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Road traffic network (RTN) structure plays an important role in the field of complex network analysis. In this paper, we propose a
regional patch detection method from RTN via community detection of complex network. Firstly, the refined Adapted PageRank
algorithm, which combines with the influence factors of the location property weight, the geographic distance weight and the road
level weight, is used to calculate the candidate ranking results of key nodes in the RTN. Secondly, the ranking result and the shortest
path distance as two significant impact factors are used to select the key points of the RTN, and then the Adapted K-Means
algorithm is applied to regional patch detection of the RTN. Finally, based on the experimental data of Zhangwu road traffic
network, the analysis results are as follows: Zhangwu is divided into 9 functional structures with key node locations as the core.
Regional patch structure is divided according to key points, and the RTN is actually divided into nine small functional
communities. Nine functional regional patches constitute a new network structure, maintaining connectivity between the
regional patches can improve the overall efficiency of the RTN.

1. Introduction

Road traffic network is an important infrastructure to serve
the economy, society, and the public and is the backbone of
the comprehensive transportation system. China is a big
country in road traffic, with a total length of 4.8465 million
kilometers at all levels, which constitutes a complex network
system. The community is the dominant structure that
exhibits different features and multifold functions of complex
networks; accordingly, community detection is of critical
importance in network science. In recent years, Newman
[1] and Boccaletti [2] introduce the structure, dynamics,
and function of complex networks. Newman [3] introduces
the communities, modules, and large-scale structure in net-
works. Communities have intrinsic interest, they may corre-
spond to functional units within a networked system, an
example of the kind of link between structure and function
that drives much of the present excitement about networks.
Costa et al. [4] analyze and model real-world phenomena
with complex networks. Fortunato et al. [5] present that
community detection in networks is one of the most popular
topics of modern network science. Communities, or clusters,

are usually groups of vertices having higher probability of
being connected to each other than to members of other
groups, though other patterns are possible. Yang et al. [6, 7]
adapt the concept of community detection to the correlation
network of urban traffic state and propose a new perspective
to identify the spatial correlation patterns of traffic state. Real
networks exhibit heterogeneous nature with nodes playing
far different roles in structure and function, to identify vital
nodes is thus very significant [8]. Liao et al. [9] introduce
the problem of ranking the nodes and the edges in complex
networks that is critical for a broad range of real-world prob-
lems, because it affects how we access online information and
products, how success and talent are evaluated in human
activities, and how scarce resources are allocated by compa-
nies and policymakers, among others. Agryzkov et al. [10]
provide a method to establish a ranking of nodes in an urban
network, with the main characteristic that is able to consider
the importance of data obtained from the urban networks in
the process of computing the centrality of every node. Yu
et al. [11] say the identification of clusters or communities
in complex networks is a reappearing problem. Kim and
Kim [12] propose an algorithm that uses an interaction
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optimization process to detect community structures in com-
plex networks.

As community detection of complex network is one of
the research hotspots, we proposed a Regional patch detec-
tion (RPD) analysis. Based on the idea of community detec-
tion of complex network, the regional patch detection of
road traffic network (RTN) is put forward, which transcends
the restriction of administrative division on RTN and funda-
mentally identifies the special common regional patch struc-
ture of RTN. Regional patch detection is applied to the RTN,
the deep characteristic structure aggregation of the RTN is
analyzed, the restrictions of the administrative division on
the RTN are crossed, and the characteristic sharing area is
detected according to the trend of the road network, ancillary
facilities of the road network, service facilities, distance, and
other influencing factors. To evaluate the rationality of traffic
network planning, the rationality of road network structure
design and the maintenance and maintenance of traffic net-
work are theoretical and practical problems that need to be
solved urgently.

The remaining of this paper is organized as follows: Sec-
tion 2 constructs the road traffic network (RTN), considering
the influence factor of weight and the regional patch detec-
tion of road traffic network are introduced. Section 3 presents
the experimental results of a road traffic network (RTN) in
Zhangwu of China. Finally, conclusions are provided in the
Conclusion section.

