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To address the problems of insufficient real-time monitoring data, insufficient accuracy, and low reliability of current power grid
monitoring systems, we offer intelligent online monitoring technology research of green energy transmission and conversion
devices based on Internet technology. The sensor tag is integrated with various electrical equipment status monitoring sensors, so
that the electrical equipment status acquisition terminal has the ability of recognition and perception. Firstly, the propagation
characteristics of electromagnetic wave in substation are analyzed, and the propagation path loss model of electromagnetic wave is
established. Secondly, a multiantenna RFID system is proposed to solve the problem of electromagnetic wave multipath effect.
Moreover, the communication channel model of substation multiantenna (radio frequency identification, RFID) monitoring
system is established, the factors affecting the performance of substation multiantenna RFID system are analyzed, and the
precautions for the installation of multiantenna RFID system are put forward. A new anticollision algorithm is proposed
compared to the traditional algorithm, based on the interference of collisions between the sensor markings of the multiantenna
RFID control system in the substation. The results show that as the number of sensor markings increases, the total duration of the
enhanced adaptive time slot and multitree search collision (improved adaptive time slot and multitree search anticollision,
TATMSA) algorithm is always less than that of the TAMS algorithm and the square algorithm, basically maintained at 50% to 60%,
up to about 75%. In the improved adaptive multitree search (improved adaptive multitree search, IAMS) anticollision algorithm,
the TAMS algorithm determines the choice by calculating the size of the collision factor. The binary tree algorithm is basically
about 45%, and the quadtree algorithm is basically about 30%. Figure shows the online monitoring technology for power
transmission and conversion devices based on Internet of Things technology.

1. Introduction

With the development of the 21st century, a new round of
energy revolution centered on power production is devel-
oping faster and faster, and the power grid is facing more
and more challenges in the process of development. In order
to promote the continuous development of power industry,
the power grid technology needs to carry out corresponding
technological transformation and development according to
the development of society, further promote the innovation
of power grid technology, and optimize the allocation of
energy. With more and more types of power grid required to
be connected, the scale of power grid needs to be gradually

expanded to meet the current social needs [1]. Different
kinds of energy need distributed access, and the identity of
power users needs to be accurately located to further im-
prove the reliability and economy of the power grid. The
development of power grid also includes many deficiencies:
the transmission of energy and the access and exit of power
supply [2]. In terms of vertical performance, the response
speed of the mechanism is slow, which is difficult to ef-
fectively meet the different needs of multiple users. Because
there are different information islands in each information
system, there are deficiencies in resource sharing within the
information system, and there are isolated and independent
parts in the system, which is difficult to form an effective and
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FiGure 1: Online monitoring technology of power transmission and transformation equipment based on Internet of Things technology.

unified organic whole. Among them, due to the low degree of
intelligent optimization of the overall power grid, it is also
necessary to establish a perfect organic whole and further
optimize the intelligent power grid [3]. Combined with the
definition of transmission network, it can be found that the
realization of China’s strong smart grid is based on a strong
physical power grid, which takes the information platform as
the support, makes a unified and overall analysis in combi-
nation with relevant control means, including other relevant
links such as power production and transmission, and ana-
lyzes its business scope. Business division shall be carried out
in multiple scopes and links such as production scheduling
and production transportation, management shall be carried
out in production scheduling, power grid construction, power
trading, and other links in business, and the whole re-
placement process of power grid construction, and operation
and maintenance shall be managed in the design and plan-
ning of the whole power grid. In the information manage-
ment flow of the whole smart grid, the relevant levels are
comprehensively analyzed through collection, transmission,
and display, and the real-time information exchange of the
shared grid is realized through the establishment of the
network information platform and the horizontal and vertical
communication [4]. The online monitoring technology of
power transmission and transformation equipment based on
Internet of Things technology is shown in Figure 1.

As the basis of condition-based maintenance, wireless
monitoring of power transmission and transformation
equipment needs to analyze the electrical and physical
characteristics of electrical equipment by using information
technology, sensor technology, computer technology, and
other related technologies on the basis of uninterrupted
power supply, and monitor the equipment continuously and
periodically [5]. Finally, analyze and collect the information
processing and relevant data and parameters, analyze the
wireless evaluation status through such trend, analyze the
remaining life of the equipment, judge the change trend and
condition maintenance, find the faults in the equipment in
advance, and provide alarm information when necessary [6].

