
Retraction
Retracted: Analysis and Evaluation of Ecological Environment
Monitoring Based on PIE Remote Sensing Image
Processing Software

Journal of Robotics

Received 19 December 2023; Accepted 19 December 2023; Published 20 December 2023

Copyright © 2023 Journal of Robotics. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article has been retracted by Hindawi following an investi-
gation undertaken by the publisher [1]. This investigation has
uncovered evidence of one ormore of the following indicators of
systematic manipulation of the publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research reported
(3) Discrepancies between the availability of data and the

research described
(4) Inappropriate citations
(5) Incoherent, meaningless and/or irrelevant content

included in the article
(6) Manipulated or compromised peer review

The presence of these indicators undermines our confidence
in the integrity of the article’s content and we cannot, therefore,
vouch for its reliability. Please note that this notice is intended
solely to alert readers that the content of this article is unreliable.
We have not investigated whether authors were aware of or
involved in the systematic manipulation of the publication
process.

Wiley and Hindawi regrets that the usual quality checks did
not identify these issues before publication and have since put
additional measures in place to safeguard research integrity.

We wish to credit our own Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing to
this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their agree-
ment or disagreement to this retraction.Wehave kept a recordof
any response received.

References

[1] X. Wang and Z. Wang, “Analysis and Evaluation of Ecological
Environment Monitoring Based on PIE Remote Sensing Image
Processing Software,” Journal of Robotics, vol. 2022, Article ID
1716756, 12 pages, 2022.

Hindawi
Journal of Robotics
Volume 2023, Article ID 9874013, 1 page
https://doi.org/10.1155/2023/9874013

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9874013


RE
TR
AC
TE
DResearch Article

Analysis and Evaluation of Ecological Environment Monitoring
Based on PIE Remote Sensing Image Processing Software

Xiaofeng Wang and Zhengran Wang

School of Water Conservancy and Electric Power of Heilongjiang University, Harbin, Heilongjiang 150080, China

Correspondence should be addressed to Xiaofeng Wang; 1990033@hlju.edu.cn

Received 4 August 2022; Revised 20 August 2022; Accepted 5 September 2022; Published 4 October 2022

Academic Editor: Shahid Hussain

Copyright © 2022 Xiaofeng Wang and Zhengran Wang. +is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

With the continuous improvement of people’s demand for ecological environment quality, the research on ecological envi-
ronment monitoring, analysis and evaluation had been paid more and more attention by relevant departments and personnel.
Because the images collected by remote sensing technology were many and multi-source, the features extracted from remote
sensing images using traditional methods had been difficult to meet the needs of related industry applications. +erefore, this
paper made use of the advantages of PIE remote sensing image processing software in data analysis and processing, and put
forward the research on ecological environment monitoring, analysis and evaluation methods. Firstly, on the basis of sum-
marizing the concepts and related problems of ecological environment, this paper analyzed the processing methods of remote
sensing data sources of ecological environment, and explained the evaluation standards and common methods of ecological
environment. Secondly, the composition of PIE remote sensing image processing technology system and its application ad-
vantages were described, the common indicators and analysis methods of ecological environment monitoring were given, and the
index system and model of ecological environment comprehensive evaluation were established. Finally, through the analysis of
experimental cases, the results showed that the ecological environment monitoring analysis and evaluation method proposed in
this paper was feasible. Compared with the traditional methods, the method proposed in this paper could objectively evaluate the
ecological environment.+is paper can not only provide support for the analysis and processing of remote sensing image data, but
also provide an important reference for the application of remote sensing technology in the field of ecological environment.

1. Introduction

With the continuous development of economy and society,
the quality of ecological environment has been widely
concerned by people and all sectors of society. +e ad-
vantages and disadvantages of ecological environment refer
to the environmental suitability that affects the sustainable
development of human and society from the perspective of
ecosystem within a certain time and space [1]. +e quality of
ecological environment is mainly based on the monitoring
results of ecological environment to evaluate the ecological
attributes and their changes. +e monitoring of the eco-
logical environment is generally to collect the ecological
environment parameters in a certain area in real time
through relevant equipment. In order to truly reflect the

change law of the ecological environment, the data collection
process is not only real-time, but also requires long-term and
periodic, and the accuracy of the data needs to meet certain
requirements.

