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Abstract. Traffic congestion is an important problem that restricts the devel-
opment of society, but traffic congestion does not happen all the time, there is a
regularity, auxiliary public transport is to address this characteristic, comple-
mentary to the traditional public transport. For the bus system, the selection of
the appropriate station location can meet the demand of the nearest passenger
drop-off, improving the quality of services and increase the passenger load fac-
tor. In this paper, drawing on the improved DBSCAN algorithm, the idea of de-
termining two parameters in the best clustering result of K-means algorithm is
proposed to determine another parameter by distance constraints under the con-
dition of considering walking distance constraints. Finally, the feasibility and
applicability of the improved DBSCAN algorithm considering distance con-
straints are verified through the selection of the location of stops a public
transport for general studies, which provides a basis for the setting of auxiliary
bus stops.

Keywords: Paratransit, Station Selection, DBSCAN Algorithm, K-means Al-
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1 INTRODUCTION

With the development of urbanisation and motorisation of traffic in China, traffic
congestion has become an important problem restricting urban development. There-
fore, the optimisation of the public transport system has become one of the important
strategies to improve the traffic situation. The Outline for the Construction of a Strong
Transportation State points out that it is necessary to "promote the transformation of
transport development from pursuing speed and scale to paying more attention to
quality and efficiency, from the relatively independent development of various modes
of transport to paying more attention to the integrated and fused development, and from
relying on the traditional factor-driven to paying more attention to the innova-
tion-driven transformation"!. Paratransit was created to meet the need for diversifica-
tion of travel modes.

Auxiliary buses!?! are different from conventional buses in that their mode of oper-
ation is more diversified, their stops, routes and timetables are more flexible, and they
are more economical and environmentally friendly compared to travelling by car.
Looking at the results of domestic and international paratransit research, paratransit
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can be broadly classified into seven modes of paratransit: dedicated paratransit lines,
customised buses, flexible paratransit, dedicated paratransit, demand-responsive para-
transit, public service paratransit for special groups such as people with disabilities
and other paratransit modes for specific groups of passengers. In the United States,
the paratransit system is relatively well-developed, with various modes of operation
and a wide range of groups covered. Public transport in Hong Kong pays more atten-
tion to integrated development, and supplementary buses play an active role in con-
necting and interchanging public transport such as the MTR and buses.

Route planning and station selection are the core aspects of Public transport for
general studies Bus operation and management. Therefore, the reasonable selection of
bus stops is very important. Scientific optimisation of bus stops and better use of public
transport resources can reduce the burden of urban traffic and help to solve the social
problems of traffic congestion, energy shortage, air pollution and other problems.

2 STUDY ON IMPROVED DBSCAN ALGORITHM
CONSIDERING DISTANCE CONSTRAINTS

2.1 Improved K-Means

The K-means algorithm requires the number of clusters K to be determined in advance,
and the number of clusters will directly affect the clustering results?l. In order to obtain
an accurate value of K, the improved K-means algorithm uses the elbow rule
to determine the optimal number of clusters*. The sum of the squared distance errors
between the prime of each cluster and the samples within the cluster is called the degree
of aberration, and the greater the magnitude of the change in the degree of aberration,
the better the clustering performance.

K-means algorithm:

Step 1: Enter the dataset M and enter the desired class clusters K; Step 2: K data
points are randomly selected as initial cluster crowded heart on the dataset M;

Step 3: Label the points in the dataset M into the cluster class of the cluster crowded
heart nearest to it;

Step 4: Update the cluster crowded heart, the barycenter of mass of all points in each
cluster class is noted as the cluster crowded heart;

Step 5: Repeat steps 3, 4 and 5 until the barycenter of mass remains stable;

Step 6: Calculate and output profile coefficients and error sum of squares.

The sum of error squares is calculated as shown in equation (1).