Power transmission and conversion communication is an
important link of smart grid. At present, China Electric Grid
Corporation is carrying out a comprehensive maintenance of
power transmission and conversion equipment, including
relevant exploration and practice of equipment condition
monitoring, evaluation, risk, and asset life cycle management.
However, compared with the goal of state-based equipment
maintenance and efficient operation and maintenance under
the smart grid, there are still many problems, mainly in-
cluding: (1) the power grid structure is still weak, the
equipment level and health level of power transmission and
transformation equipment still cannot meet the require-
ments of building a strong power grid, and the systematic
equipment state evaluation has just started; (2) there is still a
lack of intelligent means for equipment condition moni-
toring, the amount of online monitoring status of primary
equipment is limited, the standards of condition monitoring
devices from different manufacturers are not unified, and the
communication means are still dominated by cables, which
makes it difficult to connect in the substation and increases
the maintenance workload; (3) there is still no effective
method for the asset management used for equipment
maintenance. The collection, return, and regular inspection
of maintenance assets are still dominated by paper document
management, which is inefficient, and cannot realize the data
sharing of asset information. It is difficult to effectively
control the phenomena of overdue inspection and missed
inspection, resulting in potential safety hazards for equip-
ment operation and maintenance. Radio frequency recog-
nition technology, which is an intelligent object recognition
and monitoring tool, and wireless sensor network technol-
ogy, combined with wireless communication networks,
provide new intelligent tools to correct the condition of
power transmission and conversion devices [7].

2. Literature Review

There are some common problems in the electrical equip-
ment condition monitoring system of power grid, such as
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insufficient data acquisition, incomplete information ac-
quisition, and low system reliability [8]. He Z. et al. and
others believe that the longer the history of power trans-
mission and transformation research, the more developed
the technology of insulation mechanical state of equipment,
including equipment transformer, equipment switch, and
equipment transformer [9]. Ding Y. et al. put forward the
research points and system framework of building smart
grid monitoring system based on Internet of Things tech-
nology in the context of smart grid and confirmed the
feasibility of applying Internet of Things technology to smart
grid monitoring system [10]. Zhao ]. et al. studied and
analyzed the information security technology of Internet of
Things applied in smart grid, and put forward the protection
system and security measures of Internet of Things infor-
mation security system applied in smart grid [11]. Nazir and
Shao studied and analyzed the wireless communication
system of Internet of Things and proposed a wireless
communication guarantee mechanism of Internet of Things
for smart grid [12]. Nazir and Shao proposed to combine the
Internet of Things and EPON technology to analyze the
security system of the Internet of Things under the back-
ground that the Internet of Things is used in smart grid and
based on the current situation and technical characteristics
of power communication network resources, so as to pro-
vide premise guarantee for the wide application and con-
struction of the Internet of Things in smart grid [12]. Saeed
et al. and others constructed the transmission line condition
monitoring system based on Internet of Things technology,
PON technology, and fuzzy expert diagnosis technology. In
terms of software, experiments verified the accuracy and
enforceability of the system [13]. Mamouras and Wang
conducted a feasibility study and analysis on the application
of RFID technology with sensors in the status information
acquisition of substation electrical equipment. The experi-
mental verification shows that the RF tag should adopt the
active tag, the communication distance should be between
50 and 150 m, and the obstacles should be avoided between
the communication paths [14].

Based on this research, we offer a study of intelligent
online monitoring technology for green energy transmission
and conversion devices based on Internet of Things tech-
nology. Object information can be obtained anytime, any-
where, and object information can be transmitted to the
actual destination. Analyze and process time, accuracy, and
huge amounts of information and data through the enter-
prise’s private network or operator network, and implement
intelligent object processing.

3. Research Methods

3.1. State Monitoring of Power Transmission and
Transformation Equipment and Key Technologies of
Internet of Things

3.1.1. Technical Features of Internet of Things. As an im-
portant part of information technology, the Internet is a
major development and change in the information industry
[15]. The Internet of Things is narrowly defined as the

“Internet of Things,” while the Internet of Things is broadly
defined as the integration of information space and physical
space through information-sensing devices such as radios
[16], frequency recognition, sensors, and global positioning
systems. According to the agreed protocol, any object can be
identified by a unique code through encoding technology,
connected to the Internet to exchange information and
create a network. Because of its ability to intelligently
identify, locate, monitor, control, and manage, Internet
technology has so far reached a high level in human society
through the integrated use of information technology.

(1) Real-time information collection: a large number of
different types of sensors are deployed on the In-
ternet of Things, and these sensors collect the re-
quired information periodically at a specific
frequency, so that the obtained data are in a state of
dynamic change and continuous update, which is
real time.

