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With the rapid development of the power system and the increasing complexity of the power grid structure, users’ demand for
information-based management of the power distribution network is growing, and the need to improve various power
production service standards is becoming increasingly urgent. Geographic information systems (GIS) are a natural
combination of geographic and data attributes that are particularly well suited to the management of urban pipeline systems
such as distribution and telecommunication networks. This paper discusses the current application characteristics and
challenges of 3D GIS in the power system. A 3D graphic analysis model of the power grid and its realization method are
proposed using 2D GIS and scene simulation technology combined with object-oriented design method. The problems that
exist in current urban distribution facility management are solved in this paper through the effective integration of information
construction and distribution facility management, and the goal of refined management is achieved on this basis. More and
more complex 3D spatial data can be processed more realistically and intuitively with 3D GIS.

1. Introduction

Transmission line engineering is a large-scale undertaking.
Regional spatial information is in high demand for everything
from power grid planning, design, and construction to opera-
tion, management, and maintenance [1, 2]. A geographic
information system (GIS) is a data storage, analysis, and pre-
sentation system for spatial and nonspatial data [2]. It is part
of a larger system for gathering, storing, converting, extracting,
and expressing related geographic phenomena in the real
world [3]. It, as well as a combination of tools with intrinsic
relevance, can assist people in solving a wide range of complex
geographical problems. In recent years, 3D GIS technology,
supported by spatial visualization technology [4] and spatial
database technology, has developed vigorously, making break-
through progress in large-scale terrain display, spatial data
management and analysis, etc., which provides necessary con-
ditions for the research of a new generation of visual distribu-
tion network management system [5].

With the rapid development of power systems and the
increasing complexity of power grid structures, users’

demands to manage the operation of power distribution net-
works through information are increasing, and the need to
improve various power production service standards is
becoming increasingly urgent [6]. The three-dimensional
distribution network system consists of a three-dimensional
digital terrain model, high-resolution remote sensing image
data, three-dimensional power facilities and equipment
model, three-dimensional visual simulation of power grid
equipment, and a power grid construction area and allows
users to browse, roam, position, and perform other opera-
tions in the three-dimensional scene interactively [7, 8].
The transmission line is long in distance, and the geographi-
cal conditions of the passing area are complex, and it crosses
with many power lines and communication lines [9]. In
order to improve the management level of the power indus-
try, the power industry has to strengthen the management
of power distribution network through information tech-
nology [10]. Based on this, this paper introduces the appli-
cation characteristics and difficulties of 3D GIS in power
system. By using two-dimensional GIS and scene simulation
technology, combined with object-oriented design method,
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this paper puts forward a method to build a three-
dimensional graphic analysis model of power grid and its
implementation method.

Power distribution network facilities include power
equipment, auxiliary equipment, and their operating envi-
ronment. The management of distribution network facilities
requires integrated management of power equipment, auxil-
iary equipment, and their operating environment [11]. How-
ever, the current information system only describes the
power equipment and does not include the auxiliary facili-
ties of power equipment, and the managers cannot grasp
the environmental information and overall situation of
power equipment [12]. 3D GIS can display relevant data
information in a 3D way, such as the positional relationship
between iron tower and conductor, the electrical gap
between conductor and ground wire, and the distance
between conductor to ground and crossing distance [13].
3D GIS can deal with more and more complex 3D spatial
data more truly and intuitively [14]. Through the effective
integration of information construction and distribution
network facilities management, this paper solves the prob-
lems existing in the current urban distribution network facil-
ities management and realizes the goal of fine management
on this basis. 3D GIS has obvious advantages over 2D GIS
in 3D scene visualization and real-time roaming. The analy-
sis, evaluation, and decision-making of problems also get rid
of the limitation that 2D GIS is only based on plane prob-
lem-solving.

2. Related Work

Distribution network is the most important part of the foun-
dation of power supply, which directly supplies power to end
users. How to ensure the maximum power supply and pro-
vide better services for users to improve the overall efficiency
of the power industry is a problem that electric power enter-
prises must face and solve at present. Literature [15] pointed
out that the management status of distribution network
facilities has a direct relationship with the construction of
3D distribution network system, and a key factor for the suc-
cess of the construction of 3D GIS distribution network sys-
tem lies in the accurate positioning and description of
distribution network facilities. Literature [16] mainly dis-
cusses the management methods and processing methods
of multidimensional spatial information. Literature [17] will
combine with and use its modeling function to create a
three-dimensional distribution network system to realize
the related functions required by users. Literature [18] com-
prehensively analyzes the respective characteristics and
advantages of 3D modeling and based secondary develop-
ment software and builds a 3D power distribution network
model by taking advantage of the simplicity and quickness
of the software in 3D modeling. Literature [19] takes the
application practice of 3D GIS in a power grid company as
the research background to solve the key problems in the
field management and implementation of power distribution
facilities. Literature [20] discusses the integration of three-
dimensional information technology and distribution net-
work management from the process construction of infor-

