each card type and the peak 
hours of the overall card swiping situation, it means that the 
main card swiping time of this card type is not within the overall 
peak hours, and is not the main factor, then no measures need to 
be taken; if the peak hours of this card type and the peak hours 
of the overall card swiping overlap or mostly overlap, then this 
card type is Focus on the analysis object. 

There are only two methods in this paper 

1) Change the IC card amount in peak hours 
According to "urban public transport operation, planning 

and economy", the implementation effect of the scheme is 
estimated according to the percentage of change of the number 
of traffic users per one percent change of fare in the cost 
elasticity of different passenger groups in the hypothetical 
system [6]. 

2) Special line for discount card 
The method is to directly remove the people with preferential 

cards from the peak bus flow. 

The above two methods have their own advantages and 
disadvantages. This paper only discusses and analyzes the 
mitigation of public transport passenger flow after 
implementation, and compares the card swiping before and after 
adjustment with the line chart. 

III. DATA ANALYSIS OF IC CARD IN XIAMEN 

A. Data description of E-card 
E-card is public transportation IC card in Xiamen, and the 

original data of IC card is provided by Xiamen E-card company. 
In this paper, the data of IC card used is the data of the whole 
month of May 2016 in Xiamen, which has 54 164 739 records. 

All of which are preprocessed by Oracle database. It is found 
that some data have abnormal and wrong data, such as 
transaction amount is too large, transaction time is not in May, 
and data of IC card appears in non-operation   hours. After data 
preprocessing, these error data and useless fields are removed, 
and IC card records of BRT are removed. The final data is the 
total IC card data of general public transportation in May 2016, 
which has 54 160 438 records. The valid fields used are shown 
in Table 1-the description of valid fields of E-card data in 
Xiamen. 

TABLE I.  XIAMEN E-CARD DATA VALID FIELD DESCRIPTION 

Name Notes Remarks 
CARD_PAN Card  Number  

CARD_TYPE Card  type  
CORP_ID Merchant 

number 
Ordinary bus：
50241310002-
50241310007 

BRT：    50241310008，
50241310009 

TRAD_AMT Transaction 
amount 

 

BUSI_TIME Transaction 
time 

 

 
The number of each IC card is unique, and the card type 

corresponds to the type of IC card held by the passenger, such 
as: senior citizen's preferential card, student's preferential card, 
general card, etc.; the merchant number is the vehicle type 
number, which is divided into general public transport and BRT 
(bus rapid transit) in large categories; the transaction amount of 
the card shows the amount of one-time consumption of the card 
held by the passenger; the transaction time includes the card date 
and time. The above data fields are important prerequisites for 
IC card data analysis. Figure 2 example of partial card swiping 
data 

 
Fig. 2. Part of the bus card data 

 

B. Travel time analysis and visualization results of different 
types of bus cards 

1) Type distribution, swiping frequency distribution and 
visual presentation results 

According to the card transaction amount and card type 
query card data, we know that the card transaction amount is 
0.80 yuan, 0.50 yuan and 0.00 yuan, and according to the 
card_type, find out the corresponding card_type name in the 
card type description provided by e-card company. The query 
results are shown in Table 3 card swiping data. 

TABLE II.  TABLE 2  CARD AMOUNT  

Max Smaller Smaller 



CARD_TYPE CARD_TYPE_NA
ME 

TRAD_AMT 

125 000 Elderly card 0.00 

126 000 labor model 
preferential card 

0.00 

127 000 Martyr family card 0.00 

132 000 Veteran cadre card 0.00 

133 000 Preferential 
treatment card 

0.00 

124 000 Student card 0.50 

319 000 Campus card 0.50 

TABLE III.  TABLE 3  SWIPING CARD DATA  

CARD_TYPE
_NAME 

CARD_TYPE Number of 
active cards 

Count 

Elderly card 125 000 97 905 3 553 813 

labor model 
preferential 

card 

126 000 1 360 56 807 

Martyr family 
card 

127 000 32 1 908 

Veteran cadre 
card 

132 000 1 123 35 630 

Preferential 
treatment card 

133 000 1 256 39 422 

Student card 124 000 176 224 5 484 167 

Campus card 319 000 60 388 1 419 343 

Total  1 701 729 54 160 438 

 

From table 2 and table 3, it can be seen that there is less data 
of the card with the amount of 0.00 yuan, including the labor 
model preferential card, Inferior family card, veteran cadre card 
and special care card. In this paper, these five kinds of 0.00 yuan 
discount cards are collectively referred to as elderly cards; the 
student preferential card and campus card are similar in the bus 
IC card system. In this paper, these two kinds of preferential 
cards are collectively referred to as the student card. According 
to formula(9)~(11) and (16)~(18),It can be concluded that：
𝑀𝑀𝑠𝑠𝑜𝑜=236 612、𝑀𝑀𝑒𝑒𝑜𝑜=101 676、𝑀𝑀𝑜𝑜𝑜𝑜=1 363 441、𝑁𝑁𝑠𝑠𝑜𝑜=6 903 
510、𝑁𝑁𝑒𝑒𝑜𝑜=3 687 580、𝑁𝑁𝑜𝑜𝑜𝑜=43 569 348. 