(2) Effective data transmission: the Internet remains the
core of Internet of Things technology. Combining
wired + wireless communication with the
Internet allows for accurate transmission of object
information in real time.

(3) Intelligent information processing: analyze and
process the massive information obtained from
sensors, and obtain useful data suitable for different
fields and different users according to needs [17].

3.1.2. Basic Principle of Wireless Communication Channel
Propagation of Monitoring System. ISM (industrial, scien-
tific, and medical) frequency band generally does not need to
apply for a license, and this frequency band can be used all
over the world. Therefore, radio frequency identification
(RFID) systems usually work in this frequency band. ISM
frequency band includes 125kHz, 13.56 MHz, 915 MHz,
2.45 GHz, and 5.8 GHz. RFID tag and reader usually use the
combination method to realize the communication between
signals. In the communication channel, the signal data
exchange is completed through the timing relationship.
There are generally two coupling modes: one is inductive
coupling, including LF (125 kHz) and HF (13.56 MHz) RFID
communication system; the other is electromagnetic back-
scattering, which is described by radar principle model
according to the spatial propagation law of electromagnetic
wave. For the substation equipment condition monitoring
system, if the RFID communication system is applied to it,
we must first ensure that the RFID communication system
has sufficient communication identification path. Generally,
the communication distance of equipment in the substation
is within a few hundred meters. Because the communication
distance of LF and HF frequency bands is generally within a
few meters, it is not suitable for the condition monitoring
system of electrical equipment in the substation. This paper
adopts LF and HF band RFID system. Therefore, this paper
only discusses the RFID communication system based on
electromagnetic backscatter. In addition, the communica-
tion distance of passive RFID tags of electromagnetic



backscatter type is generally within 1 m, which cannot en-
sure the effective communication distance of the electrical
equipment condition monitoring system in the substation.
Therefore, the power transmission and transformation of
electrical equipment condition monitoring system adopt the
sensor tag composed of active RFID tag and sensor fusion.

(1) Direct electromagnetic wave (free space propagation). The
direct path of electromagnetic wave is free space propaga-
tion. Free space propagation is the most ideal case, and if the
electromagnetic wave propagation mode is only direct path,
the path loss is the smallest. At this time, the power rela-
tionship between reader and RFID tag is

2
_ Pt_readerGt_readerGr_tagA 1
P r_reader — 2 > ( )
(4nL,)
where P, .., is the transmitting power of the reader, P,

is the transmitting gain of the reader, G, ..q., is the receiving
gain of the tag, G, _,, is the path length between the reader
and the tag, and L, is the electromagnetic wavelength.
According to formula (1), the received power of the tag is
inversely proportional to the square of L; that is, with the
increase of L, the received power will gradually decrease; the
receiving power of electromagnetic waves with different
frequencies is different. The higher the frequency, the
smaller the wavelength and the smaller the receiving power.
The logarithmic form of path loss in free space is

A
nLO)' 2)

According to formula (2), the path loss in free space
increases with the increase of L.

Ltree (dB) = 20 log 10(4

(2) Electromagnetic wave reflection. When the electromag-
netic wave encounters objects larger than its own wavelength
(ground, wall, substation line tower, etc.), it will be reflected.
The field strength of reflected electromagnetic wave is af-
fected by Fresnel reflection coefficient, which is a function of
the material of the reflecting surface and is related to the
incident angle, frequency, and polarization mode of elec-
tromagnetic wave. When the incident medium of electro-
magnetic wave is free space, the Fresnel reflection coefficient
is shown in:

. —¢, sin(a) + e, — cos’ (@) 3)
’ e, sin(a) + \¢, — cos’ (@) )

—¢, sin (@) + \Je, — cos® ()
FH = B >
€, sin(a) + \/e, — cos ()

where T, and Ty represent the reflection coefficient of
vertically polarized electromagnetic wave and horizontally
polarized electromagnetic wave, respectively, « is the angle
between the incident electromagnetic wave and the hori-
zontal plane when the electromagnetic wave is reflected, and
e, is the relative dielectric constant of the electromagnetic

(4)
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TaBLE 1: Common material coefficients.

Relative dielectric

Material science Conductivity (S/m)
constant

Rough ground 3 0.001

General ground 14 0.003

Smooth ground 24 0.002

Freshwater 70 0.001

Glass 3 0.001

wave reflecting surface. Table 1 shows the relative permit-
tivity and conductivity of common materials [18].

