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Abstract: Stable power supply is the guarantee for social and economic development and people’s
normal life. Under the social background of pursuing sustainable development, the realization of
energy diversity, resource optimization deployment, power storage and user demand response has
become the new development direction of the power system. In order to promote the effective
connection between complex power systems and smart grids, it is necessary to use wireless sensor
networks to implement distributed mobile coordinated control of the system. In this paper, the
application of wireless sensor networks in complex power systems has been studied, and many issues
such as distributed control, distribution routes, fault identification, information monitoring and user
services in smart grids have been discussed. To ensure that the data transmission rate in the sensor
network is maintained at a high level, the number of sensor nodes can be controlled between 50 and 55.
Experimental data shows that the data transmission rate of the number of nodes in this interval is
95.37%. If the number of nodes is low, the problem of insufficient alternative paths is likely to occur. If
the number of nodes is too high, the data transmission rate will also decrease due to location distance
and power consumption. In order to ensure that the power system can realize the comprehensive
management of power transmission and distribution under various complicated conditions, distributed
control has stronger competitiveness than traditional centralized control.

Keywords: Wireless Sensor Network, Complex Power System, Distributed Control, Topology
Recognition Algorithm

1. Introduction

The power system is a comprehensive system composed of multiple links such as power plants,
power supply stations, distribution lines, and power usage. It is responsible for multiple responsibilities
such as power generation, transformation, transmission, and distribution. The stable operation of the
power system is a necessary condition for the normal development of society. The development of
Internet science and technology has brought more opportunities and challenges to the traditional power
industry, while the progress of social economy has made people pay more attention to the sustainable
development of power. On the whole, smart grid has become an inevitable trend in the development of
modern power systems. How to make good use of modern science and technology such as wireless
sensor networks to achieve comprehensive control of complex power systems has become the main
research direction in the power field of various countries.

In foreign countries, many scholars have carried out research on the application of modern
technology and information technology in power systems. Bijami has carried out research on
distributed control based on network wide-area systems. For complex systems such as power systems,
if transmission delays or even data packet loss occurs in the communication network, it will directly
affect the stability and control performance of the system. In order to solve this kind of problem, he
proposed a distributed network sliding mode control framework, and designed a local sliding mode
controller based on linear matrix inequality to control the wide area system. From the experimental data,
the control framework is beneficial to reduce the random delay and packet loss probability in the
communication network connection, but there is still room for improvement in the stability of the
framework structure [1]. Jayawardene researches on the control of power system based on learning
network. Renewable energy has a very important position in the current power system, and the
integration of variable renewable energy into the transmission grid will bring no small challenge to the
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real-time power system operation. To cope with this problem, he and his team used the predicted PV
power as the input of the regional automatic power generation controller to implement dynamic contact
power flow control. From the simulation experiment, this method can play a certain role in maintaining
system power and frequency stability, but its calculation efficiency needs to be improved [2].

Domestic research on intelligent control of power systems started relatively late, but very good
results have been achieved so far. Z Dong analyzed the transient stability of complex power systems.
He and his team not only theoretically analyzed the impact of power control on the transient secondary
pendulum stability of the power system in a centralized large-scale wind power base composed of
double-fed asynchronous wind turbines (DFIG). Based on the static expansion equal area criterion, the
voltage equation of the system network node integrated with DFIG was modified, and an infinite
machine model suitable for wind power integrated multi-machine system was established. From the
experimental process, the model can realize dynamic analysis of the DFIG system and provide the
necessary and sufficient conditions for the transient instability of the secondary shimmy. But on the
whole, the study did not carry out specific experimental explanations on the relationship between the
first-order stability and the second-order stability in the wind power grid-connected system [3].

The research of this article mainly starts from the following parts. First, this article introduces
various technologies and methods involved in complex power systems, including wireless sensor
networks, smart grid technology, topology recognition algorithms, and energy adaptive time
synchronization algorithms. Secondly, this article carried out simulation experiments on distributed
control of power systems. The application of wireless sensor networks in complex power systems
provides strong support for the system to achieve dynamic control in power distribution protection,
fault location, and circuit monitoring. Finally, this article combines experimental data to explain in
detail the distributed mobile cooperative control of complex power systems.

