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Abstract

Public bicycles are an indispensable part of green public transportation and are also a convenient
and economical manner for the general public. In operation management, it is very important and
imperative to understand the user demand and pattern of the public bicycle system. This paper
took the public bicycle system in Hohhot as the research object, collected nearly 4 years of operating
data, and studied the travel preferences of users in the public bicycle system in view of multiple
granularities. Specifically, the data of car rental users at three time-granularities were obtained
through data extraction technology. Finally, frequent pattern mining was performed on car rental
data based on different time granularities and mapped to the user’s riding preference, and then the
riding modes of different car rental users founded on different time granularities were determined.
Finally, this article gave different management opinions based on the different riding preferences of
public bicycle users in Hohhot.

Keywords: public bicycle system, user riding preference, frequent pattern, sequential pattern,
multi-granularity.
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1 Introduction

On September 22, 2020, General Secretary Xi Jinping officially stated in the general debate of the 75th
United Nations General Assembly that China’s carbon dioxide emissions will strive to reach the peak by 2030
and achieve carbon neutrality by 2060. In the 2021 government work report, “better performance in carbon
peaking and carbon neutrality” is listed as one of the key tasks in 2021 as well. To promote low-carbon devel-
opment, green manufacturing must be steadily improved in the industrial field; energy-saving standards must
be gradually heightened in the construction field. Meanwhile, green and low-carbon transportation methods
must be accelerated in the field of green transportation [5, 12]. For green transportation, it is imperative to
place energy conservation in the first place, implement a comprehensive conservation strategy, and advocate a
simplified and moderate, green and low-carbon lifestyle [19]. Therefore, green and low-carbon travel will surely
become an indispensable way for urban transportation to attain the national strategic call of “carbon peak and
carbon neutrality”. Green and low-carbon travel will also continue to be a trending topic again.

Compared with the rapid development of urban motorization, the supply of urban transportation is far
from sufficient. Road construction and management cannot meet the rapid growth of motor vehicles, which has
brought a series of urban traffic problems such as congestion, accidents and environmental pollution. Urban
public transportation is an economical, fast and efficient environment-friendly transportation mode, which in-
cludes rail transit, conventional buses, taxis, public bicycles and some others [31]. Urban public transportation
can bring some advantages including low per capita resource occupation, high operation efficiency and low en-
vironmental pollution. As a consequence, prioritizing the development of public transportation and increasing
the share of public transportation trips can effectively alleviate urban traffic problems. As a mode of public
transportation, public bicycles precisely have the advantages of zero pollution, zero emissions and rather strong
accessibility. Meanwhile, it can provide strong support for residents to have the daily commute, leisure, enter-
tainment, shopping and other activities near the community, provide more alternatives for citizen’s travelling
[3]. On the other hand, it can also be used as a connection method for other public transportation modes such
as rail transit and conventional buses, to make up for their inadequate accessibility and opportunity to provide
“door-to-door” full-course transportation services. “One kilometer” and “last kilometer” issues can be solved
effectively. In addition to this, the literature [15, 17, 21, 22] found that public bicycles also can reduce green-
house gas emissions, which is exactly in line with the national energy-saving emission reduction and sustainable
development strategy.

When local governments vigorously promote the use of public bicycles for travel, some docked public bicycle-
sharing system (PBS for short) has been built. But some inevitable problems have gradually been exposed along
with the continuous expansion of its scale. For instance, the user requirements are random and uncontrollable
on a regular basis. Especially during peak hours, the demand for bicycles will be quite different. For example,
the demand for returning bicycles at stations near the business district on weekends is often greater than that
in working areas. Some stations often appear completely empty. This situation is rather intensely intractable,
which causes users to fall into the dilemma of “difficulty in renting and returning a bicycle”, which cannot
meet the user requirements during peak hours. Based on this, public bicycle managers and a large number of
scholars optimize to solve these problems by studying public bicycle scheduling, feature analysis and demand
forecasting.