In terms of ecological environment monitoring, people
often integrate remote sensing technology (RS), global po-
sition system (GPS) and geographic information system
(GIS) and apply them to the collection and processing of
ecological environment parameters [2, 3]. Among them, RS
technology can observe real-time data in a wide range of
areas all day, and the data acquisition accuracy is high. In
recent years, the resolution of remote sensing images ob-
tained by RS in space, time and spectrum has been greatly
improved, which makes it widely used in the monitoring of
ecological environment. +e system integrating spatial
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positioning, remote sensing and geographic information
technology can collect, analyze and process the target data in
real time. +rough the intelligent analysis and processing of
data, it can provide some support for the application fields of
resources, environment and management [4]. With the
rapid development of electronic communication, Internet of
things, big data and space technology, 3S technology is more
and more widely used in ecological environment moni-
toring, resource exploration and development and natural
disaster prevention and control.

+ere are many ground data sources and a large amount
of data collected by remote sensing technology. For example,
the sensors of different monitoring equipment may obtain
data with different resolutions in the same area, and the same
equipment may also obtain data with different spatial and
spectral resolutions in the same area [5]. It is known from
the existing research that using the data collected by different
devices and sensors to study the changes of the ecological
environment is no longer a static mode, but a dynamic real-
timemonitoringmode, which will lead to the existing system
unable to meet the effective integration of multi-source data.
+erefore, this paper proposes to use PIE remote sensing
image processing software to monitor and evaluate the
ecological environment, so as to provide technical support
for remote sensing technology and its application in the field
of ecological environment monitoring.

2. Related Works

According to the existing research, due to different per-
spectives, the understanding of the ecological environment
is not consistent. Early people believed that the ecological
environment refers to the life system composed of different
types of organisms except human beings. +is view focuses
on the perspective of ecosystem. Later, some people be-
lieved that ecological environment refers to a natural
system composed of relevant natural elements, which has
certain environmental and resource characteristics [6, 7].
From a narrow environmental perspective, some people
believe that ecological environment refers to habitat, that is,
the external environmental conditions related to organ-
isms, such as geographical location, terrain, landform,
temperature and so on. In a broad sense, people believe that
ecological environment refers to the nature related to
human production and life. Research shows that, as a
necessary external condition for human survival and de-
velopment, the ecological environment is an organic whole
composed of life and environment. Among them, the
environmental system includes natural factors related to
organisms such as geology, soil, hydrology, climate, etc.,
and life includes not only human beings, but also all bi-
ological worlds [8]. +e main research objects of ecological
environment include biodiversity, the relationship between
biology and environment, etc. With the progress of society
and human civilization, the ecological environment has
gradually turned into the ecosystem research with human
as the main body. +erefore, the research on the ecological
environment has important historical and practical sig-
nificance in the long run.

Ecological environment monitoring mainly uses various
equipment to obtain data information such as ground
ecological attributes and environmental characteristics.
With the rapid development of remote sensing technology,
the use of satellites can achieve three-dimensional, multi
angle, all-round and all-weather monitoring of ground
targets. Because the satellite remote sensing monitoring
target has certain advantages such as high spatial resolution,
high spectral resolution, high temporal resolution and high
radiation resolution, the satellite remote sensing technology
can provide rich data sources for ecological environment
monitoring. At present, in the aspect of ecological envi-
ronment monitoring, people mainly use the method of
human-computer interactive interpretation and classifica-
tion to extract various monitoring data on the basis of
processing the obtained remote sensing images. In recent
years, some scholars have made more research achievements
in the automatic extraction of remote sensing image data,
and have made great progress in data extraction methods
and accuracy [9, 10]. However, most of these methods are
limited to the data extraction of small areas and specific
areas, which are not suitable for the ecological environment
monitoring of large coverage areas, and the effect of data
extraction for complex ground objects is not ideal.

+e quality of ecological environment mainly reflects the
attributes of ecological environment and its changing state.
Qualitative or quantitative methods can be used to describe
the environmental attributes and their changing process. In
order to evaluate the quality of ecological environment, we
need to use the obtained ecological environment monitoring
data to extract the characteristics that can reflect the attri-
butes of ecosystem and the changes of ecological environ-
ment [11]. In the comprehensive evaluation of the ecological
environment, we need to use the obtained ecological en-
vironment monitoring information, select relevant evalua-
tion indicators and formulate the ecological environment
evaluation system, and then use certain evaluation methods
and models to evaluate the ecological attributes and envi-
ronmental characteristics of a region. Using the compre-
hensive evaluation results of the ecological environment, we
can analyze the spatio-temporal changes of the ecological
environment in the region, and explore various factors that
cause the changes of the ecological environment, so as to
provide decision-making basis for scientifically improving
the regional ecological environment and formulating en-
vironmental protection plans.

