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Abstract

Bicycle sharing systems are becoming increasingly prevalent in urban envir uments. These systems provide an envi-
ronmentally friendly transportation alternative in cities. The management of thesc systems faces many optimization
problems. The most important of these problems are the individual mainte..~nce Jf bicycles, rebalancing and shared
facilities, and the use of systems by creating requirements in asymmetric .. pat*~rns. A series of data mining tasks based
on real data sets is performed to solve the problem of unbalanced bicyc.» » <.

By analyzing the characteristics of each station, the stations are ~odel~? .rom the perspective of individuals and
clusters by means of different models. The evaluation indicators used to adress the accuracy of the results provide an

effective method for shared bicycle predictions.

Keywords:
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1. Introduction

With the economic development in recent years, h
man activities have caused increasingly serious pollution
and damage to the natural environment [1]. Witk the
expansion of the Internet of Vehicles (IoV) in smary --
ities, the public bicycle system has developed quickly as a
new green transportation mode [2, 3] and is subr ... “ally
changing the travel habits of citizens around t} : world, =-
specially in China.Therefore, sustainable develop.. ~ut ! as
become the consensus of the international ¢ mwrunity [4].
In this case, the public bicycle system (P 2S) was tevel-
oped as a substitute for short-distance v -hicle. 1 2 to its
low pollution, low energy consumption . ~d high flexibili-
ty. In addition to reducing travel neeas for . "sonal vehi-
cles, public bicycle sharing systems r ut « 1ly help to extend
the range of transit and walking ’ -ave’ and provide peo-
ple with healthy transportation - ptio.. but also generate
greater interest in cycling and i .cres se the number of peo-
ple who ride bicycles [5]. As -f .he nd of 2016, more
than 1,100 cities actively o atea . . automated bicycle
sharing system, with a to al of 2,700,000 public bicycles
deployed worldwide. With  bicyc': sharing system, users
can easily use a smart ..rd wu rent a bicycle at a near-
by station, use the bi ycle on short trips, and return the
bicycle at another stat. m [6].

The shared bic-~le system can be considered to belong
to the IoV [7]. Sca ni.g a code to unlock a bicycle is a
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“~oture of shared bicycles. These smart locks are based on
b : Internet of Things.

The IoV principle of shared bicycles adopts the archi-
~eture of mobile terminal-cloud-bicycle terminal. PBSs
use the more common Internet of Things (IoT) applica-
tion architecture: cloud-user-terminal. Although the IoT
architecture is not the only possibility, most of the current
services use this architecture.

Due to the increasing importance of bicycle sharing
programs and the operational difficulties in managing them,
people have become concerned about various issues related
to bicycle sharing [8]. Many problems need to be resolved
in the rapidly rising industry of shared bicycles. 1. The
uneven distribution of stations wastes resources: In some
regions, there are fewer users with multiple stations, and
supply is in short supply. In some regions, there are few
users and the utilization rate is low. After some stations
are put into operation, the use of bicycles is low, and the
use of regional stations is low, resulting in a waste of re-
sources. By contrast, other stations are extremely active,
and the delivery of vehicles does not satisfy the demand. 2.
The user experience is poor: In places where the number
of bicycles borrowed and returned does not match, caus-
ing no bicycles to be available. 3. The frequency of use
of bicycles is not balanced, resulting in high maintenance
costs: The number of uses per bicycle varies greatly, and
frequent use and frequent idleness can affect the useful life
of bicycles and increase the cost of vehicle maintenance.
Bicycles in short supply at popular stations are frequent-
ly. Thus, we must optimize these maintenance issues via
data analytics.

To solve the above problems, this paper focuses on the
research of station-based shared bicycles. The main con-
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tribution of the article is discussing shared bicycle behav-
ior from the perspective of individual stations and clusters
by analyzing and processing the behavior of station-based
shared bicycles in a city. A clustering model is used to
predict the behavior of shared bicycles. The stations are
allocated according to usage. The scheduling problem of
vehicles is solved according to the borrowed and returned
numbers for the predicted stations. Finally, bicycle usage
is summarized to schedule proper maintenance of equip-
ment. The existing shared bicycle system is improved by
solving the above problems, so the user has a better expe-
rience and the manufacturer has a better plan for vehicle
scheduling and maintenance.

2. Related works

Researchers have conducted substantial research to de-
scribe the nature of bicycle sharing systems, business mod-
els, optimization, and the combination of the Internet of
Things. For example, Shaheen et al. reviewed the histo-
ry, advantages and disadvantages of global bicycle sharing
systems [9]. Martin et al., with the advent of public bicycle
sharing, assessed the dynamics of transit mode transitions
[10]. Parkes et al. used diffusion theory to compare the
adoption of bicycle sharing in Europe and North America
[11] and proposed the concept of the Internet of Share '
Bicycle (IoSB) for the first time to find a feasible solution
for the technical problems of shared bicycles.[2]. Alth~moh
the research direction is different, it has inspired us to p. -
mote shared bicycle systems.