The PBS records the time and location of the user’s renting and returning bicycle. With the continuous
advancement of data mining technology and visualization technology, data analysis of renting and returning
bicycle behavior has attracted extensive attention from the academic community. Most of the research work
focuses on analyzing the user’s trip time and space characteristics, bicycle scheduling optimization, demand
forecast and some other analyses based on the user’s bicycle renting and returning records [30]. Following, the
literature will be reviewed from the time granularity perspective, namely month-based long cycle, week-based
medium cycle and hour-based short cycle.

In the month-based long cycle, Chen et al. [4] explored social activities in the city through public bicycle
renting and returning dat and inferred the location and duration of relevant social activities based on series
associated data. Kumar [16] aimed to identify important factors of selecting a public bicycle for tripping in the
long-term granularity. Fournier et al. [6] constructed a model for predicting bicycle trips under the influence
of different seasons, and found that the model conforms to the form of a simple sine function. Zhang et al.
[37] explored the annual changes in the use of public bicycles and the impact of the PBS expansion. Finally,
they proposed that the factor of the season should be considered when exploring the number change of public
bicycle users. Liu et al. [20] proposed a new method of mining virtual sites founded on a multi-scale geographic
perspective, which not only facilitates people to use shared bicycles for green travel but also can make shared
bicycles more visible and enhance citizen’s green travel awareness.

Regarding the medium cycle of weekdays and weekends, Kaspi et al. [10] proposed a Bayesian model to
detect the probability and number of unavailable bicycles in PBS stations. Zhang et al. [38] presented the
statistical analysis of the renting and returning conditions of different stations on weekends and weekdays, and
the PBS station characteristics were summed up.
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For the short cycle of time points during a day, Zhang et al. [36] provided the PBS user’s trip characteristics
analysis at different time periods during a day and found that PBS user’s travel purposes are mainly concentrated
in shopping, entertainment, commuting, and school-based the five-month data from Zhongshan City, China.
Zhou et al. [41] studied the Spatio-temporal patterns of public bicycles based on the Chicago data in 2013-
2014. And they also compared the flow patterns of public bicycles between the morning peak and evening
peak hours on weekdays, along with the public bicycle trips of tourists and residents on weekends. Meanwhile,
the distribution of active hotspots during working hours through a visual analysis was also exhibited. In some
other research, for example, literature [28] and [29], the flow of bicycles in the morning peak and evening peak
was shown by heat map. And each station of PBS can be clustered based on the statistical characteristics and
temporal-spatial patterns of users’ renting and returning behavior. Borgnat et al. [2] and Kaltenbrunner et al.
[9] applied time series analysis to predict the user demand in hours based on the PBS in Lyon and Barcelona
respectively. They first modeled the user travel patterns and the typical usage patterns of bicycles in PBS, then
the time series model was used to predict the user demand. Li et al. [17] found that the user riding time in
the morning peak hour on weekdays was shorter than that in the evening peak hour, and the riding time in the
urban area was higher than that in the suburban area. Vogel et al. [32] trained a model to predict the user
demand based on the data of the Vienna PBS. They constructed the time series model of the hourly renting
volume with two parts, which contained a relatively fixed part and a given fluctuations part.

Mateo-Babiano et al. [23] conducted their research on medium and short operation cycles of PBS. Through
the analysis of the peak hours during the day and demand patterns during a week, they found that travel
speed and travel frequency were highest in the morning and evening peak hours. Meanwhile, the three-peak
mode of a weekday was more obvious than a weekend. Randriamanamihaga et al. [27] combined medium and
short operation cycles of PBS to explore the time change of Dutch demand for bicycles. Finally, they found
that rainfall has a greater impact on weekend entertainment needs, but has no significant impact on workday
commuting needs. Xing et al. [35] combined PBS medium and short operation data with points of interest
to study the travel mode and purpose of shared bicycles based on the k-means++ clustering method. The
results manifested that the place of departure and destination on weekdays can be divided into five typical
areas: dining, transportation, house, company, and shopping. But to the best of our knowledge, there are very
few studies on the frequent patterns of PBS users considering three time-granularity simultaneously, namely
month-based long cycle, week-based medium cycle and hour-based short cycle. Therefore, it is imperative to
mine the frequent patterns of public bicycle users based on multiple time granularity. The analysis results can
not only provide a basis for user travel forecasts and a reference for reasonable operation scheduling but also
provide a basis for how to release user needs. Therefore, this paper will conduct a thorough analysis of the
frequent patterns of public bicycle users and explore the long-term cycling habits of different users and recent
trends inhabits as well as cycling preferences. Finally, the effectiveness of the proposed analysis method will be
validated by the real cycling data of public bicycle users in Hohhot as an instance.