3. Theory and Method of Ecological
Environment Research

3.1. Overview of Ecological Environment and Its Problems.
Since the 1980s, with the continuous development of
economy and society and the increase of population, the
global climate has been continuously warming and the trend
of drought has been expanding, resulting in the shortage of
water resources, the changes of river systems, the increase of
land desertification area, serious vegetation degradation and
other problems affecting the ecological balance [12]. For
example, due to the reduction of vegetation coverage, the
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change of rivers and the contraction of wetland area, the
water conservation capacity is weakened, the ecological
environment is seriously damaged, and the regulation and
restoration functions of the ecosystem are degraded. Re-
gional ecological environment and ecological security issues
have been highly valued by relevant government
departments.

From the perspective of water resources and water
system changes, due to climate warming, glaciers and frozen
soils deposited for many years in some areas continue to
melt and shrink, seasonal climate disorders, and snow re-
duction. +e depletion of water resources in some regions
has affected the surrounding ecological environment,
making ecological functions continue to deteriorate, and
may lead to the consequences of ecological imbalance [13].
Due to serious water and soil loss, the area of land de-
sertification in some regions is expanding, and soil wind
erosion leads to the destruction of vegetation. In addition,
due to the large fluctuation of climatic conditions, the
restoration ability of vegetation and soil has been seriously
reduced, coupled with man-made damage to the natural
environment, such as overgrazing or unreasonable recla-
mation of land resources, the problem of desertification has
become increasingly prominent.

From the perspective of wetland change and geological
movement, due to the continuous reduction of wetland area,
the water supply of some rivers has decreased, resulting in
climate changes in some regions. In terms of wetland dis-
tribution, wetlands account for a large proportion in some
inland areas, and are mainly distributed in some ecologically
sensitive areas such as rivers or oases. Affected by global
climate and human behavior factors, the overall area of
wetlands has shrunk, resulting in the imbalance of river
water levels and serious grassland degradation. In addition,
some areas are greatly affected by terrain and slope, and
geological disasters such as debris flow, landslide and water
and soil loss occur all year round, resulting in serious threats
to the local and surrounding ecological environment and
people’s lives.

From the perspective of the impact of population and
economic development on the ecological environment, the
rapid and uneven growth of population size and economic
development has led to the decline of the carrying capacity of
natural resources and ecological environment in some re-
gions, resulting in great changes in the attributes of the
ecological environment. Affected by global economic de-
velopment and climate change, human production and life
are increasingly interfering with the ecological environment,
coupled with the sharp rise in the number of people, making
it difficult for limited ecological resources to meet the needs
of economic and social development and human production
and life [14]. +erefore, in view of the problems existing in
the process of ecological environment change, remote
sensing technology and geographic information methods
can be used to monitor and analyze various factors affecting
the ecological environment, and effectively evaluate the
changes of ecological factors, so as to provide support for the
rational development, protection and utilization of various
natural ecological resources.

3.2. Remote Sensing Data Source of Ecological Environment
and Its Processing Method. Remote sensing (RS) technology
mainly refers to the method of using remote sensing devices
to detect the information of ground objects in the air. It
generally uses remote sensing devices on spacecraft, satellites
and other equipment to collect data information of ground
objects, detect object attribute information by monitoring
the mechanism of the response of the target to the spectrum,
and identify the target object by analyzing and processing
the obtained data. After decades of development, remote
sensing technology has been widely used in agriculture,
forestry, geology, environmental protection and other fields
[15]. With the rapid development of space technology,
geographic information system and global positioning
technology, the monitoring effect and quality of remote
sensing images in spatial resolution, spectral resolution and
temporal resolution have been greatly improved. Compared
with other monitoring methods, remote sensing technology
can effectively provide a large number of real-time collected
data for ecological environment monitoring, and can track
and monitor the dynamic targets in a large area. +erefore,
remote sensing technology provides a certain guarantee for
ecological environment monitoring and data collection. As
shown in Figure 1, it is a schematic diagram of the acqui-
sition and processing of remote sensing image information.

In order to extract effective information from remote
sensing image data, when processing multi-spectral image
data, it is necessary to extract image information by cal-
culating the standard deviation and mean vector of image
data. Generally, the standard deviation of image data can
directly reflect the amount of information of the image,
while the brightness difference can reflect the contrast of the
image.

If the image is represented by pij(i � 1, 2, . . . ,

M; j � 1, 2, . . . , N), its matrix size is H∗ L, and the average
gray value of the image is represented by p0, the standard
deviation of the image can be expressed as follows [16]:

dS �

�����������������


M
i�1 

N
j�1 pij − p0 

2


H · L
.