mation system to solve the problems in distribution
network management. In literature [21], by using 3D scene
simulation technology and object-oriented design method, a
method combining 2D GIS with scene simulation technology
is proposed. The literature [22] examines the application
mode of a 3D GIS system in power grid design, operation,
and maintenance from multiple perspectives of overhead
transmission lines and substation design and construction.
Based on current research findings, this paper optimizes prod-
uct architecture design and improves the visualization effect of
power grid data and proposes a new generation of distribution
network engineering scene simulation technology in order to
shorten the R&D cycle, maintain product technological
advancement, and increase market competitiveness.

3. Application Characteristics and
Difficulties of 3D GIS Technology in
Power System

Electric power distribution system is a comprehensive man-
agement system which combines computer programming
language, real-time communication technology, electronic
information technology, and other related technologies and
uses intelligent operation means to realize the functions of
power supply range control, power outage range control,
and detection of electric power distribution network. From
two-dimensional map, sand table, animation to virtual scene
simulation, it is an inevitable result that accords with the
deepening of people’s understanding and the development
trend of technology. The greatest advantage of 3D GIS sys-
tem is that it can truly reproduce the geographic information
in the real environment. In the daily management of power
distribution system, related equipment is closely related to
its geographical space environment, that is, it is inseparable
from geographical coordinates. Different from the equip-
ment of transmission network, the equipment of distribution
network is generally installed on multibase towers, which are
scattered in distribution, with many points and wide areas,
and the relationship between them is complicated [23].
Using 3D GIS technology can realize the realistic 3D model
generation function and real-time roaming function. The
structural design of the system is shown in Figure 1.
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Figure 1: The structural design of the system.
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There are still technical limitations in 3D GIS, such as
3D data acquisition, processing and storage of large
amounts of data, 3D visualization, and 3D spatial analysis,
which prevent it from meeting the needs of large-scale
commercial applications while remaining cost-effective. If
3D GIS is used in its entirety, the system will inevitably cost
a lot of money to build. Users do not need to pursue high
performance blindly when 2D GIS can meet their needs.
The transmission network’s connection mode is mostly
simple mesh, while the distribution network is blessed. As
a result, the distribution system’s topology is far more com-
plicated. We should not only be familiar with the geograph-
ical location of the system equipment during routine
management but also with its complex network structure
and topological relationships, in order to ensure the normal
operation and management of the distribution network sys-
tem’s various functions.

4. Model Construction of Power Distribution
Network System

The GIS system of electric power distribution network is an
advanced information management system, which is based
on computer network technology, GIS technology, and rela-
tional database technology and established by using com-
puter programming language and integrates the operation,
monitoring, maintenance, and management of distribution
equipment. The system’s goal is to create a 3D scene using
an open information technology framework system, with
digital earth as the carrier, high-resolution image data, digi-
tal elevation models, and high-precision 3D power grid
models as the foundation, and 3D GIS as the platform, and
to integrate basic geographic information with image, power
grid, power supply, substation, and related power thematic
data using data organization, spatial analysis, and calcula-
tion. Network of electric power distribution for the manage-

ment departments of electric power enterprises, GIS can
provide complete details, more intuitive and accurate infor-
mation, and decision-making services [10]. It provides tech-
nical support for visual display, storage, retrieval, and
intelligent analysis of spatial coordinates and other related
attribute information of power distribution equipment and
realizes the automation of database management system,
relying on the powerful functions of GIS in spatial coordi-
nate representation and spatial analysis. The system adopts
today’s advanced service-oriented SOA architecture, shares
attribute data with the power grid production management
system by constructing a power grid information service
platform based on three-dimensional spatial geographic
information, ensures data integrity, and develops and inte-
grates various power grid planning functional modules.