2 Data description and problem definition

2.1 Data and background

As the urban traffic congestion becomes more and more serious, the problem of the deterioration of the traffic
environment will emerge. The residents’ environmental awareness and daily travel mode have also been greatly
changed. In order to promote the construction of the urban bicycle transportation network system, the PBS of
Hohhot was officially put into practice on October 1, 2013, and it is still in operation today. Judging from the
regional distribution, the distribution of PBS has covered the city’s 4 main urban areas. As an emerging mode
of transportation, public bicycles have their convenient and economic advantages contrasted to other modes
of transportation in short and medium-distance travel and public transportation connections. The emergence
of the PBS has promoted the optimization of the traffic travel structure in Hohhot. The travel sharing rates
of bicycle travel, chronic traffic and green traffic have been increased to a certain extent, and the travel and
carbon emissions of private cars have been reduced [34]. This paper collects the cycling data of the public
bicycle system in Hohhot City from October 1, 2013 to August 31, 2017 for the past four years to conduct
research on the frequent patterns of PBS users. During these four years, the public bicycle system has put into
function a total of 9,437 bicycles, with a total of 317 stations, more than 130,000 registered users, and more
than 36.34 million cycling data.

If you want to obtain information about the user’s travel characteristics, you must first organize the data
format according to the analysis requirements. For a large amount of IC card swiping data, due to data collection,
transmission, and collection errors, where data errors occur, and the wrong data needs to be eliminated. Error
data includes data with incomplete borrowing and returning records, data with negative riding time, and data
with the same station being borrowed and returned within 2 minutes, etc. In addition, for effective trips, the
distance of each trip is more than 500 meters, the average speed of bicycles is 10km/h, and the calculated travel
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time is greater than 180 seconds. The upper limit of travel time is 2 hours, which is 7200 seconds. Exclude the
travel records with travel time less than 180 seconds and greater than 7,200 seconds. The data structure after
removal is shown in Table 1.

Table 1: Data structure after cleaning

User ID | Bicycle ID | Trip origin | Trip destination | Trip start time Trip end time
3001570 132454 4003-7 1004-15 2013/10/31 20:38 | 2013/10/31 20:52
3005246 132478 1005-27 1004-15 2013/10/31 20:38 | 2013/10/31 20:59
3000221 130065 2013-3 4028-12 2013/10/31 20:27 | 2013/10/31 20:47
3005116 130101 4028-6 1030-35 2013/10/31 20:27 | 2013/10/31 20:46

In order to describe the riding habits and riding patterns of different PBS users accurately, it is fundamental
to use Python software to perform statistics on the cleaned data at different time granularities. According to
the provided data set, it can be found that each user does not use a bicycle every day within a month, so there
will be a situation where the data is empty on a certain day. For this part of the vacant data, it is requisite to
fill in the vacant part. The value 0 means that the renting times in the current month (day/time period) are
zero. In the month-based long cycle, the statistical data is shown in Table 2.

Table 2: Extracted data under month-based long cycle

User ID | January 2014 | February 2014 July 2017 | August 2017
3001570 10 15 27 23
3005246 13 17 21 26
3000221 15 23 30 37
3005116 11 42 27 46

In order to analyze the law of the change of use demand with the month, a trend chart of the change in
the frequency of bicycle rental numbers over four years is drawn. As shown in Figure 1, the frequency of public
bicycles rental has a periodicity, which shows an inverted "U" shape and the cycle is one year. Looking at
the overall trend, the frequency of public bicycle rental has increased year by year. And the increase in the
frequency of public bicycles rental in 2017 has increased significantly, which indicates that users’ demand for
public bicycles is increasing year by year.
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Figure 1: Travel frequency of users of the public bicycle system

The data extracted from the medium cycle of weekdays and weekends are shown in Table 3. Figure 2
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exhibits the PBS user needs for 24 hours during a day from Monday to Sunday in 2016. It can be witnessed
from the figure that the user needs from workdays are similar, and the distribution pattern shows obvious peaks
in the morning, middle and evening. This may be caused by the purpose of commuting. It can also be seen
that the demand on workdays is much greater than that on weekends.