(1)

Since the gray value of the image can be reflected by the
brightness difference, the gray value of the image can be
expressed by subtracting the minimum brightness value
from the maximum brightness value of the image, as shown
below:

Gr(i, j) � GMAX(i, j) − GMIN(i, j). (2)

+e mean vector of the image mainly describes the
average reflection intensity of the target in the image, which
can be expressed as follows:

G �


M−1
i�1 

N−1
j�1 G(i, j)

H · L
. (3)

According to the above method, the correlation values of
all bands on the remote sensing image are calculated, and
then the band with the largest amount of information is
extracted by comparison.
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+ere are many redundant observation information in
the multi-spectral images collected by remote sensing
technology. In order to avoid the information interference
between different bands in the image, the quality of image
synthesis can be improved by reducing data redundancy.
+e standard deviation of image data is directly proportional
to its amount of information, while the correlation between
image bands is inversely proportional to its independence,
that is, the smaller the correlation, the more obvious the
independence of different bands, and the less redundant
information. +e correlation between bands can be
expressed by correlation coefficient, that is, the greater the
correlation coefficient, the greater the correlation between
different bands.

It may be assumed that pij and qij represent two remote
sensing images with the size of H∗L, and p0 and q0 denote
the gray mean value of these two images respectively, so the
correlation coefficient between different bands on the re-
mote sensing image can be expressed as [17]:

r �


M
i�1 

N
j�1 pij − p0  qij − q0 

��������������������������


M
i�1 

N
j�1 pij − p0 

2
qij − q0 

2
 . (4)

In order to comprehensively monitor the ecological en-
vironment, it is usually necessary to obtain more information
of ground targets with the help of geographic information
system (GIS) and global positioning system (GPS). +rough
the integration of RS, GIS and GPS technology, we can ac-
curately obtain the target attribute information and location
information of the ground ecological area, and establish a
spatial information database based on the superposition
processing and statistical analysis of the spatial data, so as to
effectively manage and query the spatial data [18].

Due to the multi-source nature of the collected data, not
only there are many kinds of data, but also the data has its
own characteristics in format, space-time scale and so on.
+erefore, it is necessary to effectively integrate and fuse all
kinds of data when processing data. As shown in Figure 2,
the process of organic fusion of the collected remote sensing
data is described.

3.3. Ecological Environment Assessment Standards and
Common Methods

3.3.1. Selection of Evaluation Criteria. Remote sensing
images not only provide data basis for the analysis of

ecological environment changes and their influencing
factors, but also provide basis for the evaluation of eco-
logical environment quality. In order to objectively eval-
uate the obtained ecological environment monitoring
results, it is necessary to refer to certain industry standards.
+e selection of ecological environment quality evaluation
standards should not only fully reflect the changes of
ecological environment attributes and their advantages and
disadvantages, but also reflect the areas and conditions of
ecological environment changes. Since most of the eco-
logical environment evaluation indicators are obtained
through remote sensing and other technologies, their
evaluation standards need to be determined according to
the specific actual situation.

At present, the standards adopted generally come from
some standards issued by the state, industry and local
governments for ecological environment protection and
quality requirements. For example, the protection require-
ments of important ecological function areas, water and soil
conservation requirements, river system protection re-
quirements, etc. In addition, the original ecosystem can also
be used as the standard, such as the standard requirements
for soil biochemistry, the standard requirements for vege-
tation coverage and biodiversity, and the standard re-
quirements for water and soil holding capacity. As the
existing evaluation standards may change with natural
conditions and policies, these standards can still be used as a
basis to measure the quality of the ecological environment
for the ecological environment monitoring data at a certain
stage.

3.3.2. Standardization of Evaluation Indicators.
Considering the multi-source nature of remote sensing
image information, in order to avoid the differences between
the original index parameters, the data must be standardized
to achieve the standardization of indicators and make dif-
ferent index parameters comparable. When evaluating the
ecological environment, if the larger the index parameter
value is, the better the evaluation result is, it is called a
positive index; if the smaller the index value is, the better the
evaluation result is, it is called a negative index; if the index
value is closer to a certain value, the better the evaluation
result is, it is called a medium index. In order to facilitate the
comprehensive evaluation of the ecological environment,
different types of indicators need to be treated with the same
trend. +erefore, the positive method of indicators can be

Original image Single band
image

Composite
image

Image
enhancement

Image
projection

Image
correctionmosaic imagesImage clipping

Figure 1: Schematic diagram of remote sensing image processing process.
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adopted to convert negative indicators and neutral indica-
tors into positive indicators.

If D1 is a positive indicator and D2 is a negative indi-
cator, they can be expressed as follows in turn:

D1 �
D − DMIN

DMAX − DMIN
× 100,

D2 �
DMAX − D

DMAX − DMIN
× 100,

(5)

where DMIN represents the minimum value of the index
parameter and DMAX indicates the maximum value of the
index parameter. +e range of index parameter values after
standardization is between 0 and 100, and the distribution of
index parameter values after standardization is the same as
the original index values.

