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This paper presents an in-depth study and analysis of X-ray inspection of basin insulators by wireless sensing technology. Aiming
at the characteristics of low contrast and many kinds of noise in the basin insulator ray image, this paper proposes an X-ray basin
insulator image denoising method based on improved 3D block matching. Using the RF microcontroller CC2530 chip as the core
hardware and networked by ZigBee protocol, the sensor senses and collects various parameters and transmits this information to
the monitoring end in real time through wireless. The method proposes an improved wavelet thresholding denoising method to
overcome the pseudo-Gibbs phenomenon caused by the wavelet hard thresholding method in the 3D block matching algorithm
cofiltering and retain more details of the image. Aiming at the ringing effect caused by the Wiener filtering method used in the
three-dimensional block matching algorithm collaborative filtering, an improved Kalman filtering method based on anisotropic
diffusion is proposed, which avoids the ringing effect, and has clear edges and complete details. An improved Kalman filtering
method based on anisotropic diffusion is proposed to avoid the ringing effect, and the edges are clear, and the details are
complete. The proposed method is a safe, efficient, accurate, and feasible method for detecting defects in basin insulators by
combining X-ray and improved wireless image sensing technology to detect the internal equipment without disassembling or
touching the GIS equipment.

1. Introduction

The basin insulator is an important part of the GIS that
supports the busbar and isolates the gas chamber and is critical
to the safety of the entire equipment. The pot insulator is a
composite material made of epoxy resin and alumina. The
production temperature and process curing may cause incon-
sistent differentiation of the two materials, resulting in signif-
icant differences in internal stresses and serious cracks or
bubble defects after high pressure is added, while foreign
object defects may be formed when some of the metals fall
off or the equipment ages during installation and use [1]. In
recent years, among the factors causing GIS failures, the pro-
portion of outage accidents caused by basin insulator failures
has been increasing and often resulting in serious accidents.
The special material of the basin insulator and the particularity

of its installation location led to defects that are difficult to be
detected in advance, causing huge losses to the company and
the country after an accident. Seeking amethod that can detect
the internal state of power equipment without disassembling
the equipment, i.e., achieving fault detection with maximum
savings on various expenses, is an effective means to ensure
the safe and reliable operation of the power grid [2]. Continu-
ous wavelet transform, discrete binary wavelet transform, and
wavelet coefficient expansion are closely related to each other.
Among them, the discrete binary wavelet transform used by us
for image signal processing is the discrete binary wavelet
transform. The use of X-ray visual NDT technology for mon-
itoring the operating status of power equipment is an electric
detection method developed in recent years that does not
require contact, and this method can be used to obtain infor-
mation on the internal structure of GIS equipment without
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disassembling or destroying it. Although the application of
this method in the detection of the internal state of substation
equipment is still relatively small, based on the multiple
advantages of X-ray nondestructive testing makes it develop
rapidly in the detection of the internal state of electrical equip-
ment, it has a reliable application prospect and has also become
the current research hot spot of nondestructive testing.

With the rapid development of information technology,
the high combination of digital electronics and wireless com-
munication technology has realized multifunctional sensor
nodes with relatively small size and low power consumption
[3]. These tiny sensor nodes are composed of sensing compo-
nents, data processing components, and communication com-
ponents, and communication between nodes is nonblocking
over short distances, and many nodes can work together using
a sensor network approach. Wireless sensor network technol-
ogy emerged as early as the 1970 s, when the sensor network
was composed of sensor nodes and sensing controllers, using
point-to-point transmission, and the nodes transmitted data
directly to the sensing controllers, which was the prototype
of the first generation of sensor networks. Wireless sensor
networks are widely used in the military, health, and security
fields. Countries all over the world attach great importance
to sensor network technology and have invested a lot of
researchers and materials to develop various sensor network
systems, such as naval collaborative warfare systems and
antiterrorism systems. In health, sensor nodes are placed on
suitable parts of the patient’s body so that the nodes can
periodically detect the patient’s body information sent to the
monitoring center and the doctor can monitor the patient at
a remote location, which not only makes it more convenient
for the patient but also allows the doctor to better understand
the patient’s current condition [4]. Sensor network technology
is also widely used in the environment, usually for detecting
foreign chemicals, air, and water, and can help determine the
type, concentration, and location of contaminants, among
others [5]. Wireless sensor network technology provides users
with intelligence and a good living environment and will
become an integral part of our lives in the future. The
BM3D method can remove noise better than the previous
two methods, but the edges are blurry, and the cracks in the
shadow parts are still unclear, and the method in this paper
can remove the noise well. Although sensor networks are
becoming increasingly widely used, there is a general problem
of high-power consumption and high cost of system opera-
tion, which gives rise to a new low-power, low-rate, and low-
cost short-range wireless communication technology, namely,
ZigBee technology [6].