2. Power System Distributed Control Technology
2.1 Wireless Sensor Network

As a multi-hop self-organizing network, wireless sensor network has the characteristics of dynamic
and self-organization, which can effectively realize data collection, processing and transmission [4].
The essence of wireless sensors is to combine various advanced communication technologies to
organize a large number of sensor nodes in an orderly manner to realize the exchange and aggregation
of data resources. In actual operation, a large number of sensor nodes will be deployed randomly by
spreading, or will be deployed manually in the target area [5-6].

The sensor node in the wireless sensor network is similar to a simple embedded system. It not only
can shoulder the task of a router, but also can play an effect similar to a traditional network terminal. In
simple terms, the job of a sensor node is to obtain information and data in the target area, and send the
information to the corresponding sink node after simple processing is completed [7]. Figure 1 is a
schematic diagram of the wireless sensor node architecture.

Perception Module Processing Module erelgss_
Communication
Sensor Data Model .
. Processor Storage Transceiver
Template Conversion

Energy Management Template

Figure 1: Schematic Diagram of Wireless Sensor Node Architecture

It can be seen from Figure 1 that wireless sensor nodes are usually divided into four modules by
people: energy management module, perception module, processing module and wireless
communication module. Among them, the main task of the perception module is to obtain the data in
the target area, and conduct appropriate induction and conversion; the processing module not only
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needs to process the data transmission and reception, but also undertakes various operations and
storage tasks in the wireless sensor node; wireless communication module It is responsible for realizing
effective communication with external nodes and issuing control commands; the energy management
module is responsible for ensuring the energy required for the stable operation of all wireless sensor
nodes [8].

Wireless sensor networks can exert very good effects in the application research of complex power
system automation, such as real-time monitoring of the working status and operating efficiency of the
power system, and timely feedback on the occurrence of faults [9]. The key technologies for applying
wireless sensor network technology to power systems mainly involve the deployment of wireless
sensor nodes, communication and networking, routing protocol design, node positioning technology,
service quality description for different application targets, and power system integration and other
related aspects [10].

2.2 Smart Grid Technology

With the progress of modern science, people are committed to using automatic control and modern
communication technology, combined with renewable energy and alternative energy sources, to build a
safer and more efficient modern power grid [11]. In the smart grid, intelligent sensing and measurement
technology, communication technology, power grid information platform, power electronics technology,
simulation analysis and control decision-making technology, and a variety of complex intelligent
devices need to be comprehensively applied [12].

The data information involved in the power system has the characteristics of large quantity, variety,
and dynamics. In order to achieve comprehensive control, a large number of sensors must be used to
intelligently monitor the power grid. For example, smart energy meters used to realize user-side
intelligent management; various smart sensors used for device status detection; smart sensors based on
different communication technologies for various applications, such as optical fiber sensors and
wireless radio frequency sensors [13-14].

Modern communication technology is the key to the construction of a smart grid. The establishment
of an open system and highly integrated communication system covering the power generation side to
the user side enables real-time monitoring and information exchange of the entire grid [15]. The
communication network usually includes three levels: indoor communication network, local area
communication network and wide area communication network. The power grid information platform
can provide service support for the informatization of various professional branches, and realize the
dynamic sharing of data, large-capacity high-speed access, information integration and exchange, and
information display [16].

2.3 Topology Recognition Algorithm

The grid topology is one of the important information of the grid model. When monitoring the state
of the power system, the network topology information can play a very important role. With the
increase in the scale of the power grid, the traditional data acquisition and monitoring control system
SCADA has been difficult to complete the real-time update of the wide area power grid topology
information. In modern power grids, too many distributed energy grids will cause frequent changes in
the grid topology, increasing the difficulty of smart grids to achieve large-scale topologies [17]. In
order to improve this problem, this paper proposes a topology recognition method based on impulse
adaptive observer. From the experimental data, this can play a good effect on improving the speed and
accuracy of smart grid topology recognition.