Table 3: Extracted data under month-based long cycle

User ID | Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
3001423 10 15 18 27 23 2 0
3001556 26 17 22 11 2 0 0
3004557 1 0 2 3 52 61 40
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Figure 2: Travel frequency of users of the public bicycle system

For the short cycle, the day is divided into six time periods, namely 6:00-9:00, 9:00-11:00, 11:00-14:00, 14:00-
16:00, 16:00-19:00, 19:00-23:00. Table 4 displays the data extracted in six time periods.

Table 4: Extracted data under month-based long cycle

User ID | 6:00-9:00 | 9:00-11:00 | 11:00-14:00 | 14:00- 16:00 | 16:00-19:00 | 19:00-23:00
3001423 45 0 0 2 23 15
3001556 17 1 41 0 19 0
3004557 5 50 32 36 35 1

As mentioned earlier, the PBS user demand demonstrates three obvious peaks in the morning, middle and
evening. It is evident from Figure 2 that the morning peak hour is around 7:30-9:00, the noon peak hour
is around 11:00-13:30, and the evening peak hour is about 17:00-19:00. To sum up the above mentions, the
PBS user demand pattern can be depicted under multi-time granularity. As a consequence, a multi-granularity
sequential pattern-based user preference analysis for the PBS system will be presented in the follow-up research.
With the analysis results, management opinions should be provided based on the different riding preferences,
which will not only help improve the user’s travel experience but also improve the economic benefits of the PBS.

2.2 Problem definition

It is very important to study the travel modes at different time-granularities for analyzing the PBS user
travel preferences and improving their travel experience. This study assumes that the effect of the business
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promotion activities of the PBS on the user demand can be negligible. And the effect of all external factors,
such as the influence of the environment, similarly can be ignored. The effect of these factors on PBS user travel
preferences may be insignificant on the one hand, on the other hand, the associated data is very hard even fail to
collect. In order to obtain the riding data under the three time-granularities, it is necessary to clean the original
rough data {T;;,i=1,2,...,n;j = 1,2, ...,m}. Where T;; represents the j-th riding time of the i-th user, such as
{T11 =20 : 38 2013/10/31} represents the first riding time of user 3001570 (user ID). After extracting, loading
and transforming, the data under different time granularity should be obtained, which can be defined as a
variable as {Sikl,i =1,2,...,n;l=1,2,....pr; k = 1,2,3}. Where i represents the user, k = 1,2, 3 marks the time
granularities namely month-based long cycle, week-based medium cycle and hour-based short cycle, while [ is
the observation points under the given time granularity k. For example, user 3001570 has ridden a public bicycle
a total of 362 times in the past 5 months. And he has almost zero rides on weekends. On workdays, he mostly
rides around 8:00 am and 17:00 pm, and occasionally rides at noon. It is reasonable to assume that the user
preference under different time granularity exists and is very significant. So the i-th user riding preference (URP
for short) under different time granularity can be represented as URP; = {M;,M;, M3}, where M}, M§7 M3
is defined as the user riding patterns under k time granularity. Following, the frequent pattern mining will be
performed on mining the riding patterns of PBS users at different time granularities.

3 Analysis of URP under multi-granularities

In this section, the proposed analysis method of URP will be introduced in detail. And the basic spectral
clustering and prefixSpan algorithm are also described in the proposed analysis method.