SSE = ZﬁlZPecJP —m;|? (1)

In the formula. C; denotes the cluster of class i after clustering. P is a data point in
C;. M; is the barycenter of mass of C; and K is the number of clusters.
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2.2 Improved DBSCAN Algorithm

The classical density-based clustering method, DBSCAN algorithm, needs to go ahead
and determine Eps and MinPts, the values of which affect the clustering effect to some
extent. The improved DBSCAN algorithm ¥ an adaptive method to estimate some
threshold parameters in the DBSCAN algorithm to avoid setting the parameters directly
and improve the clustering effect. The improved DBSCAN algorithm [] uses an adap-
tive method to estimate some threshold parameters in the DBSCAN algorithm,
avoiding the direct setting of parameters and improving the clustering effect. Through
the improved K-means algorithm, after arriving at a suitable K value, the distance
between any two samples is calculated and ranked in its most general cluster (the
cluster with the largest number of samples), with the median denoted as Eps, and the
number of points whose barycenter of mass of the calculated distance is not greater than
the Eps point is denoted as MinPts.

DBSCAN Algorithm

Step 1: Input the dataset M. Label all the samples in the dataset M as unprocessed
objects, noting D=M.

Step 2: Select any object P from D. If the number of points in M with distance to
point P not greater than the value Eps is not less than the value MinPts, then P is rec-
orded as the core point E. Otherwise, point P is recorded as a noise point and eliminated
from D.

Step 3: Find all the P density reachable points in M and record them in the cluster
class, exclude the data in from D.

Step 4: Repeat step 2, step 3 and step 4 until all objects P are recorded in cluster class
or marked as noise points.

Step 5: Output the cluster class.

3 CASE STUDIES

In this paper, the home addresses of students in a grade in a primary school were in-
vestigated. Finally, 292 students were identified as the study population for the selec-
tion of sites for the auxiliary pass line, and the students were distributed in 55 residen-
tial neighbourhoods in the city, and the locations of common exits in each neigh-
bourhood were investigated and converted to two-dimensional coordinates by the
Gaussian projection method!®’,
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3.1 Elbow Method and Parameter Acquisition

Table 1. elbow method
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Determination of the K-value of the K-means algorithm using the elbow rule, the curve
of the sum of squares. of the errors as a function of the K-value, As shown in table 2.

As the number of clusters K increases, the sum of squared errors decreases, and there
is a clear "inflection point" at K=4, so 4 is the optimal number of clusters for this
clustering algorithm. In the case of the best clustering of the K-means algorithm, the
distance between any two samples is calculated and ranked from the most general
clusters (the clusters with the most samples), and the median is recorded as Eps, and the
number of points whose distance barycenter of gravity is not greater than Eps is rec-
orded as MinPts, which results in Eps = 670 and MinPts = 32.

3.2 Output Site Location

For the consideration of students' walking safety and the constraint of students' walking
time, the artificial students' walking time to the bus stop is not more than 5 minutes, and
through the reference students' walking speed in the city!’! is: the average walking
speed across the street of primary school students is 1.15m/s, junior high school stu-
dents is 1.27m/s, and senior high school students is 1.30m/s, and the distance of the
students' walking to the bus stop is not more than 345m, so the parameter Eps=345 is
obtained.

Clustering was performed with the modified DBSCN by the identified parameters
Eps=345 and MinPts=26 to obtain clustering results excluding noise interference. The
location of the barycenter of mass is calculated in each cluster to obtain the site loca-
tions as shown in Table 2.



112 Z. Wei et al.

Table 2. Site coordinates

Site X-axis Y-axis Site X-axis Y-axis
1 1169.352 | 445.796 5 -818.911 | 2647.248
2 -1031.49 | 675.8607 6 -1821.85 | 3186.726
3 746.6284 706.877 7 347.4085 | 3257.473
4 2943.286 | 799.5493 8 1469.788 | 6809.631

4 CONCLUSION

This paper establishes a bus stop extraction method based on the improved DBSCAN
algorithm on the basis of analysing the distance from passengers to the station. The
improved DBSCAN algorithm mainly captures the values of two parameter parameters
through the improved K-means algorithm, and the correct clustering results can be
effectively obtained without specifying the values of all the parameters artificially in
advance. Therefore, with the hint of the above parameter acquisition method, we can
determine the other parameter while determining one parameter according to the actual
constraints, and then the DBSCAN algorithm to arrive at a reasonable clustering.
Finally, an empirical analysis of the location selection of auxiliary public transport
school line stops has been carried out through the residential addresses of students of a
certain grade in a school. The method proposed in this paper can efficiently and accu-
rately select the alternative locations of bus stops according to the distance constraints
from passengers to bus stops in different situations, which provides a basis and a new
perspective for the setting of auxiliary bus stops.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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