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Public bus is one of the major green transport modes in most cities, and a proper analysis of public bus can enhance its sustainable
development. Hence, the analysis of public bus is always a hot research topic. Generally, to consider the heterogeneity in the
studied area and reduce the computation difculties, the study area is divided into multiple zones and then various analytical
methods are applied. However, an improper zone division could lower the quality of the analysis results and then probablymislead
the improvement strategy design. Tis study examines the infuence of the two commonly used zone division methods (the grid-
based method and the natural-boundary-based method) on the spatial analysis of public bus service using the analytical example.
Te result shows that the impact of zone division exists. Terefore, this study aims to identify the possible approach to reduce the
negative impact and suggests a new zone division method, the bus-service-based (BS-based) method, for the spatial analysis of
public bus service. Te BS-based method is compared with the commonly used zone division methods using the real-world data,
and the comparison results demonstrate that the BS-based method can be more efcient to support the spatial analysis of bus
service.

1. Introduction

As a sustainable green travel mode, public bus is regarded as
an efective tool to alleviate trafc congestion and land re-
source shortage caused by the motorized development.
Generally, public bus in China heavily relies on the gov-
ernment subsidy to maintain the daily operation because the
ticket fares are normally cheap so that the ticket revenue
cannot cover the operation cost. However, the ticket revenue
should be maximized, and thus the fnancial burden of the
government can be relieved. Moreover, the public and the
government expect the public bus to serve as many people as
possible. But the loading rate of public bus is usually not high
because of its relatively poor service quality compared with
the private car or the customized bus [1] and the mismatch
between public bus supply and residents’ travel demand.Te
situation has become worse after the COVID-19. Tus, the
current main task of the public bus operator is to improve

the service quality of public bus and meanwhile reduce bus
operating costs [2–5]. To achieve this, the service charac-
teristics of public bus should be analyzed.

As public bus services generally cover a wide city space,
relevant analysis should consider the spatial dimension.
Generally, the bus service analysis includes the zone division
to consider the heterogeneity in the study area. For example,
the levels of economic development and urbanization could
vary in the study area. Zone division could be helpful in
handling the heterogeneity during the analysis [6]. Fur-
thermore, the management strategies could be specifcally
designed for diferent parts in the study area with consid-
eration of their special characteristics [7, 8].

Te main task of the zone division is to separate the
whole area into smaller regions, and various zone division
methods have been developed based on some specifc rules
to support a certain spatial analysis. For the spatial analysis,
there are three general zone division methods as follows.

Hindawi
Journal of Advanced Transportation
Volume 2024, Article ID 8681100, 19 pages
https://doi.org/10.1155/2024/8681100

https://orcid.org/0000-0001-9204-2213
https://orcid.org/0000-0002-0468-9445
https://orcid.org/0000-0002-9270-5272
https://orcid.org/0000-0003-4377-8237
mailto:xiejm28@mail.sysu.edu.cn
mailto:huangwei5@mail.sysu.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/8681100


(1) Te grid-based method adopts a regular shape (e.g.,
triangle, square, and hexagon) as the basic zone
shape and then divides the study area into uniform
grids [9]. Te square shape is widely used because it
is easily operated, and thus this study uses the square
shape as the basic zone shape for the grid-based
method.

(2) Te natural-boundary-based method uses natural
boundaries (e.g., road and river) to generate zones
with consideration of land use or resident in-
formation. Tis zone division method is widely used
in the traditional trafc planning, and the new ex-
tension includes the cellular signaling data to im-
prove the demand homogeneity within each zone
[10]. Te new extension is adopted in this study for
the further tests.

(3) Te feature-based method generates zones with
consideration of the diference and connectivity of
local trafc characteristics, including trafc crash,
land use, and resident trips. However, there are few
comprehensive zone division research studies
designed for exploring zonal bus service charac-
teristics. Hence, this study suggests a new zone
division method (bus-service-based method, BS-
based method) which uses the bus service fea-
tures (i.e., service coverage of bus) as the division
criteria.

Tese three types of zone division methods separate
a study area in diferent ways and thus infuence the spatial
analysis of the study area more or less. However, this in-
fuence is seldom analyzed, especially in the public bus
network. For example, some zone division methods can
result in the overestimation of the bus stop density which
misleads the spatial analysis of the bus service quality.
Terefore, this study aims at flling the gap, and the con-
tributions of this study are listed as follows.

(1) A new zone division method (BS-based method) is
designed for the spatial analysis of public bus service.
Te new method divides the study area into smaller
spatial units based on bus service coverage.Te method
heavily infuences the division of service area of bus
stops and then infuences the other calculations based on
bus stop. Finally, the new division method can improve
the accuracy of the zonal evaluation of bus service, and
support to explore the local features of bus services.

(2) Te three zone division methods (the grid-based
method, the natural-boundary-based method, and
the feature-based method) are tested in the analytical
example of public bus to examine the impact of zone
division on the spatial analysis. Moreover, the real-
world data are used to compare the performance of
these three zone division methods in the assessment
of public bus services.

Te remainder of the paper is organized as
follows. Section 2 gives a literature review of relevant studies.
Section 3 presents the BS-based method in detail. Section 4

compares the three methods using the analytical example
and the real-world data. Section 5 concludes the work and
gives possible future research directions.

2. Literature Review

Tis study wants to explore the infuence of diferent zone
division methods on the spatial analysis of bus service, so
this review will frstly introduce the spatial analysis of bus
service and then discuss the existing zone division methods.

Te spatial analysis of current bus service is always a hot
topic of research because the public bus system is an essential
part of the modern urban transportation. One trend is to
analyze the bus service in an aggregated manner. For ex-
ample, Hawas et al. [11] evaluated the efciency and ef-
fectiveness of the city line bus service for diferent scenarios.
Esmailpour et al. [12] investigated the city-scale customer
satisfaction in terms of public bus service. Paudel [13]
evaluated the relationship between ridership and the re-
liability of bus service from the level of urban bus network.
Sheng et al. [14] proposed a leader-follower game model to
design quality incentive scheme to balance the cost and
quality of public bus service in a large bus network. Deb et al.
[15] explored the quality of the public bus service by
a questionnaire survey in the city scale. Te aforementioned
studies do not consider the spatial heterogeneity in bus
service, whereas the zone-based analysis can do so.

