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Abstract: Network spatial structure has the attributes, like multi-period, multi-scale and strong spatiality,
which are closely related to the daily life of modern people. Fractal data is an effective parameter for describ-
ing network spatial structure. Because the traditional fractal calculation method of network spatial structure is
time-consuming, labor-consuming and the results are not accurate, the research on fractal calculation method
of network spatial structure based on artificial intelligence is proposed. By introducing artificial intelligence,
determining the data of network spatial structure, and constructing the fractal calculation model of network
spatial structure, the research on fractal calculation method of network spatial structure based on artificial in-
telligence is completed. The experimental results show that the fractal calculation method of network spatial
structure based on artificial intelligence is more effective than the traditional fractal calculation method of
network spatial structure, and can be used in urban planning.
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1. Introduction

The evolution of urban system and the development of
traffic network are a process of spatial interaction. The
fractal geometry feature of urban system implies the self-
similarity of traffic network. With the in-depth study of
fractal theory of cities and urban systems, more attention
has been paid to the fractal theory of transportation net-
works. Research on fractal is the main quantitative crite-
rion, but there are few studies on traffic network mor-
phology, structure and spatial differences, time evolution,
and fractal characteristics of traffic network, which are
still in the preliminary stage of exploration. With the con-
tinuous development and innovation of modern science
and technology, modern society has turned to the era of
network information development [1]. Computer network
technology occupies a very important position in modern
society. It can provide guarantee for modern people’s
work and life. Artificial intelligence is a new type of in-
telligent technology based on computer network technol-
ogy, which can create more real scenes for users through
simulation and setting. Thus, this paper puts forward the
research on fractal calculation method of network spatial
structure based on artificial intelligence.

2. Fractal Calculation Method for Deter-
mining Network Spatial Structure based on
Artificial Intelligence

2.1. Introducing artificial intelligence

When artificial intelligence is applied in computer tech-
nology research in practice, it mainly classifies and judg-
es the computer technology through expert system, so as
to further ensure that the process and quality can be con-
trolled in the research of computer technology. The field
of electronic technology in computer technology is a
common technology in the development of modern sci-
ence and technology. While there are many problems in
the research of electronic technology, such as uncontrol-
lable process, insufficient technology and technical loop-
holes, which will not only affect the future development
of electronic technology, but also affect the actual opera-
tion of electronic technology. When the expert system in
artificial intelligence is applied to the research of elec-
tronic technology, it can provide guarantee for the re-
search process, professional technology and perfect tech-
nology of electronic technology based on the characteris-
tics and functions of expert system, so as to provide a
good basis for the development of artificial intelligence
and computer technology [2]. The introduced artificial
intelligence is shown in Figure 1.

Expert system of artificial intelligence technology be-
longs to a relatively intelligent program. When the artifi-
cial intelligence expert system is applied to the evalua-
tion system in practice, it can accumulate the experience
and knowledge of experts in the process of continuous
application, and construct a resource input system by
summing up and summarizing the accumulated experi-
ence [3]. On the basis of resource input system, several
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different expert systems are constructed to improve the
actual application effect of computer evaluation system
in a real sense, and to further grasp the uncertainties and
changing rules of computer network, so as to ensure that
the practical application effect of artificial intelligence
can provide guarantee for the regular operation of com-
puter evaluation system.
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Figure 1. Artificial intelligence model diagram

2.2. Determining network spatial structure data

The spatial structure of point-axis system and geograph-
ical phenomena interact. In reality, the geographical fac-
tors are unevenly distributed, especially the differences
of topographic factors such as oceans and rivers, which
lead to the different gravitational attraction of various
points in geographic space to population and so on.
Therefore, it is believed that the regional point-axis sys-
tem is based on the following two assumptions: (1) the
region is an unbalanced surface, existing differences in
physical and geographical factors; (2) the initial state of
population concentration and economic activities in the
region is unbalanced distribution. This is different from
the assumption of the regional homogeneous surface of
the continental avenue [4]. It is believed that only based
on the situation of unbalanced geographical factors can
the unbalanced development of regional point-axis sys-
tem be brought about. Meanwhile, the assumptions of
non-equilibrium also conform to the development history
of human social space.

There are four stages in the formation of spatial structure
of point-axis system. According to fractal theory, the
evolution of spatial structure of point-axis system is from
integer dimension to fractal dimension.