Set f(t") to represent the right limit of the function, and f(t™) to represent the left limit of
the function, then the derivative of function V(t) satisfies the formula:

. v(t+h)—v(t
D*v(t) = lim supu 1)
h—0* h
Set Xi to represent the state vector of the node, when t — oo satisfies the formula:
N
xi = Aixi + fi(tixi)+ ZCijBijgij(t, Xi),i=1--+,N 2)

i=1
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Assuming that there is a constant for any vector Xi, yi€ R", L represents a positive scalar, then
the inequality is satisfied:

| fi(xi) = fi(yi)] < Fxi— yi (3)
”gij (t, xi) — gi(t, yj)” < G”Xi - Yj” 4)
A max(Ai + AT) <L ®)

Impulse-based adaptive observer is a topology recognition method for studying complex dynamic
networks [18]. Based on the original complex dynamic network, the following form of impulse
adaptive observer response network is first established:

Xi(t) = AiXi(t) + fi(t, Xi(t)) + i di (t)Bgi(t, Xi(t)) +Ui (6)
Xi(t) = X+ K(Xi(t, ) —xi(t,)) @)
Xio(to) = Xio (8)

Among them, Ki(t) = (Ria(t), Ki2(t),..., &in(t))" is the corresponding state of the i-th node,

and dij is the estimated value of the coupling parameter Cij. The adaptive law of the coupling
parameter is determined by the following formula:

di(t) = —Bai(t, K(®)(Ki(t) — xi(t)) ©)
Control Ui has the following form:
Ui = —ki(t)(Xi(t) — xi(t)), ki = H)’ii(t)—Xi(t)Hz (10)
When Xi = Xi — Xi, the system error satisfies the way:
Ui = —ki(t)(Xi(t)), ki - [Xi|’ (11)
dii(t) = —gi(t, K (D) Xi(t) (12)

Based on the above-designed pulse adaptive tumbler, the response network is synchronized with the
drive network, and the balance relationship between nodes in the original network is obtained
according to the steady state state, which can further realize the recognition of network topology
[19-20].

2.4 Energy Adaptive Time Synchronization Algorithm

Time synchronization plays a very important role in the establishment of the basic framework of
distributed systems, and it is also the core supporting technology of wireless sensor networks [21]. This
paper proposes an energy-adaptive time synchronization algorithm, assuming that the root node
executes the following adaptive energy algorithm in its child node table to calculate the equivalent
energy of the child nodes:

Ei (N°>0
Eieq:{ax (N >0) )

Ei (N7=0)
Among them, Ei is the remaining energy of the node, Eieq is the equivalent energy of the node,

NS is the number of child nodes of the node, and the node when it is zero is a leaf node. It is

preferentially selected as the reference child node to perform comparison and synchronization with the
parent node, which is beneficial to balance the energy consumption of the node and prolong the life of
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the network [22]. Suppose the time deviation between child nodes is & and the round-trip delay is d ,
then they satisfy the calculation formula:

5= (Te2a—T1)—(T4+—Tg)

14

5 (14)

d- (Tea=T1)+(T4—Ts) 15)
2

_|Ts=0 16

- Te—(Te2—Tc2)—0 (16)

Wireless sensor network is an application-dependent network. Different applications have different
requirements for the accuracy of time synchronization. At the same time, the frequency drift of
different nodes will change with environmental changes [23]. In view of this situation, this article
adjusts the synchronization time period according to the latest time offset and the expected time offset,
the adjustment range is 1%, the specific algorithm is as follows:

T = {T X (101/100) (5cur < 5exp)

17
T x (99 /100) (a:ur > 5exp) a7)

Where T s the current synchronization period, ¢ur is the current time offset, and O exp is the
expected time offset. According to formula (18), the corresponding node with the smallest equivalent

level L can be used as its parent node, and then immediately send a synchronization request packet to
perform two-way comparison and synchronization with this parent node [24]. Set as the initial energy

of E and Ei as the remaining energy, they satisfy the formula:

L=E_>< Li (18)

The node that fails to synchronize will send a synchronization request to the parent node after the
timer expires. If the number of synchronization reaches a certain requirement, the parent node will be
determined to be dead, and the broadcast level will re-search for the parent node and issue the request
[25].