In the zone-based analysis, the shape of zones can be
regular or irregular. For the regular shape, grids and
hexagons are generally used. For example, grids are used to
explore the infuence of bus service on urban vitality [16],
while hexagons are adopted to investigate the spatial in-
formation of opportunities to social resources [17] or ex-
plore the distribution of average crowding at bus stops in
diferent time periods [18]. Te regular shape is easily to
operate, but the shape of the studied area might be irregular
due to the geographic features. Terefore, irregular shape is
also used, with consideration of census tracts [19], com-
munities [20], and natural boundaries [21, 22]. Also, road
network is a common factor which is used to divide zones,
and divided zones can be used to analyze the travel behavior
[23], the bus service quality [24], the relation between the
bus service data and the spatial distribution of diferent
income groups [25], the infuence of bus stop on taxi de-
mand [26], the impact of built environment on public
transportation [27], etc. Te abovementioned zone division
methods could be divided into two types, the grid-based
method to generate the regular-shape zones and the natural-
boundary-based method to generate irregular-shape zones.

Furthermore, other trafc analyses may adopt the third
type method, the feature-based method. For example,
Assunção et al. [28] and Wu et al. [29] divided zones using
socioeconomic features, while Dong et al. [30] used the
similar land-use function (e.g., residential function and
commercial function). Some trafc safety studies suggested
to consider the characteristic of trafc crashes [31, 32], and
the analysis for the similarity of taxi travel characteristics
also encouraged the development of the feature-based

2 Journal of Advanced Transportation



methods [33, 34].Te basic idea of the feature-based method
is to maximize the homogeneity in zones. For example,
Martinez et al. [35] designed the hierarchical heuristic al-
gorithm to cluster grid cells using the origin-destination
(OD) data to maximize the similarity of interzonal trips of
each zone, while Xing et al. [36] combined the methods of
Voronoi diagram and natural boundaries and clustered
small units to zones, not only to maximize the similarity of
interzonal trips of each zone but also to keep a similar level of
population among zones. Besides, the K-means algorithm
can be used to cluster grids to zones so that the zones have
a similar level of population or demand for a transport
mode, e.g., the taxi demand [33], while Cai et al. [10]
suggested a genetic-algorithm-based clustering algorithm to
cluster units into zones with consideration of the homo-
geneity of resident travel characteristics.

Furthermore, the optimization of bus service needs zone
division. For instance, Ibeas et al. [7] divided the study area
into zones considering regional socioeconomic diference,
and based on the generated zones, the urban bus stop
spacing optimization was established. Soares [37] considered
natural boundaries to cluster origin zones and destination
zones, and then the zone-based public bus route optimi-
zation was conducted. Lee et al. [38] adopted the grid-based
method to generate zones which were used in an optimi-
zation model to maximize the proft of zonal-based fexible
bus services.

In all, zone division is widely used in the trafc analysis.
Researchers have developed diferent zone division methods
for various analyses to achieve a better analysis quality.
However, there are few zone division algorithms which are
designed for bus service analysis, and the existing zone
division algorithms could infuence the separation result and
then the spatial bus service analysis. Tis study flls this
research gap and checks the possible impacts.

3. BS-Based Method

Tis section presents a new feature-based zone division
method for the spatial analysis of bus service, the BS-based
method. Te core idea of the BS-based method is frstly to
divide the study area into small grids, and then these small
grids are clustered into zones with the consideration of
service coverage of bus to ensure that the generated zones
can serve the bus service analysis better.Te generated zones
are named as bus service analysis zone (BSAZ). Te details
will be illustrated in this section.

3.1. Defnition. A bus runs based on the predesigned route
and stops at the bus stops along the route to serve people.
Te area around a bus stop is called the designed bus service
area. People whose origin and destination are within the
designed bus service area are more likely to choose the public
bus for their trips. It is generally believed that if a city has
more designed bus service areas, it seems that the access time
of the public bus is shorter, and the public bus can provide
a wider service.Terefore, the designed bus service area is an

important criterion of bus service, and this study chooses it
as a basis factor when generating BSAZs. Tat is, the size of
designed bus service area in each BSAZ is kept the same,
which can simplify the bus service analysis. For example,
when two BSAZs are compared, the bus service quality of the
larger BSAZ is poorer than that of the smaller BSAZ because
the larger BSAZ has a wider area which is not covered by the
public bus, i.e., the larger BSAZ has a lower public transport
coverage. More relative details will be discussed in Section 4.

To generate BSAZs, some concepts are clarifed as
follows.

(1) Bus Stop. A bus site may include two stops, which
serve the upstream and downstream vehicles of a bus
line, respectively.

(2) Designed Bus Service Area. Te designed bus service
area of each stop is defned as a circle shape, and its
radius is set based on the Code for Transport
Planning on Urban Road in China [39] which de-
termined that a bus stop should serve people within
a circle area with a radius of 300meters. Te value of
the radius can be changed according to the local
planning requirement. As shown in Figure 1, a yel-
low dot is a bus stop, and the circle area along a dot is
the designed bus service area. Te size of the circle
area of bus stop j is marked as sj. Take the bus stopD
as an example.Te size of red circle area surrounding
bus stop D is sD.

(3) Te overlapped area is counted once. For example, as
shown in Figure 1, the designed bus service areas of
bus stop A and bus stop B are overlapped, and the
size of the overlapped area is soverlap(A,B). Te size of
designed bus service area for bus stop A and bus stop
B is sA + sB − soverlap(A,B), rather than sA + sB.

(4) If the designed bus service area of a stop falls in more
than one BSAZ, the designed bus service area is
divided accordingly, and the size of designed bus
service area of stop j in zone z is denoted as s(j,z). For
example, as shown in Figure 1, the designed bus
service area of bus stop C falls in BSAZ1 and BSAZ2,
and it is divided into two parts, the left part in BSAZ1
and the right part in BSAZ2. Te respective sizes are
s(C1,z) and s(C2,z). Te size of designed bus service
area in BSAZ1 is sA + sB − soverlap(A,B) + s(C1,z), and
that in BSAZ2 is sD + sE + s(C2,z).