As shown in Figure 3, the geometric method is used to
represent the process of index normalization.

Considering the dimensions and unit differences of
different evaluation indicators, in order to make the eval-
uation indicators not affected by this, it is necessary to
standardize the relevant evaluation indicators. Common
data standardization processing methods are as follows:

Sij �
obsij − obsi

dsi

, j � 1, 2, . . . , n, (6)

where obsij shows the observed value, obsi represents the
average value, and dsi indicates the standard deviation. Sij

refers to the evaluation index after standardization. +e
mean value of all n individuals is 0 and the variance is 1.

As shown in Figure 4, the data standardization process
represented by geometric method is described.

3.3.3. Commonly Used Comprehensive Evaluation Methods
of Ecological Environment. With the rapid development of
economy and society, the monitoring and quality evaluation
of ecological environment has attracted extensive attention
of governments and relevant personnel. In the process of
monitoring, analyzing and evaluating the ecological envi-
ronment, the evaluation standard and evaluation model are

the key to the comprehensive evaluation results. +e tra-
ditional evaluation method generally takes single factor or
natural environment system as the standard, and uses the
static method to evaluate. +is method is simple, but the
evaluation result is quite different from the actual situation.
In order to accurately reflect the development of the eco-
logical environment, the current evaluation methods are
mainly based on multi factor indicators, and use a dynamic
way to evaluate. Common comprehensive evaluation
methods include comprehensive index method, fuzzy

0

100

Raw dataDMAXDMIN

Positive indicator

Negative indicator

Data a�er index normalization

Figure 3: Schematic diagram of geometric representation results of
index normalization.

Raw data
0

Standardized data

obsi

Figure 4: Schematic diagram of geometric representation results of
index standardization.

Use the same
pattern

Data fusion

Coordinate
unification

Point surface
fusion

Digital analog
fusion

Spatiotemporal
fusion
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statistics

Parameter
inversion

Sorting and
screening

Data processing

Data monitoring

Data statistics

Data survey

Data acquisition

Quantitative
analysis

Qualitative
analysis

Spatiotemporal
analysis

Data analysis

Figure 2: Schematic diagram of multi-source data fusion technology architecture.
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evaluation method, artificial neural network analysis
method, gray correlation analysis method and principal
component analysis method [19].

+e index evaluation method is mainly used to compare
the original data obtained from environmental monitoring
with the evaluation standards. +is method is suitable for the
index evaluation of single factor environmental impact, but it
can not be applied to the synergy evaluation of multiple
impact factors. Fuzzy evaluation method mainly uses fuzzy
mathematics to quantify some factors that are not easy to
define, and applies them to comprehensive evaluation. +is
method adopts fuzzy evaluation matrix to determine some
uncertain factors that need to be considered in ecological
environment assessment. Because this method needs to use
membership degree to describe the quality of ecological
environment, the determination of index weight and mem-
bership function is the key of this method. It is known from
the existing research that the artificial neural network analysis
method can train the environmental monitoring samples
through the neural network model, and obtain certain
knowledge rules from the training results. +en, the network
model can be used to accurately identify and evaluate the
monitoring information. For example, when using B-P neural
network model to comprehensively evaluate the quality of
ecological environment, it is not necessary to deal with the
evaluation indicators, and the evaluation results obtained by
using this model are relatively objective. In addition, using
B-P neural networkmodel, multiple evaluation indexes can be
selected to establish a comprehensive evaluation system of
ecological environment quality, but there are problems such
as parameter convergence and optimization in the application
of B-P neural network algorithm [20].

4. Analysis and Evaluation of Ecological
Environment Monitoring Based on PIE
Remote Sensing Image
Processing Technology

4.1. Overview of PIE Remote Sensing Image Processing
Technology. Remote sensing image processing software is
mainly a tool software that provides technical support for the
application of remote sensing monitoring data to different
industries. Since 2008, China has developed the first gen-
eration of remote sensing image processing software, namely
pixel information expert (PIE) [21, 22]. PIE is mainly used to
analyze and process remote sensing monitoring data and
apply it to different industries to provide technical support.
+e software can effectively analyze the monitoring infor-
mation from land, meteorology, ocean and other fields, and
provide accurate and efficient processing results according
to the characteristics of various parameters collected by
domestic satellites. +e software can support local coordi-
nate system, has friendly user interface and interaction
mode, can support the secondary development of different
languages, and can provide solutions for applications in
different industries. +rough nearly a decade of application,
the development progress of PIE has been improved from
version 1.0 to version 6.0, as shown in Figure 5.