2. Regional Patch Detection (RPD) from Road
Traffic Network (RTN)

2.1. The Construction of RTN. The structure of RTN is always
defined as followed due to its complexity. The RTN defined:

RTN = N , Eð Þ ð1Þ

whereas: N = fniji = 1, 2,⋯,Ng is the set of nodes in the
RTN, N = jNj is the number of nodes in RTN; E = feijji ≠ j,
i, j ∈ f1, 2,⋯,Ngg is the set of edges. eij = 1, if there is an
edge between nodes i and j, otherwise eij = 0; weight factor:
if each edge is given a corresponding weight, the network is
called a weighted network; otherwise, it is called an
unweighted network. An unweighted network can also be
regarded as an equal-weight network in which each edge
has a weight of 1.

2.2. The Weighting Factors. The influence of features, dis-
tance, and level of road traffic network play a key role in
the geographical characteristics and traffic operation of road
network. So we set the corresponding weight influence fac-
tors to analyze the core position distribution of the road traf-
fic network. There are three weighting factors for the RTN:

2.2.1. The Location Property. The location property is an
important factor in measuring the importance of a segment.
Location characteristics are often related to the presence of
facilities such as those in the hotel industry and the commer-
cial sector. Suppose vector v is of size N × 1, N is the number
of road nodes in the RTN. An element vi = 1ð1 ≤ i ≤NÞ that

represents the segment i is relatively important, and there
are important ground feature service facilities around it. Oth-
erwise, vi = 0. The property matrix F defined as:

F = v, v,⋯, vð Þ1×N ð2Þ

2.2.2. The Geographic Distance. For the geographical, a
distance-decay characteristic displays significantly in the
RTN. The correlation amplitude generally decreases with
the increase of the distance between two nodes. Assumption,
distance weight matrix W = ðwijÞNi,j=1, dij is the shortest path
length between segments i and j in RTN and the unit is km:

wij =
1
dij

 i ≠ j

0 i = j

8
><

>:
, 1 ≤ i, j ≤N ð3Þ

2.2.3. The Road Level. The traffic road network is classified to
five categories according to the road administrative level,
which is divided into national road (G), provincial road (S),
county road (X), rural road (Y), and village roads (C).
According to the traffic volume, task, and nature of China’s
highway engineering technical standards (JTG B01-2014),
different levels of traffic networks have different annual aver-
age daily traffic volume (ADT) [13]. Thus, the weights of dif-
ferent levels of traffic network are set as shown in Table 1.

Suppose, road level matrix L = ðlijÞNi,j=1, element lij refers

to the weighted value of road level in Table 1.

2.3. Regional Patch Detection (RPD). This community detec-
tion result is as a reference, we define the concept of geo-
graphic space road traffic network regional patch detection
(RPD):

The regional patch is a subset of the RTN in the range of
dividing the RTN at different levels. A regional patch con-
tains nodes and the sections between nodes. The nodes in
the regional patch are closely related to each other and have
strong topological structure similarity and feature facility
property similarity. The relation between regional patches is
relatively sparse, and the close regional patches differ greatly,
while the distant regional patches may have similar
characteristics.

2.4. RPD Method. Complex networks have scale-free, small-
world, and community characteristics. The characteristics
of RTN are generally scale-free and small-world. Therefore,
the community structure of RTN is analyzed based on the
complex network, and the aggregation of road network is
deeply explored.

Table 1: Road level weight distribution.

Road
level

National
road (G)

Provincial
road (S)

County
road (X)

Rural
road (Y)

Village
road (C)

Weight 0.6875 0.1875 0.075 0.025 0.025
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The Google matrix of PageRank, expressed in G, is
defined as:

G = αA∗ + 1‐αð Þ
N

IN×N ð4Þ

In the paper, the refined Adapted PageRank algorithm is
used to calculate the ranking results of key nodes of the RTN.
The matrix ð1 − α/NÞIN×N by adding a property matrix, a
distance weight matrix, and a road level matrix. The weight
influence factor set in Section 2.2 is applied to calculate the
candidate location distribution of key nodes in the RTN.