(5) Te standard size of designed bus service area in
a BSAZ, δ, is set as a critical criterion in the BS-based
method, and it will be explained in the next section.
Te value of δ can be set based on the need of public
bus operators with consideration of the local social
and economic features.

(6) Te boundary of the studied area is considered when
generating BSAZs.

(7) Te trips beginning at stop j would be separated, if
the designed bus service area of stop j covers more
than one BSAZ, such as stop C in Figure 1. Tis
research assumes that the distribution of trip origins
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is an even distribution, so the division of trips is
based on the proportion of designed bus service area
in each related zone. Tat is, the number of trips
beginning at stop j in zone z is calculated as follows.

N
TS
(j,z) � N

TS
j ×

s(j,z)

sj

, (1)

where NTS
j is the number of trips beginning at stop j.

And the number of trips in zone z is calculated as
follows.

N
TZ
z � 

j

N
TS
(j,z). (2)

3.2. BS-Based Method. Te basic process of the BS-based
method is to divide the studied area into small basic units
and then cluster them. Terefore, the BS-based method has
two steps, i.e., basic unit generation and clustering. Tis
section will show the details of these two steps.

3.2.1. Basic Unit Generation. Te basic unit could be in any
shape. Researchers generally adopt the grid as a basic unit to
generate zones [40–42] because the shape of grid is simple
and grids are easily generated, searched, and clustered.
Hence, this study uses a grid as the basic unit.Te side length
of a basic unit is α (unit: m). Furthermore, the grids located
on the subdistrict boundary are reshaped based on the
boundary as illustrated in Figure 2.

3.2.2. Clustering. After the basic units are generated, the
basic units are clustered to zones, i.e., BSAZs. Te clustering
algorithm is given as follows (see Algorithm 1).

To better illustrate the clustering algorithm, an example
area with 25 basic units is given in Figure 3. First, the basic
units are numbered according to Step 1. Unit 1 is located at
the southwest corner of the example area, and Unit 2 is
located at the north of Unit 1.When all basic units of the frst
column are numbered (i.e., no more basic units can be found
at the north of Unit 5), turn to the bottom of the second
column (i.e., the southwest corner of the remaining basic
units) and continue numbering. Repeat these steps until all
basic units are numbered.

Second, the zone clustering starts following Steps 2–5. To
cluster the frst zone Zone1, the unselected basic unit with
the smallest ID (i.e., Unit 1) is selected as the starting point

and added into the set of basic units for Zone 1 (BSelected
1 ).

Te size of designed bus service area in Zone 1 is less than the
standard size of designed bus service area in a BSAZ (δ)
mentioned in Section 3.1, so the unselected basic units which
surround Zone 1 (i.e., Units 2, 6, and 7) are selected and
added to the set of basic units waiting for adding into a zone
(BWait). Unit 2 has the smallest ID and thus it is frstly
selected to add, followed by Units 6 and 7, because the size of
designed bus service area in Zone 1 is less than the standard
size δ after adding Units 2, 6, and 7. Now,BWait is empty, and
then new basic units should be selected. Tat is, Units 3, 8,
11, 12, and 13 are selected. When Unit 3 is added into
BSelected
1 , the size of designed bus service area in Zone 1 is

larger than the standard size δ, and the clustering for Zone 1
is completed.

Tird, the next zone clustering begins with unselected
basic unit with the smallest ID (i.e., Unit 4), and then in
order, Units 5, 8, 9, and 10 are selected to cluster Zone 2
(green grids). Each starting unit is marked with a fve-
pointed star in Figure 3, and Zone 1 (purple grids), Zone
2 (green grids), Zone 3 (yellow grids), and Zone 4 (blue
grids) are clustered based on the given clustering algorithm.

During the clustering, two special situations may exist,
and they need the special treatments (Steps 6-7).

(1) Special Situation A. As indicated in Step 4, the clustering
for a zone may stop before its size of designed bus service
area is larger than δ, when no unselected basic unit can be
added into BWait. For example, as shown in Figure 4, after
clustering Zone 4, Unit 22 is selected for a new clustering
and its size of designed bus service area is less than δ, but
there is no any unselected basic unit around it. Step 6 is given
to handle such a situation. Tis study allows that the size of
designed bus service area is less than δ, but the deviation
cannot be too large. Hence, this study sets that if a zone’s size
of designed bus service area is less than μδ, it will be
combined with its neighbor zones. μ is a scale factor ranging
from 0 to 1, and it can be set according to the analysis need.
Tis study sets that μ � 0.5.

(2) Special Situation B. Te special situation B is that the
ribbon-like zones (like Zone 3 in Figure 5(a)) exist. Tis
special form reduces the zone compactness and may distort
the infuence of bus stops. To describe this situation, the
compactness ratio [43] is adopted as follows.

τi �
Ai

Ai
′
, (3)

where Ai is the area of Zonei (unit: km2) and Ai
′ is the

minimum circumscribed circle area of Zone i (unit: km2). A
larger τi means a higher BSAZ compactness. In Figure 5(a),
Zone 3 has a large, circumscribed circle area marked by the
green dot line, and it has a low compactness ratio. To solve
the problem caused by the special situation B, Step 7 is
performed in the clustering algorithm.

If a zone has a ribbon-like shape, the ribbon-like part is
checked. For example, S2′ in Zone 3 in Figure 5(b) is the
ribbon-like part. xw is the length of the short edge of the
ribbon-like part, and xl is the length of the long edge of the
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Figure 1: Designed bus service area distribution to each zone.
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ribbon-like part. Tis study considers modifying Zone 3 if
xw ≤ 2α and xl ≥ 10α.Te condition can be changed based on
the need of the analysis. Te modifcation separates Zone 3
as two parts, S1′ and S2′, and S2′ is combined with the

neighboring zone which shares a long edge of Zone 3 and has
the smallest area size. In this example, the selected neigh-
boring zone is Zone 2, and we combine S2′ with Zone 2. Te
modifcation is shown in Figure 5(c). During the

Grids Town boundary Basic units

Figure 2: Basic unit generation.