+e latest generation of remote sensing image processing
software PIE 6.0 integrates cloud computing and terminal
technology, adopts a multi-layer structure design method,
and provides secondary development interfaces and a series
of toolkits. +e professional toolkit provided by the software
not only involves PIE-Basic remote sensing image basic
function, PIE-Ortho satellite image mapping function, PIE-
SAR radar image processing function, PIE-Hyp hyper-
spectral image processing function, PIE-UAV image pro-
cessing function, but also includes PIE-SIAS image analysis
software, PIE-AI image intelligent processing software and
PIE-Map geographic information system software. In ad-
dition, the software can integrate standardized data in rel-
evant service fields through PIE-Cloud platform, so as to
establish a remote sensing technology support system in-
tegrating cloud and terminal [23]. As shown in Figure 6, the
functional composition of PIE 6.0 remote sensing tech-
nology support system is described.

According to the needs of different industries, PIE-
Cloud platform adopts key technologies such as spatio-
temporal big data analysis and storage, intelligent data
analysis and mining, cloud computing, etc. to solve the
problems of remote sensing image data analysis and pro-
cessing, data mining and decision-making. +e system can
integrate the processing, detection, feature extraction and
application of multi-source remote sensing data according to
the various needs of users, so as to effectively complete the
monitoring and evaluation function of remote sensing data.

4.2. Ecological Environment Monitoring and Analysis. In
ecological environment monitoring, vegetation index is
often used for qualitative and quantitative analysis and
evaluation of vegetation coverage. In the remote sensing
image, the relevant vegetation index can be calculated by
combining the visible band and the near-infrared band. In
order to facilitate data analysis and evaluation, normalized
difference vegetation index can be used to describe vege-
tation coverage.
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Figure 5: Schematic diagram of PIE development process.
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+e calculation method of vegetation index ND is as
follows:

ND �
NR − RV
NR + RV

, (7)

where RV refers to the reflectance of visible band, NR in-
dicates the reflectance of near-infrared band, and the value
range of vegetation index is (−1, 1).

Fractional vegetation coverage mainly describes the
proportion of the vertical projection area of vegetation in the
total area of remote sensing area, which is usually used to
evaluate plant coverage. Vegetation coverage can be esti-
mated using vegetation index values, as follows:

FC �
NR − NRMIN

NRMAX − NRMIN
, (8)

where NRMIN and NRMAX respectively represent the mini-
mum and maximum values of NR within a certain confi-
dence interval, and the value range of FC is (0, 1).

As the ecological environment monitoring indicators
contain multiple ecological factors, these ecological factors
have a mutually restrictive relationship, and any factor may
affect the whole ecological environment. In order to facilitate
the analysis of the relationship between ecological envi-
ronment factors, we can explore the factors that play a
leading role in the ecological environment, so as to take
corresponding measures to avoid the impact of these factors
on the ecological environment. For example, climate change
factors can not only affect the regional ecological environ-
ment, but also be affected by local climate due to ecological
environment changes.+e change of ecological environment
cannot be separated from the interaction of many factors.
Among these factors, climate change and human behavior
are the two main factors affecting environmental change.
Although climatic factors are the main factors that affect the
changes of ecological environment, human behavior factors
can further affect the changes of ecological environment
caused by climatic factors. Because human behavior is not

subject to certain constraints and the excessive exploitation
of resources and energy, human behavior factors often
become the leading factors affecting local regional ecological
environment changes. As shown in Figure 7, the changing
relationship between different factors and their impact on
the ecological environment is described.

From a large number of studies on the influencing
factors of the ecological environment, it is known that the
main factors driving the change of the ecological environ-
ment are usually natural factors, human behavior and the
basis of the ecological environment itself. Considering the
regional differences and the different factors that cause the
changes of the ecological environment in different regions,
the changes of the ecological environment can usually be
divided into three categories. +e first category is the
changes of the ecological environment dominated by natural
factors, the second category is the changes of the ecological
environment jointly affected by natural factors and human
behavior, and the third category is the changes of the
ecological environment dominated by human behavior. As
shown in Figure 8, it reflects the types of ecological envi-
ronment changes under the influence of different factors.