We know that shared bicycle systems and th .77 are
inextricably linked, and IoV technology is an ir .egral p« rt
of the Internet of Things. At present, most sha.. 1 bi y-
cles use traditional 2G networks for networ} .ng, but tuese
systems will gradually transition to Narrov. Ba .d Ir .ernet
of Things (NB-IoT) networks in the fu’are [+ In fac-
t, many companies have begun to use "«." ToT technology
[13] in shared bicycle network transmission. 1 3-IoT is an
emerging technology in the IoT sps ce (hat supports low-
power devices via cellular data co: ~ect on, also known as
low-power wide area network [1:i. N ToT supports ef-
ficient connection of devices w ch ] ng standby time and
high network connection requi. ~ ents Related research
has been performed to mak~ .. easic. co collect shared bi-
cycle system data using I T tech. ology. Zguira.Y et al.
proposed an efficient, IoB-."TN, a couting protocol based
on data aggregation tV .. apoues the delay tolerant net-
work (DTN) paradigi to Io applications running data
collection on urban bi cle < iaring system based sensor
networks [15]. Sv ™ = technology represents great con-
venience for sharea hirycle systems. The data collection
system mentioned in .his paper is also supported by this
technology.

The problem of bicycle sharing inspired researchers to
study the optimization of sharing systems. The main focus
was on the dynamic perception of bicycle sharing system

data, and two topics were considered extensively, name-
ly, clustering and prediction. Currently, most clustering
methods can identify movemert patterns [16] in bicycle
use and divide these stations  ‘to clusters based on usage.
For example, in [17], two cluc cering *echniques use activity
statistics derived from the _. lution of station occupancy
or the number of bicyclr s av ilable on a given day [18].
Other researchers have foc. ~d on the user and motivat-
ed users to balance the . ~vcle sharing system. Singla A
et al.[19] proposed 7 «. "wdsourcing mechanism that mo-
tivates a user to 1 orfor n o picycle repositioning process
by providing an alte.. ‘tive to the user to select or return
the bicycle in - xcnange .or a monetary incentive. This
idea is a subjc ctive a1 1 innovative approach, but based
on the consumyp *on ! vel of shared bicycle systems, the
use of a 1 onet~~v incentive mechanism to greatly opti-
mize this e’ 0d 3 challenging. However, most of these
studies .~cused ~.1 studying vehicle scheduling problems
through clus. ‘ring and forecasting and were unable to im-
pleme. * the r gional distribution of the stations and the
vehi '=s tue.aselves. In this paper, the demand for bicycles
is predic. 1, and the vehicle scheduling and maintenance
a. experimentally elaborated.

T issue of forecasting bicycle sharing demand has at-
tre _vea considerable attention. Based on the spatial gran-
 arity of focus, three sets of prediction models are con-
sia red in the current study: city level, cluster level, and
station level. For city-level groups, the goal is to predict
oicycle use throughout a city. In 2014, Kaggle, the world’s
largest predictive modeling and analysis competition plat-
form, invited participants to predict the total hourly de-
mand for the Capital Bikeshare system in Washington, D-
C. Giot and Cherrier (2014) analyzed the demand forecast
for the next 24 hours and provided the city granularity of
the Capital Bikeshare system[20]. They tested a variety
of machine learning algorithms, such as ridge regression,
Adaboost regression, support vector regression, stochastic
prediction trees, and gradient-enhanced regression trees,
and showed that the former two performed better than
the others [21]. Other researchers have used deep learning
methods [22, 23] to estimate inventory rebalancing need-
s in shared bicycle systems. Mrazovic et al. [24] pro-
posed a multi-input and multi-output deep learning mod-
el based on long short-term memory networks to predict
users’ long-term needs. Although this article is not in-
tended to improve the algorithm, we compare various al-
gorithms in the experiment, and finally choose one with
the best results to provide an experimental demonstration.

In this demand forecasting problem, the ultimate goal
of researchers is not to obtain specific values but to op-
timize the system to schedule the rebalancing of shared
bicycles. Thus, cluster classification is applicable. Sta-
tions with the same characteristics are grouped into the
same class and the same planning is applied to each station
within a cluster. Zhou (2015) applied community detec-
tion algorithms and agglomerative hierarchical clustering
to group similar bicycle traffic and stations in the Chicago



PBS. The paper confirms that the clustered bicycle usage
patterns are different for daytime, user, orientation, and
land use profiles [25]. Other studies have applied clustering
algorithms and shared demand forecasts for cluster-level
bicycle assessments. Li et al. (2015) proposed a bicy-
cle sharing demand forecasting framework that introduces
a dual-station clustering algorithm to group individual s-
tations. The bicycle sharing needs of the entire city are
predicted based on a gradient-elevation regression tree;
then, based on multiple similarity reasoning, models are
segmented between clusters [26]. Chen et al. (2016) noted
that station clustering should be updated based on time
and weather factors and social and traffic events. They
proposed a geographically constrained station clustering
method on a weighted correlation network to dynamically
group stations with similar bicycle usage patterns. Then,
they estimated the rent and return rate at the cluster level
and adjusted the average value of the cluster through the
inflation rate[27]. However, a small error in the cluster-
level prediction will be multiplied several times, resulting
in an unsatisfactory final result, which is accompanied by
a large error risk. Therefore, this paper directly predicts
these rates at the station level.