Input: basic units, information of the bus stops
Output: BSAZs
Step 1: Numbering.
Number basic units from the southwest corner to the northeast corner and mark these numbers as the IDs of these basic units.
Step 2: Initialization.
Te counter number i is set as 1, all basic units are put into a set BUnselected, and the set of basic units waiting for adding into a zone,
BWait, is empty.
Step 3: Selection of the frst basic unit.
For a new zone zi, select the basic unit with the smallest ID in BUnselected as the starting point of the new clustering and add the basic
unit into the set of basic units for zi (BSelected

i ) while it is removed from BUnselected.
Step 4: Criteria check.
If the designed bus service area in zi is not less than the standard designed bus service area in a BSAZ (δ) then
Step 4a: Empty BWait.

else
Step 4b:
If BWait is empty then

Select the basic units which surround zi and are in BUnselected, and then add these selected basic units into BWait.
else

Turn to Step 5.
Step 4c:
If no unselected basic unit can be added into BWait, then

Te clustering for zi stops, and zi is added into the set of zones in special situation A (ZA) because zi may need further
modifcation.
else

Turn to Step 5.
Step 4d:
If BUnselected is empty then

Turn to Step 6.
else

i � i + 1 and return to Step 3.
Step 5: Selection of basic units.
Select the basic unit with the smallest ID in BWait; add it into BSelected

i while removing it from BWait and BUnselected; and then return to
Step 4.
Step 6: Special treatment A.
For each zone in ZA, if its designed bus service area is less than μδ, it is combined with the neighbor zone whose designed bus service
area is less than δ and the least compared with those of other neighbor zones. If all neighbor zones’ size of designed bus service area is
not less than δ, the one with the smallest area is selected for the combination. Based on the combination result, put all formed zones
into a set Z.
Step  : Special treatment B.
Check whether the shape of each zone in Z needs a further modifcation (i.e., the zone is a ribbon-like zone). If yes, reshape the zone
and its neighbor zones. Based on the modifcation, update Z.
Step 8: Output.
Output all zones in Z as BSAZs.

ALGORITHM 1: Clustering algorithm.
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10 2015 25

9 1914 24

8 1813 23

7 1712 22

6

4

5

3

2

1 1611 21
Zone 1

Zone 2 Zone 4

Zone 3

N

Figure 3: Clustering example.
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Figure 4: Special situation A.
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Figure 5: Special situation B. (a) Situation B. (b) Te division of Zone 3. (c) Zones after the modifcation.
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modifcation, A1, A1′, and A2′ remain the same. A2 becomes
larger and thus τ2 increases. Both A3 and A3′ become smaller,
but the change of A3′ is much larger. Terefore, τ3 increases.
Tat is, the zone compactness improves.

To test the BS-based method, we apply it in a real-world
case in Section 4.

4. Analysis and Comparison

Tis section frstly examines the three types of zone division
method, i.e., the grid-based method, the natural-boundary-
based method, and the feature-based method, in an ana-
lytical example. Te current zone division methods mainly
include the grid-based method, the natural-boundary-based
method, and the feature-based method. However, there are
few feature-based methods for bus service analysis, as far as
we know. Hence, the grid-based method [9] and the natural-
boundary-basedmethod [10] are used for comparison in this
section, whereas the proposed BS-based method is selected
to represent the feature-based method. Later, a real-world
case is introduced to compare these three types of zone
division methods in the spatial analysis of public bus.

4.1. Analytical Example. An analytical example is set to
check the abilities of the three zone division methods in the
bus service assessment. As shown in Figure 6, a study area
has eight bus stops. If the grid-based method or the natural-
boundary-based method is used, a possible zone division
result is given in Figure 6(b). When the bus stop density is
examined, it can be found that Zone 1 and Zone 3 have bus
stops, whereas Zone 2 does not have a bus stop. Tat is, the
bus stop density of Zone 2 is 0 bus stop per km2. However,
we cannot conclude that the bus service of the region
covered by Zone 2 is poor, considering that bus stops in
Zone 1 and Zone 3 may provide sufcient services if the size
of Zone 2 is small. To avoid this misinterpretation, more
eforts are required, such as ensuring a proper size of each
zone or checking the neighbor zones. But the analysis of the
bus stop density based on the BS-based method is much
easier. As introduced in Section 3, the BS-based method can
ensure that each zone contains at least one bus stop. As
shown in Figure 6(c), the BS-based method divides the study
area into Zone 1 and Zone 2 with a similar size of the
designed bus service area. Zone 1 and Zone 2 have bus stops,
and their bus stop densities are not zero. Tis feature of the
BS-based method makes the generated zones more suitable
for the bus stop density analysis and other bus service an-
alyses which are illustrated in Section 4.2.

4.2. Real-World Case Study. A case study is given based on
the real-world data collected in Shunde District (WIKI
Shunde District: https://en.wikipedia.org/wiki/Shunde_
District (Accessed on September 26, 2022)) of Foshan
(WIKI Foshan: https://en.wikipedia.org/wiki/Foshan
(Accessed on September 26, 2022)), China. Foshan is
a city located in the Pearl River Delta which is known as
a center of advanced manufacturing and modern service
industries (WIKI Pearl River Delta Economic Zone: https://

en.wikipedia.org/wiki/Pearl_River_Delta_Economic_Zone
(Accessed on September 26, 2022)). Te dataset used in this
study includes the following data.

(1) Subdistrict boundary information. Shunde District
has 10 subdistricts, including Chencun, Lecong,
Beijiao, Longjiang, Leliu, Lunjiao, Daliang, Xingtan,
Ronggui, and Jun’an, as shown in Figure 7.

(2) Bus stop locations.Te locations of 2520 bus stops in
Shunde District were collected.

(3) Bus route information. Te information of 207 bus
routes operating in Shunde District was collected.

(4) Population. Data of the population were collected in
November 2020.