Three-dimensional virtual terrain environment is the
foundation and framework of three-dimensional geographic
information system. First of all, it is necessary to solve the
storage problem of massive terrain data needed to build
the scene. GIS is widely used in normal operation, trouble-
shooting, restoration of regional power supply, analysis
and design of distribution system, etc. Different from the
transmission network, the number of distribution equip-
ment is huge and easy to change. One end of the system is
connected to the power supply equipment and network,
and the other end is directly connected to the vast number
of user equipment, which is numerous in number, different
in nature, and often changing. Figure 2 shows the framework
of fault diagnosis system for power intranet.

In the transmission line GIS system, a complete line can
span tens or even hundreds of kilometers, necessitating a
large-scale digital ground model. Furthermore, the complex
structure of the entire three-dimensional scene is caused by
numerous surface feature models such as rivers, roads, resi-
dential areas, and tens of millions of transmission equip-
ment models, and it is impossible to load all data into the
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Figure 2: Fault diagnosis system.
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main memory or even the virtual memory at once. These
technologies enable the creation of more realistic 3D surface
models and various 3D object models, allowing GIS systems
to progress from 2D to 3D. Three-dimensional digital terrain
model, high-resolution remote sensing image data, and
three-dimensional simulation scenes of three-dimensional
power facilities and equipment models are all part of the
three-dimensional distribution network system. It can simu-
late three-dimensional visualization of power grid equipment
and construction areas, and it allows users to browse, roam,
position, and perform other operations in three-dimensional
scenes interactively. According to the technical characteristics
of 3D GIS and the basic requirements of line management, a
three-tier architecture of the system is proposed, as shown in
Figure 3.

In GIS of power distribution network, using relational
database technology and computer graphics processing tech-
nology, it is possible to display the poultry risks and other
related information of all related distribution equipment
on the corresponding geographic map. Using related func-
tions, the system can also comprehensively manage the
single-line diagram, structure diagram, and entered elec-
tronic documents and materials of the power distribution
network, which greatly promotes the visualization and auto-
mation of the power distribution network. Field construc-
tion has taken a significant step toward transforming
power facilities to meet construction standards. The data of
distribution network facilities is transformed from entities
to information descriptions through the process of data col-

lection, sorting, and entry, and the transformed facilities are
displayed in the system [24]. The GIS system of the electric
power distribution network uses data capture database tech-
nology to link spatial and attribute information of an electric
power device, allowing equipment maintenance personnel to
understand the device’s operation in real time. As a result, if
a device fails, a replacement can be quickly installed, elimi-
nating the failure and greatly increasing dispatching effi-
ciency. Its primary purpose is to query spatial data and
conduct comprehensive analyses.

In order to successfully carry out the data collection of
3D distribution network, it is necessary to put forward
the matters needing attention, collection contents and
steps of the collection staff to ensure the quality of data
engineering implementation delivery results, and also to
formulate relevant implementation standards and action
plans. The implementation standard is formulated according
to the requirements of the three-dimensional distribution
network system and the contents involved in the production
and operation management. The architecture of power grid
data mining based on data integration technology is shown
in Figure 4.

The objective function of the nonlinear optimization
problem with the minimum total generation cost of distribu-
tion network as the objective number is expressed as

C PGð Þ = 〠
n

i=1
Ci PG,ið Þ: ð1Þ
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Figure 3: Three-tier system structure.
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Figure 4: Power grid data mining based on data integration.
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Meet the following power balance conditions:

Pd − 〠
n

i=1
PG,i = 0: ð2Þ

PG = jPG,1, PG,2,⋯, PG,nj is the output vector composed
of the output of each generator, PG,i is the active output of
the i-th generator, CiðPG,iÞ is the cost function of the i-th
generator, and Pd is the total load of the power grid.

There are still technical limitations in 3D GIS, such as
3D data acquisition, processing and storage of large amounts
of data, 3D visualization, and 3D spatial analysis, which pre-
vent it from meeting the needs of large-scale commercial
applications at a reasonable cost. If 3D GIS is used entirely,
the cost of system development will inevitably be high. Users
do not have to pursue high performance blindly when 2D
GIS can meet their needs. Perfect text editing and graphic
editing functions should be included in the system function
supplement when building a GIS to make data maintenance
more convenient. The management data relationship model
is shown in Figure 5.