3. Power System Distributed Control Experiment
3.1 Experimental Background

The power system is a complex and comprehensive system, which contains multiple components
such as power generation, transmission, and distribution. With the advent of the era of intelligence,
artificial intelligence has gradually penetrated into all aspects of our lives, but for now, in most areas of
my country, there is still room for improvement in the level of intelligent applications in the power
system. In our country, the construction of power infrastructure is very complete, even in remote and
poor mountainous areas, the power grid can be covered. But on the other hand, this also makes the
branch of the power grid more complicated, and the traditional manual line inspection has been
difficult to meet the requirements of modern power grids for timeliness and safety.

Traditional power system monitoring is mostly carried out by means of wired communication, so
installation and maintenance difficulties are inevitable. In contrast, the complex power system based on
wireless sensor network not only has lower cost, but also can exert excellent effects in wireless
monitoring. The intelligent power system can supervise and protect the safety of power stations,
transmission lines, and electricity use 24 hours a day, and give timely response decisions to realize
distributed coordinated control.

3.2 Experimental System Design

In order to explore the dynamic integrated control in the complex power system, this paper
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constructs a power system model based on the wireless sensor network. Starting from the network
communication demand analysis, intelligent power distribution control and power system fault location,
it explores the modern science and power system. How does the system combine to realize distributed
mobile coordinated control of the system.

The intelligent power distribution communication wireless sensor network designed in this paper
adopts a system structure compatible with the hierarchical structure of the distribution automation
system. The system consists of three equipment layers and two communication layers: the equipment
layers are the power distribution main station layer, the distribution electronics station layer, and the
power distribution feeder terminal equipment layer. The communication layer is the main station
optical fiber communication layer and the feeder equipment wireless sensor.

The wireless sensor network router in this article is composed of a power supply module, a
microprocessor module, a wireless radio frequency module, and a serial communication module. The
intelligent distribution network communication wireless sensor network protocol stack with QoS
routing protocol is embedded in the microprocessor to provide a communication that conforms to
power distribution Good real-time and reliable QoS transmission support for data requirements.

3.3 Experimental Data

In order to ensure the smooth progress of the research, this paper conducted various performance
tests on the experimental system, such as networking mode, terminal command packets, and data
transmission delay. Table 1 is the sampling test data result of the wireless sensor network terminal
command packet.

Table 1: Terminal Command Packet Sampling Test Data

Node number | Access status | Send command packet Recel\ézglgé?mand Success rate
054 No access 50163 50077 99.83%
069 Access 51356 50950 99.21%
052 AcCCess 36348 35650 98.08%
031 No access 28829 28782 99.84%
107 No access 13265 13177 99.34%
043 Access 36415 35056 96.27%
088 No access 52324 51439 98.31%
027 Access 18563 18561 99.99%
093 No access 35985 34981 97.21%
073 Access 25536 25117 98.36%

It can be seen from Table 1 that among the 10 data service nodes randomly checked, the wireless
sensor network terminal has the highest success rate in the 027 variable node, with a success rate of
99.99%; the 043 variable node with the lowest success rate has a probability of 96.27; each business
The average success rate of nodes is 98.644%. In the terminal data transmission delay test, the
maximum delay is 846 milliseconds, the minimum delay is 461 milliseconds, and the average delay is
768 milliseconds. Judging from the sampling test results of the reliability of the wireless sensor
network and the information system, the highest qualified rate of the call data is 100%, the lowest
qualified rate is 99.028%, and the average success rate is 99.471%.

4. Distributed Mobile Cooperative Control of Complex Power System
4.1 Wireless Sensor Network Communication Requirements for Complex Power Systems

The two-way flow integration system of power energy and communication information is an
important technical support for complex power systems, and the flexible and reconfigurable smart grid
communication system structure is the basis for its realization. To apply wireless sensor networks to
smart power distribution communications and build wireless sensor networks that adapt to the
characteristics of smart grids, it is necessary to combine the structural characteristics of the distribution
automation system to characterize the wireless sensor network system architecture; combine the
distribution characteristics of power distribution terminal equipment to characterize wireless Sensor
network topology; use power distribution communication specifications to characterize wireless sensor
network communication performance indicators. Table 2 is a statistical table of basic communication
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information types and lengths of terminal equipment.