4.3. Ecological Environment Quality Evaluation Model. In
order to grasp the changes of local ecological environment
and comprehensively evaluate the quality of ecological en-
vironment in this area, the selection of evaluation indicators is
very important. In the existing ecological environment
evaluation methods, analytic hierarchy process is often used.
+is method mainly adopts qualitative and quantitative in-
dicators to divide various factors in the system, and deter-
mines the corresponding weight according to the impact of
each factor on the evaluation system. Among the various
factors that affect the change of ecological environment,
natural factors mainly include temperature, biodiversity, soil
humidity, precipitation and vegetation coverage, while hu-
man behavior mainly includes land use, cultivated land water
use, population density and resource exploitation. According

PIE-Basic PIE-Ortho PIE-SAR PIE-Hyp PIE-UAV PIE-SIAS PIE-AI PIE-Map

PIE-SDK

Natural
resources

Meteorological
ocean

Ecological
environment

Smart
agriculture Other areas

Figure 6: PIE 6.0 remote sensing technology and its application system diagram.
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to different index relations, the comprehensive evaluation
index system can be divided into three layers, namely, the
comprehensive evaluation target layer, the influencing factor
layer and the specific observation layer. +e comprehensive
evaluation target layer includes natural factors and human
behavior factors, and the influencing factor layer can be di-
vided into ecological response, ecological vitality and eco-
logical components, which restrict each other.

As shown in Figure 9, the hierarchical relationship be-
tween different evaluation indicators in the comprehensive
evaluation index system of ecological environment quality is
described.

Because each evaluation index has different influence on
the quality of ecological environment, the weight value can be
used to reflect the importance of the evaluation index in the
comprehensive evaluation index system. +erefore, the
subjective evaluation method can be used to determine the
weight according to the effect of the evaluation index on the

process of ecological environment change. If ωjk represents
the weight value of the j-th evaluation index parameter given
by the k-th expert, and 

N
j�1 ωjk � 1, the weight value of the

j-th evaluation index parameter is calculated as follows:

ωj �


M
k�1 ωjk

M
,

wj �
ωj


N
j�1 ωj

.

(9)

In the comprehensive evaluation index system of eco-
logical environment, the indexes at different levels are com-
pared with each other, and the relative importance of each
evaluation index is determined. +en, the judgment matrix of
each evaluation index is established. After calculating the
relative weight values of all evaluation indicators, the weight
factor judgment table can be obtained, as shown in Table 1.

Local ecological
environment

Land use and loss of ecological resources

Resident change Expansion of agriculture
and animal husbandryMarket development Vegetation change

Population
migration

Economic
development

Changes of water
resources

Technological
development

Human behavior factors �e role of ecological
environment factors

Role of natural
factors

Global climate and
environmental issues

Figure 8: Ecological environment change and its influencing factors.

Role of natural factors

Ecological
environment itself

Human behavioral effects

Ecological
environment

change

Figure 7: Structural diagram of ecological environment factors.
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According to Table 1, the judgment matrix of evaluation
indicators can be obtained, as shown below:

B �

1 b12 b13 · · · b1k · · · b1M

b21 1 b23 · · · b2k · · · b2M

· · · · · · · · · · · · · · · · · · · · ·

bj1 bj2 bj3 · · · bjk · · · bjM

· · · · · · · · · · · · · · · · · · · · ·

bN1 bN2 bN3 · · · bNk · · · 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

. (10)

+e judgment matrix can be obtained from the weights
given by different experts, and then the average weight can
be calculated by hierarchical sorting and consistency testing
methods. +e weight value of the evaluation index can be
obtained after normalization.

In order to obtain the comprehensive evaluation results
of ecological environment quality, it is necessary to conduct
comprehensive treatment according to the monitoring value
and weight value of different evaluation indicators. +e
specific calculation method is as follows:

Eq � 
N

j�1
vjwj, (11)

where, vj represents the value of the j-th evaluation index
monitoring data after standardized processing, wj shows the
weight value of the j-th evaluation index, and N is the
number of all evaluation indexes.

5. Experiment and Analysis

In order to test the effectiveness of the ecological envi-
ronment monitoring analysis and evaluation model pro-
posed in this paper, a wetland ecological experimental area
in a province in southern China was selected as the object of
the experiment.+e study area has a typical warm temperate
continental climate, hot in summer and cold in winter. +e
annual average temperature is 12.8°C, and the temperature
difference between day and night is large. +e highest
temperature in the year is from July to August, which is
higher than 38°C most of the time.+e lowest temperature is
in January, which is often lower than −5°C. Precipitation is
mostly concentrated in May to July, with an average annual
precipitation of 120mm, and the number of rainfall days
throughout the year generally does not exceed 55 days.

+e data needed for the experiment comes from the
images covered by remote sensing satellites in the wetland
ecological experimental area. Due to the obvious spectral
characteristics of wetland ecological elements in summer,
the images collected by satellite sensors are clearly visible.

Table 1: Evaluation index weight factor judgment table.