If it is necessary to highlight the route and connection
relationship of the line, the location relationship between
the station and the equipment, the method of layered blank-
ing can be adopted to hide temporarily unnecessary layers,
or the gray scale can be adjusted. At present, there is no
mature solution of 3D spatial database. The 3D model data
in 3D GIS system and its orientation information and
related attribute information in 3D scene are often stored
in different ways. The former is generally in file format and
cannot be shared, while the latter can be placed in a general
relational database. After the introduction of GIS technol-
ogy, the power distribution system also uses the advantages
of GIS visual management to abstract all kinds of data repre-
senting spatial things into three categories: point, line, and
surface. Among them, points are used as basic units in the
map, such as towers in the distribution network and all inde-
pendent symbols that do not scale with the scale. The line
represents the line-like objects in the distribution network,
which are distinguished by different colors, shapes, and

thicknesses. The surface is represented as a closed polygon,
such as a planar object such as a power distribution station
house in the distribution network.

5. Optimization of On-Site Power
Facility Management

With the continuous expansion of power grid scale, in order
to add, delete, or modify related data timely and accurately,
it is required that the system can respond in time [25]. When
a permanent fault occurs in the subscriber line or its opera-
tion mode changes, the system can efficiently guarantee the
reconfiguration of its topological structure. After the com-
pletion of the power grid, in the face of the long power net-
work that has been built, how to manage it effectively to
ensure the normal operation of the power grid and the nor-
mal transmission of power also becomes more important.
Because of a power outage, it will not only bring great eco-
nomic losses to power grid enterprises but also seriously
affect power users and the whole society.

By using 3D GIS technology, at the stage of optimizing
route selection in preliminary design, the corresponding
professional analysis functions are developed on the basis
of 3D GIS system, providing various perspectives of 2D
map, plane section map, and 3D map and moving the 3D
real scene around the field line indoors so that designers
can fully consider the influencing factors of terrain, social
environment, and ecological environment and optimize the
design. In the aspect of short-term dispatching, because of
the randomness and uncontrollability of electric power, it
will increase the rotating reserve capacity of the system
and change the start-stop strategy of conventional units after
it is connected to the network, which may lead to the
increase of the operating cost of the power system. The algo-
rithm evolution curve is shown in Figure 6.

At present, there is no mature solution of 3D spatial
database. The 3D model data in 3D GIS system and its ori-
entation information and related attribute information in
3D scene are often stored in different ways. Three-
dimensional GIS system can provide all-digital three-
dimensional visual management of line corridor assets in

Project data

Task data Resource data

Task resource
configuration 

data

Summary by
task

Summary by
resource

Summary by
task

Summary by
resource

Figure 5: Manage project data relationships.
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an intuitive way in combination with the needs of power
grid operation and maintenance. Compared with the tradi-
tional drawings, reports, and electronic files, the result trans-
fer of newly designed lines or substations can provide a
complete data management and distribution service system
in various unique forms such as full digitization, system
modularization, and three-dimensional visualization. Con-
sidering that the change of the model in the scene is mainly
the change of position, the corresponding 3D model proto-
type is established for each type of equipment or features,
and the prototype library is formed. Then, when the system
is running, an instance is established for each device to be
displayed in the scene or other model individuals to partici-
pate in interactive operation. This example gets the corre-
sponding orientation information and equipment attribute
information from relational database and records one or
more model indexes pointing to the 3D model prototype
database at the same time.

The modern database system specification design
method focuses primarily on the design of physical and log-
ical databases. After determining the logical structure, the
physical database’s design, implementation details, and
storage structure are determined. The goal of logical data-
base design is to create global and local logical structures
that meet the needs and characteristics of specific database
management systems. After improving the data, the 3D GIS
distribution network management system displayed the dis-
tribution network facilities in a refined and integrated man-
ner, achieving an effect that previous information systems
were unable to achieve and resolving the problems of difficult
positioning and sloppy data in the management of distribu-
tion network facilities. Refer to the adopted characteristic
data of conventional units, and bear the peak load or standby
load as needed. The cost optimization curve is shown in
Figure 7.

Data integrity includes whether the geometric descrip-
tion of power grid resource data and spatial geographic data
is complete, whether the data stratification is correct, and
whether there are omissions or duplicates. On the basis of
the same precision and accuracy, the degree of completeness
that data can achieve in a specific spatial range and type. The

field real-life environment is simulated in the computer dur-
ing the substation design process using three-dimensional
technology, which can be used for comparison and selection
of substation site schemes as well as three-dimensional dis-
play of design results. Designers can compare and select
large schemes of substation and power station sites in 2D
and 3D mode, as well as constraints such as planning data,
to improve the feasibility and accuracy of substation and
power station site selection. The majority of power system
optimization problems necessitate multiobjective optimi-
zation. Unlike single-objective optimization, which only
requires extreme value, the relationship between multiple
objectives in multiobjective optimization problems is contra-
dictory. When one goal is at its best, another may be in the
worst possible state. As a result, we must make some compro-
mises when dealing with multiobjective optimization prob-
lems, observing the health assessment and judging the
result of defect extraction. The deviation curve of fault char-
acteristics is shown in Figure 8.