Then, with the property matrix F, the distance weight
matrix W, and the road level matrix L, a novel weighted

matrix K is defined, where kj is the jth column of matrix K :

K = k1, k2,⋯, kj,⋯, kN
� �

= F +W + L ð5Þ

In order to make matrix K have column irreducibility
and stochastically, every column vector kj of matrix K should
be normalized, Where kkjk is the norm of column vector kj.

A new matrix G∗ in Equation. (6), the term ð1 − α/NÞ
IN×N is replaced by ð1 − αÞKN . Calculate X∗

1 = fgð1Þ, gð2Þ,
⋯, gðNÞgðλ = 1Þ of G∗ are the rank of key nodes.

G∗ = αA∗ + 1‐αð ÞKN ð6Þ

The calculation rank of key nodes is described in Figure 1.
In this paper, the center points of regional patch detec-

tion are selected by the method of two-dimension decision
graph. Thus, the number of centers can be determined by
taking ρ and δ into consideration, ρ as the horizontal axis
and δ as the vertical axis:

γi = ρiδi, i ∈ IS ð7Þ

The ρi, which is the ith vector X∗
1 , the ranking value of

key nodes. δi represents the minimum shortest path length
of RTN. The large γ, it may be the regional patch center.
Therefore, it is necessary to arrange fγigNi=1 in descending
order, and then intercept a number of data points from front
to back as the regional patch centers. Therefore, C nodes dis-
tributed in the upper right of the graph were selected as the
regional patch centers.

In the RTN, based on the Adapted K-Means algorithm to
calculate the regional patches. The Adapted K-Means algo-
rithm process are shown in Table 2. The Adapted PageRank
algorithm uses the characteristic influence factor of RTN to
calculate the ranking results of key nodes. The influencing
factors include the location property, the geographic

Road traffic network

Property matrix F Distance weight matrix W Level weight matrix L

K = F+W+L to KN

G⁎ = 𝛼A⁎+(1-𝛼)KN

X1
⁎ = {g(1), g(2),…, g(N)}

Adjacent matrix A

Transition matric A⁎

Figure 1: The Adapted PageRank algorithm.

Table 2: The Adapted K-Means Algorithm process.

Input: Road traffic network N = n1, n2,⋯, nmf g;
Regional patch center (Decision Graph) k.

Process:
1: Select the regional patch center from the RTN as the initial value
n1, n2,⋯, nkf g

2: repeat

3: Ci =∅ 1 ≤ i ≤ kð Þ
4: for i = 1, 2,⋯, n do

5: arg min
Ck∈C

Ŝi − Ck

�� ��2, i = 1, 2,⋯,N

6: Ck = 1/ Zkj j∑Ŝi∈Zk
Ŝi, k = 1, 2,⋯, K

7: Divide the sample ni into corresponding regional patch Cλi
=

Cλi
∪ xif g

8: end for

Export: Regional patch detection C = C1, C2,⋯, Ckf g
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distance, and the road level. The method of two-dimension
decision graph include the ranking value of key nodes as
the horizontal axis and the minimum shortest path length
as the vertical axis. The Adapted K-Means algorithm selected
the center point of regional patch detection according to the
two-dimension decision graph, so as to implement the
regional patch detection of RTN. So, the RTN regional patch
detection procedure as:

Step 1: in the RTN, calculate the adjacent matrix A, the
property matrix F, the distance weight matrix W, and the
road level matrix L

Step 2: perform the Adapted PageRank algorithm to the
ranking value of key nodes

Step 3: draw a decision graph with ρi and δi, find the
number of regional patches C and corresponding initial
centroids

Step 4: perform the Adapted K-Means algorithm
(Table 2) to detection the regional patches

Important key node locations are selected as the central
point of regional patch aggregation in the RTN, and the
Adapted K-Means algorithm is used to calculate the regional
patch distribution. The key nodes of the RTN are taken as the
basis of regional patch detection to identify the key locations
of the overall RTN and divide the functional structure of the
RTN. In the regional patches, the edge intensity is defined to
quantify the relationship between each pair of connected

Figure 2: Zhangwu road traffic network.
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Figure 3: Initial cluster center selection results: (a) decision graph; (b) initial cluster center.
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nodes, and the vertical connected by the edges with higher
intensities are denoted as core nodes, while the others are
denoted as marginal nodes.