The stresses present in basin insulators are only detected
when they accumulate to the point of forming cracks, at which
point the insulator needs to be replaced, or the cracks are not
detected in time during routine operational inspections, and
insulation failures may subsequently occur, which can result
in huge economic losses. If stresses can be detected before they
accumulate to form cracks, insulation failures can be avoided.
Therefore, the use of stress detection values to judge the
mechanical properties of insulators and to detect stress abnor-
malities as early as possible is important for preventing insula-
tor cracking, avoiding insulation failures, and improving the

operational safety of GIS insulators. For the case of single
routing, the overall, hardware and software parts of the system
are designed, respectively, where the hardware part mainly
includes hardware selection, terminal nodes, and routing
nodes, and the software part mainly includes coordinator,
terminal nodes, routing nodes, gateway, and monitoring web-
site. Secondly, a specific wireless sensor network monitoring
system is built, and the prediction of the system routing node
dormancy time and dynamic duty cycle are tested, respec-
tively, to verify its correctness.

2. Current Status of Research

At present, there are mainly experimental and simulation
methods to study the defects of GIS and pot insulators. Exper-
imentation mainly includes preventive outage test and ener-
gized inspection test, which can provide a more intuitive and
effective understanding of the impact of defects on various
aspects of equipment performance, but the experimental cost
is relatively high, the conditions are more demanding, and
the operation is more cumbersome. In contrast, the simulation
analysis method is not as direct as the experimental data but
can provide greater convenience for defect research. For the
simulation analysis of GIS, many scholars choose to adopt
the finite element method. The finite element analysis method,
which is continuously improved and optimized based on com-
puter knowledge and numerical analysis, provides a feasible
means for many engineering tedious analytical calculations.
Nagy et al. investigated the local discharge characteristics of
artificial microdefects such as cracks, voids, and delamination
generated using precise production control and demonstrated
the effect of defects on insulator performance [7]. Zhan et al.
proposed to first use the cubic background of the weld image
to be detected is simulated by curve fitting, and the simulated
background image is numerically subtracted from the original
weld image to obtain a weld image with a more uniform back-
ground grayscale distribution and a higher detail of defect
information, and finally, an appropriate threshold is selected
to extract and segment the defects in the weld image [8].
The method is effective in extracting relatively obvious defects
to a certain extent, but it is not effective in extracting defects of
complex shapes. Moreira et al. proposed a morphology-based
welding defect boundary detection algorithm, which first uses
reasonable thresholding to improve the effectiveness of the
Canny operator for the extraction of defect boundaries [9].

Wireless sensor network technology has achieved good
results not only in agriculture but also in medical monitoring,
social security, smart home, supermarkets, etc. In cancer treat-
ment, ZigBee technology and QCM immune sensor are used to
form a wireless sensor network system [10]. The sensor
measures the output frequency of the QCM and transmits
the frequency data wirelessly to the coordinator through the
ZigBee network, and the coordinator then transmits the
received frequency data to the computer for analysis and pro-
cessing through the serial port [11].When the house is invaded,
the wireless sensor network intrusion monitoring system com-
posed of ZigBee and sensors can alert the house owner through
the system by monitoring the link quality value between the
coordinator and the terminal node in a closed room is constant,
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and if the value changes, it means the house is invaded [12].
Wireless sensor network low-power technology has been in a
very important position in the research of wireless sensor net-
work technology along with the development of wireless sensor
network systems. At present, wireless sensor network low-
power technology has been deeply researched at home and
abroad, most of which are researching and optimizing the
protocol stack technology [13]. For example, the S-MAC
protocol is a contention-based MAC layer protocol for sensor
networks that focuses on three aspects, namely, periodic
listening and sleep, conflict and crosstalk avoidance, and long
message delivery, to reduce the energy consumption of the
system while supporting good scalability and conflict avoid-
ance, but its use of adaptive listening and periodic sleep leads
to reduced system throughput and increased latency [14].