(5) Point of interest (POI). Te POI data of Shunde
District were collected in 2018. POIs include shop-
ping centers, scenic spots, factories, automobile
maintenance store, etc.

(6) Smartcard data (SCD). When a passenger uses
a smartcard to pay for a public bus service, a record
of SCD is automatically generated and mainly in-
cludes the unique card number, boarding stop,
boarding time, and bus line number. Te SCD of
Shunde District recorded in fve working days
(November 4–8, 2019) was given. Te dataset of the
studied period contains more than 1 million records.
A record can be referred to one trip, and thus
according to SCD and the zone division result, the
average number of trips in each zone per day can be
calculated as mentioned in Section 3.1 and used to
assess the bus fow of each zone.

4.2.1. Zone Division Results

(1) BS-Based Method. After the sensitivity test (given in the
Appendix), this case study set that δ � 0.9 km2 and α� 60m.
Tese parameters can be changed based on the needs of the
analysis. After the division, there were 364 BSAZs in which
28 BSAZs were modifed to increase the average compact-
ness ratio by 4.5%, and the result of BSAZs is shown in
Figure 7. As δ was set to 0.9 km2, the designed bus service
area of these 364 BSAZs ranged from 0.49 km2 to 1.34 km2,
while 348 BSAZs’ designed bus service area sizes were within
0.8 km2–1.0 km2, as shown in Figure 8(a). As shown in
Figure 8(b), a few BSAZs with diferent-level sizes of
designed bus service area were located at the subdistrict
boundaries because the subdistrict boundaries could afect
the efciency of the BS-based method to uniform the
designed bus service area in each BSAZ. However, most
BSAZs had a similar size of designed bus service area and
were thus marked in the same color, indicating that the BS-
based method can ensure the high similarity of the generated
BSAZs in terms of the size of designed bus service area. Tat
is, the proposed BS-based method can meet the need of
keeping the size of designed bus service area in each BSAZ in
a similar level, thus simplifying the bus service analysis, as
discussed in Section 3.
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(2) Grid-Based Method and Natural-Boundary-Based
Method. For the grid-based method, the zone size of each
grid was set to 2.25 km2 (1.5 km× 1.5 km), which was close to
the mean zone size of BSAZs (2.230 km2). Te grid-based
method divided Shunde District into 599 zones, as shown in
Figure 9(a). Te natural-boundary-based method divided
Shunde District into 520 zones, as shown in Figure 9(b).

4.2.2. Comparison When Bus Stop Density Is Analyzed.
Te bus stop density in a zone is calculated as follows.

Bus stop density in a zone �
Number of bus stop in a zone

Area size of a zone
.

(4)

As the basic logic of the BS-based method suggests, the
divided zones have a similar size of the designed bus service
area, but the size of each zone is diferent, that is, a BSAZ
with a smaller zone size indicates that the area covered by the
BSAZ has a relatively high density of bus stop. Te BSAZs
were ordered in the ascending order in terms of the zone
size, and the zone size and the bus stop density are plotted in

Figure 10.When the zone size increased, the bus stop density
had shown an obvious decreasing trend, which is consistent
with the basic logic of the BS-based method. Tat is, the
result of the proposed BS-based method can be used to
refect the geographical distribution of the bus stops. As
shown in Figure 11, the BSAZs with a smaller zone size were
marked in a lighter green. For example, the northwest part of
the Daliang Subdistrict had the darker green BSAZs where
the bus stop density was in a relatively high level, whereas the
southeast part of the Jun’an Subdistrict had the lighter green
BSAZs where the bus stop density was in a relatively low
level. Tese zones with unusually higher or lower bus stop
densities are identifed and the bus operator should check
the demand and supply in these zones to ensure the proper
use of public bus resources.Tis illustrates how the proposed
method can be used to identify zones with unnormal bus
characteristics.

In this case study, the grid-based method and the nat-
ural-boundary-based method generated 214 and 102 zones
without a bus stop, respectively, whereas all zones generated
by the BS-based method had at least a bus stop. Terefore,
the BS-based method had a lower discrete degree of the
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Figure 7: Te BSAZs generated for Shunde District.
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Figure 6: Analytical example for the analysis of bus stop density. (a) Study area. (b) Te result by inappropriate zone division method.
(c) Te result by BS-based method.
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number of bus stops (calculated by equation (5)) and a lower
discrete degree of the designed bus service area (calculated
by equation (6)), compared with the other two methods, as
shown in Table 1. Except zones with zero density of bus stop,
it was found that there were zones with extremely high

density of bus stop generated by the grid-based method and
the natural-boundary-based method. In all, diferent zone
division methods can result in diferent distributions of the
bus stop density and then may infuence the relative
analysis.

N
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Zones
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Figure 9: Division results given by two zone division methods. (a) Grid-based method. (b) Natural-boundary-based method.
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Table 1: Indicators of discrete degree and bus stop density.

Method

Discrete degree of
the number of
bus stops in

a zone

Discrete degree of
the designed bus
service area in

a zone

Average bus stop
density in the

study area (unit:
stops/km2)

Range of bus
stop density in
the study area

(unit: stops/km2)
BS-based 0.404 0.065 4.535 (0.342, 19.947)
Grid-based 1.297 1.031 2.439 (0, 62.015)
Natural-boundary-based 1.302 1.196 4.465 (0, 38.579)
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Discrete degree of the number of bus stops in a zone �
Standard deviation of the number of bus stops in a zone

Average number of bus stops in a zone
, (5)

Discrete degree of the designed bus service area �
Standard deviation of the designed bus service area in a zone

Average designed bus service area in a zone
, (6)

Average bus stop density in the study area �
Bus stop density in a zone

Number of zones in the study area
. (7)

In this case, two relevant analyses have been examined,
including (a) the analysis of the relation between bus stop
density and the bus fow (i.e., the average number of trips in
a zone per day) and (b) the analysis of the relation between
bus stop density and the bus popularity which represents the
willingness of residents in diferent regions to choose public
bus travel. Te bus popularity is calculated by the following
equation.