For an ideal conductor, regardless of the incident angle,
Iy =1, T, = -1. After the electromagnetic wave is reflected
through the reflecting surface, the synthetic field strength is
the vector sum of the electric field strength of the direct wave
and the reflected wave, and all kinds of polarized waves can
be regarded as the vector superposition of the vertical po-
larized wave and the horizontal polarized wave [19].
Therefore, when analyzing the propagation path loss of
electromagnetic wave, it can be divided into vertical polar-
ization wave and horizontal polarization wave. In the power
transmission and transformation environment, due to the
ubiquitous metal wall of the substation, when the electro-
magnetic wave propagates in the substation, it will continue
to reflect on the metal wall, resulting in multipath effect, and
the path loss will increase a lot compared with the free space
loss. Therefore, when analyzing the performance of RFID
sensor tag communication system, it is essential to consider
the reflection path of electromagnetic wave in substation.

3.1.3. Propagation Characteristics of Wireless Communica-
tion Channel of Monitoring System. Affected by the prop-
agation environment, the wireless channel will have direct,
reflection, diffraction, scattering, and other propagation
modes. When the electromagnetic wave reaches the re-
ceiving point in different ways, it will cause signal fading.
Electromagnetic wave signal fading includes small-scale
signal fading and large-scale signal fading. Small-scale signal
fading is caused by multipath effect. Large-scale fading is
related to communication distance and fading factor. The
fading factor is generally determined by the environment.

(1) Large-scale fading. Large-scale signal fading represents
the variation trend of distance field strength between signal
transmitter and signal receiver, and the attenuation of av-
erage received power within a certain distance. Large-scale
fading is mainly affected by the distance between transmitter
and receiver and the surrounding terrain. The radiation of
transmitting antenna and the propagation of wireless
channel cause the phenomenon of electromagnetic wave
path fading, resulting in path loss. Lognormal shadow fading
model is a common model for large-scale fading. This
statistical model is discussed in detail below. Lognormal
shadow model is shown in

PI(L) = PI(L,) + 10A 1og(L£> + X (5)
0
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where PI(L) represents normal shadow path loss, PI(L)
represents reference value, X, represents normal random
variable with standard deviation of a, and A represents path
fading loss coefficient. Some researchers have summarized
the parameters of normal shadow model in some common
environments, as shown in Table 2.

The lognormal shadow model does not show the rela-
tionship between path loss and frequency. In the actual wireless
RFID communication system, the path loss is affected by
frequency, and the path loss model affected by frequency is (4):

\PL(f)oo f?, (6)

where § is the frequency attenuation factor, generally be-
tween 0.8 and 1.4. The model has been used to estimate the
relationship between path loss and frequency.

(2) Small-scale fading. Small-scale fading is that the signal
propagates along two or more paths, causing the received
signals to interfere with each other and causing signal fading.
Multipath effect is a very complex process, which can be
regarded as a random process in time and space. Small-scale
fading is affected by multipath propagation, mobile station
motion, signal bandwidth, surrounding objects, and other
factors. Time dispersion, Doppler spread, coherent time, and
coherent bandwidth are the parameters to measure the
characteristics of small-scale fading. Doppler effect and
coherence time characterize the time-varying characteristics
of small-scale fading of system signals. Coherence band-
width and time dispersion are the parameters to measure the
time dispersion characteristics of small-scale fading.

If there is no line of sight propagation between reader
and RFID tag, Rayleigh distribution can be used to char-
acterize the signal fading amplitude of the system signal
caused by electromagnetic wave multipath effect. The
probability density function of Rayleigh distribution is (5):

(7)

where x is the amplitude envelope of the received signal and
P is the parameter of Raleigh distribution.

If there is line of sight propagation between the reader
and RFID tag, and the signal strength of the direct path is
stronger than that of other paths, Rician distribution can be
used to characterize the signal fading amplitude of the system
signal caused by electromagnetic wave multipath effect. The
probability density function of Rician distribution is (6):

2, 2
%Io<ﬁ)exp<—x 2+PH ), x>0,
P (8)

0)

f(x) =

I, (x) is the first kind of zero-order Bessel function, and the
output is the amplitude value of sight distance component.
The Rician probability distribution is shown in Figure 2.

5
TaBLE 2: Model parameters under common environment.
Building Frequency (MHz) A o
Retail store 803 2.1 7.6
Office hard partition 803 1.4 4.1
Office soft partition 1400 2.0 6.0
Indoor corridor 800 2.0 6.0
0.40
0.35 1
0.30
iy
g 0.25 4
<
£ 0.20 A
=
S 0.15
A&
0.10
0.05 1
0'00 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Signal envelope (X)

"‘C"ﬁ’&
BN O

FIGURE 2: Rician probability distribution.