   

Fig. 3.  Percentage of active cards 

 
2) Time distribution and visualization results of passenger 

flow 
This paper mainly studies the time distribution of working 

day passenger flow. The working day in May 2016 is shown in 
Figure 4. 

 
Fig. 4. May 2016 calendar map 

3) Analysis result of bus passenger flow in peak hour 
The peak period of normal public transport on working days 

is between 6:00-10:00 and 16:00-20:00 in general, between 
7:00-11:00 and 14:00-18:00 in elderly, between 6:00-9:00 and 
16:00-20:00 in student. Divide peak hours into t=12 periods at 
x=5 minute intervals. 

It can be seen from Figure 4 that there are 21 working days 
in May 2016. According to the statistics of business card 
swiping on ordinary public transport working days in one hour 
interval, take the data between 6:00 and 24:00, calculate the 
average daily business card swiping times in each time period 
during the survey period according to formula (23), and show 
them with a line chart. 

 
Fig. 5. May 2016 Xiamen City, the general bus work day average swiping 

card situation line chart 
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Fig. 6.  The Elderly card Morning peak map 

 
Fig. 7. The student card Morning peak map 

From the point of view of the coincidence degree of peak 
hours, the peak of early and late card swiping of old people's 
card is staggered with the peak of overall card swiping, and the 
early peak of student’s IC card swiping overlaps with the overall 
early peak swiping by 20 minutes, and the late peak overlaps by 
45 minutes.  

TABLE IV.  CARD CLASS SWIPING CARD PEAK HOURS 

Card type Morning peak Evening peak 

count 7:15-8:15 17:35-18:35 

Elderly Card 8:30-9:30 15:45-16:45 

Student Card 6:35-7:35 17:50-18:50 

 

C. The predict result of reducing the number of preferential 
card swiping in peak period 
As the preferential card for competing with ordinary people 

for public transportation resources in the peak period of Xiamen 
city is mainly student card, only student card is analyzed, and 
the following measures are considered for student card: 

1) The amount of the student’s IC card in the rush hours of 
the working day (7:15-8:15 and 17:35-18:35) becomes 0.80 
yuan as the same as the ordinary card. 

2) Set up student specific line in peak hours, during which 
students can only take student specific line. 

The first method is to equate student’s IC card with ordinary 
card in peak hours, so there is no fairness problem. At the same 
time, due to the increase of ticket price, the use of student’s IC 
card in peak hours is reduced. The second method is to directly 
remove the student population from the peak bus passenger flow. 

. 

TABLE V.  PEAK HOUR STUDENT CARD ADJUSTMENT SITUATION 

Morning peak Evening peak 

Before 
adjustment 

After 
adjustment 

Before 
adjustment 

After 
adjustment 

Count Propo
rtion 

Count Propo
rtion 

Count Propor
tion 

Count Propo
rtion 

18 604 9.84% 16 371 8.76% 27 078 16.34
% 

23 829 14.67
% 

 

 

Fig. 8. After increase student card amount in peak hours compared to the 
morning peak situation 

In the rush hours, the number of IC card swiping of the 
students in the student specific line will be reduced to 0 by 
default.  

 

Fig. 9. Peak hours to open a student line morning peak adjustment before 
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and after the card comparison chart 

D. Analysis conclusion 
1) It can be seen from Figure 3 that the percentage of 

frequent use of discount cards in the elderly accounts for 5.97% 
of total cards, and the number of swiping cards accounts for 6.81% 
of the total, only up 0.84%. The number of student cards 
accounts for 13.90% of total cards, the number of swiping cards 
accounts for 12.75% of the total, and down 1.15%. Thus it may 
be known, most of the people who hold discount card will not 
use the card inordinately due to the ticket price is halved (0.50 
yuan) or free (0.00 yuan), leading to   crowded situation on the 
bus. There is no increase in travel and competition for public 
transport resources in rush hours due to preferential policies. 

2) According to the data of public transport card swiping, 
only a small number of the old people who hold discount card in 
Xiamen travel by public transport at the peak of the working day, 
most of them choose to travel earlier or later to avoid the peak, 
and do not compete with ordinary people such as working 
person for public transport resources. Students who hold 
discount card can hardly avoid the peak of public transport travel 
on the working day. 

3) It can be seen from the result of two measures proposed 
to reduce the number of student’s IC card swiping in peak hours 
of working days that the measures of setting up student specific 
line in rush hours are more effective, releasing more public 
transport resources, and better relieving the pressure of take a 
bus in rush hours. 

IV. SUMMARY AND PROSPECT 
This paper obtains the passenger flow information of various 

concession cards from a large number of public transport IC card 
data, and analyze the situation of discount card used in rush 
hours. We find that there is no situation that the people who hold 
discount card in Xiamen city increase their travel and compete 
for public transport resources in rush hours because of 
preferential policies. Most of the old people who hold discount 
card will choose to travel earlier or later to avoid peak hours 
when they take public transport on weekdays. During the peak 
period, student’s IC card is the main type to compete with 
ordinary people for public transport resources. In order to reduce 
the number of card swiping in rush hours, this paper proposes a 
better measure to set up student specific line in rush hours. 
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