Bus popularity �
Bus flow

Population in a zone
. (8)

First, the relation between bus stop density and bus fow
was investigated as shown in Figure 12.

As shown in Figure 12, not matter which zone division
method was used, a similar pattern between bus fow and stop
density could be found, i.e., the higher stop density generally
had a larger bus fow. However, there were some obvious
outliers when the grid-based method and the natural-
boundary-based method were used. Generally, outliers are
expected to indicate a problem, but these outliers in Figur-
es 12(b) and 12(c) might not be related to a poor bus service.
For example, outlier A in Figure 12(b) had a high density of
bus stop but its bus fow was low, and Figure 12(d) shows the
respective zone (Zone A). Zone A covered a very small area
due to the subdistrict boundaries, and thus its density of bus
stop was quite high. However, when the neighborhood area
was examined, this area should not be regarded as an area
with a high density of bus stop. In contrast, the BS-based
method can divide the same area into a zone with a more
reasonable size as shown in Figure 12(e) and then give a more
proper value in terms of the density of bus stop. Similarly, the
natural-boundary-based method sufers the same problem.

Second, the relation between bus stop density and bus
popularity was examined as shown in Figures 13–16.

When Figures 13–15 are compared, more outliers are
found in Figures 14 and 15. However, these outliers might be
misleading and cause extra analysis eforts. Take the outlier B
in Figure 15 as an example. Te respective Zone B did not
have bus stops as shown in Figure 16(a) and then its density
of bus stop was zero, although there were bus stops very close
to Zone B. In contrast, the BS-based method can achieve
a better division result as shown in Figure 16(b).

In all, compared with the BS-based method, the grid-
based method and natural-boundary-based method are less
likely to be suitable for such bus service analysis which
involves the bus stop density because they could generate
misleading results and require more eforts to verify the
analysis result.

4.2.3. Comparison When the Relation between POI and Bus
Service Characteristic Is Analyzed. Except the bus stop
density analysis, the analysis of the relation between POI and
bus service characteristic is preformed to check the infuence
of the three zone division methods. In this comparison, the
geographic weighted regression (GWR) [44] analysis was
adopted to estimate the efects of land use on the bus system,
i.e., the spatial relationship between POI and bus fow/bus
popularity. Te GWR model is an extension of the general
linear regression model which considers the local efects of
spatial objects and its functional form can be expressed as
follows.

yj � β0 uj, vj  + 

p

i�1
βi uj, vj xij + εj, (9)

where yj is the dependent variable at zone j,
xij(i � 1, 2, . . . , p) is the independent variable at zone j,
(uj, vj) represents the coordinate of zone centroid, β0 and βi

(i ∈ [1, p]) are calculated according to the distance between
the zone i and nearby zones, and εj is the random error of the
independent distribution.

As for the input of the GWRmodel, there were three sets
of bus fows which were calculated by the BS-based method,
the grid-based method, and the natural-boundary-based
method, respectively. Te regression result of the natural-
boundary-based method was not presented in this paper
because its R2 was extremely low.

After carefully checking POI-related factors, four POI-
related factors were selected based on the test performance,
including the number of scenic spots in a zone, the number
of factories in a zone, the number of automobile mainte-
nance shops in a zone, and the number of shops in a zone.
Tey represent cultural, economic, infrastructural, and so-
cial dimensions, respectively, which can refect the impact of
diferent aspects on spatial public bus service and the city’s
level of development. Tere are two sets of zone division
results generated by the BS-basedmethod and the grid-based
method, and for each zone division result, the spatial dis-
tributions of four factors were calculated and the collinearity
of the four factors was checked. Te correlation coefcients
among four factors were below 0.7 no matter which zone
division method was used, indicating that these four factors
could be statistically independent. To further check the
collinearity, the variance infation factor (VIF), an indicator
of the severity of multicollinearity, was adopted to test the
independency.Te VIFs have been computed by the method
suggested by Belsley et al. [45] which uses the diagonal of the
inverse of the correlation coefcient matrix of the exogenous
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variables. If variables with VIF values are greater than 10,
they are considered to be multicollinear variables [46].

Te calculation result is shown in Table 2, and all VIF
values were less than 10, which illustrated that four factors
were independent no matter which zone division result was
used. Hence, the four POI-related factors were included in
the GWR model.

Te calibration result is presented in Table 3. R2 was
0.789 when the BS-based method was used, which was more
than that for grid-based method (0.746). Moreover, the AIC

and residual sum of squares were signifcantly better when
the BS-based method was used. Hence, adopting the BS-
based method could help to improve the calibration results
of the GWR model for the bus service analysis.

As the results for the BS-based method in Table 3 show,
the mean coefcient for the number of shops presents
a positive correlation with bus fow, which is consistent with
the general phenomenon that high-consumption areas at-
tract people and induce the public bus trips. Te mean
coefcient for the number of scenic spots is also positive,
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which means that the increasing number of scenic spots
results in the increase of tourists who travel by the public
bus. However, the mean coefcient for the number of fac-
tories demonstrates a negative correlation. Te possible
reason is that a factory generally provides shuttle bus service
for its employees, and employees are more likely to live in or
near the factory. It shows that the construction of public
transport facilities needs to take the cluster of surrounding
factory areas into account.

Additionally, Figure 17 displays the hierarchy of the
coefcient between the number of shops and the bus fow
calculated by the BS-based method and the grid-based
method. No matter which method was used, the co-
efcient spatial distribution presented a similar pattern in
which the values in the west part were generally smaller
than those in the east part in terms of the relation between
the number of shops and the bus fow. Tis pattern

illustrated that the number of shops had a larger impact on
the bus fow in the east part than that in the west part. Te
east subdistricts (Daliang and Ronggui Subdistricts) are
adjacent to Guangzhou (one of China’s three largest cities)
(Guangzhou: https://en.wikipedia.org/wiki/Guangzhou
(Accessed on September 26, 2022)), and thus the east
subdistricts have many active commercial activities which
induce trips. But the BS-based method can help to achieve
a better ftness, so that the respective regional coefcients
have higher credibility when analyzing the infuencing
factors of bus demand.