3.2. Electromagnetic Wave Propagation Loss Model

3.2.1. Free Space Loss of Electromagnetic Wave. When the
electromagnetic waves of a substation control system
propagate in free space, the path loss of the substation
control system is related to the frequency of the electro-
magnetic wave, the distance between the reader and sensor
markings, and the frequency change curve. Electromagnetic
waves are shown in Figure 3. As shown in Figure 3, as the
frequency of the electromagnetic wave leakage loss in the
substation control system increases, the leakage loss in-
creases as the L distance between the reader and the sensor
cover increases [20, 21].

3.2.2. Reflection Loss of Electromagnetic Wave. In the sub-
station monitoring system, electromagnetic wave will be
reflected on the ground and metal wall due to the metal
shielding effect of electrical equipment. Due to the different
materials of reflective medium ground and metal wall, the
reflection of electromagnetic wave will be very different.
Therefore, in the study of electromagnetic wave propagation
path loss of substation supervision side system, electro-
magnetic wave reflection loss is essential [22]. In the sub-
station monitoring system, there are three reflected rays of
the signal transmitted by the reader antenna: one is based on
the ground as the reflecting surface, and the other two are
based on the sides of two metal walls. In this paper, assuming
that the path loss of electromagnetic wave with secondary
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reflection of electromagnetic wave is too large to reach the
receiver, the reflection loss of electromagnetic wave in
substation monitoring system is (7):

N on
Lt (dB) = —20 log 10 ESF;X—ALi , 9)
i=1

where 7 is the number of reflected rays of electromagnetic
wave in the substation monitoring system, N = 3, L, is the path
length of the first ray, AL, is the path difference between the i-
th ray path and the free space path L, and I; is the reflection
coeflicient of the first ray. Considering the free space loss and
electromagnetic wave reflection loss, the electromagnetic
wave loss of substation monitoring system is (8):

A 1 X (/)AL
PLs(dB) = -20 log 10<4 ) -20 log 10<L— + Y T,

2 0 i L

(10)

The electromagnetic wave propagation path loss con-
sidering free space loss and reflection loss in the substation
monitoring system can be obtained from formula (13), and
the variation trend of electromagnetic wave propagation
path loss is shown in Figure 4. It can be seen from Figure 4
that the electromagnetic wave reflection and path loss in
free space considered in the substation monitoring system
are related to the electromagnetic wave polarization mode.
Different polarization modes vary with the distance be-
tween the reader and the sensing label. In the first 100 m or
so, the attenuation trend of electromagnetic wave propa-
gation path loss is close, which shows that the electro-
magnetic wave multipath effect is more obvious in this
distance in the substation monitoring system. With the
increase of the distance L between the reader and the sensor
tag, the path loss degree of small-scale fading caused by
multipath effect decreases and the large-scale fading effect
increases [23, 24].
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3.3. Multiantenna RFID System

3.31. Multiantenna RFID System Channel Model.
According to the analysis of electromagnetic wave propa-
gation path loss, the channel shock response of electro-
magnetic wave based on ray tracing propagation is

N
g(t) = ZRi‘S(t_Ti) exp (= ji)s (11)
i1

where g (T') is the ray tracing response. If the line of sight
propagation ray amplitude is 1, R; is the amplitude of the i-th
ray, that is, formula

R =T, (12)

=2 (13)
C is the speed of light. ¢; is the phase of the first ray, i.e.,

®; = %modZn. (14)

Change (17) into narrowband frequency response:

N
g(t) = Y Rexp(=jg;)exp (-j2nfT). (15)

i=1

The electromagnetic wave propagation loss model is
established based on the ray tracing method of tent law, and
the channel between each transmitting antenna and re-
ceiving antenna is given. Then, it is extended to multiple
input and multiple output channel matrix. (9) can be re-
written into (14):

2nln

N
hy (0= 3 Ry exp( =57

Jexe(-jp.).  (16)
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If line of sight propagation is considered (15),

2nln
A

N
hij(t) = Y R, eXP<—j )exp(—m), (17)
i=0

where h;;(t) is the channel response between the i-th
transmitting antenna and the j-th receiving antenna.