Table 2: Type and Length of Terminal Equipment Communication Information

Transmission data Update cycle Information unit
type length
Switch position Burst transmission or 1-5 second cyclic polling 1-3
State SWlt(;?g[ragssure Burst transmission or 1-5 second cyclic polling 1-3
quantity Terminal status Burst transmission or 1-5 second cyclic polling 1-3
Fault signal Burst transmission or 1-5 second cyclic polling 1-3
voltage Burst transmission or 1-5 second cyclic polling 2-6
Analog Power Factor Burst transm?ssion or 1-5 second cyclic polling 2-6
Temperature Burst transmission or 1-5 second cyclic polling 2-6
Electric energy 15 minutes cyclic polling 4-24
Total call 10 minutes or reinitialize 36
Time information 30 Minutes 8
other . . . . . 2-6 X harmonic
Power quality Burst transmission or 15 minutes cyclic polling number
Time record Burst transmission 10

It can be seen from Table 2 that in the smart grid power distribution system, in the smart grid, in
addition to the data of the FTU of the distribution switch, the terminal TTU of the distribution
transformer, and the terminal DTU of the switching station, the terminal communication of a 10kV
distribution line is also possible. Including remote collection, user demand response, distributed power
generation and power storage and other information. In the area under the jurisdiction of an intelligent
power distribution system, there may be as many as hundreds of power distribution lines, and there
may be thousands of smart communication terminals. Each node has various information and the
amount of transmission information is very large. Figure 2 and Figure 3 are the statistics of energy
consumption and energy proportion of each module of the wireless sensor node.

Energy consumption of each module of sensor node
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Figure 2: Energy Consumption Statistics of Each Module of Sensor Node

It can be seen from Figure 2 and Figure 3 that in the energy consumption of wireless sensors, the
communication template consumes most of the node energy. Among them, the sensor sending nodes
accounted for the highest proportion of consumption, accounting for 36.02%, while the dormant state
with the lowest proportion of consumption only accounted for 0.06%. Sink nodes can not only
complete data processing better, but also perform well in wireless communication and information
storage. People can think of it as a wireless sensor node with super computing power, or a special
network management device capable of wireless communication interface. With the help of convergent
nodes, the complex power system can effectively establish the connection between the wireless sensor
network and the terminal, and better realize user management.

Published by Francis Academic Press, UK

-20-




International Journal of Frontiers in Engineering Technology
ISSN 2706-655X Vol.3, Issue 10: 14-26, DOI: 10.25236/1JFET.2021.031002

1.32% Module energy consumption percentage
= Sensor
29.73%  36.02% Send
O Processor
30.73% Receive
2.14% Dormant

Figure 3: Statistics of the Energy Consumption of Each Module of the Sensor Node
4.2 Intelligent Distribution Control of Complex Power System

The network topology and networking methods of wireless sensor nodes are the key to real-time
monitoring of data communication systems in smart distribution networks. The distribution network is
an important part of the power system. It directly faces the power infrastructure and directly undertakes
the task of supplying power to users. The distribution network has a wide distribution range and
complex wiring structure, which greatly affects the reliability of power supply to users. According to
the load density, geographical environment, power distribution station protection methods, and
distribution network grounding methods in different distribution areas, the network structure of the
distribution network has many forms, and the main wiring methods include radiation structure and ring
network structure.

In order to verify the effectiveness and applicability of the shortest path algorithm after the
establishment of the wireless sensor network topology of the distribution network, this paper uses
network simulation tools to test the performance of the proposed algorithm and model, and analyze the
results. It provides a theoretical basis for constructing the wireless sensor network topology and data

transmission path of the distribution network in practical applications. Table 3 shows the trace record
format description.