Various image processing methods have different advan-
tages and disadvantages and need to be reasonably selected
and improved according to the actual characteristics of the
image when applied, to achieve better processing results.
Substations, power plants, and other sites where there is a
lot of noise, and because the power equipment is relatively
large, the internal structure is very complex, etc., the X-ray
digital image is often not ideal, the image is not clear
enough, and power equipment image localization, etc. may
cause professionals to misjudge the defects. Therefore, the
original image must be properly processed to reduce mis-
judgment and increase the accuracy and reliability of defect
identification.

3. Wireless Basin Insulator Image Sensing X-
Ray Inspection Technology Design

3.1. Wireless Image Sensing X-Ray Detection Analysis. Wire-
less sensor networks consist of three parts: sensor nodes,
aggregation nodes, and task management nodes. These three
parts assume different roles in the infinite sensing network,
respectively, and play a decisive role in the function of the
wireless sensing network. In the wireless sensing network
structure, the number of sensor nodes does more. And in
terms of the roles and functions of the different parts, the
sensor nodes are the basic components, the aggregation
nodes are the information intermediaries and processors,
and the task management nodes are the final information
adjudicators. Statistics and analysis of the test results of the
three parts are carried out to ensure the rationality of the
abovementioned low power consumption method and the
stability of the system. Given whether the method of intro-
ducing the queuing theory model to predict the local optimal
sleep time of routing nodes is feasible or not. Specifically, the
so-called wireless sensor network is also composed based on
these sensor nodes placed in different areas and locations.
These sensor nodes can collect the corresponding information
of the detected area and realize the transmission and sharing
of information with the help of other nodes, to realize the
real-time dynamic supervision of the whole monitoring area.
After the sensor nodes share the monitoring information at
a certain stage, they will realize the statistics and processing
of the information through the aggregation node, and finally,
the aggregation node will relate to the task management node

in series to realize the management and control of the wireless
sensing system and ensure the information transmission is
error-free.

In this structure, for sensor nodes, the most important
thing is the design of their software and hardware, which
directly determines the function and realization of the whole
wireless sensor network; for aggregation nodes, they require
high data processing, statistics, and transmission functions,
to be able to communicate the monitoring information
thoroughly; for task management nodes, what is more, impor-
tant is the analysis, calculation, and operation functions, which
should be stable, reliable, and efficient. Only when these three
parts meet the requirements, the entire wireless sensor net-
work can remain stable and finally play the role of real-time
monitoring of the water environment. The time is between
6-7 seconds and 7-8 seconds, which shows that the routing
node can sleep after only 8 seconds of work. It also proves that
it is feasible for the routing node to sleep with the maximum
sleep time estimated by the queuing theory model. Therefore,
in the design of this paper, we focus on the software and hard-
ware design of sensor nodes, aggregation nodes, and taskman-
agement nodes and choose the equipment and materials with
high durability and stability as much as possible under the
economic condition. The main function of wireless sensor
network nodes is the collection and processing of information
and the transport and transmission of the collected and proc-
essed information. Based on this, the wireless sensor network
node is composed of four parts, which are a sensor module,
a processor module, a wireless communication module, and
an energy supply module, as shown in Figure 1.

Referring to the above diagram, the four modules are in
turn composed of several transmitters, some of which are
used for internal information transmission and processing,
while others are used for external information collection
and storage. However, in these three modules, each assumes
different roles: the sensor module is mainly responsible for
the collection and processing of information in the area to
be monitored; the main function of the processor module
is to ensure that the communication and transmission of
information will not deviate and fail to ensure the stability
and reliability of the information transmission process; the
main function of the wireless communication module is to
communicate and transmit information, which is the main
goal of the whole infinite [15]. The power consumption of
the routing node after working for 9 hours is 0.23V. Under
normal circumstances, the minimum voltage to supply
power to the routing node is 6V, and the initial voltage of
the lithium battery is 12V, so the routing node can be used
continuously for about 10 days. The main function of the
wireless communication module is to communicate and
transmit information, which is the main goal of the whole
infinite network system and the basis of its function. In addi-
tion, the energy supply module, as the name implies, is
mainly responsible for providing power in the entire wireless
sensor network node to ensure that the wireless sensor net-
work operates with sufficient power and all functions work
well. In this paper, the design and arrangement of network
nodes will be combined with algorithms to calculate the
optimal number of network sensors placed in the area to
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ensure the adequacy of information collection and will
ensure the smoothness and stability of each network node
as much as possible.

