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improve energy-saving lamps city efficiency, realize intelligent monitoring supervision and promote the
development and construction of "smart city".

State of the Art

Street lamp monitoring system realizes automatic control and communication, so as to realize the intelligent
monitoring and management of street lamps based on integrated technologies of modern information technology
and computer technology by using remote monitoring system and distributed data acquisition [6]. As early as
1990s, foreign countries have begun to carry out intelligent lighting system research and successfully developed a
fairly intelligent lighting intelligent control management system. Among them, the Panasonic home bus system
and the Swiss I-Bus bus are typical representatives. These systems have achieved good results in practical
applications, and have gradually been widely used [7]. With the continuous development of modern wireless
communication technology, the traditional wired transmission has been gradually replaced by wireless. The new
wireless intelligent light control system has better advantages. It not only has lower cost, but also has very good
adaptability, and it is easy to install and flexible [8]. From the aspect of data transmission, the development of
street lamp monitoring system in our country can be divided into four stages: (1) the first stage is the end of the
1980s. The control of street lamps basically adopted the 220V strong electricity to carry on the wired transmission;
(2) the second stage is from the early to the middle of twentieth Century 90s. This stage was controlled by
telephone lines and power lines; (3) the third stage is from the middie to the end of 1990s. At this stage, 230MHz
special channel was used to realize wireless data transmission; (4) the iqurth stage is from twenty-first Century to
date. Based on the GPRS/CDMA communication mode provided by China Telecom, mobile and China Unicom, the
wireless network data transmission is carried out [9].

Methodology

System Networking and Routing Scheme Design

The design of street lamp wireless monitoring system is achieved based on Zigbee network. The street lamp control
terminal and the street lamp monitoring sub-station have to assemble a network to achieve effective and regular
communication. There are two steps to build a network by using Zigbee. Firstly, a Zigbee network is constructed
by using coordinator; secondly, other routing nedes can be added to the network according to the coordinator's
permission. If each node wants to successfully establish a Zigbee network, it must be required that the node is a
FFD device and concurrently has the Zigbee coordinator capability. The node can’t connect with other networks. If
it has been connected to other networks, the node can only become sub-node of the network.

When the coordinator builds the network, it needs to confirm the coordinator firstly. If the node is a FFD device, it
needs to be further judged whether or not it has joined another network. A beacon frame is transmitted via an
active scan, If the beacon is not monitored within the given scan period, the FFD device can be used as a
coordinator to form a new Zigbee network. On this basis, a beacon frame is continuously broadcast [10]. After the
confirmation of the coordinator, channel scanning is necessary. Scanning can be done by using two ways of active
scanning and energy scanning. In order to avoid possible disturbances, the coordinator first performs the channel
energy detection, while the energy is used to sort the channels in an incremental fashion. If the detected energy
value exceeds the allowable energy level, the channel is determined to be unavailable and should be discarded.
Otherwise, it may be marked as an available channel [11]. After completing the active scan, a relatively quiet and
less Zigbee device channel is selected in the scan results.

When the channel value is selected, the coordinator selects a PAN ID for the network. This identifier is unique in
the channel, and its range is <Ox3FFF. In the street lamp monitoring system, the network group identifier is
considered as group number of Zigbee network. In addition, there are 16-bit short address and 64-bit extended
address in these networks [12]. The short address is assigned by the coordinator, and the extended address is
determined by IEEE. The short address is used in the street lamp monitoring system. In the same Zigbee network,
short address is unique. If a new node is added to the network, the short addresses are assigned by the parent
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node. Upon completion of the coordinator network, the routing node can be added to the network. When the
parent node is successfully selected and it becomes its child node, a short address can be obtained at the parent
node. The source node is able to know the destination node of the data transmission through this short address.
The specific process of routing nodes to the network is shown in Figure.1.

Sub device Air interface Parent device
| Ready to join the
network
Nw“k ¢ == |2 it beacon
discovery ) R
Select network
and parent device
Send iated o
access request V]
Query neighbor table
confirmation device and
assign 16 bit short address
Update neighbor
table
N —-JSmd associated
N | _rocess reply |
[Update 16 bit short
address and Update routing
neighbor table table

FIG. 1 THE FLOW CHART OF ROUTING NODES ADDED TQ THE NETWORK

The new routing node has to join the current network. On the basis of confirming that the node is not joined to
other nodes, the surrounding parent device nodes are actively scanned. When the routing node scans the beacon
on the channel, the relevant information in the neighbor's table can be recorded. If a node wants to leave the
network, it is first necessary to send a request to terminate the relationship to the parent node of the child node.
When the parent node receives the reguest and succeeds in processing it, it sends an association response to the
child node. The child node can leavethe network after receiving it.

3.2 System Hardware Design

In the street lamp wireless monitoring system, each street lamp is regarded as a basic unit and each road lamp post
is provided with a street lamp control module. The unit module can monitor the running status of each street lamp
in real time, and execute the commands issued by the user effectively, so that the wireless communication of the
street lamp can be better carried out. The hardware components of the street lamp control terminal are LED street
lamp driving control unit, voltage and current information monitoring unit, and RF module unit and power
module. The specific hardware structure is shown in Figure.2.

Antenna

RE ‘E‘_‘J Micro control
unit

.I

Detection unit

Power module

FIG. 2 HARDWARE STRUCTURE DIAGRAM OF STREET LAMP CONTROL TERMINAL
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Only the MCU microcontroller has enough storage space can it better communicate with the RF module, process
and store data packets, and it is the terminal device CPU of the whole street control system. In addition, it also has
very powerful data processing capabilities, thus taking the ARM Cortex-M3 kernel 32 bit microcontroller. It has
storage space for 20kRAM and 128kROM. Storage space is large and the maximum clock speed can reach 72MHz.
There are 9 communication interfaces, 51 I/O ports and 7 timers. At the same time, it also has the characteristics of
low power consumption, low cost and small size. The general silkworm pupa is powered by 3.3V and supports
DMA controller with 7 channels.

The wireless transceiver of the whole street lamp monitoring system is a radio frequency unit. It can realize the
wireless data transmission of the internal terminal equipment of Zigbee network. It has many advantages, such as
long transmission distance, small transmission loss, high reliability, multi rate, intelligent data control and low
power consumption. When installing street lamps, the distance is usually around 30m. It is necessary to ensure that
the transmission distance of the RF module is far enough to maintain good and stable communication between the
street lights. When the antenna height is 1.5m and baud rate is 960bps in the open area, the transmission distance
of 600m can be achieved. The video module has the kind of interface that contains the three TTL, RS232 and RS485
interfaces. When in use, the user can select one according to demands. The definition tables of these three RF
module interface are shown in Table 1.

TABLE 1 RF MODULE INTERFACE DEFINITION TABLE

Interface name Function description Level Remarks

GND Power ground

A(TXD) RS-485 A or TXD of RS-232

B(TXD) RS-485 B or RXD of RS-232

VEC Power supply (DC) +3Vie-+5.5V

SLEEP Sleep control TTL Active low level
TEST Internal testing

DGND Signal ground

RXD/TTL Data reception 5y

TXD/TTL Data emission TTL

The street lamps select LED street lamps. Compared with the traditional high-pressure sodium lamp, the LED
street lamp driving control unit has the advantages of high luminous efficiency, energy saving, long life, green
environment and safe as well as reliable. The T.ED street lamp control panel is used for LED lamp switch control.
And the RS485 protocol is used to communicate efteciively between the LED driver control panel and the moderate
NMCU. The traditional street lamp uses the electron light field radiation luminescent, so the filament is easy to
burn out and easy to form the light attenuation. Because of the encapsulation of epoxy resin, LED light lamp can
withstand higher mechanical shock and vibration. It is not easily broken and the average life reaches more than 100
thousand hours, which can greatly reduce its maintenance costs. LED street lamps do not contain harmful metals
such as mercury, and do not produce harmful substances when they are scrapped.

System Software Design

The software layer of wireless sensor network can be divided into three layers: hardware abstraction layer,
application layer and system service layer. The hardware abstraction layer of the system shows power module
with upper shield, data acquisition module, MCU microprocessor module and other hardware details. The system
service layer mainly performs the task scheduling of the operating system, supports the transport protocol and
implements the routing algorithm. Zigbee network data transmission has three ways. The three approaches are
from the control terminal of the street lamp monitors to the substation, from monitor substation to the street light
control terminal, and peer to peer data transmission between control terminals of street lamps. According to the
transmission direction of data stream, data transmission can be divided into submission and reporting. Among
them, the reporting refers to the transmission of data sent from the street lighting control terminal to the street
lamp monitoring substation, and from monitoring substation to the street lamp management center through the
GPRS transmission. The submission is reverse, and various commands are sent to the street lamp control terminal
from the street lamp management center and carried out.
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Once the node is powered, initialization is performed. These operations include timers, serial ports, /O buttons,
and other initialization configurations. The initialization of the operating system is followed, thus allowing the
system to enter an infinite loop state. In order to minimize node power loss, each stage is kept dormant at the time
of initialization, which will take up less CPU resources. When the interrupt is generated, it triggers the task to be
performed. CPU allocates resources for it and executes corresponding communication service subroutines.

The street lamp monitoring substation is a device equipment of the street lamp control terminal and the street lamp
management center, and it is an indispensable bridge. In this system, the coordinator is used as the street lamp
monitoring substation, and the system data exchange and transmission are carried out. Because the street lamp
control terminal and the street lamp management center construct respectively the GPRS network and the Zigbee
network with the street lamp monitoring substation. Therefore, the nodes of the station monitoring subsystem
must be equipped with GPRS communication module and RF module simultaneously. When the initialization of
the device MCU is completed, the GPRS module is further initialized and connected to the GPRS network based on
the GPRS protocol.

Result Analysis and Discussion

The basic unit of the street lamp energy-saving monitoring system is the street lamp control terminal, which
directly determines the communication ability between nodes and the communication performance of the system.
The whole system management uses the street lamp management center o realize the man-machine interaction.
Therefore, the function comprehensiveness and operation friendliness of the street lamp management center
system directly affect the application of the system. The implementation of the street lamp management center
interface functions and communication performance testing is carried out.