Table 3: Trace Record Format Description

Event The cause of the incident
Time Time of event

From node The starting point of the incident

To node The end of the event

PKT type Packet type

PKT size Packet size
flags Packet label

Not detected Packet data flow

It can be seen from Table 3 that the reason, time, location, type and data flow of the packet time will
be recorded in detail in the record. If the record description is "r"" means that the packet is received by a
node, "d" means that the packet is discarded by the queue, and "+" and "-" mean entering the queue and
leaving the queue respectively. Use the awk language in the simulation tool to analyze the trace record
information. Figure 4 shows the end-to-end delay scatter plot.
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Figure 4: End-to-End Delay Analysis Scatter Plot
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It can be seen from Figure 4 that when the transmission delay between adjacent nodes in the
network is 10ms, the maximum end-to-end delay of the data packet does not exceed 0.08s. Using
simulation tools to analyze the packet loss rate of the trace record file, we can see that a total of 488
packets were sent. Because a link suddenly failed at 1.0s, 5 packets were lost, and the final
transmission reliability was 98.97%. Figure 5 shows the average throughput statistics of packets.

Average packet throughput statistics
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Figure 5: Average Packet Throughput Statistics

For throughput analysis, it is necessary to remove the 1.0s link failure simulation environment
setting, and to truly reflect the network throughput, the simulation time is extended to 15s. The results
from Figure 5 show that as the network running time increases, the average throughput approaches the
threshold of 2M bandwidth, which means that the network communication is in good condition and
there is no obvious congestion. Figure 6 shows the number of nodes and the data transfer rate.

Number of nodes and data transfer rate test data

T T T T T T

h
T
L

!
H;
]

o) 3
E 0.7 D j e
5 I
Bost — = |
g =
Sost — .
«
- Datat
8 04r Data2 1
Data3
0.3} = Datad -
02 —— 4
0.1F J
1 1 L '} 1 L 1
35 40 45 50 55 60 65

Number of sensor nodes
Figure 6: Number of Nodes and Data Transfer Rate Test Data

It can be seen from Figure 6 that when the number of sensor nodes is 50-55, the data transmission
rate can be stably maintained at a relatively high level. If the number of nodes is less than 35, the
transmission efficiency will be low due to lack of alternative paths; if the number of nodes is higher
than 65, the data transmission rate will change due to the impression of location distance, channel
parameters, power loss and other factors. Getting lower and lower.

Based on the theoretical basis of the simulation results, this paper completes the reasonable
deployment of wireless sensor network nodes in the distribution network, and achieves the networking
effect of the intelligent distribution communication wireless sensor network topology and the
distribution line structure, making the wireless sensor network communication mode The data
transmission efficiency of the topological structure is the highest, which provides a theoretical basis for
practical applications. That is, on the basis of the topology of the wireless sensor network for smart
distribution network communication, establish a real-time and reliable routing mechanism that meets
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the requirements of smart distribution network communication reliability.
4.3 Fault Location of Power System Based on Wireless Sensor Network

The distribution network fault monitoring system based on wireless sensor network is composed of
wireless sensor nodes, monitoring gateway and monitoring center. Normally, fault location needs to go
through four processes: networking, data collection, data processing, and final fault location. After the
network is established with the coordinator node in the wireless sensor network, the network
parameters need to be initialized, and the networking process is realized through the sensor node and
the coordination node.

If there is a power failure, the system will transmit the fault information and zero sequence current
to the monitoring center, where the collected zero sequence current values are analyzed, processed and
compared. When a single-phase ground fault occurs in the system, the monitoring center will receive
zero sequence current from the coordination node. After the fault occurs, the compensation degree will
be adjusted due to the function of the arc suppression coil. At this time, the command to collect the
current will be sent to the coordination node again. By repeating the above working process, the
monitoring center will compare the changes of the zero sequence current under the same voltage to
determine the location of the fault. Figure 7 shows the current value when the fault occurs.

Current value change when the fault occurs
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Figure 7: Statistical Graph of Current Value when a Fault Occurs

In the simulation model, it is assumed that the node has a node failure, and the measurement device
is used to measure the node data. It can be seen from Figure 7 that there is a very significant difference
in values between nodes 1, 2, and 3. Therefore, the values measured at M2 can be used to estimate the
faults at nodes 4, 5, 6, and 9, and M3 can be used to measure nodes 7, 8 , 10, and 11. When a fault
occurs on a different line connecting two nodes, wavelet energy entropy and Clark component can also
be used to distinguish the same fault. Table 4 and Figure 8 are the current amplitude difference data
before and after the fault.