Station-level bicycle sharing demand forecasts are chal-
lenging and have attracted considerable interest from re-
searchers. Faghih-Imani et al. (2014) built a similar lineer
hybrid model based on a two-day data set of the Mon-
treal BIXI (bicycle+taxi) bicycle sharing system to pre-
dict the hourly bicycle sharing needs at the station. A
250 meter long buffer was set for each station to gener-
ate an explanatory variable in the model [28]. ™ ~ two
studies did not consider any potential correlatic a betwe »n
stations. For example, if a bicycle station near . subwv ay
exit has higher demand during peak hours, a-.other si..ion
nearby may also have high demand. Yar et ul. /2016)
proposed a probabilistic movement mod .1 tu.* cr asiders
previous checkout records and journey Juration to esti-
mate the future registration number for eac.. station [18].
For bicycle inspections and demand ... ~casts, they apply
a random forest tree algorithm for ach adividual station,
without considering spatial or temp. 2l correlations be-
tween stations [29]. The resea’ ch i". this article is based
on station-level bicycle sharing ~ee .s. T..e main issues dis-
cussed include station activit ven. 'c scheduling, and ve-
hicle maintenance. This ar icle co. siders these issues from
the perspective of a single ¢ "ation v ith clustering. Consid-
ering each station’s arri- “1g b.., cle/returning bicycle and
time dimension, the s ations ve divided into several cat-
egories to study separ. ely. T ais distinguishes this study
from previous reserch. Mauy researchers have considered
only the perspectiv > of ciustering when studying sharing
bicycles. However, t. 3se studies are not comprehensive,
they are not considerea from a single point, and they are
not specific to the station or the vehicle itself. Finally, we
use K-means clustering and the extreme gradient boosting
(XBGOOST) algorithm to predict the features extracted
from the data preprocessing stage. The results are evalu-

Table 1: 1 Data set properties

LEASEDATE CARDSN | RTLOCATIVEID
LEASETIME | RTSHE /ID VIPCARDSN
USETIME RTD Tt OPTY PE
SHEDID RTT™ME OPNAME
LOCATIVEID | OVF RT ME

ated using the root r ~u sq. re error (RMSE) and mean
absolute error (MA2). 7 L. »rediction results are found to
be satisfactory.

3. Framewor <

The ler sing ~~mpany collects user data through the
public bic, <le serv ce system. After obtaining the shared
bicycle _~ta, we < _parate the important information in the
data for sep.. ate analyses. For the purpose of forecasting,
the fi. + thing ;o discuss here is whether or not borrowing
a b, cle  _u returning a bicycle need to be discussed.
After an.'vzing the data, we find that the borrowing mode
0. *he vehicle is essentially the same. Both have similar
charac’ ~ristics and can use a common model.

+..2n, we analyze the data from the dimension of time.
»"1ch month has the same loan repayment mode, the same
we. kly loan repayment mode, and the same daily loan
repayment distribution. Therefore, the following time-
celated characteristics can be considered: month, date,
hour, minutes, and whether it is a workday or a rest day.
From the dimension analysis of the station, a liveness fea-
ture is defined for the station according to the number of
borrowed and returned bicycles. From this aspect, it is
possible to determine the location of a station and ana-
lyze it. Clearly, historical vehicle borrowing analysis must
consider the past behavior, including data for every half-
day, every month, and the average number of borrowed
vehicles.

Then, the features discussed are used as input one after
another, and the features that have a significant impact on
the prediction result are analyzed in greater detail. Final-
ly, the significant features are input to predict the bicycle
behavior. The prediction and analysis results are then ap-
plied to solve the problem of station allocation, vehicle
scheduling and vehicle maintenance.

The experimental process is illustrated in Figure 3.

4. Data analysis

4.1. Data Set

The data set for this article is from a shared bicycle
rental company. The attributes of the data set are shown
in Table 1.

We divide the data set and use the data from May
to July 2015 as the training set and the data from August
2015 as the test set. In the experimental process, the time,
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station, bicycle, returning bicycle, and analysis process are
taken as input, and the station, time, bicycle and retur.
amount are the forecast results.

4.2. Feature Analysis

Many features, such as riding time, are includ~ ' *n the
initial data analysis phase to predict the distan' e betw: >n
stations or the links between stations, the links “etwr 2n
active stations, the impact of a user’s activit , the nu...ber
of vehicles to use in consideration of dams e a .d rr pairs,
station activity to balance delivery, static 1 live =ss co pre-
dict locations, etc.

4.2.1. Intuition/Assumption

The experiments showed that n' « evr 'y feature impacts
the predictions. Only some feetures ~lay a role in the
prediction result. The followi .g r ost effective features
are selected through experime.. =l screr aing.

1. Daily peak hours of sicycle use: Daily commuting
hours (8:00-9:00, 11:( 9-12:00. 13:00-14:00 and 17:00-
18:00). Bicycle use is h. "~ during peak bicycle use,
and the other ti 1es arc ordinary times.

2. Weekdays/days ff: Mo .days to Fridays are classi-
fied as working day., «nd Saturdays, Sundays, and
holidays are -las:...i as holidays. Workdays are
compared with 1e peak hours of holidays.

3. Station activity: Researchers previously used clus-
tering tools to classify traffic based on stations that
showed similar usage, not the stations themselves.
The difference in this article is to classifying the
activity of stations at 3 levels. The classification

is based on the following: the quarter of station-
s with the lowest average daily activity of borrow-
ing/transfer are the low-active stations; the quarter
of stations with the highest activity are the active
stations; and the remaining are general stations.