Firstly, the numbered code is used to download to the MCU"in the street monitor substation, and vein relaxing
serial debugging assistant is used to see whether the network is successful. The test of network serial port is shown
in Figure.3. It can be seen from Figure.3 that coordinator builds network successfully, and sets up the network
number. Each PAN identifier accounts for 2 bytes in size. The system allocates a 64-bit extended address and
network address 0x0000 to the coordinator.

FIG. 3 SCHEMATIC DIAGRAM OF COORDINATOR SETTING UP NETWORK SERIAL PORT TEST

In order to verify the performance of routing algorithm in the system, simulation experiments are carried out by
using NS2 software. The average packet delivery rate is used to judge the reliability of network data transmission.
The simulation environment is as follows concretely. The communication distance is 15m, and the distance
between nodes is 10m. The network range is 50 * 50m, and the packet size is 70Byte. The maximum number of
nodes allowed by the parent node is 4. The maximum number of routers is 4, and the maximum network depth is
3. The simulation time is 5min. The specific simulation results are shown in Figure.4. It can be seen from Figure.4
that the system routing algorithm has a higher average packet delivery rate, which is at 99.5% up and down with
very high reliability and availability basically.
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center that the main functions can be obtained of the street lamp management center are 4s follows: (1) the street
lamp control terminal can be controlled separately, and any street lamp node is operated on / off at the main
interface of the management center. The corresponding street lamp node will be displayed as on / off state; (2) the
status information of the street lamp node can be displayed in real-time, including the current, voltage and power
of the node. A graph can be drawn based on this, so as to evaluate the operation of the node scientifically; (3)
malfunction and burglar alarm function, When the situations that overvoltage, overcurrent and wire is cut occur,
the street lamp management center sends out alarm information automatically.

The energy saving effect test of urban street lamp energy saving monitoring system based on Zigbee wireless
communication technology is carried out. The opening / closing timie of street lamps in different periods is
controlled. The details are shown in Table 2.

TABLE 2 LIGHT MODE TIME DISTRIBUTION MAP

Working hours Working hours(min) Working model
18:00~22:00 240 All bright
22:00~24:00 120 12

0:00~04:00 240 1/3
04:00~05:00 60 1/2
05:00~06:00 60 All bright

Table 2 identifies the strategies of {ime interval control. The total work time of the street lights is 12 hours, from
18:00 of the first day noon to 06:00 of the second day morning.

. a . . 2 1525 X _
Base on this, power saving of per street lamp at unit power is 2><5+4§+1x5=?w-h, and power consumption is

25 47

12—?=?W-h. As a result, the power consumption per street lamp is about 0.32 kW-h per day. If the traditional

125w rated high pressure sodium lamp is used, the power consumption of 12h working time is 1.5 kW-h. It can be
seen through comparison that after adopting the street lamp wireless monitoring system, the power consumption
can be saved by 1.18 kW-h per day, and the energy saving effect is obvious.

Conclusions
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reliability testing.
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Abstract. The current street monitoring is more traditional way, backward management and
inefficient. Now on the street lamp monitoring system research is the use of wireless network
technology and GIS technology to achieve automatic monitoring of street lamps, but the lack of
street lamp system logic structure analysis. According to the physical model of street lighting
facilities, the paper analyzes the logic model, and designs the visualized streetlight monitoring
system by C / S mode. In the system, the user can quickly find the location of the street controller
through the map, and bulk control of a range of lights off, thus breaking the current simple way to
control the street, the real realization of the picture to see the lights, Lights, lights to view the
service.

Introduction

Street lights are an important part of municipal facilities and street lamp monitoring system is a
very important indicator of the level of urban modernization. The traditional street lamp monitoring
system mainly relies on artificial or timed clock to control the switch, because each section carries
out the independent control of the section, and there is an error between the timers, which causes
the street light to open and close is not unitied, and because of the lack of the corresponding
detection means cannot monitor the working state, management backward, inefficient. Therefore,
the use of new management methods and technology to achieve street lamp monitoring is the urgent
need for street construction and management. At present, the research of street lamp management
system mainly introduces wireless network technology and GIS technology to realize the automatic
monitoring of street lamps. However, these studies only describe in detail the design method using
wireless network and GIS technology, the lack of analysis of the topology of the street lamp, and
the logic model of the streetlight system is not clearly given, which seriously affects the operation
efficiency of the monitoring system. In order to solve these problems, the author uses the database
technology to analyze the physical model of the streetlight system and establishes the relational
structure model of the system. On the basis of the relationship between the street and light system,
the system database is established and the visualization of the streetlight system is realized by GIS
technology monitor.

Present Situation Analysis of Visualization Technology of Street Lamps

In recent years, with the development of the city, the installation of various types of street lighting
facilities in the continuous improvement, and, urban lighting has evolved from a simple lighting
function to beautify the urban environment, improve the image of the city an important part of
investment. The larger the city, the more the amount of street lighting facilities, coupled with
various types of supporting facilities, such as control boxes, cables, etc., together to build a large,
complex urban street lighting system. With the completion of the construction of the entire street
system, the monitoring and management of the various street lighting facilities in the whole system
is also a huge project, especially to monitor the system when the street lamp facilities failure, should
achieve rapid positioning, repair. How to ensure the city's street lamp system efficient and safe work,
to achieve a variety of street lighting facilities visualization, information monitoring and
management has become a hot research.

Copyright © 2018, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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Traditional street lamp management mainly take semi-automatic or manual way, although to a
certain extent, to achieve real-time monitoring of street lamps, but fundamentally speaking, still did
not achieve visual monitoring, the main information transmission instability and other three aspects:

With the continuous expansion of urban roads, street lamps and other equipment more and more,
its function tends to be complicated, showing a massive and discrete data characteristics, which
greatly increased the workload of street monitoring. As the monitoring unit lacks the scientific
information transmission and the gathering plan, causes the street lamp terminal equipment to
obtain the information hysteresis, the perception is not flexible, the data transmission speed is slow,
the data wrong package and so on.

The number of street monitoring terminals and the geographical position are superior, showing
the cross state, because of this, in the design of street monitoring system, usually ignore the visual
display equipment running state of work, making it impossible to real-time monitoring of street
lamp operation, Process, there is no control and monitoring functions of organic unity, which cannot
directly through the system platform to master the working status of street lamps.

The traditional street lamp monitoring methods are mainly inductive control, photoelectric
control, always control to semi-automatic and manual management, focusing on a section of the
street lights to monitor, cannot be very good to achieve a single street lamp control, especially in the
visual aspects lack of certain accuracy. Currently used in street lamp monitoring technology mainly
Zig Bee technology and communication technology, but it is only used in voltage, signal wave
stability of short-distance communication, the scope of application is small.

The number of facilities: a city in the size of the road or the district are basically equipped with
street lighting facilities for lighting, coupled with the matching control box, cable, the total amount
is calculated in million units, The amount of information is huge: each street lighting facilities have
a certain amount of attribute information, such as geographical location, power, controlled
information, monitoring information, due to the huge amount of its own facilities, so the amount of
attribute data is also quite large. Spatial location characteristics: street lighting facilities are
basically based on urban road network design and laying, so with the geographical space
characteristics, especially in the monitoring system in the early warning information positioning,
spatial features more obvious.

It is difficult to realize the spatial location of early warning information: Because the monitoring
and early warning information has strong spatial position characteristics, the current monitoring
system can only be used in the form of text difficult to achieve spatial analysis function: In order to
rationalize the deployment of staft and equipment, usually need to analyze the entire street lamp
system in the early warning of the fault (such as the address text description), that failure, cannot do
warning failure of the spatial location of visualization and positioning; it is difficult to meet the
requirements of information sharing: the establishment of street light monitoring and early warning
information platform to achieve the street lights monitoring system of digital information
construction, the development of street light monitoring and alarm system is the development trend
of the entire industry, and the current street monitoring system of various data and data organization
decentralized, management unstructured, difficult to achieve data sharing requirements.

System Function and Its Design Research

The streetlight monitoring subsystem is a visual display of the streetlight status, which monitors the
state of the street lamp in real time. The subsystem is the main subsystem of the streetlight
monitoring system. The subsystem also provides two functions of status query and data query. State
of the query is divided into communication test, current query and mode query three functions.
Communication test for testing the upper and lower computer communication, you can understand
which the next bit machine can be successfully controlled, which under the machine communication
problems cannot be remote control, so that maintenance personnel in a timely manner. The current
query can query the current of each detection channel corresponding to each lower computer, and
can truly reflect the working conditions of the load by the current value so that the operator can
understand the field control situation. The mode query is a query on the mode of operation of the
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lower computer so that the operator can understand the working mode of the lower computer and
avoid the misoperation of the lower computer when the host computer is restarted. The data query
subsystem contains basic information queries and thematic queries. Basic information query refers
to the user through the road name, interest name, such as a certain building, you can quickly find
the location of the data on the map where the space and can view the surrounding data information.
Special information query refers to the user on the electronic map users click on a street or a
distribution box, you can view the basic information of the street or distribution box.

Street lighting system equipment is very complicated, according to its operating characteristics
can be divided into simple equipment, complex equipment and lines. Simple equipment is with
headlights, siege lights and high pole lights, complex equipment, box-type change, landing table
box, distribution room and wiring wells. Line lights have power lines, street lights control lines,
power lines are divided into the main power lines, power lines, power lines, including sub-supply
lines and branch lines.

Street lights in the state will consume a lot of power, energy in the lack of modern society, how
to achieve energy-saving emission reduction is a hot research. Therefore, the system considers how
to minimize the consumption of energy in the case of sufficient pedestrian demand. Each circuit of
the distribution box is not controlled by the geographical position of the continuous distribution of
street lamps, but the control of the street lights separated by two lights, a street on both sides of a
distribution box by the three circuits control. In addition, the system uses the control system at
intervals of two lights, in general, every night from 17:30 to 19:30, street lights separated by two
lights, that is, control the road on both sides of the distribution box circuit all the way in the "open"
State; from 19:30 to the next day 1:30, at this time more pedestrians on the road, in order to fully
meet the needs of pedestrians, all lights are in the "light" state; from 1:30 to 6:00 the next day, Two
lights of the control program; daily 6:00 to 17:30, street lights are in the "light off" state.