4.3. Results of the BS-Based Method. To further illustrate the
performance of the BS-based method, this section conducts
more spatial analysis of the bus service based on the zone
division result of the BS-based method.
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4.3.1. Moran’s I Test for Spatial Autocorrelation. Tis
study investigated the spatial autocorrelation among
BSAZs in terms of (a) the bus fow and (b) the bus
popularity. Global Moran’s I and Local Moran’s I [47]

were adopted to explore these spatial autocorrelation,
and Global Moran’s I (I) and Local Moran’s I (Ii) for
BSAZ i can be calculated by equations (10) and (11),
respectively.

Table 2: Variance infation factor (VIF) of explanatory variables.

Variables

VIFs calculated based
on the zone

division result of
the BS-based method

VIFs calculated based
on the zone

division result of
the grid-based method

Number of shops 1.34 1.44
Number of scenic spots 1.24 1.24
Number of factories 1.11 1.13
Number of automobile maintenance shops 1.16 1.17

Table 3: Estimated parameters and diagnostic statistics in GWR models.

Variables Min Max Mean p value
Bus fow calculated by the BS-based method
Intercept −0.383 0.432 −0.018
Number of shops 0.136 0.945 0.517 ≤0.001
Number of scenic spots −0.094 0.695 0.137 ≤0.001
Number of factories −0.753 0.052 −0.211 ≤0.001
Number of automobile maintenance shops −0.271 0.415 0.145 ≤0.001
AIC 587.662
R2 0.789
Residual sum of squares 76.882
Bus fow calculated by the grid-based method
Intercept −0.209 0.430 0.013
Number of shops 0.065 1.050 0.611 ≤0.001
Number of scenic spots −0.052 0.377 0.105 ≤0.001
Number of factories −0.421 0.106 −0.096 ≤0.001
Number of automobile maintenance shops −0.377 0.874 0.183 ≤0.001
AIC 942.358
R2 0.746
Residual sum of squares 139.793
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Figure 17: Spatial distribution of shopping service coefcient. (a) By BS-based method. (b) By grid-based method.
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where n is the total number of BSAZs, wij is the spatial
weight between the centroids of two BSAZs i and j, yi is the
one of the characteristics (bus fow or bus popularity) of
BSAZ i, and y is the mean value of the respective charac-
teristic. Moran’s I’s statistical signifcance is based on the p

value. Moran’s I value ranges from −1 (perfect dispersion) to
+1 (perfect clustering).

Te results of Global Moran’s I for bus fow and bus
popularity are shown in Table 4, showing that both char-
acteristics indicated a statistically signifcantly positive
spatial correlation (p values for both characteristics were
signifcant at 0.01 level). Tat is, the bus fow and bus
popularity of a zone were similar to those of its nearby zones.
Hence, there was a widespread existence of spatial ag-
glomeration in terms of residents’ public bus travel pattern
in Shunde District.

As shown in Figures 18(a) and 18(b) ((a) and (b) can take
the value “High” or “Low” to represent that the characteristic
value is high or low, respectively), clusters represent the
units with A surrounded by units with B. For example, Low-
High clusters represent the units with low values surrounded
by units with high values.

For both characteristics, the distributions of high-high
clusters were mostly in the southeast and the northwest (i.e.,
the central and western regions in Daliang Subdistrict and
the northeastern regions in Lecong Subdistrict). It indicated
that these regions had a high homogeneity in terms of bus
travel pattern in which the region enjoyed the high volume
of bus passengers and the high willingness of residents to
travel by public bus. Daliang Subdistrict has a high GDP
(gross domestic product) of around 546,000,000 RMB per
year and the largest population of 265,500 people in Shunde
District (Shunde District Government Afairs Data Service
Network: https://data.shunde.gov.cn/ (Accessed on Sep-
tember 26, 2022)). Business centers are mainly concentrated
in the central and western regions in Daliang Subdistrict.
Te northwestern regions of Lecong Subdistrict are con-
sidered the important area connecting Shunde District and
Chancheng District which is the economic center of
Foshan (Chancheng District: https://en.wikipedia.org/wiki/
Chancheng_District (Accessed on September 26, 2022)).
Moreover, most clusters of the southwest of Shunde District
were Low-Low in terms of bus fow as shown in Figure 18(a),
which indicated that the daily bus fow in the southwest of
Shunde District seemed to be generally low. However, such
a spatial correlation did not seem to exist when the bus
popularity (i.e., the number of daily bus trips per resident)
was examined, since the Local Moran’s I for the bus pop-
ularity was not signifcant as shown in Figure 18(b). It il-
lustrated that the individual preference to bus trips might
randomly vary in the southwest of Shunde District, although
there was a homogeneous pattern in the aggregated level. It

means that a more detailed analysis for these zones is needed
and it might not be suitable to treat these zones in a similar
manner.

4.3.2. Spatial Relation between the Number of Bus Routes and
Bus Popularity. Te spatial relation between the number of
bus routes and bus popularity was investigated. As shown in
Figure 19(a), bus popularity tended to increase with the
increase of the number of bus routes. However, the outliers
existed and were detected by K Nearest Neighbors (KNN)
algorithm [48]. For each zone, the probability of being an
outlier was calculated, and the BSAZs with the frst 5%
highest probabilities were marked as outliers and plotted as
red points in Figure 19(a).

Tese outliers’ locations are presented in Figure 19(b)
and these outliers should attract the operators’ attention. For
example, there were no outliers in Lunjiao Subdistrict, in-
dicating that for the bus service ofered in Lunjiao Sub-
district, its infuence on bus popularity was similar to those
in most parts in Shunde District, whereas the outliers in
Daliang Subdistrict illustrated that the bus service’s infu-
ence on bus popularity in the respective BSAZs had a rela-
tively diferent pattern, and these BSAZs might need
diferent regional bus service management strategies. Tree
examples are given in this case.