. Fixed users of a station: Near each station, there

are users who borrow bicycles frequently and users
who borrow bicycles from only one or two stations.
These users are assumed to have fixed bicycles at a
certain station. There are several ways to identify a
fixed user: a user borrows a bicycle from a certain
station and also returns the bicycle to this station,
or based on a threshold of the total number of times
a certain user borrows a bicycle at a specific station
(candidate).

. Whether the station is at a work place/tourist loca-

tion: To determine whether a station is in a work
area, the active stations are considered. Suppose a
station is a tourist attraction or work area. If a us-
er arrives to the location and returns a bicycle here,
when they are leaving, the user is very likely to bor-
row a bicycle from the same location. If there are
many similar users, then on a daily basis, there will
not be a considerable change in the number of bicy-
cles borrowed and returned. Therefore, if a station
is in equilibrium from Monday to Friday, we classify
it as a place of work; if a station is in equilibrium on
holidays, we will classify it as a tourist attraction.

. Monthly /weekly /daily lending information: There is

an overall trend in the daily borrowing/returning in-
formation for each week, which will have an impact
on our forecast.
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The above analysis showed that the characteristics that
have a significant impact on the forecast results are station
activity level, forecast time period, total monthly /weekly
vehicle returns, working days/off days, and the distribu-
tion of borrowed vehicles. We collected relevant informa-
tion from the data set to illustrate these features.

4.2.2. Feature Explanations

The features proposed in 4.2.1 can be further explainea
by considering the corresponding data from the date set.
For example, for the vehicle borrowing information, -
randomly selected and compared stations in terms of bi-
cycle and bicycle returning information. The re... - are
shown in Figure 2. The blue broken line in the .igure r« »-
resents the number of returned bicycles, and tun. ora’ ge
curve represents the number of borrowed ’icycles. f(he
curves for borrowing and returning are ve v s'mila , and
the curves are basically consistent. Ther :fore, he e is no
significant difference between the num! ¢ of bicycles bor-
rowed from and returned to each station.

The data from Monday to Suncay how a downward
trend in the number of bicycles " orrc ved on the week-
end (Figure 3). In this situation. we co >sider the weekend
as a vacation. The number ¢ co’ imuters on weekends
is less than the number on wo."i" g dr ys, which leads to
the reduction in volume. Th- -fore, ' .ien using the model
predictions, holidays and v orkday must be studied sepa-
rately.

To more clearly illv ..ate vuc use of vehicles at differ-
ent times of the day, - ne bicy. le usage data for each time
period from 0 to 24 ho. s is e tracted, as shown in Figure
4.

The abscissa ot ig .re 4 represents time, and the or-
dinate represents nun. ver of rentals. The total number of
bicycles borrowed at 7:00 from Monday to Friday is ap-
proximately 14,000-15,000, the total number of bicycles
borrowed at 11:00 is approximately 9,000-1,0000, the to-
tal number of bicycles borrowed at 14:00 is approximately

—*— counts
145000

140000

135000

120000

115000

110000

0 1 2 4 5 5

3
Day of Week

Figure 3: Torrowing from Monday to Sunday (0 means
Monday, € me .ns , unday)

6,00C 7,000, a: d the total number of bicycles borrowed at
18:10 is « ~nr ximately 15,000-16,000.

The ~umber of bicycles borrowed shows several fluctu-
¢ wous uroughout the day, and the trends of the number of
bicy.'~s borrowed from Monday to Friday are essentially
w.. 72me. Although the number of leases on weekdays is
‘i nificantly less than the number on weekdays, the hourly
tr. nds are similar: peaks are observed at 7:00, 11:00, 14:00
o d 18:00. Therefore, we conclude that the peak hours of
workdays are 7:00, 11:00, 14:00 and 18:00. The peak pe-
riod of bicycle use is a key feature for predicting vehicle
scheduling.

Because the sharing system is oriented towards society,
if the system is widely distributed in cities and even the
whole country, the issue of cost will have to be considered.
From the perspective of the equipment itself, we can effec-
tively reduce the reinvestment in bicycles and avoid large
amounts of waste if we maintain the vulnerable vehicles in
time and recycle them. The damage to various vehicles is
assessed in terms of the following aspects: (1) vehicle is
used = 1 min, (2) a vehicle is no longer used after the last
time the vehicle is used, (3) the vehicle has not been used
during the peak period of the active, (4) the last time the
bicycle was used, the bicycle was abandoned. This infor-
mation can be used only as a reference; the data set does
not show that a bicycle was not returned, but the rental
company will have corresponding information.

5. Modeling

5.1. Problem Definition

Definition 1. Trip.Travel Tr = (So, Sd, 0,d) is a bicycle
usage record, where So represents the starting station, rep-
resented by RTSHEDID; Sd represents the destination
station, represented by LEASESHEDID; and o and d
are the bicycle Check-out and Check-in time [26].
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Definition 2. Timelnterval. The bicycle use time pe-
riod Time = {Tv,Tw,Tr}, where Tv and Tw indicate
WorkDay and WeekDay, respectively, and Tr is the peak
daily bicycle use.

Definition 3. Check—out/Check—in. Check-out/Check-
in refers to the number of bicycles that are loaned out and
returned by Time.

Definition 4. UsageCounter. UsageCounter refers to
the number of uses per bicycle.