Random Stage: the surface is heterogeneous space. As
can be seen from Figure 2a, the points are randomly dis-
tributed with no hierarchical differences. This is con-
sistent with the fact that most of the human settlements in
the early agricultural society first appeared and devel-

oped slowly in the river alluvial plain suitable for cultiva-
tion. Figure la is meshed. The mesh size ¢ is changed,
thus, N(g)oc D, in which N(g) is the number of meshes
occupied by points and D is the fractal dimension of
points [5]. According to the feature of random fractal and
its geographical significance, the point spatial distribu-
tion in Figure 2a has fractal feature, and 0<D<1. At this
stage, there is no connection between the points and there
is no axis. Incubation stage: the point distribution differ-
entiates. The settlements with good resources and traffic
location develop into cities and towns, the traffic axis is
formed between the divergent points, and the regional
part begins to appear organized state. As is shown in Fig-
ure 2b, point A and B in the regional space differentiate,
and an axis is formed between point A and B. Under the
influence of market principle, the differentiation points
are distributed along AB axis. Its fractal dimension can
be approximately expressed as D = 1, which is an inte-
ger dimension spatial form.

Development stage: the main spatial structure framework
of point-axis system has been formed. With the rapid
evolution of the society and economy, and the spatial
structure changes greatly. As is shown in Figure 2c, the
dimension of the point-axis system increases gradually
from D = 1, and its spatial structure begins to appear
self-similar irregularities. Mature stage: the point-axis
system is highly developed and the spatial structure tends
to be stable [6]. As is shown in Figure 2d, the system
geographic factors appear to be fragmented and random,
but in fact have scale-free self-similar system. This is a
fractal dimension structure, a subset of scale-free net-
work, and has self-optimization characteristics. Its fractal
dimension D generally satisfies: 1 < D < 2.
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Figure 2. Spatial structure sketch

2.3. Constructing fractal calculation model of net-
work spatial structure

The basic idea of the point-axis system theory is to con-
sider the point and axis of a region in a unified way and
use them in planning and layout, so as to form the best
spatial structure of a region. The previous research on
fractal mostly studies the points and axes separately [7].
In the process of the formation and development of
point-axis system, the formation of spatial structure of
point system precedes the formation of spatial connec-
tivity of axis system. Therefore, the spatial structure of
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point system in a region determines the spatial connectiv-
ity of axis system, while the further optimization of spa-
tial structure of axis system has reaction force.
Point-axis system is the center of network space, the
gathering point of social and economic factors at all lev-
els, and the center of driving regional development at all
levels. The axis of point-axis system refers to the “infra-
structure bundle” connected by transportation, transporta-
tion trunk lines, energy and water channels, which is
mainly used to connect all points in the system [8]. In the
mature spatial structure of point-axis system, the connec-
tion between points forms a scale-free network. Most of
the network space points achieve optimal connection
mainly through a few reasonable transitions with a large
number of Hub points. Therefore, the point-axis system
of the regional network space is generally distributed
along the connection. The transportation system is a net-
work space with some traffic axes distributed and interre-
lated in the network space points. Based on this, the frac-
tal characteristics of spatial structure of point-axis system
in regional network space are discussed with the network
space-transportation system as the carrier.
The length and width of the research area are regarded as
1 unit length. The region is meshed with a scale of ¢ .
The number of meshes N(g) occupied by the network
space is investigated. N(g) changes according to the
change of the mesh size ¢ . Previous research has shown
that the spatial structure of regional network has self-
similarity, as is shown in formula (1):
N(g) oc &2
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According to Hausdorff dimension formula, it can be
known that A is a constant and Dh = a is a fractal di-
mension, a generalized capacity dimension. Since capaci-
ty dimension can not reflect spatial imbalance, Shannon
entropy used to describe spatial equilibrium has been
proved to be equivalent to Hausdorff dimension [9].
Therefore, on the scale of ¢, the meshes are numbered as
J accordingly. Let the number of network spaces in the
jth mesh be Nj(g), N the total number of network spaces
in the region, | the constant, and the approximate expres-
sion of the network space falling into the jth mesh is
shown in formula 2:
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In the formula, k=1/¢, which is the number of seg-
ments of the region edge length on the scale of ¢ . Ac-
cording to the definition of information dimension, the
transformation of formula (2) is as follows:
I(e)=1,-Diln(1/¢)
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In formula (3), 10 is constant and Di is information di-
mension. The results show that the information dimen-
sion Di <[0,2], which reflects the uniformity of spatial
distribution of regional networks. When Di = 0, it
means that all the network space is concentrated at one
point, and there is only one city in the region. When
Di — 2, it means that the regional network space is even-
ly distributed, which is the case with the standard central
model. The larger Di is, the more balanced the spatial
distribution of the regional network is. Generally,
Die(0,2) and Di < Dh. In the case that space are dis-

tributed equally in network space, Di=Dh— 2.

In the process of the formation and development of
point-axis system, the formation of spatial structure of
point system precedes the formation of spatial connec-
tivity of axis system. Therefore, the spatial structure of
point system in a region determines the spatial connectiv-
ity of axis system, and the further optimization of spatial
structure of axis system has reaction force. Specifically,
the spatial structure of regional urban-traffic system is
affected by the location and evolution of residential areas
on the one hand, and the road connecting these residen-
tial areas on the other. The interaction of the two influ-
ences the spatial structure of regional network space-
traffic system [10].