3.3.2. Performance Analysis of Multiantenna RFID System.
In a multiantenna RFID control system, the system device
has a definite effect on the bit depending on the height of the
reader installation, the height of the sensor label installation,
the number of antennas, the location of the antenna, and
other factors. According to the bit error rate of multiantenna
RFID control system, the performance of antenna RFID
control system is analyzed. During system performance
analysis, the MATLAB cftool toolbox is used to simulate
channel design data (see Table 3) and the effect of various
parameter changes on the performance of the substation’s
multiantenna RFID control system; the relationship between
the system bit error rate and the reader recognition distance
is used to evaluate system performance.

Performance analysis of single antenna and multi-
antenna RFID systems: in the substation, due to the metal
shielding effect, the multipath effect will be generated in the
communication process between the sensor tag and the
reader, which may cause the sensor tag to not receive the
effective activation signal or the reader to not successfully
read the backscatter signal of the sensor tag. Therefore, this
paper uses the method of using multiple transceiver an-
tennas to solve this problem. The performance comparison
between the systems using multitransceiver antenna RFID
and the original single-antenna RFID system is shown in
Figure 5. As can be seen from Figure 5, after adopting the
multiantenna RFID system, the bit error rate of the system is
significantly improved, and the more antennas are adopted;
the smaller the bit error rate of the system, the better the
performance of the system. In addition, in the substation
environment, if the reader recognition distance can reach
more than 150 m, changing the number of reader receiving
antennas has no obvious effect on improving the bit error
rate of the system. Therefore, the performance of the system
should be improved from other parameters [25].

The influence of reader antenna height on system per-
formance: the substation environment is complex and
changeable. When the multiantenna RFID system is applied
to the substation, the influence of the installation height of
the reader antenna on the system performance cannot be
ignored. Different reader antenna heights will produce
different effects, which will directly affect the strength of the
received signal of the system. Figure 6 shows the relationship
between the bit error rate of a multiantenna RFID control
system and the height of the reader antenna. As can be seen
in Figure 6, the higher the height of the reader antenna, the
lower the bit rate error of the system, i.e., the better the
system performance. An increase in the height of the reader
antenna will reduce the system channel path loss, weaken the
signal interference caused by the multipath effect, and

TaBLE 3: Simulation and experimental model parameters.

Parameter Numerical value
Reader height 10m
Sensor label height 5m
Frequency 2.2GHz
Metal wall spacing 15m
Distance from reader to metal wall 10m
Sensing label to metal wall 10m
Path loss factor Im
Transmitting power of reader antenna 22dBm
Tag scattering signal power ratio 0.77
Reader transceiver antenna gain 5 dBi
10"
102
£ 107
-
e .
S
E 10
107
10 T T T
0 50 100 150 200

Reader identifies the distance L/m

—— Four transceiver antenna model fit curves
—— Two transceiver antenna model fitting curves
—— Single-receiver antenna model fitting curve

FIGURE 5: Effect of antenna number on system performance.
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increase the useful signal strength in the signal received by
the system, and the bit error rate will decrease accordingly.
The influence of antenna polarization mode on system
performance: different polarization modes of antenna will
cause different propagation path losses of electromagnetic
wave in the system channel and make the interference degree
of multipath effect on the received signal different. There-
fore, it is essential to study and analyze the impact of antenna
polarization mode on the performance of substation mul-
tiantenna RFID monitoring system. The influence of dif-
ferent polarization modes on the system bit error rate is
shown in Figure 7. It can be seen from Figure 7 that in the
substation multiantenna RFID monitoring system, the an-
tenna polarization mode has little impact on the bit error
rate of the system, and the horizontal polarization mode is
better than the vertical polarization mode. Therefore, for the
substation multiantenna RFID monitoring system, the
horizontal polarization effect of the antenna is better.

4. Result Discussion

4.1. Description of Anticollision Algorithm of Multiantenna
RFID Monitoring System

4.1.1. IAMS Algorithm. TAMS algorithm selects binary tree
or quadtree algorithm by calculating the size of collision
factor u,, optimizes the reader prefix, and defines collision
factor py = r./r = r[1 - (0.5"'/r =1~ (0.5 r is the
length of sensor tag ID code, r, is the number of collision bits,
and # is the total number of sensor tags. In IAMS algorithm,
n =3 is taken as the critical value of binary tree algorithm and
quadtree algorithm to obtain the collision factor
o =1-(0.57"" =0.75. When p,<0.75, the binary tree
algorithm is adopted, and the reader generates two prefixes
according to one collision bit. Otherwise, the quadtree al-
gorithm is adopted, and the reader requires the tag to return
the high two-bit collision prefix information. The IAMS al-
gorithm is applied to the substation multiantenna RFID
monitoring system. The simulation results show that the
recognition speed and throughput of the algorithm cannot
meet the requirements of the system. Therefore, this article
proposes an improved IATMSA algorithm against collisions
that combines adaptation time and multiple trees.