Definition 5. Problem definition: Check-in/Check-out pre-
diction problem. Given a set of historical trips TH =

{Tr1,Tr2,Tr3.. TrH}, we want to predict the Check-in/Check-

out of each station within a certain time period.

Modeling from a single station: Each station’s in-
formation is assessed in terms of monthly, weekly, daily,
work day and off-station considerations, and the peak pe-
riod of station usage is compared to the average period.
These factors can have a substantial impact on the sta-
tion’s Check-in/Check-out.

Modeling from a station cluster aggregation per-
spective: Stations are divided into three levels with dif-
ferent levels of activity. The one-quarter of stations with
the lowest average daily number of borrowed /returned bi-
cycles are low-active stations; the one-quarter of statioi.
with the highest number of borrowed /returned bicycles are
the active stations; and the others are general statio.

5.2. Algorithms

This article uses the XGBoost algorithm tr solve he
shared bicycle prediction problem. Three aspec. must e
considered when selecting an algorithms. First, st.' on-
based and time-based feature selection an . so? e s ecific
classifications based on these two major »ow. ' t} 2 algo-
rithm of this paper must support an ap roximate classifi-
cation. The method requires high cla sifica ‘on accuracy.
Second, high flexibility in the opti- .. ation and evalua-
tion of results. Third, a high-perf rma .ce and fast algo-
rithm. Taking into account the ab. > points, we select
the XGBoost algorithm, which .mp'emeucs a generic tree
boosting algorithm. Omne rep: ~ser .ativ : of this algorith-
m is the gradient boosting decisi,. t-ce (GBDT), which
was proposed in February 2014 = nd focuses on gradien-
t learning algorithms. The library has received extensive
attention due to its excolleny '~ _ning effect and efficient
training. It combines much f the previous work on the
gradient lifting algorit. m, has neen applied to many opti-
mization problems in pro, .. implementations, and is one
of the most succes: “ul 1 .. .ine learning algorithms.

The objective fun 1on of XGBoost is as follows:

Opj = ijl Uyi, i) + Zf:l Qfr) (1)

where [(y;, §;) represents the training loss value, y; is
the real number of bicycles leased and returned, and g; is

the predicted number of bicycles leased and returned. The
regularization term (f) controls the complexity of the
model, including the number ¢ leaf nodes T and the L2
modulus square of the leaf sr we. ~ represents the min-
imum loss reduction requircd to “rther partition a leaf
node of the tree: the large: ."e value is, the more conser-
vative the algorithm will be. . represents the L2 regular-
ization penalty coefficient.

1 T
. 2
O = T Y W 2)

The details of tn. -ormula derivation are provided in

the references [7y.
This formu a agrees with the ID3 algorithm (using en-
tropy to calcula. > the ain) and the CART algorithm [31]
(which use, the ini index to calculate the gain). The
formula us »s < cert iin value after splitting minus a certain
value bc“re split.ing to determine the gain. To limit the
growth of ti. tree, we can add a threshold and allow a
node .~ split ¥ hen the gain is greater than the threshold.
Gaw.ma 1. .ue above equation is the threshold, which is
the coewn. ‘ent of the number of leaf nodes T in the regu-
le *7ation term. Therefore, X GBoost is equivalent to the
objecu. e function.

1 . -pruning can then be performed. In addition, the
« efficient lambda in the above formula is the coefficient
of 'he L2 norm square of the leaf score in the regular-
ization term. Smoothing the leaf score also plays a role
.n preventing overfitting. This feature is not included in
the conventional gradient boosting decision tree (GBDT).
Moreover, regularization is used in XGBoost. The stan-
dard gradient boosting machine (GBM) implementation
does not have regularization steps, in contrast to
XGBoost. Regularization is also helpful in reducing over-
fitting. This method has a high degree of flexibility, en-
abling users to define custom optimization goals and eval-
uation criteria. Additionally, X GBoost has built-in rules
for handling missing values.

After selecting the algorithm, the features are entered
from different perspectives, including the following:

Modeling from a single station: Each station’s informa-
tion is assessed in terms of monthly, weekly, daily, work
day and off-station considerations, and the peak period
of station usage is compared to the average period. These
factors can have a substantial impact on the station’s Check-
in/Check-out.

Modeling from a station cluster/aggregation perspec-
tive: Stations are divided into three levels with different
levels of activity. The one-quarter of stations with the low-
est average daily number of borrowed/returned bicycles
are low-active stations; the one-quarter of stations with
the highest number of borrowed /returned bicycles are the
active stations; and the others are general stations. From
the perspective of clustering, this paper uses K-means clus-
tering and specifies the number of categories as three. K-
means clustering is performed using the average number of
borrowed and returned bicycles from Monday to Sunday



at each station. The results of the clustering method are
not ideal, and the deviation is large.

5.8. Evaluation indicators

The evaluation metrics used in this paper are RMSE
[32] and MAE. The RMSE, also called the standard error,
is the square root of the square of the observed deviation
from the true value and the ratio of the observed value
times n. The average absolute error is the average of the
absolute error. The average absolute error accurately re-
flects the actual prediction error. This article uses two
types of evaluation indicators to display and compare the
evaluation results to make the prediction results more rig-
orous.

The XGBoost algorithm is used to make predictions,
taking
{Time, Station, RT, LEASE,F1,...Fn} as input, where
Time represents time, Station represents the station, RT
and LEASFE indicate borrowed and returned, respective-
ly, and F'1 through Fn represent the available features.
The output is {Time, Station, RT, LEASE}, that is, the
number of bicycles borrowed and returned at each station
at a certain time.