The regional patch can identify the key functional struc-
ture distribution of the RTN effectively and further under-
stand the structural characteristics of the RTN. Those key
nodes are as the center, the regional patch characteristics of
the whole network are extracted. From the perspective of
geographic space, the characteristic regional patches are
detected across the administrative boundaries. The regional
patch represents a novel research area and lays the founda-
tion for in-depth analysis of the RTN.

3. Experiments and Analysis

The RTN comprised of national road (G), provincial road
(S), county road (X), rural road (Y), and village road (C) in
Zhangwu. The total number of nodes is 1750 and the total
number of edges is 2053 in Zhuangwu road traffic network.
As shown in Figure 2, Zhangwu road traffic network.

In the RTN, the number of nodes representing the
national roads and provincial roads are only a small portion
of number of nodes of the entire network. And most nodes
representing the national roads and provincial roads have
relatively low values of degree, and the nodes with large
degree are mainly located on the county roads, rural roads,
and village roads. Use the RTN regional patch detection to
calculate the Zhangwu road traffic network. Get the location
information of Zhangwu, vi = 1 and vi = 0 to distinguish the
location of important and common features. After defining
the property matrix F, computing the distance weight matrix
W , and classification of the road level matrix L, we construct
a refined matrix G∗.

Then, a vector, which represents the importance of road
nodes in the RTN, is obtained. Figure 3 shows the result of
the selection of the regional patch center of the RTN.
Figure 3(a) shows that the center point of selection is shown
in the orange box on the upper right side of the decision
graph. The nine road nodes in Figure 3(b) are the number
of differentiated regional patches. After this process, the
number of regional patches were determined as the output
parameters of the Adapted K-Means algorithm.

It can be seen from the decision graph that we calculate
the classes of regional patch structures, the nodes with the
same color are grouped into the same regional patch, and
the number of regional patch structures in the RTN of
Zhangwu is 9. As shown in Figure 4, the blue area is the Label
1 regional patch structure; pale orange pink area is the label 2
regional patch structure, and so on. Road nodes within a
regional patch indicate that traffic state series on them have
relatively high correlation compared with other road nodes
in other regional patch. As shown in the results of regional
patch detection, road nodes within a regional patch are nec-
essarily connected to each other. The regional patch structure
of the RTN in Zhangwu is drawn by the blue border, and the
whole county is divided into nine regional patch structures.
The structure state of the RTN is analyzed from the charac-
teristics. From the figure, we can clearly find the central posi-
tion of the nine regional patch. As geographical space
structure, the connectivity and convenience of the nine
regional patch can greatly improve the RTN of Zhangwu.
The location of the center point in the connection diagram
highlights the connected critical route, providing theoretical
reference for the trend of improving the connectivity of the
RTN, and the location of the key maintenance and improve-
ment of the RTN can be determined on the road network

Figure 4: Zhangwu road traffic network regional patch detection.
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connected by regional patch structure. The RTN of Zhangwu
can be better improved and maintain the overall network
operating efficiency.

4. Conclusion

Based on the community detection of complex network, the
application of Zhangwu RTN is analyzed, the regional patch
structure of Zhangwu road traffic network is analyzed, the
common aggregation regional patch of key points is drawn,
and the functional structure of RTN is deeply analyzed. Key
points are identified and analyzed to identify the important
locations of the overall RTN. Based on the important loca-
tions, the common structure is drawn, and the network is
divided into multiple functional regional patch. In RTN,
the results of the regional patch detection of the road network
system are determined by the influence of the property of
ground object facilities, the distance between nodes, and the
level distribution of the road network. However, community
detection is rarely used in complex road traffic network. Road
traffic network (RTN) rely on communities to play multiple
roles and embody specific features, and different investiga-
tion levels may have different results and perspectives; hence,
community detection is of critical importance for a better
understanding of road traffic network.