The scale-free area of network spatial distribution is de-
termined by visual method, and the least square regres-
sion analysis model is embedded in the program, which
can automatically display and calculate the information
dimension of urban points. Similarly, the attribute tables
of network spatial distance (including linear distance and
traffic distance) are calculated under different distance
scales. The workflow diagram of the fractal calculation
model of network spatial structure is shown in Figure 3.
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Figure 3. Workflow diagram of fractal calculation model of network spatial structure

By introducing artificial intelligence, determining the
data of network spatial structure, and constructing the
fractal calculation model of network spatial structure, the
research on fractal calculation method of network spatial
structure based on artificial intelligence is completed.

3. Test Verification

In order to verify the validity of the fractal calculation
method of network spatial structure based on artificial
intelligence proposed in this paper, simulation experi-
ments are carried out. The traditional fractal calculation
method of network spatial structure is used as the exper-
imental contrast object, and the fractal accuracy of differ-
ent fractal calculation methods of network spatial struc-
ture is obtained under different experimental variables by
comparing with the known city profile.

3.1. Experimental content

During the experiment, the general situation of Jinan
research area was simulated according to the known pa-
rameters. Jinan City is located in the juncture zone be-
tween the hills in the middle and south of Shandong

Province and the alluvial plain in the northwest of Shan-
dong Province, featuring with obvious topographic char-
acteristics. The topographic pattern has a certain influ-
ence on the spatial pattern of cities and towns. The spatial
distribution of cities and towns in the study area contains
a lot of fractal information. It is a typical area to study the
fractal feature of the spatial structure of cities and towns.
There are 145 township and sub-district offices in Jinan
administrative area. When investigating the spatial con-
nectivity of the regional point-axis system, only 19 cities
and towns, sub-district offices, provincial and above de-
velopment zones where the governments of different
districts and counties in Jinan are located are selected.
The data points of the distance between two cities and
towns are N2=19*19=361.

After querying the relevant traffic mileage tables, the
minimum road traffic distance between two points of 19
distribution towns are obtained, which is shown in Table
1. Statistical analysis of 361 distance data points shows
that the data distribution of straight line distance and traf-
fic distance is highly discrete, as is shown in Table 2.

Table 1. Minimum road traffic distance between two points of distribution towns

Region A B C D E F
A 0/0 6/8 67/76 44/51 70/71 4/6
B 0/0 61/69 50/57 76/87 10/11
C 0/0 108/148 131/157 72/91
D 0/0 72/100 40/71
E 0/0 70/78
F 0/0

Table 2. Data sheet of straight line distance and traffic distance

Distance type Straight line distance Traffic distance
Average value/km 37.07 44.3
Maximum value/km 130.5 157
Minimum value/km 0 0
Label difference/km 26.95 33.71
variance/km 726.36 1136.25

Based on the spatial distribution map of Jinan town
points and the attributes tables of straight line distance
and traffic distance corresponding to 19 distribution town
points, the corresponding calculation can be carried out
by setting different scales and calculating the fractal
structure of two kinds of networks.

3.2. Experimental results and analysis

On the premise of fractal calculation of network spatial
structure based on artificial intelligence, it can be found
that:

The spatial structure of Jinan’s cities and towns is fractal,
the regional cities and towns are in a state of agglomera-
tion as a whole, and the spatial connectivity between the
urban agglomeration and distribution points is strong.

The capacity dimension Dh > information dimension Di
of Jinan cities and towns, which indicates that the spatial
distribution of Jinan cities and towns is unbalanced. The
approaching of information dimension Di to 1 further
verifies that Jinan cities and towns point system is in the
condition of axial agglomeration.

The spatial correlation dimension Dt of Jinan distribution
town points based on traffic distance is slightly less than
1, which indicates that the distribution town points have
close connection structure and strong connectivity.
Therefore, Jinan’s town system should be in the devel-
opment stage of point-axis system. On the basis of the
existing spatial layout of town points, the distribution
town points have initially formed an axial structure and
reacted on the town point system to promote the balanced
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distribution of cities and towns. The system has begun to
have self-similarity and self-optimization.

However, the traditional fractal calculation of network
spatial structure can not effectively analyze and calculate
the town spatial structure of Jinan, which shows that the
fractal calculation of network spatial structure based on
artificial intelligence has high effectiveness.

4. Conclusions

In this paper, the research on fractal calculation method
of network spatial structure based on artificial intelli-
gence is proposed. By introducing artificial intelligence,
determining the data of network spatial structure, and
constructing the fractal calculation model of network
spatial structure, the research on fractal calculation meth-
od of network spatial structure based on artificial intelli-
gence is completed. The experimental results show that
the fractal calculation of network spatial structure based
on artificial intelligence is effective and can be used in
urban planning. It is hoped that this research can provide
technical reference for the impact analysis of logistics
enterprises on logistics quality.
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