6. Experiments

6.1. Experimental design

This paper now begins to analyze different angles, ‘1.
ferent features, and combinations of features. Modeling 15
performed using the X G Boost algorithm, which has high
accuracy compared to other algorithms, and tF :n the al-
gorithm is used for prediction. The influence “ differe 1t
features on the results are compared to ide itify ti. .m-
portant features. The goal is to find the oml} .nat’on of
features with the highest accuracy. Th= s.. ced sicycle
system, including bicycle rebalancing, } -cycle sci.eduling,
and bicycle maintenance, is then optir izea = ~sed on these
characteristics. We find that the tir- dimension and the
spatial dimension features have the tror gest effects on the
demand for bicycles at a certain stav.> .. The time dimen-
sion is the time when the bicycle s barrow :d and returned.
The spatial dimension include < th dis’ ribution of the s-
tation itself, the geographical loc.**or, and the degree of
activity. We compare the .mpac’ ot each feature on the
prediction results to identi v the n ost important features
to improve the accuracy of ¢. -~ = cdictions and help us to
better analyze and op imize “ e problems raised above.

6.2. Station distribution

Public bicycle s atic as nave obvious problems with ir-
rational distribution, vhich results in a lack of access to
stations in small-use aicas and a waste of resources. In
some regions, the use of bicycles is high, and the number
of stations is small. This issue has led to the use of vehicles
in such regions being concentrated on a small number of
stations, and the pressure on these stations is excessive.

To solve the problem of irrational station distribution,
this paper analyzes the Check-in/Check-out data during
peak hours and regular hours “or each station on May 2
(Saturday) and May 4 (Monc *v). The data were visual-
ized, and the results are shc vn i Tigure 5 to Figure 8.

The above visualizatior . = force layout diagrams drawn
with the EChart tool[33] Figr ces 5 and 6 show the follow-
ing. 1. Count: the total nu. »er of vehicles at the consid-
ered stations at certain . mes o the day, which provides
a representation of . 2. Jtatistics of traffic between
all involved statior s dv g . certain period of time each
day, which is represe..’ 'd on the diagram by a line between
circles, in whic'. tne dupucated links (same as borrowing
stations) are re »resente 1 by a single curve. 3. The borrow-
ing information . € the station itself is shown as a separate
circular re’ reser*~tion on the map.

The st. tic s-rel ted information is provided in the vi-
sualizat. ns sh~~ .1 in Figure 5 and Figure 6. There is a
significant 1. vease in the peak period with the normal
perio.  We b lieve that the number of users during the
conw iting period is greater than that in other periods.
Furthern. re, the stations with different degrees of activ-
1, in Figure 5 and Figure 6 are clustered together and
have (:-se relationships. We speculate that many active
ste .1u..8 are also interconnected.

The visualization also provides an important piece of
iniormation about the distribution of stations. Although
the specific locations are not shown in the figure, the rel-
ative locations of the stations are clearly visible, such as
the distribution of stations in the two red circles in Figure
5.

The stations in the red circle on the left side are far
from most of the clustered stations and can be considered
to be far from the city center. At location 220, the stations
are relatively aggregated, and the usage rate is not high.
Therefore, the number of stations in the area should be
reduced. The stations in the red circle area on the right
side of the figure are dense. There is a shortage of bicycles
and stations.

For example, the areas labeled 182, 168, and 181 in
the upper-right corner have a large number of stations,
but there are few available bicycles. New stations should
be added in nearby areas to reduce the pressure on the
individual stations. There are still a lot of these two types
of stations, such as 222 and 318 with low bicycle usage and
181 and 301 with high usage. It would be reasonable to
reduce the number of with lower usage, and in high usage
areas, new stations can alleviate the pressure on individual
stations to ensure the rational and efficient distribution of
public bicycle stations.

6.3. Vehicle scheduling

6.3.1. Method Comparison

In the course of the experiment, some features of data
analysis are proposed, and the time-related Check-in/Check-
out and station-related Check-in/Check-out data are input
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Table 2: Analysis of the results

Feature RMSE | MAE

Every day 9.3282 | 6.0824
Working days/days off | 10.1171 | 6.5500
Time features 10.0124 | 6.8103
Station repayments 9.9555 | 6.3723
Station activity 9.9641 | 6.3999
Station features 9.9595 | 6.3751
All features 10.4201 | 6.7787

into the XGBoost prediction. The RMSE and MAE are
used to compare the results. By comparing the deviation-
s of different feature prediction results, we can determine
the influence of the corresponding features.

Then, the K-means clustering results are compared
with the prediction results of the X G Boost algorithm to
determine which method is more suitable for shared bicy-
cle predictions.

6.3.2. Results Comparison

In the experiment, some features were extracted, and
the daily and weekly time characteristics and all time char-
acteristics were input. The station’s return quantity and
liveness were input, and the results were assessed in terms
of RMSE and MAE. The comparison results are shown i
Table 2.