Evaluation index
Evaluation index

1 2 — k — M
1 1 b12 — b1K — b1M
2 b21 1 — b2K — b2M
— — — — — — —
j bj1 bj2 ┄ bjk — bjM
— — — — — — —
N bN1 bN2 — bNk — 1
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Figure 9: Hierarchical structure diagram of comprehensive average index system of ecological environment quality.
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+e images of wetland temperature, vegetation coverage, soil
humidity and other monitoring indicators are mainly from
satellite remote sensing data when the cloud cover is thin
from July to August every year. Considering the long ex-
perimental period, TM data was selected for the images from
2010 to 2015, ETM+data was selected in 2017, and OLI data
was selected in 2020, as shown in Table 2.

In order to comprehensively monitor the ecological
changes of wetlands, sampling points were arranged in the
relevant experimental areas during the experiment to fa-
cilitate the collection of relevant data.+e layout of sampling
points should not only be as uniform as possible, but also
consider the regionality and scope of sampling points.
During the experiment, sampling points were arranged at
intervals of 5 km along different directions of the wetland
according to the concentric circle method, as shown in
Figure 10.

+e serial numbers of all sampling points, longitude and
latitude coordinates, vegetation coverage, surface tempera-
ture, soil humidity, air quality and other information are
recorded and statistically analyzed through PIE remote
sensing image processing software. +en, according to the
comprehensive evaluation index system of ecological envi-
ronment quality proposed in this paper, the weight factors of
relevant monitoring indicators are calculated, and finally the
weight values of indicators at all levels are obtained, as
shown in Table 3.

During the experiment, the ecological environment
monitoring and evaluation method proposed in this paper is
compared with the comprehensive evaluation value ob-
tained by the traditional method, as shown in Figure 11.

According to the comprehensive evaluation results of
ecological environment quality, the method proposed in this
paper can objectively reflect the change law of the ecological

Table 2: Remote sensing image selection time period and data type.

Year Image selection time Remote sensing image data type
2010 July 15th August 10th TM
2013 July 20th August 15th TM
2015 July 23th August 20th TM
2017 July 7th August 5th ETM+
2020 July 13th August 8th OLI

(a) (b) (c)

Figure 10: Remote sensing images of wetland ecological areas with different data types. (a) TM, (b) ETM+ and (c) OLI.

Table 3: Evaluation indicators at all levels and their weight values.

Influencing factor index Specific observation indicators Weight value Cumulative value

Role of natural factors Ecological vitality 0.293 0.638Ecological component 0.345
Human behavior and social factors Ecological response 0.362 0.362

Cumulative value 1 1
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Figure 11: Comparison of the results of comprehensive evaluation
of ecological environment quality by using this method and tra-
ditional method.
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environment and its influencing factors in this area. +e
ecological environment quality of the wetland area has
shown an overall growth trend in the past decade, indicating
that the wetland ecological environment has been contin-
uously improved in recent years. Due to the relatively high
temperature in this area, the scarcity of biological resources
and the less impact of human behavior, the ecological en-
vironment is easy to be improved. Although the precipi-
tation factor in this area has a great impact on the ecological
environment quality, even if the annual average temperature
is high, the precipitation can improve the ecological envi-
ronment quality of the wetland. In addition, because the
surface coverage of this area is mainly the oasis ecotone, the
wetland is more sensitive to the changes of the surrounding
ecological environment. +e evaluation results obtained by
using traditional methods are quite different from the actual
ecological environment changes, and the results of the
evaluation of ecological environment changes by using this
method basically conform to the change law of natural
environmental conditions. +erefore, this method is more
scientific in ecological environment monitoring, analysis
and evaluation.

6. Conclusion

With the continuous development of remote sensing tech-
nology and the improvement of people’s requirements for
ecological environment quality, the research on ecological
environment monitoring had been widely concerned. Due to
themulti-source nature of ecological environment monitoring
data, it was impossible to obtain the observation information
required by relevant industry applications by traditional
methods. +erefore, starting from the application advantages
of PIE remote sensing image processing software, this paper
put forward the research on ecological environment moni-
toring, analysis and evaluation methods. By summarizing the
concept of ecological environment and related problems, this
paper analyzed the processing methods of ecological envi-
ronment monitoring data sources, and gave the standardized
processing methods of ecological environment evaluation
indicators. Based on the analysis of the composition of pie
remote sensing image processing technology system and its
application advantages, the design and analysis methods of
ecological environment monitoring indicators were proposed,
and the comprehensive evaluation index system and evalua-
tion model of ecological environment quality were con-
structed. +rough the test of experimental cases, the results
showed that the ecological environment monitoring, analysis
and evaluation method proposed in this paper not only had
certain effectiveness, but also could evaluate the ecological
environment more objectively than the traditional methods.
+is paper will provide some technical support for the analysis
and processing of remote sensing image data and the appli-
cation of remote sensing technology in related fields.
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