3.1 Proposed URP analysis framework

The research framework of this paper is manifested in Figure 3. In order to obtain data in different formats,
the cleaned data set {T};,7 = 1,2,...,n;j = 1,2,...,m} is first analyzed and processed online to form a three-
dimensional data cube [7, 25]. Then the data cube set is sliced and drilled to obtain the three-time granularity
data set {Sfl,i =1,2,..,n;1=1,2,..,pr; k = 1,2,3}, which indicate the rental number of the PBS users under
the time granularities namely month-based long cycle, week-based medium cycle and hour-based short cycle.

Input data Data processing Data cube Data extraction Sequence pattern mining
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Figure 3: Proposed multi-granularity sequential pattern-based URP analysis framework

Based the three-time granularity data set {Slkl,z' =1,2,..,n;l = 1,2,...,px; k = 1,2,3}, frequent pattern
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mining are used to find the user’s riding preferences on three-time granularity data set [1, 18, 33]. Finally,
the user’s riding preferences should be mapped. In the existing research, there are many applications of data
mining, blockchain and machine learning [11, 39, 40]. In this paper, the spectral clustering and PrefixSpan
algorithm will be drawn into the proposed multi-granularity sequential pattern-based URP analysis framework,
which will be introduced as follows.

3.2 Sequence pattern mining

The method of spectral clustering is based on the optimal partitioning theory of classical spectral graphs
in graph theory physics [8, 13, 26]. In its essence, it transforms the problem of clustering and segmentation of
the data set into the problem of optimal graph partitioning. The spectral clustering algorithm can quickly find
clusters of any shape and obtain its convergence to the global optimal partition of the data set. The algorithm
of spectral clustering uses the data set samples as vertices, and the similarity of the data set samples as the
weights of all connected edges between the vertices. An undirected weighted graph will be obtained, which is
used to represent the data set samples and their similarity to distinguish the clusters of the data sets. So, the
problem of class segmentation is transformed into the problem of segmentation of directed weighted graphs.

The spectral clustering algorithm can be described as Table 5, where the month-based long cycle data set
is taken as an example.

Table 5: Standard spectral clustering algorithm

Input: sample matrix {Sill,i =1,2,..,n;l=1,2,...,p1} and the number of clusters ¢

Output: clusters Mll, M217 vy M}

Step 1. construct the sample similarity matrix @

Step 2. construct adjacency matrix W and degree matrix D based on sample similarity matrix Q
1

1
Step 3. calculate the Laplacian matrix L = D — W and the normalized Laplacian matrix D~ 2 LD~ 2
Step 4. calculate the smallest =’ eigenvalues and corresponding eigenvectors f

Step 5. cluster eigenvectors f using k-means algorithm

Step 6. output user riding preference clusters M}, M1, ..., M}

T

In addition to the spectral clustering algorithm, another clustering algorithm named the PrefixSpan algo-
rithm will also be applied. The goal of the PrefixSpan algorithm is to discover frequent sequences that meet a
predetermined threshold [5, 24]. The frequent sequence can be obtained through searching the corresponding
projection database. Similar to the Apriori algorithm, it starts by mining patterns from sequence data with
a prefix length 1. The frequent sequence of prefix length 1 will be obtained by searching the corresponding
projection database. Then recursively mines of the frequent sequence will be carried based on the prefix length
plus 1, which will be terminated until no longer prefix can be mined [14, 24]. The spectral clustering algorithm
steps are presented in Table 6, where the hour-based short cycle data set is taken as an example.

Table 6: Standard PrefixSpan algorithm

Input: sequence data set {SS’ ,i=1,2,..,n;1=1,2,...,p3} and support threshold «
Output: all frequent sequence sets Mf’, M237 ey MZ3 that meet the support threshold a

Step 1. find out all prefixes of length 1 and the corresponding projection database

Step 2. count the found prefixes and delete the items corresponding to the prefixes whose support
is lower than the threshold « in the data set. All frequent one-item sequences are obtained.

Step 3. regarding each projection as a sequence of data, find out all frequent sequence patterns of
length 1 in it. Then merge the frequent one-item sequence in the projection with the prefix
to form a new prefix and increase the frequent sequence pattern.

Step 4. mining the frequent sequential patterns on those databases recursively.