6.3.3. Analysis of the results

Comparison of the results in the previous secti~~ ~hows
that the features have different influences on f.e prec c-
tion results, and the characteristics of the time < mens)n
have a greater influence than those of the s ation a.. .en-
sion. However, when the complete set o’ val'd fe tures
is used as input, the results are not gord bc ~us : other
features discussed in the data analysis ~re also included
in the experiment. Some of these fea.ures, . 'ch as time,
play a positive role in the predictior ... ‘its. The relevant
characteristics include some redun .ant eatures, although
these redundant features do not sign.” ~antly improve the
prediction results. Some of th: fea'ures bias the predic-
tion results but provide impo1. nt nfo'.nation for bicycle
prediction and are therefore »ecess. v to include.

The experimental resul’ s show hat when the daily bor-
rowing amount of a specifi. statior is included in the fea-
ture analysis, the predi-*on .__ults are significantly im-
proved. Additionally when he time characteristics are
expanded to a weekly ~r mor ;hly time point or the sta-
tion characteristics are expauded to all stations, the effect
on forecasting is revice (. .a this case, we believe that the
more specific and det. led the features are, the greater the
degree of influence on t.ue forecast, and the more abstract
the features are, the less the impact on the forecast result-
s. This article also used K-means clustering for prediction,
but the results were not ideal and are not considered fur-
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ther. Of cours 3, this conclusion is based on the data sets
and expo ‘m-ats in this article.

Thi. ~rticle uses the above experimental results to pre-
~ < wue number of vehicles to be retired at each station,
to 1. "lement effective vehicle scheduling, and to distribute
- " bicycles to each station. Proper management will
e teve pressure on the peak usage at a station while bal-
a1 ing the use of bicycles and avoiding the status quo
v iere no bicycles ares available or no space is available
o return a bicycle.

6.4. Vehicle maintenance

To realize the long-term development of public bicycles,
another problem that must be solved is the maintenance
of bicycle equipment. The cost of each bicycle is high,
and damage to or abandonment of bicycles often occurs.
Additionally, when some bicycles are used too frequently,
they cannot be repaired in time. This problem requires an
effective solution.

The number of uses of each bicycle in the data set for
three months is shown in Figure 7.

In Figure 7, we can see that the maximum number of
times a bicycle was used in the three months was 368, and
the minimum number of uses was 1. Frequent bicycles are
used more than 2-3 times per day, whereas other bicycles
are left untouched for months. We propose a correspond-
ing countermeasure, which divides the bicycles into those
that are used too frequently and those that are used to
infrequently. Considering that there are relatively few ve-
hicles with extremely frequent use in data sets, the number
of uses for the 30th percentile (116) is the lower limit, and
vehicles with fewer than 116 uses are considered to be used
too infrequently. The number of uses of the quintile (198
times) is the upper limit. Vehicles used more than 198
times are classified as being used too frequently. We be-
lieve there are two situations in which bicycles are used
too infrequently. First, the vehicle is at an active station,
but the use is abnormal (less often). Second, the vehicle
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is used only once or several times. Bicycles that fall into
these conditions are in question (to be maintained). Then,
we need to inform the manufacturer to perform timely re-
covery or maintenance to put the bicycle back into use.
For vehicles that are used too frequently, vehicle wear is
more serious. If it is not repaired in time, the bicycle
may become unusable. The manufacturer should be in-
formed to ensure prompt recovery for maintenance. For
such unbalanced vehicles, effective maintenance methods
can effectively reduce the cost of waste and save produc-
tion materials, and vehicle redistribution strategies can be
implemented.

The frequency of bicycle use shown in the figure fluctu
ates considerably. The abscissa represents the distribution
of all bicycle IDs. On the vertical axis, 0 represents ‘ne
average number of bicycle use times, negative values are
below the average, and positive values are above th~ aver-
age. In only three months, the highest value d'.fers  m
the lowest value by more than 360. The red . ~x shc vs
that more bicycles are used too frequently t'.an too . (re-
quently. This figure accurately shows that "Jicyr .e usage is
very unbalanced.

After applying our analysis and solr ion metunods, the
number of uses of infrequently used bi. ycles -ill gradually
increase, whereas the number of uses .. ‘requently used bi-
cycles will gradually decrease. Fins .ly, t ie two will gradu-
ally approach a mean value, reaching relatively balanced
state.

7. Discussion

7.1. Scenarios

Public bicycles are used by a wide range of people,
and stations are sprea 1 all ac1 ss the country. In the case
of short-distance travel . nd tr aporary hurdles, the masses
tend to use public .. -~les. Bicycles provide energy saving
and environmental | “¢ ection, and users can exercise and
use them conveniently However, as public bicycles have
become more popular, the number of input stations has
increased, and more and more vehicles have been put into
use. The management and maintenance of these bicycles
will continue to cause many problems.
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Scenario 1: Dense/Sparse Residential Areas

In urban centers, the population is dense, and short-
distance travel is common. Piblic bicycle stations dis-
tributed around dense resider 'al areas are used more fre-
quently. However, the staticas in “heses area are limited.
The use of public bicycles ' ~oncentrated on nearby sta-
tions and is insufficient ‘0 sa isfy the demand. There is
a huge demand for use in .’ -se regions. In the relatively
sparsely populated areas . € urban suburbs, there are more
long-distance trips. .1, ough Jhere are many public bicy-
cle stations, more “,eop’: ci._ose public or other means of
transportation. The. ore, many of the stations in these
region are not - cuve /in some cases, no one visits them),
causing a wast » of resc irces.