MapX is MapInfo company to provide users with a powerful map analysis of the ActiveX
control products. Because it is a Windows operating system based on the standard controls, which
can support the vast majority of standard visual development environment such as C #, Delphi,
VisualC + + and so on. Programmers in the development process can choose their own most
familiar with the development language, easy to map function embedded in the application, and can
be out of Maplnfo's software platform to run. The basic operation of the electronic map includes the
zoom display of the map, the mouse to achieve the map of the zoom, zoom, roaming and other basic
operations.

As the display scale grows, the map display layer increases accordingly, displaying the map
content more and more rich and detailed. Data query, according to the query results, the map
according to a certain scale to the query results, and make the query results highlighted highlight.
The design of the street monitoring system using C / S mode, the client uses C # as the development
language, the use of VisualStudio 2008 platform for the second development of MapX. Realize the
real-time monitoring of street lamps, visually display the working status of street lamps and
distribution boxes. In addition, the system also provides users with a friendly man-machine
interface to help users easily use the system. The server of the system uses SQLServer, according to
the relationship between the street lamp system structure model, the establishment of street
monitoring system database for the system storage and provide GIS data and street lamps,
distribution boxes and other equipment data. In the GIS database side, the database through the
spatial data engine SDE through the window of the street color (gray light "light off", green said
"light"), you can clearly get the work of the various lights. This interface gives the physical
structure of the distribution box model and you can directly through the operation of the distribution
box to change the work of the street lights to achieve the visualization of street lights.

Conclusion

The system uses GIS and database technology to complete the street lamp monitoring system design,
the system not only uses the relational database to organize data, but also provides a visual street
light status detection interface. However, due to time, knowledge and technical reasons, the system
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there are some shortcomings. Function: the system module function is not very comprehensive,
cannot edit the elements of the layer, the query only supports accurate query, does not support fuzzy
query. Technical aspects: The system does not consider the actual use of lights and distribution
boxes in the communication problems, in the future work should be introduced wireless
transmission module, enhance the practicality of the system.
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Abstract

ln onder to solve the shortcomings of the traditional analysis technology, such as low analysis precision and
weak generalization ability of the high frequency component of the data packet sequence, a network packet
analysis technique (NPAT) based on capture and filtering (BCF) is proposed. The data packet sequence is
decomposed by multi band preprocessing through BCF. Then the Optimizing network data package (ONDP) is
optimized by NPAT, and the data sequence of the single arm reconstruction is analyzed, The analysis values of
cach sub sequence are superimposed to obtain the actual analysis results. The experimental results show that the
method can master the change rule of the impact burr in each frequency band of the nétwork packet sequence,
which has good analysis accuracy and generalization ability.

Key words: Nonlinear; network packet; generalization ability; capture and filier

L. INTRODUCTION

Packet analysis is an important part of network system platform planning, and its analysis accuracy directly
affects the system’s economy, security and service quality. With the massive multiplication and complexity of
network data, autoregressive moving average (ARMA) mode! of traditional linear statistics, differential
autoregressive moving average (ARIMA) model and differential autoregressive summation moving average
(FARIMA) model has been unable to guarantee the accuracy of chactic nonlinear network resources in
short-term packet analysis. However, due to the shortcomings of these intelligent technologies, the accuracy of
the optimized analytical model still needs to be iniproved.

The current definition of computer netwaork security is that confidential data information contained in the
hardware part, software part and network system of the computer network system cannot be invaded and lost,
and the data information is not damaged, tampered or leaked because of accidental or deliberate destruction. The
computer network system can be continuously and steadily run, and the system network will not be interrupted.

For computer network security issues, it has been widely concerned at home and abroad. Computer
network expands the scope of application of data information security. However, the purpose of ensuring the
security of network information data is to better carry out the use of nuclear e-commerce in the packet network.
For example, for networking booking on the memory network, because of the need for network payment, it has
the problem of neiwork information security. With the rapid development of computer network and data
information security industry, the research and development of computer network information security
technology has attached great importance to all over the world and the development of firewall technology has
been further promoted. At present, there is no password technology in the domestic import information security
technology, and the U.S, government is also prohibited from password technology. China also does not allow
the introduction of password technology, and even expressly prohibit foreign password products in our country
propaganda or display. ln the world, some standardized Telecom security protocols and communication
standards all contain security standards. However, the standard of cryptographic technology has not yet been
specified. Many scholars at home and abroad pay great attention to the research of secure cryptography, and the
media also carry out Jarge-scale publicity. Although hackers have begun to report memory related issues, but it
has not yet involved in the field of password security. With the rapid development of computer network
technology and the advent of the Internet era, the Intemet problem has been urgent, but the main concemn is
Hackers’ attacks on the network, and the password level has not yet involved. In today's society, the
development of network technology is extremely fast, The whole society’s life is closely related to the network.,
which also appeared a series of network security issues. To solve these problems, the whole network domain
gives the corresponding solutions, and the better solutions are hacker attack detection, potential threat scanning
and network protocol analysis.

Nowadays, the network has been widely developed in various [ields of society, and it has produced a series
of operation rules, including two aspects of hardware ond soflware, All of these agreements are collectively
referred 1o as rules. In order to transmit the network data correctly, the data must be packaged into a data packet
according to the protocol format, so that the data can be sent und received smoothly. (_}I‘ course, the type of
protocol is diverse. Therefore, the packaged data packets should be corresponded with the corresponding
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¢ also conforms to the management and security requirements of the ncnyo'rk.
Protocol analysis is very important, because now the n.ctwork data transmission involw::f. some lrafﬁq billing
problems, which requires high accuracy of lmmc.slntlsllcs. so reasonable protocol analysis is an cff‘cct'n[e way
10 solve this problem. In addition, protocol analysis can make people better Lfndcrsland the network situation, 50
as 10 better deal with network failure. The protocol analysis is a very effective means to filter the prolocol.and
content of the packaged data packets. According to difTerent transmission protocols, the data packets 1mnsrpmcd
in the network are extracted, and then analyzed and restored, so that customers have a better understanding of
the network. How to evaluate whether a network analysis system is perfect is a very important issue. The
realistic social demand gives the answer, such as the analysis report of some network problems, the query of the
flow and the wtilization of the bandwidth. Only when these problems are solved can the fault be solved
reasonably and efficiently. In order to ensure the security of a network system, a lot of problems need to be
solved. The most important thing is the collection of network data, the core of which is to grasp the network
data by request. so that these data can be used rationally. Of course, the connection of the network interface and
1P address conversion are also very important aspect.

In view of the characteristics of network packet changes and the shortcomings of existing optimization
techniques and data preprocessing, this paper proposes a packet data analysis method based on capture and
filtering (BCF- ONDP- NPAT). And the network platform is analyzed with 100h in advance. The experimental
results show that the BCF packet search algorithm can effectively optimize the network packet and improve the
accuracy and generalization ability of the analysis method after the data packets are captured and filtered.

protocols before sending. And i

2. BCF-ONDP-NPAT ANALYSIS MODEL

Technical route of BCF- ONDP- NPAT analysis model:

a. The sequence is transformed into complete frequency domain analysis sequences by capturing, filtering
(BCF) and multi band pre-processing data packet sequences.

b. Use ONDP to analyze and process decomposed subsequences.

c. Because the analysis involves the evaluation of weights and threshold parameters, the NPAT technique is
used 1o search for the optimized parameters. -

d. Because NPAT has the local optimal defect, CSC is iniroduced to optimize the technology.

e Processes sub sequences through BCF-ONDP. In the optimization model, ONDP provides mean square
deviation (Mean square deviation, MSD) for analysis of BCF, while BCF optimizes training according 1o mean
square deviation MSD, and provides threshol¢ theta and weight Omega for ONDP.

£. Superimposed the sub sequences of each analysis component obtzined by BCF-ONDP training to obtain
the actual analysis results.
The detailed steps of the input and output of the analytical model are shown in figure 1.
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Figure 1. BCF-ONDP-NPAT analysis model diagram
3. NETWORK PACKETS BASED ON CAPTURE AND FILTERING

3.1. Basic capture and Sltratlon

The analysis process of NPAT
_n . echnology is mainly divided i i i
switching of the convection function and the encircling zonl\r:gfi(:u:nlli?'ll:hi: zc::]llccwmg ol s e

A in the interval [-2, 2], rmined by the random parameter
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1) Convection function. When -1<A<], the convecetlon function uses the random single data X, of the
packet to find the optimal datn, such ns equation (1).
J‘\.J.” = I\’,“IJ‘-A')') “)

Among them, .\, ., is the coordinates ol the ¢ data after the update of the single data position.
D=C- Ny V] represents the distanee between the current single data X and the random single data X, ., and C
is a random number mnge of 10, 2], which controls the distance between the KXo and the X,

2) Surmound contraction. When A<-1 or A>1, suppose that capture and filter find the global optimal single
data location V.. begin to encirele the datn, shrink the search range, such as the formula (2).
‘YHI =Xhm_A'|C'XFm.' —‘X,I (2)
3) Spiral lookup, Capturing and filtering data while searchin
the motion of a logarithmic spiral trajectory, such as (3).