4.1.2. IATMSA Algorithm. Because the sensor tag of the
multiantenna RFID monitoring system of electrical equip-
ment selects the active tag, when the sensor tag measures the
corresponding parameters of electrical equipment, the
sensor tag will first send the application identification
command to the base station reader, and then the reader will
read the sensor tag information after the reader responds.
Based on the above special environment, an JATMSA al-
gorithm is proposed on the basis of IAMS algorithm.
First, the principle of priority allocation of dedicated
time slots is formulated. The difference between the sensor
tag and the traditional tag communication system is that the
sensor tag has two communication channels: one is the
sensor communication channel of wireless sensor network,
and the other is the tag RF communication channel. After
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Figure 7: Influence of antenna polarization mode on system
performance.

the sensor tag collects the status information of electrical
equipment, the active sensor tag first sends the reading
information instruction to the reader successively, and the
special time slot is allocated based on the order of sending
instructions of the active sensor tag. If only one sensor tag
sends an identification instruction at a certain time, after the
base station unit confirms the instruction through verifi-
cation, the reader assigns a dedicated time slot to the sensor
tag, so as to successfully obtain the electrical equipment
status information perceived by the sensor tag. After the
exclusive time slot is allocated, other sensing tags have no
right to use the time slot. Secondly, when the sensor tag
sends the application command to the reader, the sensor tag
will collide; that is, two or more sensor tags send the ap-
plication command at the same time. For the sensor tag
applied for collision, the base station determines the number
of sensor tag collisions through model calculation. Finally,
the JAMS algorithm is used to identify the applied label.
TATMSA algorithm steps are as follows:

Step 1: The sensor tag sends an application command
and assigns a dedicated time slot to the sensor tag
according to the principle of priority application and
priority allocation of dedicated time slot.

Step 2: Judge whether there is an applied collision. If
there is no collision, successfully read the sensing label.
If there is a collision, proceed to the next step.

Step 3: Determine the number of collision sensor tags
and calculate the collision factor . If 4, < 0.75, use the
binary tree algorithm; otherwise, the quadtree algo-
rithm is used.

Step 4: Judge whether the stack is empty. If it is empty, it
ends; otherwise, skip to step 3.

4.1.3. Algorithm Performance Index. In this paper, the
performance of ITATMSA algorithm 1is analyzed by
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calculating the total number of time slots and throughput.
Because in the electrical equipment condition monitoring
system, the sensor tag successively sends the application
recognition command to the reader; there will be two sit-
uations: application success and application collision. For
successfully applied sensor tags, the total number of time
slots is the number of successfully applied sensor tags n,,
because these sensor tags do not have collision time slots.
However, the sensor tag applying for collision needs to be
identified by IAMS algorithm, so the total number of time
slots of the sensor tag applying for collision is

k
.5
T(n)=) 4 - [1.16;12 -4 (1- 4*‘““)"2]
i=0

+{0’72n2 _ gkt [1 _(1 3 4f(k+1))”z _%(1 _ 4—(k+1))nr1} }
(18)

where #, is the number of sensing tags applying for collision
and k is the search depth, k = log, (n,/3).

According to the above analysis, if the number of sensor
tags applying for collision can be determined, the total
number of time slots of IATMSA algorithm can be deter-
mined. It is assumed that within ¢ time, all sensor tags send
the application identification command, and the number of
all sensor tags is n. Since there are only two situations of
applying for collision time slot and applying for successful
time slot within t time, the probability of applying for
collision time slot and applying for successful time slotis 1/2,
respectively. The expectation of calculating the number of
applied collision sensor tags according to the arrangement
and combination is (17):

E(n) = mi_o CZ“m(%)m(l - %)n—m. (19)

In equation (19), n is the number of all sensing tags and
m is the number of collision slot tags. The number of applied
collision sensing tags calculated in the formula is expected to
be used as n, in formula (16) to calculate the total number of
applied collision time slots. Then, the total number of time
slots of all sensing labels is

T (n) =n, + T (n,). (20)
The number of time slots of collision tracking tree al-
gorithm and the total number of time slots approximated by

linear fitting of quadtree algorithm are (19) and (20),
respectively:

froee = 21— 1, (21)
t(n) ~ 2.88n. (22)

The binary tree algorithm can be deduced as

tor =142 8 21 (1-20Y a1 2],
ko0

(23)

where k, is the search depth of binary tree.
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Figure 8: Comparison of total time slots of the algorithm.