This paper p. ~vide , a practical and reasonable solution
for these t /o scomarios. The visualization graph (station-
to-station -el- .ions aip diagram) shows the use of regional
stations ~nd th~ .nks between stations. We can use the
public bicyc.. service system to collect relevant informa-
tion 1. *he reg on, perform an aggregate analysis, and cre-
ate « velav.c.aship map to increase the number of stations
in region. with a particularly large number of visits to a
s.. ~le station or to several stations to satisfy the needs of
users .. the region. For less-visited areas, the number of
ste 1.8 can be reduced so users are concentrated in sev-
¢ al nearby stations, thereby reducing the waste of station
Tes Jurces.

Scenario 2: City Living Area

The use of modern public bicycles is highest among
people who are 20 to 35 years old. In the residential ar-
eas, office areas and other areas where public bicycles are
frequently used, there are some challenging, repeated sit-
uations. In some time periods, such as 8:00 to 21:00, i.e.,
peak work hours, there are too many users for the avail-
able number of bicycles, resulting in some areas where no
bicycles are available. At large shopping malls or markets,
there are large crowds between 9:00 and 10:00. In this case,
the nearby stations are full, and there is nowhere to return
a bicycle. A similar situation occurs at tourist attractions
on the holidays. When there is a large number of users at
a station and no bicycles are available, the user experience
suffer. A lack of parking will lead to randomly abandoning
bicycles, which will not only prevent additional fares from
being collected but may also affect traffic, causing negative
social impact.

To solve these problems, we need to start from the di-
mensions of time and space to predict the active periods
of active stations, place staff at these locations at specified
times, conduct vehicle scheduling, and transfer vehicles to
areas with excessive vehicle volume or insufficient parking
places. The experiment in this paper uses relevant data to
predict each station’s borrowing information. The predic-
tion results can help to balance borrowing to improve the
user experience and achieve public recognition and accep-
tance of public bicycles.

Scenario 3: Damaged bicycles still occupy parking s-
paces



The widespread use of public bicycles and the lack of
effective maintenance often result in vehicle damage or a-
bandonment. Some vehicles are left unattended at active
stations, and some vehicles only have their borrowed time
recorded (abandoned). In addition, the use of each bi-
cycle is different. Some vehicles in active areas are used
hundreds of times in a short period of time, and some ve-
hicles are used only a few times. Vehicles with few uses at
an active station can be inspected, and if they are dam-
aged, they can be promptly recovered. For bicycles that
are used too frequently, the degree of wear may be consid-
erable, and if they are not repaired in time, it may lead to
situations in which they cannot be used or must be com-
pletely scrapped. Moreover, if a bicycle fails during use, it
may cause an accident.

For the long-term development of public bicycle sys-
tems, it is necessary to solve the problem of uneven bicycle
load. The use frequency of bicycles can be balanced, and
vehicles that are used too frequently can be recovered and
rested to solve potential safety risks. By analyzing the use
of each bicycle, this experiment accurately identifies the
vehicles that are used too frequently and too infrequently
and promptly notify the manufacturers so they can per-
form recovery and maintenance, implement a reinvestment
strategy, and put the maintained vehicles back into use.
These steps will effectively reduce costs.

7.2. Open issues

The use of public bicycles is becoming increasing’
widespread, and the problems faced will continue to in-
crease. For instance, the repatriation of station-¢.y.c ~ub-
lic bicycles needs to be completed at a fixed s’ ation, a d
the bicycles are rented via magnetic cards. Tu. lir .ts
the use of public bicycles and does not all ,w ¢’tizens to
borrow bicycles any time and anywhere. Mc eovr ., the
current social citizenship is not sufficient ¢co acw. v : a nor-
mal loan for each bicycle. Lost vehicle,  ~nnot be recov-
ered in many cases. Therefore, anew public b.. cle service
system is required that can solve t! ¢ ¢ rrent dilemma of
public bicycles while maintaining “e i .put cost within a
controllable range.

Although current flexible a» d pr cked bicycles (such as
OfO and Mobike) are popular, . » curr at state of the sys-
tem has a major problem, t* .. is, to. many vehicles affect
traffic and hinders people’s norma. means of travel. Thus,
we need a convenient, low-c. <t, lig} cweight and convenient
travel tool. A new typ o: shared device may soon be in-
troduced - folding she -ed bicy ‘les that are light and fast,
take up little space, an.' avoir parking problems.

8. Conclusion

This paper discusses the convenience of and problem-
s faced by urban bicycles from the perspectives of users,
bicycles, and businesses by studying the characteristics of
bicycle sharing in cities. On the basis of real data from
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a public bicycle company for 15 years, this paper con-
ducts a series of data mining tasks. Data visualization
and comparative analysis metlods illustrate the current
problems faced by public bic' ~le systems, give appropri-
ate recommendations, and p.omo. the sharing of bicycle
equipment. Positive devele .. »nt of shared equipment will
better serve our society.
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It analyzes and deals with the behavior of quay-shared bicycles in cities, and
discusses the behavior of shared bicycles from the perspective of individual sites
and clusters.

Clustering model is proposed to predict the behavior of s!are. bicycles,
according to the use of different regional sites to reasonably allo aw the site.
Based on the predicted site borrowing and lending volume, it "ol es the vehicle
scheduling problems, and achieve a considerable bicycle main. nanc..