Step 5. output frequent sequential patterns Mf’, MS’, vy M3

After obtaining the riding data of PBS rental data at different time granularities, the PrefixSpan and
spectral clustering algorithm are function to mine the URP under three time granularities. For example, the
month-based long cycle, week-based medium cycle and hour-based short cycle riding preference is represented by
{M}}, {M}}, {M2} respectively. For a given PBS user 4, based on whose riding data, the URP under different
time granularity can be mapping as URP; = { M, M7, M?2}.
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4 URP analysis of PBS users in Hohhot

This section will analyze the user riding preferences of PBS in Hohhot based on the collected riding data
from October 1, 2013 to August 31, 2017. During these four years, the public bicycle system has put into
function a total of 9,437 bicycles, with a total of 317 stations, more than 130,000 registered users, and more
than 36.34 million cycling data.

4.1 Analysis results of URP

For the URP under the month-based long cycle, the spectral clustering algorithm is adopted to model
the PBS rental data. The optimal clusters of URP under the month-based long cycle are five categories
{Mi, M}, MY M}, M2}, which is shown as (a) to (e) in Figure 4. The average curve of the five categories is
displayed in Figure 5.
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Figure 4: Optimal clusters of URP under the month-based long cycle
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Figure 5: Average curve of the five categories under the month-based long cycle

The first URP category of Hohhot PBS has a relatively high demand than other URP categories. The
PBS user demand pattern of the first category displayed a trend of rising first and then falling and remained
generally stable. On the whole, PBS user demand exhibits a downward trend in winter and an upward trend in
summer. The PBS user demand pattern of the second URP category has shown an upward trend year by year,
but the overall demand is relatively low. Judging from the trend of the mean curve, the PBS user demand of
this category reached a peak in 2016 and declined slightly in 2017, but will continue to maintain the current
demand level for a period of time in the future. While the PBS user demand of the third type reached its peak
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in 2015 and drop suddenly. The mean curve also shows that this type of user’s demand is very low and they
have reduced their riding number greatly even reduce to zero. The lowest user demand is the fourth category
with an average of one riding per week. This type of user can be regarded as silent users, whose demand may
continue to be low in the future. However, the fifth category shows a continuation in the upward trend in PBS
demand in the whole four years. The bicycle rental number of PBS users has always kept a certain frequency
of 20 to 30 times a month since 2015. And the high travel demand will also trend to stable seemingly.

One of the goals of PBS is to release the pressure of commuting, so the URP under the week-based medium
cycle must be presented. For the URP under the week-based medium cycle, the PrefixSpan algorithm is adopted
to model the PBS rental data. The optimal clusters of URP from Monday to Sunday are eight categories
{M32, M3,...,M? MZ}, which is shown as (a) to (h) in Figure 6. The average curve of the eight categories is
displayed in Figure 7. In the figure, the horizontal axis represents seven days from Monday to Sunday, and the
vertical axis represents the daily car rental demand of car rental users.

g_
a b
. )
w9 [
[ " g
@
& E ® E
& £
o o
£ g s £
o T =]
& & &
w
(=]
(=]
ll»('.O
" o E
o
£ § £
o o O o
c £ £
k=] T = 2
G G ° G
o
[=]

time time
W a 7
4 .
g £ o
B 5 = -
3 5
-
o o
T T T T T T
Mon  Twe Wed Thu Fir Sat  Sun
time time:

Figure 6: Optimal clusters of URP under the week-based medium cycle
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Figure 7: Average curve of the eight clusters under the week-based medium cycle
In Figure 6 and 7, the eight preference patterns of the PBS user can be further summarized into three

patterns. The demand of the first pattern is medium, and the riding demand on one day during the week will
be significantly higher than on other days. For example, the riding demand on Sunday is higher than other
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days as shown in Figure 6-(a). The other two patterns are shown in Figure 6-(b) and (e). The riding demand in
these two patterns changes relatively smoothly during the weekdays, but the patterns should be differentiated
by high and low riding frequency.