Based on the topological potential of cyberphysical sys-
tem network, the potential distribution and mutual influence
of network elements in the network can be described
mathematically. Therefore, the identification method of key
network elements based on topological potential can be
established, and the backup protection strategy of nodes with
high topological potential can be put forward to improve the
vulnerability of cyberphysical systems from the point of view
of node protection. The power flow optimization of AC/DC
hybrid distribution network is a nonlinear and discrete
optimization problem mathematically. Intelligent algorithm
is an effective method to solve this kind of problem, and it
has better applicability than analytical method. Figure 9
shows the optimization results of total unit cost under dif-
ferent risk factors.

In the process of power transmission in the distribution
network system, due to the existence of impedance, trans-
mission loss caused by impedance inevitably exists in the
distribution network system. In the traditional AC distribu-
tion network, as a passive network, it is difficult to adjust the
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system loss. However, with the development of power elec-
tronics technology and the large-scale distributed power
supply connected to the distribution network, the system
loss has certain adjustability. The primary goal of database

design is to grasp and analyze the actual needs of power distri-
bution network users, including information and operation,
and then determine the software configuration scheme and
overall research and development platform required for sys-
tem development. The power grid is a complicated transmis-
sion and distribution hybrid power grid with a wide range of
power equipment and construction types, such as outdoor,
indoor, and underground substations. To demonstrate the
effectiveness of the proposed algorithm, the network perfor-
mance before and after optimization is compared using con-
nectivity and network efficiency functions. In the case of
large-scale fault, the method of node uncertain failure is used
to simulate the distribution network project scenario. Com-
parison of network efficiency functions of different optimiza-
tion strategies under uncertain failure of nodes is shown in
Figure 10.

The reliability of distribution network project scenario
can be expressed by connected robust function. Similarly,
the simulation method of uncertain failure of nodes is used.
Compared with node edge algorithm, topology optimization
based on 3D GIS can maintain higher network reliability, as
shown in Figure 11.

It can be seen that the distribution network engineering
scene simulation method based on 3D GIS proposed in this
paper can solve the network planning problems with differ-
ent heterogeneous backgrounds and has good application
potential. According to the operation rules of power grid,
the electric power distribution system uses GIS technology
to comprehensively manage the engineering equipment
and production technology in relevant geographical areas
and classifies its internal application data according to rele-
vant rules by so-called “structured organization.” For 3D
model visualization and user interaction interface develop-
ment, the author chooses Java language, which has good
cross-platform characteristics and can be transplanted to
the current mainstream WEB-based applications without
much work. The electric power distribution system can dis-
play the distribution map of distribution lines in the form of
electronic map by using the visualization technology of GIS
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system and unify the spatial and attribute information in the
system by using the established database, thus realizing the
more scientific management of the distribution system.

6. Conclusions

With the progress and development of science and technol-
ogy, 3D GIS technology is developing at an unprecedented
speed and plays an important role in the design, operation,
and maintenance of power grid. Real life is a world full of
three-dimensional objects. Only a three-dimensional GIS
system can make people know and understand geography
and equipment information more intuitively and vividly,
thus improving management level and work efficiency.
According to the technical characteristics of 3D GIS and
the requirements of transmission line management, this
paper puts forward a simulation method of distribution net-
work engineering scene based on 3D GIS technology by
making rational use of 3D model construction and design
methods. The simulation method of distribution network
engineering scene based on 3D GIS proposed in this paper
can solve the network planning problems with different het-
erogeneous backgrounds and has good application potential.
After improving the data, the 3D GIS distribution network
management system showed the distribution network facili-
ties in a refined and integrated way, which realized the effect
that the previous information systems could not achieve and
solved the problems of difficult positioning and rough infor-
mation in the management of distribution network facilities.

After that construction of the three-dimensional distri-
bution network facilities management system is complete,
how to establish a set of management mechanism to dynam-
ically manage the change of distribution network facilities,
so as to keep the system consistent with the site, is the place
that this article failed to deeply explore. Three-dimensional
GIS system platform displays intuitive geographic data;
combined with professional analysis tools and system func-
tions, it will gradually realize the digitalization and intelli-
gence of power grid construction.
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