Moreover, the modeling and analyzing methods are
applied to the road network in Zhangwu. The results show
that the method has a good regional patch detection effect
and has great potential in identifying the aggregation degree
of road network structure considering the special structural
complexity of RTN from the perspective of geographic space.
The analysis results can provide an effective theoretical basis
for traffic management and operation analysis. However, the
results can provide a basis for the regional patch identifica-
tion of RTN, and the traffic network system can be studied
according to the regional patch distribution trend. It provides
a theoretical basis for the maintenance and reconstruction of
traffic network in the future.

Data Availability

The Zhangwu County Traffic Network data used to support
the findings of this study have not been made available
because the original road network data is the traffic situation
of the real county location in China, and it is real and effec-
tive reality data. It can reflect the real data of China’s geo-
graphical location. Therefore, it cannot be made public.
However, the results of the later results can be referenced
and applied.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This paper is supported by the Liaoning Province Doctoral
Research, Liaoning Provincial Natural Science Fund Project

Key Project (20170520141), and Liaoning Provincial Public
Welfare Research Fund Project (20170003).

References

[1] M. E. J. Newman, “The structure and function of complex net-
works,” SIAM Review, vol. 45, no. 2, pp. 167–256, 2003.

[2] S. Boccaletti et al., “Complex networks: structure and dynam-
ics,” Physics Reports, vol. 424, no. 4-5, pp. 175–308, 2006.

[3] M. E. J. Newman, “Communities, modules and large-scale
structure in networks,” Nature Physics, vol. 8, no. 1, pp. 25–
31, 2012.

[4] L. da Fontoura Costa, O. N. Oliveira, G. Travieso et al., “Ana-
lyzing and modeling real-world phenomena with complex net-
works: a survey of applications,” Advances in Physics, vol. 60,
no. 3, pp. 329–412, 2011.

[5] S. Fortunato and D. Hric, “Community detection in networks:
a user guide,” Physics Reports, vol. 659, pp. 1–44, 2016.

[6] Y. Yang, L. Jia, Y. Qin, S. Han, and H. Dong, “Understanding
structure of urban traffic network based on spatial-temporal
correlation analysis,” Modern Physics Letters B, vol. 31,
no. 22, p. 1750230, 2017.

[7] Y. Yang, J. Cao, Y. Qin, L. Jia, H. Dong, and A. Zhang, “Spatial
correlation analysis of urban traffic state under a perspective of
community detection,” International Journal of Modern Phys-
ics B, vol. 32, no. 12, p. 1850150, 2018.

[8] L. Lü, D. Chen, X.-L. Ren, Q.-M. Zhang, Y.-C. Zhang, and
T. Zhou, “Vital nodes identification in complex networks,”
Physics Reports, vol. 650, pp. 1–63, 2016.

[9] H. Liao, M. S. Mariani, M. Medo, Y.-C. Zhang, and M.-
Y. Zhou, “Ranking in evolving complex networks,” Physics
Reports, vol. 689, pp. 1–54, 2017.

[10] T. Agryzkov, L. Tortosa, and J. F. Vicent, “New highlights and
a new centrality measure based on the adapted pageRank algo-
rithm for urban networks,” Applied Mathematics and Compu-
tation, vol. 291, pp. 14–29, 2016.

[11] M. Yu, A. Hillebrand, P. Tewarie et al., “Hierarchical clustering
inminimum spanning trees,” Chaos: An Interdisciplinary Jour-
nal of Nonlinear Science, vol. 25, no. 2, article 023107, 2015.

[12] P. Kim and S. Kim, “Detecting community structure in com-
plex networks using an interaction optimization process,” Phy-
sica A: Statistical Mechanics and its Applications, vol. 465,
pp. 525–542, 2017.

[13] X. Zhu, W. Song, and L. Gao, “Topological characteristics and
vulnerability analysis of rural traffic network[J],” Journal of
Sensors, vol. 9, 2019.

6 Journal of Sensors


	Regional Patch Detection of Road Traffic Network
	1. Introduction
	2. Regional Patch Detection (RPD) from Road Traffic Network (RTN)
	2.1. The Construction of RTN
	2.2. The Weighting Factors
	2.2.1. The Location Property
	2.2.2. The Geographic Distance
	2.2.3. The Road Level

	2.3. Regional Patch Detection (RPD)
	2.4. RPD Method

	3. Experiments and Analysis
	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