X =Dyeq-€" -cos(2zl) + X, )
Dbest=|Xbest =Xi| represents the distance between the sin
the constant to model the spiral trajectory, and / is the random n

& the optimal single data Xbesr, it also tracks

gle data X and the optimal single data AXbest, B is
umber on the interval [-1,1].
3.2. Network packet optimization

Capture and filter optimize the network packet with
process of spiral search. It can not only accelerate the ¢
rapid aggregation of individual data in solution space, so as to speed up the decline of packet diversity, and
increase the probability of technical analysis. In order to reduce the pos<ibility that a single data can be gathered
into a local minimum region, the capture and filtering are introduced to conirol the motion region of a single
data packet to improve the ability of the technique to Jump out of the local optimum. The calculations are shown

in formulas (4) and (5) respectively.
X=X, +r-e" sin(2mr o i X, -X|| (4)
X=X +r-m —cos(Zm,)-]r,.Xm,-XJ (5)

parameter r; is to contro! the range of the network packet, and its calculation is shown

the coordinates of the optimal single data Xbest in the
onvergence rate at the later stage, but also lead to the

The function of the
in formula (6).

f=t-a-= ()

pared with the general operator
and its calculation is shown in

Parameter r; is an optimization operator based on cubic chaotic maps. Com

sequence, it has better equilibriur ergodicity and convergence efficiency,
formula (7).

rand[-1,1],t=0
h 4(1';)3 ~3n,t21 H

In the BCF technology, the input single data of the input

package is input, and the optimal solution is
calculated by the objeciive function fobj, and the optimal solution is output. The key parameters are set as
shown in 4~7.
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Figure 3. flow chart of BCF training ONDP

BCF-ONIP input the data of the bun sequence, output the packet value of the analysis
steps are shown in figure 3. Setting of the key parameters: the ONDP neural network with
is adopted. The number of nodes in the input layer is n. Th
is h, and the threshold and weight are 0 and w respectivel

» and the processing
three layers structure
e number of hidden layers is 1. The number of nodes

, then capturing and filtering single data encoding is
Wa-n,. = {ca, ,,ar,z,: @y 6,y Opserall, } - The calculation of the fitness value fobj for capturing and

filtering each single data in a packet is shown in formula (8).

n

K ak)?
. Gty o Z(O: _df )
Jobj = MSE = Z = (8)
k=] S

In the formula (8), m js the number of nodes in the o i
la (8), utput layer, o is the actual output value of th
neural network, d is the expected oulput value, and § is the total number of training snmptl]:zs. ——

4. PACKET ANALYSIS TECHNOLOGY

: and the time interval
point is counted by the network traffic data
nee of Figure 4, there are more burrs on the load
impact load is not bad, If the data preprocessing

he platform, From the original seque
burr caused by the
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cannot be effectively handled, it will afteet the accurney of analysis, The time series of capturing and filtering
preprocessing network packets are introduced here,

250 1 1
200}~
150~
100}~

S0 Ay w[
0 100 200 300 400 500 600 700

Figure 4. data packet sequence of a carrier network platform in September 2016

RESOURCE LOAD (pbs/GB)

Through the input of the original signal sequence, the pass filter is used to decompose, and then it outputs

the corresponding frequency domain analysis subsequence. The set of decomposition functions and coefTicients
is shown in formula (9).

dj' = ;ht-nd;'"

=124l in
d, —, ng-ztdt
k

In the equation (9), d is the capture and filter band coefficient, / is the decomposition layer, while /; and g;
are the coefTicients of the capture and filter conjugate filter, X is the time parameter of the position index, and /
is the frequency parameter of the scale index.

In the two layer decomposition graph of capture and filter in figure 5, AA2 and AD2 are subsequences of
the low frequency part of an analytic signal, and AA, is the main component of the AD, data packet sequence.
AD- and signal high frequency partial subsequcm.es DA, and DD; are random variables in the packet sequence.
The method of network packet analysis can increase the analysis of high frequency components, and can search
the change rule of the impact burr in the packet sequence more carefully, which is helpful to improve the
analysis accuracy and generalization ability of the analysis model.
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Figure 5. capture and filter sequence dingrams for decomposing data packets
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The training data are from the historical data of September 2016 in the third section. From the 700 valjq

sampling data points, the first 600 samples are taken as the training sample S?t’ the latter 100 as the test sample
set, as shown in figure 6. The ¢, =c, =2 of PSO, the crossover and mutation rates of GA were 0.9 and 0,02,

respectively.
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WD-BCEF-ONDP 1,425 0.225 0.212
BCF-BCF-ONDP 1.072 0.057 0.101
BCE-PSO-ONDP 1,152 0.191 0.132

BCF-GA-SVM 1.236 0,232 0.159

8.2, experimental results analysiy

From Figure 7 and table 1, it can be scen that the BCF-BCF-ONDP analysis method is more accurate than
the other analysis methods in searching the change law of the impact burr of the packet sequence, and the
analysis results are closer to the actual value, The analysis results of WD-BCF-ONDP and BCF-BCF-ONDP
show that the analysis accuracy of the latter is obviously betler, reflecting the advantages of high frequency
signal analysis of capture and filtering pretreatment, so the analysis accuracy is higher. Compared with
BCF-PSO-ONDP and BCF-GA-SVM, BCF-BCF-ONDP analysis results of MAPE were decreased by 6.94%
and 13.27%., which reflects the advantages of BCF technology in the analysis. It can enhance the ability of
technology to jump out of local optimum, and adjust the weights and thresholds of ONDP neural network
adaptively. so as to improve the accuracy of analysis.

In order to test the generalization ability of BCF-BCF-ONDP, the sampling data of March, June and
September 2016 were selected from historical data sets for comparative analysis. The experimental results were
shown in Table 2 and figure 8-10.

Table 2. packet analysis of BCF-ONDP-NPAT in March, June and September 2016

Analysis method MAPE Std(MAPE) MAE
March 1.328 0.059 0.138
June 1.584 0.069 0.172
September 1.072 0.057 0.101
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Figure 9. BCF-ONDP-NPAT packet analysis diagram in June 2016
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Figure 9. BCF-ONDP-NPAT packet analysis diagram in September 2016

From table 2 and figure 8-10, BCF-BCF-ONDP achieves higher accuracy in network packet analysis in

different months. The maximum percentage is 1.584%, and the minimum is 1.072%. The analysis results are
relatively stable.

6. CONCLUSION

A network packet analysis method based on capture and filtering is
uses BCF multi-scale preprocessing network data packet sequence. Then; the BCF technique is used to improve
the accuracy of ONDP in the preprocessing of frequency domain subsequences. The experimental results show

that the method can master the change rule of the impact burr in each frequency band of the network packet
sequence, which has good analysis accuracy and generalization ability.

proposed in this paper. This method
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Self-adaptive Sensor Network Routing Algorithm Considering
Multi-phase and Multi-field Coupling

Lijun Wang’, Zhanjun Yuan

Department of Information and Engineering, Shanxi Institute of International Trade & Commerce, Shanxi,
China

Abstract

Aiming at the problem of energy consumption dissipation in self - adaptive sensor networks, a self - adaptive
sensor network model was constructed. a multi - phase multi - field coupling algorithm is introduced based on
the analysis of energy equalization routing. The algorithm starts from the overall energy consumption of the
adaptive sensor network and takes into account the cooperation between nodes. The multi-phase coupling
function of energy and reputation value is defined, and the state transition probability of node forwarding is
given. Energy adjustment is carried out according to the income function to solve the equilibrium coefficient
between energy and benefit - multi-field equalization, and the node energy balance consumption is realized,
extending the life cycle of the network. Simulation is carried out using the probability simulation tool to verify
that there are multiple equalization points in the model. It also shows that the model can promote the
cooperation between nodes and maximize the life cycle of the self-adaptive sensor network.

Key words: Multi-phase multi-field coupling, multi-field equalization, energy consumption,routing algorithm
1. Introduction

Self-adaptive sensor network consists of a large number of micro-sensors, sensor nodes not only limited
energy, the field work environment also led to the replacement of the node and charging difficulties, these
factors make the design of wireless sensor networks to consider minimizing node energy consumption The

Self-adaptive sensor network is different from the traditional wireless network, all of its nodes to the
convergence node to transmit data, are many-to-one communication network. The distance to the convergence
node may lead to the uneven use of energy, so that the local node premature death, causing changes in the
network topology. Topological changes lead to changes in routing queries, the nodes transmit power and
transmission range should also be made accordingly Adjust, so that the increase in network energy consumption
caused by the overall network life shortened, waste of energy is not exhausted nodes, is not conducive to the
"green network™ construction. Therefore, in the design of wireless network to ensure network quality of service
(Qo0S), to study the problem of uneven energy consumption, to avoid premature death of the node, the effective
global energy management, to achieve the "green network™ purposes.

Self-adaptive sensor network has the following characteristics: (1) node energy consumption only with the
node in which the current state and the action taken, and the node has nothing to do with the historical energy;
(2) Only the effective participation of aii nodes in the collaboration can help to achieve the maximum network
life in the global scope, but the cooperation and forwarding of the nodes will bring about the energy
consumption, and thus reduce the life of the node itself, so that the node itself and the global network The
existence of life of the game. Therefore, based on these two characteristics of wireless sensor network energy
consumption, we use the multi-phase multi-field coupling theory to model the energy dissipation behavior of
self-adaptive sensor network nodes, find more equilibrium points, let the remaining energy Nodes involved in
doing more work, so as to maximize the purpose of extending the network life.

According to the above ideas, this paper analyzes the research status of energy consumption in
self-adaptive sensor networks, establishes multi-phase multi-field coupled energy consumption balanced routing
model, and constructs the revenue function of income and energy. The existence of multiple equalization points
is proved by the nature of the income function. As a unified framework of energy consumption, data forwarding
and node cooperation, the multi-phase multi-field coupling model can effectively reduce the complexity of
energy balance problem research.