Table 4: Current Amplitude Difference Data Before and After the Fault

Current
. . Fault Fault Fault
Grounding mode amplitude . . .
. impedance0.01 impedancel impedancel0
difference
) Alm(A) 131.21 130.86 128.1
Neutral point Alm(B) 0.01 0 0.01
ungrounded
Alm(C) 0.018 0.018 0.018
) Aln(A) 179.65 180.98 178.23
Arc suppression Aln(B) 0.01 0.01 0.01
coil grounded
AIn(C) 0.018 0.018 0.018

It can be seen from Fig. 8 that the A-phase current before the fault location is significantly greater
than the B-phase and C-phase currents, and the voltage of A relative to the ground changes from large
to small, while the three-phase current after the fault remains symmetrical with little change. The above
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results are in line with the characteristics of single-phase grounding. After a single-phase grounding
fault occurs in two different grounding methods, the current amplitude change between adjacent nodes
in the fault location is greater than the current amplitude change between adjacent nodes of the
non-faulty phase. After the fault location, the current amplitude between adjacent nodes of each phase
line The current amplitude is the same.

Current amplitude difference before and after the fault
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Figure 8: Data Diagram of Current Amplitude Difference before and After Fault

On the whole, each fault location method used for distribution lines has its own advantages and
disadvantages, and the results obtained by using only one method for fault location are not ideal. If the
advantages of multiple methods can be comprehensively used and compared with the results of various
fault location methods, the fault range can be reduced to improve the reliability and accuracy of
location, and better play the distributed cooperative control in the power system.

5. Conclusions

This article analyzes the communication requirements of wireless sensor networks in complex
power systems. To realize the intelligent work of the power system, it is necessary to form an adaptive
connection between the wireless sensor network and the power distribution system and terminal
equipment, and to ensure the real-time nature of data transmission. In this paper, the application of
wireless sensor network in intelligent distribution network communication system is studied. After
analyzing the architecture mode of the intelligent distribution network, a related structural model was
established. This article simulates the sending and receiving process of data packets using the shortest
path algorithm, and analyzes the simulation results. The reasonable deployment of wireless sensor
nodes can make the data transmission efficiency of wireless sensor network communication mode and
topology structure the highest. On the whole, the use of wireless sensor networks to realize intelligent
monitoring of the distribution network is applicable, which can meet the indicator requirements of the
communication function of the intelligent distribution network monitoring communication system, and
improve the reliability and flexibility of the communication system.

This paper focuses on the research of power system fault location based on wireless sensor network.
Firstly, it introduces the overall steps of the distribution network fault location, discusses the
information processing and judgment results in detail, and introduces the wavelet energy entropy to
judge the fault type, the fault phase line and the fault section. This paper analyzes the characteristics of
single-phase ground faults in the distribution network, and finds that the current amplitude changes
between adjacent nodes in the fault location are greater than the current amplitude changes between
adjacent nodes in the non-fault phase, and the current amplitude changes after the fault are the same.
This variation feature can be used to detect single-phase ground faults. But for the problem that the
capacitance current to ground is small when the line has high resistance, low resistance, and
intermittent faults, it is difficult to accurately detect the problem. This paper uses the zero sequence
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current increment method combined with the zero sequence instantaneous power direction method as
the criterion to determine the monitoring Whether the line at the point is the line through which the
fault passes, experiments show that the combined method has high power supply reliability and is less
affected by the fault grounding resistance and the line-to-ground distributed capacitance.

This dissertation has carried out research on distributed mobile cooperative control of complex
power system based on wireless sensor network. With the continuous advancement of the power
marketization process, higher requirements have been placed on the intelligence and comprehensive
control of the power system. In order to adapt to the new demands of the traditional power management
model in the current society, it is necessary to give full play to the advantages of wireless sensor
networks. In the future, power research based on wireless sensor networks still has a lot of space
waiting for people to explore. Restricted by various conditions, the research work of this article has
some shortcomings. The subsequent exploration will mainly focus on the following points: (1) The
reasonable development and utilization of network resources at each layer in the wireless sensor
network; (2) Comprehensive consideration of wireless The feasibility of applying smart substations to
sensor networks; (3) Establishing a cross-layer collaborative quality control protocol stack model for
smart distribution networks.
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