The main reference indicators for the selection of X-ray
tube in the actual inspection are power and focus; the power
size is mainly determined by the thickness of the workpiece
size; the focus size will affect the imaging quality and imaging
area, according to the characteristics of the product to be tested
to select a suitable X-ray tube. The high voltage generator of the
X-ray source provides filament voltage and acceleration voltage
for the X-ray tube. Based on the high voltage output character-
istics of the generator, it can be divided into industrial fre-
quency transformers, medium/high-frequency transformers.
The X-ray penetration is the basis of X-ray imaging detection.
X-rays pass through the object to be detected, and some pho-
tons do not react with the object and directly transmit out,
while some photons interact with the object, and a certain
degree of attenuation occurs, which results in different imaging
effects [16]. The reduction of X-ray intensity by absorption and
scattering is called absorption attenuation and scattering atten-
uation. Absorption is the complete conversion of the photon
energy into other energy by the object, and scattering is the par-
tial attenuation of the photon energy due to the change of prop-
agation direction when it passes through the object.

The Line Array Detector (LDA) is a hardware device that
converts X-rays into a separated, single-row analog signal of
a size proportional to the intensity of the rays in the area,
which is then converted to a digital signal by A/D and sent
to a computer system for real-time imaging. With adjustable
integration time and a very high frame rate, LAD is com-
monly used in high-speed environments such as defect

detection of specially shaped castings (e.g., cylindrical work-
pieces) and assembly line-item detection.

The initial Mohr streak image acquired by the detector
needs to go through a series of image processing algorithms
to obtain an image with distinctive features. When the Mohr
streak image is acquired by the X-ray wavefront detection
device, a series of image processing work is needed for the
initial Mohr streak image. For this purpose, a complete
image processing process is developed in this paper: illumi-
nation inhomogeneity correction algorithm, filtering and
denoising algorithm for Mohr streak, image key information
enhancement algorithm, threshold segmentation algorithm,
and Mohr streak refinement algorithm. In the following, I
will introduce these algorithms in detail. By introducing
these Moiré stripe image processing algorithms, we can also
know the information characteristics of Moiré stripe and
extract useful information from Moiré stripe. Figure 2 shows
a series of image processing workflow after the original
image is acquired from the X-ray detector.

We know that in the image with uniform light distribu-
tion, the light distribution in the two-dimensional space is
relatively uniform, so the intensity of each position of this
image is maintained all the time, so the overall effect of the
image is better, and the image performance is very natural.
However, in the image with uneven light distribution, the
intensity of each position is not necessarily the same, and
the intensity of some positions may be too strong, and some
positions may be too weak, so the image with uneven light
distribution affects the next experiment, and the internal
details of the image are not shown, which affects the
researchers’ observation and judgment.
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The X-ray image acquired by an X-ray real-time imaging
system is a digital image. In the field of electronic imaging, a
two-dimensional function f ðx, yÞ is used to define an image.
According to the mathematical definition, the value or mag-
nitude off at the spatial coordinates ðx, yÞ is a positive scalar
whose physical meaning is determined by the image. X-ray
images are generated by imaging systems in which, accord-
ing to their basic principles, the intensity of the brightness
on the image is proportional to the energy of the X-rays
passing through the object. Since the data sensed by the
optical sensor is a continuous voltage waveform, the digital
image generated by the control system through sampling and
quantization of a continuous image represented by f ðx, yÞ is
converted into a digital image consisting of a finite number of
discrete points in an ordered arrangement.

f x, yð Þ =

f 0, 0ð Þ f 0, 1ð Þ ⋯ f 0,Nð Þ
f 1, 0ð Þ f 1, 1ð Þ ⋯ f 1,Nð Þ
⋯ ⋯ ⋯ ⋯

f M, 0ð Þ f M, 1ð Þ ⋯ f M,Nð Þ

2
666664

3
777775,

P zð Þ = 2ffiffiffiffiffiffiffiffi
2πσ

p exp z − μ2
� �2

:

ð1Þ

The actual transmission range between two nodes is usually
between ten and one hundred meters. This can be increased to
a thousand to three thousand meters by increasing the trans-
mitting power of the radio frequency, which enables the relay-
ing of the communication through the nodes of the router. The
transmission distance can theoretically reach twice the network
depth of the network depth × the distance between the two
token nodes that can be covered [17]. In this case, the network
node can automatically sense the presence of other nodes and
confirm its connection status with them to build a structured
network with them. And when a node in the network has a

breakpoint, failure, blockage, or a change in node location,
the network can repair itself and make the network topology
a stage.

3.2. Basin Insulator Image Processing. Due to the variety and
random distribution of X-ray image noise, this paper proposes
a new method for X-ray basin insulator crack identification
based on an improved three-dimensional block matching
image denoising method. To avoid the pseudo-Gibbs phenom-
enon caused by the wavelet hard thresholding method in the
cooperative filtering of the 3D block matching algorithm, an
improved wavelet thresholding denoising method is proposed,
which not only avoids the influence of the pseudo-Gibbs phe-
nomenon but also allows more image details to be retained
[18]. The production temperature and process solidification
will cause the aggregation and differentiation of the two mate-
rials to be inconsistent, resulting in obvious internal stress
differences. Cracks or bubble defects will form when the high
pressure is severe. At the same time, part of the metal falls off
or equipment during installation and use. Aging may also form
foreign body defects. In response to the “ringing effect” caused
by the Wiener filtering method in the 3D block matching
algorithm, an improved Kalman filtering method based on
anisotropic diffusion is proposed, which avoids the ringing
effect, and the edges are clear, and the details are complete.
The method can greatly suppress image noise and improve
the quality of X-ray images, which lays a good image founda-
tion for subsequent fault identification and greatly improves
the accuracy of fault identification.

The quality of basin insulator radiographic images
directly affects the accurate identification of the location,
size, and type of defects in basin insulators. X-ray images
are often contaminated by a variety of noises due to the
interference of the imaging environment inside the X-ray
machine and the external environment during their acquisi-
tion, transmission, and recording. The presence of noise can
drown the important information features in the image in
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Figure 2: Wireless image sensing X-ray detection framework.
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noise, causing image degradation and affecting the visual
effect of the image and the accurate identification of faults.
X-ray through the object can be imaged mainly related to
the material of the object, and the greater the density, the
more the ray attenuation, and thus the less the residual dose
of radiation. X-ray image generation process, during the
emission of electrons from the cathode of the radiation
machine and the microchannel plate electron multiplication,
will cause up and down the noise; the fluorescent screen out-
ward photon generation may not only cause up and down
the noise, but also cause particle noise; in addition, there is
the CCD image acquisition thermal noise, etc. Therefore,
the X-ray image noise shows a Gaussian distribution in the
probability distribution and a white noise characteristic in
the power spectrum, while small cracks, bubbles, and other
faults are often easily covered by noise and cannot be iden-
tified [19]. Therefore, it is necessary to effectively denoise
the X-ray basin insulator images, as shown in Figure 3.

The wavelet transform image denoising method is a time-
frequency analysis method that can combine the features of
time and frequency domains and is widely used because it
has the characteristics of multiscale analysis. The wavelet trans-
form can process signals from coarse to fine. Wavelet trans-
form is a method of image denoising with the same basic idea
as the conventional Fourier Transform, which is an orthogonal
or nonorthogonal transform within a limited width. The wave-
let transform is a function or image signal represented by a
family of functions, the family of functions that is the wavelet
function family. The wavelet function system is formed by a
basic wavelet function through a certain transformation, where
its basic function to meet in the frequency and position can be
varied, and such a wavelet function in the finite width of the
waveform is called wavelet.Wavelet transform includes contin-
uous wavelet transform, discrete binary wavelet transforms,

and wavelet coefficient expansion, which are closely related to
each other, among which the discrete binary wavelet transform
was used for image signal processing.

wλ =
sign w + λð Þ
1

(
: ð2Þ

The method considers both the image and noise as smooth
random signals and uses the minimum mean square error cri-
terion to solve for the optimal filter parameters.