2. Multi-phase Multi-field Coupling Sensor Network Model Construction

In the self-adaptive sensor network, the energy consumption of the node is only related to the current state
and the action taken by the node, which is independent of the energy consumption of the node. Therefore, the
behavior has multi-phase multi-field. Therefore, it is possible to introduce the multi-phase multi-field coupling
to study the energy balance of wireless sensor networks. It should be noted that node mobility in Ad-hoc
networks is an important factor affecting network performance, while nodes of adaptive sensor networks vary
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Not so, this article does not consider the mobility of nodes.
In order to solve the problem of energy dissipation using multi-phase multi-field coupling, we need to
establish a multi-phase multi-field coupled energy equalization routing model in accordance with the real
environment and reduce the complexity of energy analysis. To this end, Coupling model of hypothesis and
formal definition.
Assumel: there are N sensor nodes randomly distributed in the area of area S

of each node is.
Definition1. The multi - phase multi - field coupling model 7" is a five - tuple 7~ :(A,U ,R,W,P) , Where:

the transmission radius

Ixm

(DA={ay,...,a,} is the set of participating nodes, a; isthe i -th routing node, among’ythem 1<i<N ;

(2)U={0,1} A presents the state of the routing node in each stage, where 1 indicates that the node is willing
to cooperate and 0 indicates that the node does not cooperate;

@) R={R,.....,R, }isthe setof gains for all nodes, R, isthe revenue of node &, where 1<i<N;

W :{Wal ,---,Waﬂ} represents the energy set of all nodes, for each node a,, its energy contains two

parameters W, €W, and W,

costa; remaing;
where 1<i< N ;
(5)P node forwarding data probability, P%aj e P said node a; to forward the probability of information

eW, , respectively, that node a consumption and residual energy,

tonodea, , wherel<i, j<N.

Under the initial condition, the node realizes the information of the global node from the acquisition by
notifying the neighbor's own information. The cost of the broadcast of the node is the energy consumed by the
broadcast. Since the energy consumed by the broadcast is small and only occurs at the time of networking, the
residual energy after the broadcast is approximately equal to the initial energy, which is no longer discussed later.
In order to discuss the superiority of the multi-phase multi-field coupling model, the determination of each
parameter in the model is carried out first. At the same time in order to describe the concise, later we use i that
i-th routing node, that is, i instead of g, .

2.1. Determination of participating nodes
Assume 2. In the multi-phase multi-field coupling model, the experimental area is 14, the transmission

range of each node is S. =7zr?, and the node position in the communication range obeys the binomial
distribution
Under the above assumptions, the number of nodes in the communication range is m, = pS. _Where p is

the average density.
Proof. It is assumed that the probability that the source node has k nodes is

- ) »

when N>1 , p=N/S, , (N-1)/S,~p _Is a constantsimilarly (N-1)S./S,, _Approximation is

constant.when S. < S, The binomial distribution (1) approximates the Poisson distribution, that is

Il

k
p(k)~ P5) Ef) e )
N-1 k
m, =y k ( E‘;) g% ~ pS. (3)
k=0 -

Proof finished.
Assume3. In the multi-phase multi-field coupling model, the vertical component of the node index is not
taken into account, and the node coordinates are represented by two-dimensional scalar. The coordinates of node

i are(x,y), the coordinates of the source node are (x, — Y, ) , and the destination node coordinates is (x. — Y ).
Theorem 1. The number of nodes that meet the assumptions 1, 2, and 3is m, = pﬂT_Z re.
Proof.as showed in Fig.l The area surrounded by arcs is known by the integral

formulaS' =zr?/2—r?,m, :S'/(ﬂrz):(ﬁrz/Z—rz)/(mz):”2__2p(7zr2):pﬂ7_2r2. over.
T
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Figure 1. Node communication range

The eligible node should be met:
(x=% ) +(Y=Y) < (% =% )" +(Ye —¥o )" and (x—x )" +(y—Ve )" < (% =% )" +(¥e = Yo )* A collection of
nodes that point to the destination node
A ={)|x=5 ) H(y=¥0)" < (% =)+ (v = o) and (x=xe )+ (¥ =¥ ) < (% =%, )"+ (Ye — %)}

Where m, :|Aq| .
Definition 2. The set of participating nodes satisfying the above two assumptions is m, =|Ap|
where A=A NA.

Under the initial condition, the node set satisfying the node i communication range is A . In the

self-adaptive sensor network networking stage, the node through the broadcast notice of the neighbors of their
own information. In order to carry out the network performance analysis by using the multi-phase multi-field
coupling model, it is assumed that the energy consumed by the nodes by broadcasting their own information
under the initial conditions iS[Wost1, Weostzs - - < Weostnds Weost=Weost2= - . . Weostn- Since the initial energy is equal, the
remaining energy of the nodes is almost equal after consuming [Weost1, Weostz, - - -, Weostn], @nd the broadcast energy
is ignored without affecting the network performance.

2.2. Determination of other parameters

Definition3.__Participate in node & € A) state set U wvalue of 1 or 0. The state matrix
isB, =[u,,--,u, ], s €{0.1} .

Under the initial condition, the residual energy of the node is constant and the energy consumption is 0,
thatis, W,,.,., =const ,W_,, =0. After the data transfer, the residual energy of node i is
Wiemaini =Weemaini —Weost 4)
Since the transmission power and the communication distance obey the exponential increase of the parameter y ,
2 <y <4 when vy =2, the energy hole problem is inevitable; When y =4, it is difficult to achieve the complete
energy balance of the whole network area due to the limitation of the maximum transmission distance of the
node. Therefore, select y =3,s0 W, ¢’ and W, o«cdata,, thatis

Wcosti oc kVv ><CI3 Xdatam (5)
Where. Kk, is the energy dissipation factor and data,, is the size of the data. The energy dissipation matrix is

BW,e, =[W, 1 T, the energy residual matrix BW,, =[W,emainl,u-,Wremmm]T ¢, is the distance

cost1r " ¥Veost m

from the source node to the destination node
Define 4.the revenue value of node i

R =R +AR(c ,data,,) (6)
Where R represents the revenue value of node i after the next iteration
Under the initial condition, the income value R, = 0. AR represents the compensation income value,
which is the function of the actual communication distance ¢, and the sizedata, of the transmitted data. Point
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to increase the revenue value by forwarding the information .As the cost of forwarding information for the
energy consumption, then R =tW, where t is the compensation coefficient. From formula 5 we know:

costi !
R =txk, xc’ xdata,, ()
letk, =txk, ,thus
R =k, xC’ xdata,, (8)
Where, k is the correction compensation factor. The income matrix is By =[R,,--,R, ]T
Defination5. The number of participating nodes is A/ and the number of elements is m. The node

forwarding probability matrix is a diagonal matrix, i.e.
RO - 0 m
0 R « 0 ,andZPi=1,

P= i=1

0 0 - P

Where P is the probability that the node i forwards data to the next neighboring node is a function of the source
node K's revenue value R, and the remaining energy W, of the node i to be forwarded.

emaini

Pi = f (Rk lV\/remaini ) (9)
Specifically calculated as
I:)i = (aRk +IB\Nremaini) Z(aRk +[)Ivvrema\inj) (10)
=L

Here W

remain j

>0; otherwise P, =0. Where a is the yield weight, B is the energy weight, and a+5=1.

3. Multi-phase Multi-Field Coupled Sensor Routing Strategy

In the adaptive sensor network, the energy of the node determines the life of the network. If the number of
nodes is too many, the transmission between the nodes will be interrupted and the life of the network will end.
At this time, the energy of some nodes is not consumed, resulting in the waste of energy. Multiple multi - field
coupling strategy is as much as possible to make the network nodes evenly consumed, to maximize the life of
the network.

3.1. Strategic choice

Self-adaptive sensor network node in order to ensure the operation of the network system needs to
consume their own energy for data forwarding, but because of their own energy constraints make the node is not
willing to forward, so there is a life of their own life and network life between the games. In the multi-phase
multi-field coupling model, we need to find this game equilibrium, that is, multi-field equilibrium point. In the
multi-phase multi-field coupling model, the income value R, and the residual energyW are defined,

remaini
When the node carries forward the data forwarding to increase its income value R, according to (10), the next
node i to forward the probability of P, , P, , that is, the node in the game to take the strategy. This strategy mainly
balances the energy consumption of the nodes, thus prolonging the network lifetime, which reflects the balance
of the residual energy of the nodes in the form of network lifetime, and the variance D(mem) in the

multi-phase multi-field coupling model. When the variance is the smallest, theoretically equals zero, the
network lifetime Tysy is the longest. The following is the definition of the self-adaptive sensor network life used
in this paper.

Definition6. Self-adaptive sensor network life Tysy refers to the time interval from the network topology to
the arbitrary node to collect data cannot be directly or indirectly transmitted to the convergence node and the
transmission process cannot be restored. In the multi-phase multi-field coupling model, the network lifetime is

related to the variance D(memaim) , The smaller the variance, the more balanced the remaining energy of each

node in the network, and the longer the lifetimeTysy oOf the network.

3.2. Calculation of energy
The residual energy of the node is

= |:Wremainl 7W W :|T (11)

remain2 '~V VremainN

Wiremain

For any node i, the energy expectation matrix consumed by the first transmission is
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E (Wcosti ) =Px BWCOS‘

O e ] "
0 0 B
=[P Wy Py W |
The residual energy expectation matrix is
E (Wignaini ) =[COST 1,7+,€08t , ] = [ BWepy i+, Py W | (13)
The residual energy expectation matrix after each transmission is
E(Woanain ) = E(Wignain: )~ E (Weer; ) (14)
Where  E (Wi, ) is the energy remaining after the data is transmitted, E (W, ) is the current energy,
and E (W, ) is the energy consumed by the transmission.
Defines the energy residual matrix of the final node:
B, = W Wonan ++* Wianaro | (15)

The iterations B, are calculated by the following equation (14).