In the exploration of PBS user riding demand during a day, there is an obvious three peaks pattern namely
morning, middle and evening peaks. In order to distinguish the demand pattern of PBS user in different
periods, a day is divided into 6 periods namely 6:00-9:00, 9:00-11:00, 11:00-14:00, 14:16:00 , 16:00-19:00, and
19:00-23:00. For the URP under the hour-based short cycle, the spectral clustering algorithm is adopted to
model the PBS rental data. The optimal clusters of URP under hour-based short cycle are five categories
{M3, M3, M3, M3, M3}, which is exhibited as (a) to (e) in Figure 8. The average curve of the five categories is
displayed in Figure 9.
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Figure 8: Optimal clusters of URP under the hour-based short cycle
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Figure 9: Average curve of the eight clusters under the hour-based short cycle

In Figure 8 and 9, the five riding demand patterns of the PBS user can be further summarized into three
patterns. The first pattern can be generalized as commuting preference as displayed in 9-(b), (d) and (e).
The PBS users with commuting preference have higher riding demand on three commuting peaks than other
periods. All the riding demand on three commuting peaks in (b) category are significant, while which are
partially significant (d) and (e) categories. The second pattern can be generalized as high demand on the
morning as displayed in 9-(a). The demand in the third category is low riding frequency throughout the day.
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4.2 Mapping the riding preference of Hohhot PBS users

Under the three time granularities, the riding preference of Hohhot PBS users are divided into {M3} -
{M2} - {M3}. So a variety of different riding preferences can be mapped, which is shown in Figure 10. For
any PBS user ¢, based on whose riding data, the URP under different time granularity can be mapped as
URP; = {M], M3, M3}}.

Input riding data Mapping URP of ith user l Qutput URP

Figure 10: Merging the multi-granularity sequence pattern

5 Conclusions and management recommendations

Public bicycles are an indispensable part of green public transportation and are also a convenient and
economical manner for the general public. Nonetheless, in the operation of public bicycles, in addition to
planning the public bicycle system itself, it is also imperative to understand the travel requirements and travel
modes of users. This paper utilized the operating data of the public bicycle system in Hohhot as research,
combined with descriptive statistical analysis, spectral clustering and PrefixSpan algorithm to analyze the
travel needs of car rental users, and mined the frequent patterns of users from three different time granularities.
The main research progress is as follows.

First, the descriptive statistical analysis is functioned to analyze the use of the public bicycle system in
Hohhot from the characteristics of car rental users and the characteristics of changes in the needs of car rental
users over time. Second, the method of spectral clustering is used to analyze the characteristics of Hohhot City
four consecutive times. The cluster analysis of sticky users riding for four years exhibits that different types of
rental users have different needs for public bicycles, and according to the demand trend, the riding needs of each
type of user in the future can be judged. Last but not least, for improving its accuracy, analyze the riding habits
of car rental users, and use the PrefixSpan algorithm to mine the riding patterns of users, finding that different
car rental users have different riding patterns in short cycles and fine-grained ones. Besides, combining the
general characteristics of various models under different standards and the similarities and differences between
the various models, a strategy on operation management was proposed.

Based on the analysis results, the following management recommendations are shown to be given out. In
accordance with the various riding pattern formed by different time granularity and user, the user preference
should be considered when improving the PBS scheduling and service optimization. In the first place, the
analysis shows that different workdays can affect the bicycle rental number, so the manager should carry out
real-time dynamic updating of the schedule based on the above-mentioned research results.

In the second place, the proportion of active users in Hohhot PBS users is about 3%. This phenomenon is
also can be concluded from the URP analysis results, which display that there is a certain number of users who
basically do not use public bicycles when traveling. The average rental number of public bicycles is extremely
low, almost can be negligible, which can be regarded. Unfortunately, inactive users account for a considerable
proportion of the total number of users. Public bicycle system operators can conduct a deepened exploration
for such users, such as directional interview surveys, adopt appropriate preferential strategies to attract such
users to increase their riding demand.
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The last but the most important is improving the service quality. In terms of service quality, the public
bicycle system should improve the overall service quality of the system in terms of improving the overall comfort
of riding, ensuring comprehensive maintenance and providing timely services to customers. So as to enhance
the user experience and increase the quantities of active users.
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