First, the BSAZ 346 had a high bus popularity but with
relatively less bus routes. Checking the POI in BSAZ 346,
we found that BSAZ 346 had a wide industrial area in
which commuting needs would be high. It might explain
that the bus popularity was high. However, for such a level
of bus popularity, the number of bus routes in BSAZ 346
was much lower than that in the general case of Shunde
District, since BSAZ 346 was identifed as an outlier. For
this case, the bus operators should carefully examine the
bus service quality in BSAZ 346 and consider whether
more bus routes should be added because people in BSAZ
346 seem to be more willing to use public bus for their
daily trips.

Second, the situation of another outlier, BSAZ 162,
was diferent, i.e., BSAZ 162 had a low bus popularity but
with relatively more bus routes. BSAZ 162 has a high-
speed railway station, so the bus operators set 19 bus
routes. However, the high-speed railway passengers
seemed to use other transport modes rather than bus as
indicated by the low bus popularity. Terefore, the bus
operators should consider the optimization of bus setting
in BSAZ 162.

Tird, the outliers BSAZs 115, 127, and 213 had a low bus
popularity but with relatively more bus routes. Tese BSAZs
were industrial areas where some factories operated their
own shuttle buses to serve their employees and some ofered
the accommodation. Hence, the need of bus was afected (as

Table 4: Global Moran’s I of bus fow and bus popularity.

Characteristic Global Moran’s I p value
Bus fow 0.470 ≤0.001
Bus popularity 0.236 ≤0.001
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shown in Table 3, the number of factories has a negative
impact on the bus fow), and the bus operators might need to
reorganize the bus services in BSAZs 115, 127, and 213.

5. Conclusions

Tis study has suggested a new feature-based zone division
method called BS-based method. Te division result was
analyzed, and the analysis result showed that the BS-based
method could keep the size of designed bus service area in
each zone in a similar level and support diferent spatial
analyses of bus service.

Furthermore, in this study, the infuence of the diferent
zone division strategies has been checked in the analytical
example and the case study which used the real-world data to
conduct a series of analyses that investigated bus service
characteristics (e.g., bus stop density, bus fow, and bus
popularity) and the relation between land use and bus
service pattern. Te results have illustrated that a proper
zone division strategy can give a good support to transport
planning andmanagement.Tat is, with the consideration of
designed bus service area, the feature-basedmethod (e.g., the
BS-based method) can ofer a better zone division result to
increase the efciency of the bus-stop-related analyses,
compared with the grid-based method and the natural-
boundary-based method.

In the future study, the applications of the BS-based
method will be explored to assist in the improvement of
bus service quality. Moreover, the BS-based method will be
further developed. Considering more factors could en-
hance our proposed division method, such as the varied
actual bus service area which is afected by the diferent
number of routes through a bus stop [49] and the time
headway of bus routes through a bus stop, and the Bayesian
Model Averaging techniques can be adopted to analyze the
bus characteristics [50]. Te future study will consider this
extension, so that the divided zones can support diferent
spatial analyses of bus service and help to deliver a more
realistic result.

Appendix

A. Sensitivity Analysis of the BS-Based Method

Te BS-based method has two parameters, the standard size
of designed bus service area in a BSAZ (δ) and the side length
of a basic unit (α). Tis appendix performs a sensitivity
analysis for δ and α to examine the BS-based method using
a personal computer (Intel(R) Xeon(R) Gold 6230 CPU @
2.10GHz). Xingtan Subdistrict in Shunde District was se-
lected for the sensitivity analysis.

First, α varied from 30m to 150m with a step of 30m
while δ � 0.9 km2. Te value of δ is frstly set to be ap-
proximately triple the size of designed bus service area of
a stop (0.3 km2), and the sensitivity test for δ will be per-
formed later. Te value of δ can be set based on the need of
public bus operators. Te result is shown in Table 5. Te
second column gives the size of average designed bus service
area of BSAZs. Te third column presents the deviation of
designed bus service area in each BSAZ. Te fourth column
gives the average compactness of BSAZs. Te ffth column
presents the computation time.

Te result showed that the average size of designed bus
service area and the average compactness changed a little
when α varied from 30m to 150m, but a general trend was
that with the increase of α, the deviation of designed bus
service area (the diference between the average size of
designed bus service area and δ) increased while the average
compactness decreased. A more accurate spatial analysis
requires that BSAZs should have a similar designed bus
service area and the shape of the BSAZs should be more
compact. However, a smaller α requires a longer compu-
tation time, and when α increases, the decrease rate of
computation time changes dramatically. Terefore, both the
efciency and the accuracy should be considered when
selecting a proper α. When α= 60m, the computation time
was short, the average size of designed bus service area was
close to the standard size, and the average compactness was
the highest, and thus this study set α to be 60m.

Table 5: Te sensitivity analysis for α.

α (m)
Size of average

designed bus service
area (km2)

Deviation (km2) Average compactness Computation time (min)

30 0.906 0.006 0.474 164
60 0.906 0.006 0.479 29
90 0.908 0.008 0.474 11
120 0.906 0.006 0.471 6
150 0.913 0.013 0.467 4

Table 6: Te sensitivity analysis for δ.

δ (km2) Deviation (km2) Average zone size (km2) Average number of bus stops
0.80 0.002 1.976 6.131
0.85 0.007 2.109 6.545
0.90 0.006 2.230 6.923
0.95 0.006 2.353 7.304
1.00 0.008 2.483 7.706
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Second, δ varied from 0.80 km2 to 1.00 km2 with a step of
0.05 km2 while α= 60m. Te result is shown in Table 6. Te
second column gives the absolute diference between the
average designed bus service area of BSAZs and δ, and the
third and fourth columns show the average zone size and the
average number of bus stops, respectively. Because a bus site
may have two bus stops for the upstream and downstream
buses (according to the bus network data in Foshan, a bus
site averagely includes 1.4 bus stops) and these two bus stops
are generally close to each other, the average number of bus
stops ranged from 6.1 to 7.7 when δ varied from 0.80 km2 to
1.00 km2. With the increase of δ, the average zone size and
the average number of bus stops increased. Moreover, when
δ increased, the deviation tended to remain a small value,
indicating that the BS-based method has a relatively stable
performance when it varies from 0.80 km2 to 1.00 km2.
Hence, the medium value (0.90 km2) is used.
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