3.3. Calculation of income value
Under the initial condition, the income matrix is

R:[costl,-~~,cost2]LN (16)
For any node i after the transfer of the income matrix is
R =[cost,+ AR,,---,cost + AR, |’ (17)
Similarly, the income matrix of all nodes
R:[costl,m,costz]LN (18)

The existence theorem of multi-field equilibrium in stochastic game: When the number of states and
actions is limited, there is a Markov perfect equilibrium in stochastic game.
Theorem 2. In the multi-phase multi-field coupling model with the total number of sensors N, for

VP ,3P" (* denotes a specific element in the set), the Tysy is maximized. That is, there are multiple
equalization points, where Ty is the life of the sensor network, P = f (a* ,ﬁ*)

Proof.Enegy residual matrix:
.
vare,“am = |:Wremainl 7Wremain2 [ ’WremainN :| (19)
B, isthe function ofa,p.

remain

For the entire network, if the node mortality rate is g(O <g <1) , then the node i's successful transmission

rate of A, then
4o £ (N/SW)-(Se/4) (20)
(N/Slx|)'(5c/4)

If the distance between the source node and the destination node is L, the communication distance is r and
the minimum number of communication times iS Nrjmes, thus Nrimes=[L/r]+1, Where [x] represents the largest
integer greater than x

In the case of mortality rate ¢, the probability of successful transmission from the source node to the
destination node

A= A = (1= g) (21)

Consider the two cases, the node's balanced energy consumption:

(1) no node death situation

At this time the whole network did not appear node death phenomenon, the remaining energy mean and
variance were

(B )= B = S Wi (22)
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D (8., )= E Worwns ~E (B, )} = € W, ~E(Br, )] | (23)

Standard deviation is

(B ) =P (Bui, )

The standard deviation reflects the degree of discretization of a data set, which is the measure of the
amount of energy consumed. If the energy consumption is more uniform, the standard deviation is also smaller,

the longer the life of the network._When a(BW _ ) = 0, the network lifetime is the longest. Since W

remain remain

isa
function of a, B, from the above formula, o-( Bu,.... ) is also a function of a, B. From the definition of standard

remain

deviation, G(BW ) is a concave function. Since oo + B =1, so O'(BW . ) is a one - dimensional function of

o, when U(Bw,ema.n ) =0, that is, the minimum value should be satisfied

. d{o|B,,_,
G(BW ’’’’’’ ) :((da)):o (24)

The solution a * of this equation satisfies the value of U(BWr >= 0, that is, the solution satisfying the

emain

game model. According to a+B =1, find (a”,4") isamulti-field equilibrium point.

(2) node mortality rate is €

From the formula (20) know, at this time the success rate of node transmission A. If you need to ensure the
smooth transmission of network success rate A~ 90%, that is, A = 90%. At this point, the residual energy with
the forwarding function node is

B\IN,emai" = |:Wremainl ’Wremainz e 7WremainN :|T (25)
Where m has the number of remaining nodes HBWm = “[W1 W, - Wy ]‘ *x 90% of the forwarding
function in this case:
—% 1
E ( aNr@‘nam ) " B\Nrema.n 3 W Zwremaini (26)
D ( B\I\/remaln ) =B {eremaini £l E(B\Nremam )} =E {|:Wremaini -E ( Bwremam )j|2} (27)

Among them 0<i<M .
Standard deviation is CT(BWW." )= D(B\Nmm ) and (T(Bwremam )2 0.

Similarly, the multi - field equilibrium point (a,8") is obtained when (B, )=0.

In the multi-phase multi-field coupling model, the main research satisfies the above two cases, the network
lifetime reaches the longest process, the node forwarding probability Pi is determined, and AP = f(a,ﬁ),
Finally, the muiti-phase multi-field coupling model has a multi-field equilibrium point of (a*,ﬁ*), and each
node forwarding information is adjusted according to Eq. (10) to maximize the network equilibrium energy
consumption and extend the network life cycle Tys.

4. Experimental Simulation and Correlation Comparison

4.1. Experimental scenario
The experimental scenario is shown in Table 1.
Table 1. Simulation scene files

parameter Setting
Node coordinate range 100m>=100m
Communication radius 20m
Data length 100bit
Node energy consumption 50nJ/bit m®
Node initial energy 1000J
Node initial revenue value 50
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Income compensation 0.0005/bytes

In the simulation, two nodes are randomly selected as the source node and the destination node, and the
source node and the destination node are randomly acquired at the end of the data transmission.

4.2. Node distribution

Multi-phase multi-field coupling model, because the cooperation of the node will consume its own energy
consumption, is not conducive to their own survival, so the node cooperation and energy there is a contradiction.
The model uses the revenue value of the node to represent the degree of popularity of the node. If the high value
of the income indicates that the node has a lot of energy to forward, the node will give priority to the node when
it needs to forward the information. According to the above evidence, there is a balance between the energy and
the income value of the node - multi-field equilibrium point. The simulation results are shown in Fig.2.
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38},
368 f?%ﬁ”" i \a"y‘ W tr‘%}f‘ e
ol =Y a=0.6 e a=0.8 | |
32 - = =05 a=0.7 7
30f -

A A -1 3
28k n, ! ™
" ‘”’H |.l ] -'\ \1 '-I.t u‘ l! Vv }"‘

M PANINAOWY T
2N ANV Yt

18 1 1 L o 1 A L 1 1
0 10 20 30 40 50 60 70 80 90 100
node ID

Figure 2. shows the trend of the residual energy of the node with a

P
.

The standard deviation of the
residual energy of the node*/J

When (a,8)=(0.6,0.4, the variance smaliest, the variation range of variance is also the smallest in the
simulation process. The weights (a, B) = (0.6,0.4) are the multi-field equilibrium points of the model, i.e. (a0 *, B
*) =(0.6,0.4)

4.3. The residual energy of the node and its variance

The residual energy and its variance of the nodes are shown in Fig. 3. The residual energy curves of nodes
under GTEBR and multi-phase multi-field coupling are given. It can be seen from the graph that the energy
residual fluctuation of nodes in the muiti-phase multi-field coupling algorithm is smaller than that of GTEBR,
which is more favorabie for the balanced consumption of node energy, which can effectively prolong the
network life cycle. Through a number of experiments and (20), we give a comparison of the residual energy
variance in the two cases, as shown in Fig.3.

50 T T T T T T T T T
—— GTEBR
= MGTEBR ]
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1
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Figure 3. Comparison of remaining energy in nodes

4.4. Average hops
Figure 4 shows the variation of the average number of hops of the algorithm with the number of
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simulations. It can be seen from Fig.4 that the multi-phase multi-field coupling algorithm is superior to the
GTEBR model in the average hop count, and the EAMHR routing algorithm is optimal. This is because
EAMHR is the shortest path route, without considering the node's energy balance problem, but requires the
shortest path in the case of data transmission. Although the EAMHR algorithm improves the speed of node data
transmission, it is not conducive to extending the network life cycle. Multi-phase multi-field coupling model and
GTEBR algorithm fully consider the life cycle of the network, the network life cycle is an important feature of
the real network, both models extend the network lifecycle to the maximum extent, and the game algorithm is
less than the average number of hops of the GTEBR algorithm. Therefore, the network life of the multi-phase
multi-field coupling algorithm in terms of network life cycle and data transmission delay Cycle is better than
GTEBR algorithm.
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Figure 4. Comparison of average hops

-
O L O
L

5. Conclusions

Based on the energy balance routing, this paper introduces the multi-phase multi-field coupling into the
energy consumption of self-adaptive sensor networks, and establishes the energy consumption of multi-phase
multi-field coupling. Based on the multi - phase multi - field coupling, a multi - phase multi - field coupled
adaptive sensor network routing algorithm is proposed. The algorithm is used to study the energy balance by
introducing the probability model, and the multi - phase coupling function of energy and profit value is defined
in the payment function. The multi-field equilibrium of the model is calculated by the income function, and the
equilibrium coefficient between the energy and the income value is found out. Experiments show that the
proposed model can balance the network energy and strengthen the cooperation between nodes, can extend the
life cycle of the network, realize the low-carbon energy saving of the adaptive sensor network, and promote the
popularization of the green network.

Acknowledgements

Natural Science Basic Research Program of Shaanxi 2017JM6111; The projects of science and
technology Plans of Baoji city 2013R1-4.; Key project of Baoji University of Arts and Sciences ZK14025.

References

Azad A,Kamruzzaman J.Energy-balanced transmission policies for wireless sensor networks.IEEE Transactions
onMobile Computing,2011,10(7):927-940

Chiang M,Low S H,Calderbank A R.Layering as optimization decomposition: A mathematical theory of network
architectures.Proceedings of the IEEE, 2013, 95(1):255-312

Lin Chuang,Tian Yuan,Yao Min.Green network and green evaluation:Mechanism,modeling and
evaluation.Chinese Journal of Computers, 2011, 34(4):593-612(in Chinese)

Lin Chuang,Wan Jian-Xiong,Xiang Xu-Dong,et al.Dynamic optimization in computer systems and computer
networks:Models,solutions,and  applications.Chinese Journal of Computers,2012,35(7):1339-1357(in
Chinese

Liu An-Feng,Xu Juan,Chen Zhi-Gang.A TDMA scheduling algorithm to balance energy consumption in
WSNs.Journal of Computer Research and Development,2010, 47(2):245-254(in Chinese)

Liu HWan PJia X.Maximal lifetime scheduling for sensor surveillance systems with K sensors to one
target.IEEE Transactions on Parallel and Distributed Systems,2014,15(2):334-345

Michele R,Nicola B.Cost and collision minimizing forwarding schemes for wireless sensor

235



Bolet i Teenico, Vol.55, Issue 16, 2017, pp.228-236

networks//Proceedings of the INFOCOM 2007.Alaska, USA, 2014:276-284

Sun Guo-Dong,Liao Ming-Hong.Energy-balanced short path routing in wireless sensor networks.Acta
Automatica Sinica,2013,34(12):1540-1544(in Chinese)

Wang Yuan-Zhuo,Lin Chuang,Cheng Xue-Qi,Fang Bin-Xing.Analysis for network attack-dense based on
stochastic game model.Chinese Journal of Computers,2015,33(9):1748-1762(in Chinese)

Zhao Tong,Guo Tian-De,Yang Wen-Guo.Energy balancing routing model and its algorithm in wireless sensor
networks.Journal of Software,2016,20(11):3023-3033(in Chinese)

236



XNEZFHOF

Tt F A K S e



[REMN] ZAB358  SRIMET BT E RN PO EELEN A% 0005

em RN EEAREA « FEEHAL  EERHASHOLE S - g
Egﬁ%ﬂgﬁﬁﬁ—ummm%ﬂﬁﬂ%ﬁwmgmgo

ABMERTIEE - NIRIBIEE - BRI - FHEE » BN - gy
R R RIR RV R R S MBI R M A SRR E T 5% -

BHERSRE (CIP) ¥E

EEBHTURREHR / NER F. — BEE HILTLRFHMRL, 2019.5
ISBN 978-7-5581-5404-8

1. @8- 0. Oxl- L OEBEH—ERREG-HRN. OP37

o B hR A B BAECIPEUE #: 5 (2019) 35099404 5

FRmE: £ =&

TEHB: 5k B

WREIT: PRI RZEH AR

BEMN: PEETHAIEERR]2TS W4 * 710072
<) ifi:  (029) 88493844 88491757

P4 it: www. nwpup. com

B B %&: BEEEGKEITEHERLNT

F o OE: 18Tmmx1092mm 1/16
Ef #: 11
¥
IR
JE

Y. 2647

K: 201955 F 451 Rk 201945 2 85 1R ED il
fir: 40.005¢



PEAREFHZEHGLTF P RGHRASARE, GDPEMAAZLH &, K
BHERFEZ, RAERGAS, 3 kE, AURBHFHERBE T ERNTR, 45
FIRERAC—ERARERBFARAEERN, TEUAEYEEHEREX, SBRT
MEBETHRENEK, IRHALREACYFEE,

TAMRBEARYBELEBAL A LS HR Ao ERENB ARG 2R AR
FAAEEL L4 > S KBEALALFHUBABRBTHRR ZH ML
i, REAFERHOEARE T Ho R0, FELHARLAEREREFEAN
EFRERTGSZESER, RABRARSEHSLGFHETE, THRER, K
EFHEM, BREFHRE, ROEFE. BRLAEREIKRESRE.