X u, vð Þ = X u, vð Þ2
X u, vð Þ2 − λ2

Y u, vð Þ: ð3Þ

The key to X-ray image fault identification is whether the
details of the fault are prominent or not. The purpose of
denoising is to suppress the noise and highlight the details of
the image, to better identify the crack boundary, so a method
is needed to remove the noise interference while preserving
the complete crack boundary. To make up for the above short-
comings of Wiener filtering, an improved Kalman filtering
method based on anisotropic diffusion is proposed as a second-
ary denoising method in the BM3D method, which can effec-
tively avoid the “ringing effect” and make it more suitable for
denoising X-ray images. The realization of fault detection is
an effective means to ensure the safe and reliable operation of
the power grid. The use of X-ray visual nondestructive testing
technology to monitor the operating status of power equip-
ment is a noncontact live detectionmethod developed in recent
years. This method can be used for GIS equipment without
disassembling and damaging the GIS equipment. Transillumi-
nation was used to obtain internal structure information.
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The key to X-ray image fault identification is whether the
details of the fault are prominent or not. The purpose of
denoising is to suppress the noise and highlight the details
of the image, to better identify the crack boundary, so a
method is needed to remove the noise interference while
preserving the complete crack boundary.

f a, bð Þ =〠
R

βkl f a + k, b + lð Þ − n a, bð Þ: ð4Þ

The above Kalman filtering can filter out most of the
noise, but this method uniformly filters all pixels of the
whole image, which tends to blur the edges for low-contrast,
noisy X-ray images. In this paper, an improved Kalman fil-
tering method based on anisotropic diffusion is proposed
based on the existence of both high-contrast boundaries
and uniformly wide regions in the middle of the X-ray image
of a pot insulator. After the above two improvement steps,
the flow of the improved 3D block matching algorithm in
this paper is shown in Figure 4.

There is a large amount of noise in the ray image of the
basin insulator, which makes the crack fault information
drowned in the noise and difficult to identify. The wavelet hard
thresholding method does not remove the noise completely,
there are a lot of noise points staying in the figure, and the edges
are blurred, and the cracks are almost invisible in the shadow
parts; the Wiener filtering method removes the noise better
than the wavelet hard thresholding, but there are still noise res-
idues, and the noise removal effect in the shadow parts is not
obvious; the BM3D method removes the noise relatively better
than the first two methods, but the edges are blurred, and the
cracks in the shadow parts [20]. The BM3D method has better
noise removal than the previous twomethods, but the edges are
blurred, and the cracks in the shadow areas are still not clear,

while themethod in this paper not only has good noise removal
but also highlights the image details, so that the cracks in the
shadow areas can be presented, which is a more ideal denoising
method.

The residual image of the wavelet hard thresholding
method shows a certain pattern, with black dots in the mid-
dle and white dots in the periphery, indicating that there is
little noise in the residual image, which means that the noise
removal is not complete and the quality of the image is
improved very little after denoising; the residual image of
the Wiener filtering method has obvious circles and crack
curves, indicating that the Wiener filtering method removes
a lot of useful information of the edges in the denoising pro-
cess, and the denoising is excessive. These tiny sensor nodes
are composed of sensing components, data processing com-
ponents, and communication components. The communi-
cation between the nodes is nonblocking within a short
distance, and many nodes can use the sensor network to
work together. The residual image of the BM3D method
has a vague circular outline in the middle, which means that
the edge information of the image is removed during denois-
ing and some useful information is lost, while the residual
image of this paper does not have any structure, i.e., there
is no obvious figure, and it is randomly distributed, which
means that only the noise is removed and the details of the
image are retained to the maximum, which again verifies
that the denoising effect of this paper is good.