4.1.4. Algorithm Simulation and Analysis. From the above
analysis, the total time number of the algorithm perfor-
mance parameters and the total number of transmission
times and the calculation speed of the IATMSA algorithm
were obtained. The total timing of the IATMSA algorithm is
compared with the binary tree algorithm and the collision
control tree algorithm, and the modeling results are shown
in Figure 8.

Figure 8 shows that the JATMSA algorithm has the
lowest total number of times compared to the binary tree
algorithm and the collision control tree algorithm. In terms
of total time, the IATMSA algorithm is clearly superior to
the commonly used binary tree and collision control tree
algorithms.

Compare the total number of time slots of JATMSA
algorithm, IAMS algorithm, and quadtree algorithm. The
simulation results are shown in Figure 9.

As can be seen from Figure 9, with the increase of the
number of sensor tags, the total number of time slots of
IATMSA algorithm is always smaller than that of JAMS
algorithm and quadtree algorithm, basically maintained at
50% to 60%, up to about 75%. The IAMS algorithm is ba-
sically about 45%, and the quadtree algorithm is basically
about 30%. Because the total number of time slots is the
main factor affecting the discrimination delay, JATMSA
algorithm is obviously better than IAMS algorithm and
quadtree algorithm in discrimination delay. The smaller the
discrimination delay, the faster the recognition speed. In
addition, the total number of time slots of IATMSA algo-
rithm and TAMS algorithm suddenly changes at a certain
point. Because the search depth k = log, (n,/3) takes a non-
negative integer, when k is calculated as a decimal, the
system program will take an integer by default, which will
lead to Y4 (i=0,1,2,...,k) discontinuity and jump,
resulting in mutation of IATMSA algorithm and IAMS
algorithm at a certain point.
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Based on the fact that the sensor tag in the substation is
an active tag, IATMSA algorithm proposes the principle of
priority application and allocation of proprietary time slots.
For the proprietary time slots that have not applied for
collision, the sensor tag can directly and successfully read the
status information of electrical equipment, so as to reduce
the collision time slots between sensor tags. Based on the
established collision probability model, the number of
sensor labels applying for collision is determined, and the
collision sensor labels are identified by binary tree or
quadtree according to JAMS algorithm, so as to obtain the
electrical equipment status information of the collision
sensor labels. Algorithm simulation results show that the
IATMSA algorithm has less total time, higher recognition
speeds, and higher transmission speeds compared to the
IAMS algorithm and the quadratic algorithm. The IATMSA
algorithm can effectively improve the performance of a
substation’s multiantenna RFID monitoring system.

5. Conclusion

The characteristics of Internet of Things technology meet the
communication requirements of building a strong smart
grid in China, and it is an area with the most investment in
the national Internet of Things investment plan. Currently,
as one of the most feasible technologies in power systems,
online transmission and conversion equipment control
technology is used in most substation equipment, genera-
tors, cables, and line insulators of our power system and is
the latest technology. Based on the lack of real-time mon-
itoring data, accuracy, and reliability of current power grid
monitoring systems, this paper proposes a smart technology
study to monitor online green energy transmission and
conversion devices based on Internet technology. The sensor
tag is integrated with various electrical equipment status
monitoring sensors (such as temperature sensor, humidity
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sensor, acceleration sensor, and vibration sensor), so that the
electrical equipment status acquisition terminal has the
ability of recognition and perception, and an electrical
equipment status monitoring system in the power trans-
mission and transformation environment based on the
Internet of Things technology is established.

Aiming at the problem that the signal transmission
between reader and sensor tag is affected by multipath effect
in substation environment, a solution using multiantenna
RFID system is proposed. The channel model of substation
multiantenna RFID system is established, compared with the
Nakagami-m channel estimation method proposed by
predecessors and verified by experiments, and the correct-
ness of the constructed multiantenna RFID system channel
is pointed out. Moreover, using the channel model of
substation multiantenna RFID system, this paper analyzes
the influencing factors of substation multiantenna RFID
monitoring system performance in the actual power
transmission and transformation environment, and puts
forward some installation precautions applied to substation
multiantenna RFID monitoring system, so as to provide
reference for construction and installation personnel. Fi-
nally, based on the collision problem of sensor tags in
multiantenna RFID system, a new algorithm is proposed,
which is compared with previous algorithms to verify the
superiority and practicability of the proposed algorithm,
which can effectively improve the performance of substation
multiantenna RFID monitoring system.
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