(HEATEBERALY) —H, A/ RkitFF%, 2RENETHEERTFTRR
HEEXLA S, BREABRAFLESHEREN XX KR, RFIDWRARRRE,; L
BEBRREEANEAEARERER; HRIEHALGOMAZRMTHITFIER KO
izt

FESRKEZRB AT (FRRTRERZLHR) —PoArFE KA L LH
tE AR, HATESTSLFARATELFHRBRGRET, RELE S
KE, grEABMTALEHLES, #HiEXEH, FRETHAFAZE R TR EFA
H—EhE,



FIE ETERBBRNERIS S RGPNETR Y -rvreeeverreeeessssernsereeesepoinsenen |
DI 3 i TR S . S————— . . Y. o Y. 2

L2 TR LY sovmmmensnmsosnssnanssinnssiine ol notlsssoe Mo W s comsionss snns 10
2K WRBETRBEDNIEREER —rerrmmmme e AL 17
I > TOTRROONRER— g SR \. W, - ./ S—— 17

PRI 1 ) | F -, N T PP 34

2.3 XBRAEBBRYIBIEAR ---vcoeeoomcomrcmrarome g lie Mo h B vos s onsssns sonsssrassssnss 52

t B G ] |1 JCRURRRRT—— . % Y. 1 S TR 60
3.1 EREEH RIS ettt e Bt e ss s sen b nrr e na s s e enana sas 60

3.2 ERERHIRGEHI I AR coocrcececctni e e e 64

3.3 FEEEH RGBT . DETRITI ooreerrrreerreeecnrrteesanennteeeseseesnneeeenans 67
;4 t i‘ﬁt&ﬂﬁ?ﬁﬁﬂ?&ﬁﬁﬂ ............................................................... 12
4.1 BEREEEY oo e 72

4.2 ﬁféﬂ%?}fﬂ ................................................................................. 79
ESH LT CIS BB TR EE— R BT R R H] oeremreenen. 87
5.1 ABREANSIS RBEAIBTBIEBL +orrvrerrerriessernsnnnntaptstisse s ssn st aessesanannnens 88

5.2 ﬁﬁ.gﬂﬂi/ﬁ]yjﬁﬁ .............................................................................. 89

53 WEPLDAIAB R FBEIEE oottt e anen 94
5.4  RUEPBHRTE o sovnnsnsss consvuivnsvivannanthasioatiosinntusnis Hsknsinesks s sunannasassrasans 99
5 S -3 o 1 T R RN 112
PP oo vronninnniig siipanenasss ipmninns s Sisaniae s sy vilbisins snvemsiss sissEl 5s aakak et sesieh 162



>E1E

£%€£&$¢%%%&M%%
WA ¥ 2 A

B AC AR AR AL AR AL AL AL ACACACALAL BT SO RCACATTEREAERITOTARESL

HETROAK, PERALEBOSRAENSR, SEA 150 FAORARS. 3
2025 4, FEEKLHE 23 WAOBEERY, TEEEAD-ITRHTRS. (SR
) 2013 469 A 21 HIRH: 1980 AEFEIRT A O A 20% , ﬂﬁ?] 2016 X — HAH
EB45% , FENRHR ERTADRSNER. BRMTLERT AREFEAFHR
%, ERTERFTHERRIRXSTAEHERNNY, HFERTHLTR, BL-
A4 . B TE T RARER R R F S, i)

Bk, RTSHASFERERRAFBHIMKIR, RENKRE, i AR %
2+, 0. ERAESKERFIERGAE, BTADRE. FEEPSFAEE
WA bR, FB, SRBALAEI RN E N E— AR R R N E AL
BEUREARLHEEREZ—.

BB CBAE 2019 EHRAREF RS ,Fimykak%mQM.ﬁAﬁ
FERA DM 23, REABEELBRATRAENBRT GRS, TRD L
R T M TR 2 DK R A 95 A0 T st BB s I s T = M S PR . TR T
HBOREWERS; IRERS . HRNRL; IWTHSLRE AR RE, &KX
REEMHKEANERST . BEMIASHEOBE, ITREGT RN REREHS, X
LEBE RGN EARMEE I EESMUA KM, T1 E A 555 E R IEZE ST %
BB RFH—REREAR , MRS B AR T R BB IR AR . SR & R H P
SEAL, WTDIREROHT . IRTTGEHI TR FIR T £ 5546 (0 95— R S B AL i 4 e 0 X

RV, RRRBL M SRR RIT & WS, TFRAK PRSI
-1 —



.gmmmmsz

T T Ty P ey Ty S Y Y T L L~ L

“maEtT FRARETIMHRES, RoERmMREE+IAE,

WAL AR B R e IR T PR A R, URETELBN ARG
WD, REE—ABXIRENSHFARENEBAT, RAEREEENORE. 5
BRI, SRR B It S Y R R A R, BT ENE TR, A
. BEEEE. EEAE. Kl . BRESHFENRE. EFERAT, DTRREHER
FEGNESRE, TATHEERE, RYBRTARNEERE. EXHHERT, “BX
W RO L R — KA, WRRRRT AR . BRI R
ERSHTLFNRESR, LETHERE. BRAA. FERL, FRYRFTL
R, FAXRTIARE R R

EERTHEEEER . PRNERAIAKEERSHE R, BRXEBIANNE
B, BRRNMRRT R RS, BERTNANRET AERROESF LREX.
EHMEE TR | BONEERE, SOobrET AMIER, HEREZOHELRE
BERANEIER, HLEsTHASBBRNNT, 256N ERTHES. A
. AREZUREBREXYRMLRBHIAAWEERERUE T RRTETR
B, EREWESRTE BT #-

1.1 EEFHNERER

1.1.1 FEATEROER

HEEERTEENAR. EERTRRHAMSHERPEATE DT R RN,
BE20184E 11 A, 2ECHBAL S0 METFHRT BRMWRR, TMEHE. LW
FHE L EYOLS % . TRRERE, BETERL. SRENMERERFERE
AR Y ESBTHNEARET . MHEBELRIR,. BRBRATHEES
BhEHER, ZUEH—BRER, EEERRERTPEESRTRRNER.

*@ﬁﬁkﬂﬁ&i@%@ﬂﬁﬁ%@%ﬁﬁE&MEﬁ35ﬁﬁaﬁﬁm‘*@m
ST R BEEAE, R AR GBS R . S Rk R A A AR A
Yi—, BEEREE (RIERTALHE, BTEL, RAHRE) Bl BEKEX,
RA BT 2 FNE,; BTTEREG PG, THEANRM) 5. FHORER X

WA S 2 AVE R PR A, (R AR B R AR T R R, BT
_2_____



ik P 5 811941 5

Fa

KW & A HE -

KW A BR: —FhERATIE Sk
KW K XU VR (R Eor A
& R 5:ZL 2016 1 0219267, 9
LR s H: 2016 4512 A 02 H
TR OB A BRERLE e

TR & H: 2018 4 07 A 200H

FRACIIRBORB Y EAREFE LA EBTFTE, 2THTEAR, AR AAE P
FAEE AV B LFAAR., $HRABERASEZ O A4 K,

AEANG RIS —+5, APiFBRE, $ARALSIRBEH)E AL LM
WAL BANGE R, REAGEF TS EEF 12 A 02 B a9, AdBIELT BN E R,
SRS WEE RS E i ER: P S

FAHER TR EARB M 6 R AR, SARGEAS. K9, £, Ak, R
FARAGE LR L4, B, LR IFFA LKA L ARTEL,

VAPV T 0 0 O 0 0 O

w |9 2 %

BI1W Gt )




ul

3
B ofe B &0

2 (R0 & 8 g

'y o5 4874554 ')

/N

7l
| |
G

187 8% AUk

'
>

\Z

SRR G FE T IS BRAT IOV M R

oW AN Xk

0 Hl H e 2015 £ 08 H 27 H
GORL B A BRI R SR

2R S He 20054E 12 A 23H

RKERAHFAULGEIRNHRB Y ELARE B S G TMIFE, RTIRFEHR, M
AARERFEEAEREL TR, FAHRARANEZ BALAE K,

AEFGEFRGRATF, AP FIALATL, FARAR LREE FiER L 58 m 0
BLALSR e %, REFGFER L L AEF 08 A 27 B aT4ay, RISBI T Y ERG, +
) ARE R K ok S R 2 B AL R,

% AHE PR F Al R R e kR, FAIREG AL, AT, A, Rub. G A
FHBRALIEL X LR, D T FFFR O RAS AR E L,

ok \’f?z,ﬁ;?




%

ik 5 5 55472218 &

s
= H & B
C 411 % | %
gfkﬂl,m'@
,&.