4. Analysis of Results

4.1. Wireless Image Sensing X-Ray Detection Performance
Analysis. Based on some applications of queuing theory in
routing performance analysis, this paper establishes a theoret-
ical basis for predicting the optimal dormancy time of local
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routing nodes using the queuing theory model, and on this
basis, a dynamic model is built using queuing theory to realize
the dynamic duty cycle of routing nodes, which makes the
system more stable. In this section, a specific test monitoring
system is built to test the feasibility of hibernation by routing
nodes using the optimal hibernation time estimated by the
queueing theory model, the feasibility of dynamic hibernation
by routing nodes using the dynamic hibernation time esti-
mated by the dynamic model of queueing theory, and the
power consumption of routing nodes under different hiberna-
tion times in three parts. Then, the test results of the three
components statistically analyzed to ensure the rationality of
the above low-power method and the stability of the system.
The feasibility of using the optimal hibernation time estimated
by the queueing theory model for routing nodes is tested to
determine whether the abovementioned method for predict-
ing the local optimal hibernation time of routing nodes is
feasible. This not only makes the patient more convenient
but also allows doctors to better understand the patient’s cur-
rent situation. Sensor network technology has also been widely
used in the environment. It is usually used to detect foreign
chemical reagents, air, and water and can help determine the
status of pollutants. Based on the real environment of Cha
Shan, the test system also uses a tree network topology with
one coordinator, one routing node, and two terminal nodes
in the network. In addition, the distance between the coordi-
nator and the routing node and between the routing node
and the end node is about 75 meters, and there are walls and
other obstructions between the nodes.

Then, the routing nodes were first connected to power,
and when the routing nodes were powered up, then the
end nodes were powered up in turn. Finally, the system
experimented several times for 10 hours, and the number
of entries (averaged multiple times) of data received by the
coordinator at the end nodes was counted at what time.
The predicted test results of the routing node hibernation
time are shown in Figure 5.

From Figure 5, after the network synchronization of the
system, the coordinator receives the data collected by termi-
nal nodes 1 and 2 within 1 minute (one cycle) between 6-7
seconds and 7-8 seconds, respectively, which shows that
the routing nodes can hibernate after working for only 8 sec-
onds and proves that it is feasible for the routing nodes to
hibernate using the maximum hibernation time estimated
by the queueing theory model. In addition, the coordinator
receives 54 data from each of end nodes 1 and 2 in 10 hours
with a packet loss rate of 0.091, which is a good application
in systems where the packet loss rate is not very demanding.

In practical applications, after the design of the system, the
various functional modules of the system need to be tested.
Insulators need to be replaced, or cracks are not found in time
during routine inspections, and then, insulation failures may
occur. The economic losses caused by this are huge. According
to the basic principles of specific system testing, the integrity of
the system and the practical application should be considered in
the process of system operation. The power consumption of the
routing nodes is tested for different resting times. Based on the
maximum hibernation time calculated above, the hibernation
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Figure 5: Test results of the prediction method.
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time for the routing node is set to 52 seconds, 40 seconds, 30
seconds, 20 seconds, 10 seconds, no hibernation for all six
groups, and 52 seconds for the 2 terminal nodes. Under the
same conditions, the experiment conducted for 9 hours for
these six groups, and the power consumption of each group
of routing nodes and the packet loss rate of the terminal nodes
are calculated after 9 hours, and the experimental results are
shown in Figure 6.

As the hibernation time of the routing node increases, the
power consumption of the routing node becomes lower after 9
hours, while the packet loss rate of the routing node increases.
The above hibernation method of routing nodes can be used
in some monitoring where the packet loss rate is not required.
After the sensor nodes share the monitoring information of a
certain stage, they will realize the statistics and processing of
the information through the sink node, and finally, the sink
node and the task management node will be connected in
series to realize the management and control of the wireless
sensor system to ensure error-free information transmission.
The power consumption of the routing node is 0.23V after 9
hours of operation with a hibernation time of 52 seconds
and an interruption time of 1 minute. 6V is the minimum
voltage required to power the routing node under normal con-
ditions, and the initial voltage of the lithium battery is 12V, so
the routing node can be used continuously for about 10 days.
If the interruption time is 1 hour, theoretically the routing
node can be used continuously for about 600 days. Under
the premise of ensuring network stability and data reliability,
the routing nodes can extend the network lifetime well by
using the maximum sleep time estimated by the queueing the-
ory model for sleep. Secondly, the dynamic hibernation of
routing nodes using the maximum hibernation time estimated
by the queueing theory dynamic model can solve the problem
caused by the change of the number of terminal nodes of the
system, which further increases the stability of the system.