¥

S 3B &L & F)9F 35

SKHBMATR: —FiET Zighee HiAR HITELE B AT 2 ERY
KW A XER A

LT M B 7L 2016 2 0278752, 9

LR B G H: 2016 42 04 H 06 [

TR B A B E bR 2%

BB H: 2016408 / 24 H

)&i}ﬂ#’frﬂéﬁii&%{&,ﬂ?ﬁiﬁ/&t{%iﬂ%ﬂh’%ﬁtﬁ%ﬁﬁ’%‘ﬁ, RERTFHEFR, 57
i&m#%&?ﬂ%mﬁi%uﬁﬁe%ﬂﬂéﬁﬁ&%zaﬁiﬁo

ANE AN F A AR A + 2 BFFERE. +ARAE AR E Ak R AL 5 5 4 )
Miﬁ%#%O5%%%#%&%&&#MH06aﬁﬁ%a*@ﬁ%iﬁ%#%%,%
*Hké]/ﬁ%ifé:t%#ﬁ’ﬁﬂ%zaﬂé%mn

%ﬁ'lif.-ﬁiaii%#*Hxéiaﬂa‘éﬁiffi#k;}tu FARGES . K9, £k, Bk R E Fo
%ﬂﬂA%ﬁZiZﬂ‘E%\%ﬂﬁi%$%ﬂﬁ&?ﬂéﬁ%in

e

LA B E S 1)

ISE'S




£ 20)103 A0

%@FLJ’"-'I:JFJ"LFU'JLPLPLFLI'-'L!"-‘LI'@FLF'LF‘LUd'-'LF‘LFLJ'—'r_FJU_JLFLI'JLJ'-'LI"JLJEFJLFLPLFLPLFLFLJ‘EPLI'EPLIEE@J‘EPL@FLPLEFLEF‘

EAEE
ARG R R QL X (R SR

ERS: ﬁ%ﬁ?%mmns’%

W & R ETFSILEANMELT ﬂﬁﬁﬁﬁ?&ﬁ%ﬂﬁ% .
V1.0 AN

E 1 B A BABEBFEHZR

FFRERBY: 2017409428 B &
HRREEM: KRE
BB IR
A A
== 4 ;‘i201-TSR_676432

RIE CHBIER RO 51 GHERREE ERE RS
B B PERRRP P LS, AU ST LB,

s @ﬂ@@%
Y% B

TENSREEER
ﬁwﬁfﬁ E

¥/ _ No. 02136819 201

[_.f'E'_I"—'L.I'?‘I'_J_-'l'._f'-‘r._I''-‘Ll_-'I:.I''JLl'F:_l'3‘[_I'3'I:JF'_I"i'l'_l_-'l'_I'-"LI_‘‘l'_J"JI:J_-'LJ"Jl'_J_-'l'_J'3'r_l_-‘[J—-'I:.J':'LJ_-'[..I—-‘l'._f':'I'_I—-1LI'-"l’_l—-'l;_I':'[_l_-'L.l_-‘I'_l_-‘E.J':'I:_I_-'Ll''-'l'_T'3'l:.l—-ll:.J''3‘l'_|_-‘[_J’i'l'._l_-ll.'.I"—'[_l':'LIEI'P‘J_-‘LJ'JI'_l_-‘LI'EI—-'rJ_-‘LJP‘J_-'L['JLJ_-'[_FJI'_I_-‘LF'-‘I'J—-‘LI'JI'_F‘I'_J’JLI_-‘LJ':'L[EJ"JLIj

LPLFLJEF-'LI"—'[J‘JLF‘:J_JLPLPLJ'-'LPLF’LI'JLI'“LFLI'JLF-'LJ'JLFLF:J’JEJ_-'rJ"-‘LJ'Jr_FJLJ'JLl_-'LPLJ'JLI'?'LFd’LF@PLF—'LFEIEEJ"LFLFLF-‘LEJ’EJEFL@JEF—'




HEEEEDEER

U—-‘LFE'FLFLPUT'[J_-‘LFEJEPLF‘LF‘LDLF’LJ'JUFJTLFLPLFWLPUTLWLWU?U?U?LFUEFUEEEPLFE_I'Jr_ljLFWLPLPLPLPLPLPUEFEFUEE@E@ETUEEEEEP

E"'I §_

ﬂﬁﬂﬁﬁ%@ﬂ%ﬂﬁﬂ

ERS: HEBRFEI50772E

B H 2K ETFOSHBITBIHBIERS \ ¥4
V1.0 -

£ % B A: BRAEEREHZR

FRSERHSE: 20165038018 A
YU ERBH: 2016$OSFJOIEI "
EESy JE&{:T%U%

" A oW laiﬁﬂﬂ

¥ &2  5:.2016SK181155

RIE CHEN BRI 2B 51 GHE SR B &

e, %?@ﬁﬂﬁ#%bﬁ&, UL ESEIF L.
NEEEL AR
*

HENBEE R

LPI:J'-'LJ"JLFLI'JLJ'-‘LPLI'JLF'LIF'_Ft_l'jr_l"-‘LFLI'EF:FLFL[EFLFLJ—-'LFt.Ijr_lEI"-‘LF'LI_Jr_ﬂLPLFWWLFLPWWWLFU“LIEPLPLEFLEFLFLW




R2¢]10319

mmmmmmmmuan:J‘Jmc_rlmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmdﬂ@g

PR ANRLEMEE
PSR PR % A T

EHE: K*ﬁ#ﬁzzmsn%

w4 2 E?Zwbwﬁ*ﬁ’]%ﬁ%ﬂﬂ?ﬂﬂ&%&
Vi 0

E F A BRABEEEHEER

%

FFR5ERAR: 2017409H28H . < %
HRERRAY: RRE - %
BREAFR: FEHEmE %
o F ¥ B f‘%%mﬂ %
& u:_'. B 201791%616230 %
%

%J

*E% ‘éﬁﬁﬁlﬁ#fﬁ‘c?%%» A GHEVRAGEEREE ) B
M, ﬁc};@k‘zﬂﬁﬁ#‘%v%’&, UL EERF LB

RIR SHE

TENSRGEEN
ﬁﬂ%ﬁs

UﬂﬁmmujmmmmmmujmujmmUE[?UEF?LFEI?UT‘UEPUEPUEFLIEPU?LIEEEEE@FLFLI"JLFJLF'LI_-'LFUEFEFEPUEEE’JUE@FLFLFEPL@EEPL@EFLl_-'[.l_-‘[_[—-'r_l_-‘




ik

VR SCER AL X TR UTHEAT IRAS I IF, 1 7 RRBATITIE 70000 73 M8 AT 1053 A
PR, IR ITHEKT I 0 043 22 5 000015 074t R R X R B AT R A 3
RATET, IAX RGBS R, EWEBRATIARUT. +
BOTRURMAT IV FFRAKAT o IRAERNT & LR T, T BA B AME 7 64T 8
FEARRURE G . RGEAT DURIE R R R AT eI R, IELEITHBE RN RETF
MR, MATSSOUBHERALE, EHHRIER T TMRRET RN BRMWE
BURSBRAF R4, Fahat SR ABNT HEAT BT /5300, ARATEIRILE
ERP T E—ERAOREAASEE, AT, EHM4ESR 18 E
K. BgBm.

HRGRUBHBIERRGET AR DR, BANZ AEEREML
REAEE A, BBITFCISMZighee, TAMBNERATE, THTETM
S AL, WARACHISER RIS, BEERE. Rk, B, ARtk
(5  BRESRESRET 4, R, @, S3hRSmEITs
RRERRRTE. HRAERNEA—FL LR EXE T LA T 3.

(1) PERWRITRERGESHHES H S (R RSS2 RN % SR
T, B—FEMRE—FEFTN RRZRIE20540) FUSBRR SR SRR H
BEhVI%E (R R GAERAR T T SIS (L b1 3 B kit R ) |

(2) RWFITR: RABNET/E T ABER RIREAT B HIAG 8, b
R, REFEITER,

(30 SERAT A i RAIRRAT B AB IR BRI F . B0, TE 2% e JE (220V)
T BT 4AAT H IR 9100V, B R 775 /5 (230V-240V), 44T B8 F B F 2 120V-150V
EWBERG THEWIIBTRE, WTEE—RASSY, BEFRIET, WiT
B LT RAFIEL00V AT . MBI FISKIRAE FIZRAE, SR VA E S AT LAE K 8
TR ## o ; :

(O BWAUNT T, PR TERAT: TR BRERHAT. SIBRBRL
TEATL AR TARRAS ) V- SHUT A SIS MBEATIC R, BAKRRE, WMk
SATHENE: FIRBIA I BTN, WA R MAT, (5 RALER s h s T
CABLSLEAKT BUAIEAT IS, INTOIRA> T 30T (e AR AR 7 380 A R T 638




R RRHERETIERCHN SIS, N7 Ny RN 25 T A0 0 S
SCIRNRSUICRIMT,  SRNCHUNCRS S, 000 1 SOt e

(8) RUREWE I RN ARG, AT AR LRk 1)
WRRE T RIS O30, RO A7 107 A 1 100 X Ay
TRRRG RS (eSO T, ABIH 0 26%,




A B
BR:

1. B RRER

A. EREEFIT. BIAERBF: (D FEIRL. FE R 155, UHETD;
(2) #ift NS AR BASRIEH; (3) BHAPEMHER.

B. BRI R R #): (D HARPMIEN; (2) MAHIEMW; (3) MHKH

C. #B%: (1) FHAREMIEN; (2) NAEW; (3) MAEHAKE.

e REEVEIE RS M ATEFARTI A TF ) & KRR A iR 5 2R
FRIA R G518 BRI BN, BRI, PP, e sSe =7
hai.

BARVEMIEAHE: W, A, Kl %E. LRI,

MR GRLE: BTk . B e ik Ma. Sk, AR,
REFZE. WLE,

2. W REAZBUR BB BT E, FRZHRITE FTEMITEEEE. Bk
FIUEBA .

3. B2 A AT 60 7.