4.2. Wireless Pot Insulator Image Detection Results. A series
of radiographic images of basin insulators with image size
2048 ∗ 2048 were acquired by the device in Figure 7. A part
of the images, including 250 images of cracks, 250 images of
bubbles, 250 images of foreign objects, and 125 images with-
out defects, were selected for image recognition. Using these
images alone as training data for CNN was not enough, so
each image was rotated in 8 directions and compressed to
28 ∗ 28 images to get 8 images through one image. After
the processing, the image library was expanded from the
original 875 images to 7000 images. From these, 250 images
of each category are randomly selected, totaling 1000 images
as test samples and the remaining 6000 images as training
samples. Of course, the training library still needs to be
expanded in future practice to improve the defective images
and make the recognition results more accurate. More
important are the analysis, calculation, and operation func-
tions, which must be stable, reliable, and efficient. Only
when these three parts meet the requirements can the entire
wireless sensor network remain stable and ultimately play
the role of real-time monitoring of the water environment.
For the limitation that the traditional convolutional kernel
can only see the features in the fixed area and fixed shape
range, this paper proposes a deformable convolutional ker-
nel, and the deformed convolutional kernel can see more
regions of interest, which makes the recognized features
more perfect and typical, as shown in Figure 7.

The overall recognition accuracy of the improved CNN
algorithm in this paper is higher than that of the traditional
CNN algorithm, and the convergence speed is faster. The
improved CNN algorithm in this paper converges to 100%
recognition accuracy after 25 iterations, while the traditional
CNN algorithm converges to 100% accuracy after 35 itera-
tions. The algorithm in this paper has a faster convergence
speed and higher accuracy than the traditional algorithm.
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From Figure 8, it can be seen that for normal images, the
recognition rate is as high as 100% because of the uniform rec-
ognition; for images with defects, the recognition rate
decreases due to the size of defects and different materials,
and crack defects generally have a certain length and are
better recognized, with an accuracy rate of 99.6%; bubble
defects have a small area and are not easily recognized, with
an accuracy rate of 98.8%; the recognition rate of foreign
object defects is relatively low, 98.0%. This is mainly related
to the material of the foreign object, which has different trans-
mission rates of different materials to the rays, which will lead
to different imaging differences.Weakening the intensity of X-
rays through absorption and scattering is called absorption
attenuation and scattering attenuation. Absorption mainly
means that the energy of the photon is completely received
by the object and converted into other energy and attenuated

and disappeared. Scattering refers to the attenuation of part of
the energy when the propagation direction of the photon
passes through the object is changed. Overall, the improved
CNN method has a recognition rate of 98% or more for
defects, which applies to most of the defect detection and has
some practical value.

Using the residual image and PSNR as the performance
indicators of the denoising algorithm, we compare the
denoising effect of the proposed improved 3D block match-
ing denoising method with the wavelet hard thresholding,
Wiener filtering, and BM3D algorithms.

5. Conclusion

In this paper, the results after data aggregation and analysis
can be counted and summarized, and the structural design
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of the water environment monitoring system based on ZigBee
wireless sensing technology is described, focusing on four
major parts: its system framework, network structure, data
acquisition system design, and data collection system design.
In this paper, a basin insulator ray image denoising method
based on improved 3D block matching is proposed. For the
pseudo-Gibbs phenomenon caused by the wavelet hard thresh-
olding method in the 3D block matching algorithm cofiltering,
an improved wavelet thresholding denoising method is
proposed, which not only avoids the influence of the pseudo-
Gibbs phenomenon but also allows more image details to be
preserved; for the “ringing effect” caused by the Wiener filter-
ing method in the 3D block matching algorithm cofiltering,
an improved wavelet thresholding method is proposed. In
response to the “ringing effect” caused by the Wiener filtering
method in the 3D block matching algorithm, an improved
Kalman filtering method based on anisotropic diffusion is
proposed, which avoids the ringing effect, and the edges are
clear, and the details are complete. From the denoising image
comparison, it can be seen that the method proposed in this
paper greatly suppresses the image noise; from the residual
image comparison, it can be seen that the method in this
paper not only retains the image detail basis, but also sup-
presses the noise well. The accuracy of fault identification is
greatly improved.
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