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Image recognition and image processing usually contain the technique of image segmentation. Excellent segmentation results can
directly affect the accuracy of image recognition and processing. The essence of image segmentation is to segment each frame of a
certain image or a video into multiple specific objects or regions and represent them with different labels. This paper focuses on
the segmentation results obtained in image segmentation of images used for intelligent monitoring of Mandarin exams are usually
visualized for image analysis. In this paper, we first investigate the performance improvement techniques for semantic
segmentation in the image segmentation task for intelligent monitoring of Mandarin exams, improve the pixel classification
capability by performing semantic migration, and, for the first time, extend the dataset substantially by style transformation to
improve the model’s recognition of advanced features. In addition, to further address the shortcomings of the dataset, this
paper improves the performance of image segmentation using synthetic datasets by investigating synthetic dataset image
segmentation improvement techniques that reduce the reliance on manually annotated datasets. Image segmentation
techniques continue to advance, and there are even thousands of commonly used segmentation methods for image
segmentation development to date. Among them, they can be broadly classified as region-based segmentation methods,
threshold-based segmentation methods, edge-based segmentation methods, specific theory-based segmentation methods, and
deep learning-based segmentation methods. However, the methods used in this paper have all been experimentally
demonstrated to improve the effectiveness of the techniques and proved to outperform other existing methods in the same
field in the publicly available datasets LSUN, Cityscapes, and GTA5 datasets, respectively.

1. Introduction

Image segmentation is a fundamental technique for numer-
ous computer vision applications such as scene understand-
ing, human resolution, and autonomous driving, and its
wide range of applications has made it highly valued by
researchers. With the rapid technical updates of convolu-
tional neural networks, especially full convolutional net-
works, a large amount of excellent work has driven the
advancement of image segmentation techniques [1]. And
in recent years, image segmentation techniques have been
applied in more and more fields and subtasks, such as
indoor scene reconstruction and other tasks that can greatly
improve the final accuracy by estimating the layout of
indoor rooms as a segmentation technique. However, since
pixel-level segmentation labels can lead to very expensive

annotation costs, existing datasets often lack sufficiently rich
samples with annotations, which has led some researchers to
devote themselves to the research of more realistic weakly
supervised and unsupervised learning methods. And with
advances in computer graphics, neural networks have been
able to update models by training synthetic datasets to
update them. The use of synthetic datasets saves a lot of
labor, but in the complete absence of real images of
images [2].

The performance of models trained with synthetic data-
sets is difficult to achieve the desired results when labeled,
and domain adaptation techniques are techniques that have
significant research value in solving the domain mismatch
between real and synthetic images. Image recognition and
image processing usually contain the technique of image
segmentation. Excellent segmentation results can directly
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affect the accuracy of image recognition and processing. The
essence of image segmentation is to segment each frame of a
certain image or a certain video into multiple specific objects
or regions and represent them with different labels. The seg-
mentation results obtained are usually intuitive for image
analysis. With the continuous efforts of researchers, image
segmentation techniques are continuously progressing and
there are even thousands of commonly used segmentation
methods in the development of image segmentation so far.
Among them, they can be broadly classified as region-
based segmentation methods, threshold-based segmentation
methods, edge-based segmentation methods, specific theory-
based segmentation methods, and deep learning-based seg-
mentation methods. There is also a view that image segmen-
tation techniques label the pixels in an image that belong to
the same particular object with the same number or nota-
tion [3].

As computers look smarter and smarter, there is also a
growing expectation that they will have human-like percep-
tion and understanding. This has made computer science
and technology, especially artificial intelligence, one of the
hottest and fastest-growing fields today. For computers to
understand the world as humans do and adapt to different
tasks, researchers have designed algorithms to give com-
puters similar sensory and understanding capabilities based
on human perception of the outside world. Among them,
the algorithm that allows the computer to acquire “vision”
is very important for the computer to be able to perceive
the outside world effectively. Computer vision is an integral
part of various application areas. Images are the basis of
vision and the first step in computer vision is the under-
standing of images. If the computer cannot understand the
image effectively, it cannot process the image. To understand
an image, image segmentation [4].

It is in the most critical position. Image segmentation
techniques have a wide range of applications in the fields
of scene understanding, artificial parsing, autonomous driv-
ing, medical diagnosis, military engineering, etc. In addition,
image segmentation techniques play an important role in
other key technologies such as scene reconstruction and
object recognition. In recent times, the technology of convo-
lutional neural networks, especially full convolutional net-
works, has been rapidly updated and a large amount of
excellent work has driven the advancement of image seg-
mentation techniques. Image segmentation techniques are
also gradually serving as a pre-step for a large number of
advanced techniques use, applied in a growing number of
domains and subtasks, such as image segmentation tasks
for intelligent monitoring of Mandarin exams, providing a
better understanding of indoor scenes, which is crucial for
other tasks such as indoor navigation, object detection, and
depth recovery. Furthermore, applying high-level indoor
scene representation to intelligent robotics and augmented
reality is also feasible. The indoor room layout estimation
task is of great research value as a sub-task of picture seg-
mentation. In deep learning, the size of the dataset directly
affects the effectiveness of model training. The larger the
dataset, the stronger the performance that the model can
show will be. However, pixel-level segmentation of labels

leads to very expensive annotation costs, and existing data-
sets often lack sufficiently rich samples with annotations,
which has led some researchers to devote themselves to the
research of more realistic weakly supervised and unsuper-
vised learning methods, such as domain adaptation, which
is one of the commonly used methods for unsupervised
learning. In image segmentation, the study of domain adap-
tation is very necessary because manual pixel labeling is a
rather expensive act, while with the advances in computer
graphics, neural networks have been able to update models
by training synthetic datasets to update them. This process
saves a lot of labor, but it also suffers from the problem of
domain mismatch between real and synthetic images, and
model performance is usually not comparable to supervised
learning directly on real image datasets. The most difficult
case, i.e., when the data labels of the real picture are
completely absent, the performance of the model trained
with the synthetic dataset is hardly desirable, and the
domain adaptation technique is the technique to solve the
domain mismatch between the real and synthetic images,
which has significant research value.

The main contributions and innovations of this article
are as follows: we investigate the performance improvement
techniques for semantic segmentation in the image segmen-
tation task for intelligent monitoring of Mandarin exams; we
extend the dataset substantially by style transformation to
improve the model’s recognition of advanced features; this
paper improves the performance of image segmentation
using synthetic datasets by investigating synthetic dataset
image segmentation improvement techniques that reduce
the reliance on manually annotated datasets.

The rest of the article is organized as follows: in Section
2, we devote to discuss related work; Section 3 presents
image segmentation technology for intelligent monitoring
of Putonghua examinations; Section 4 presents experimental
results and analysis; in Section 5, we summarize the full text.

2. Related Work

Image segmentation has been receiving a lot of attention from
researchers since its inception. The related technology will be
described from the early traditional image segmentation algo-
rithms and deep learning segmentation algorithms after using
convolutional neural networks on the current state of research
on image segmentation, and in the end [5], the future develop-
ment trend of image segmentation will be analyzed in some
way. The literature et al. pioneered the objective evaluation
of segmentation algorithms only after proposing the corre-
sponding evaluation methods and metrics for binary image
segmentation for the first time. The literature proposes
methods and guidelines for evaluating the performance of seg-
mentation algorithms for conventional images (including
color images, depth images, and medical images). The paper
conducted an important study on the evaluation of segmenta-
tion algorithms, proposed the objective evaluation method of
“final accuracy criterion,” and further realized the importance
of systematic research on segmentation evaluation methods
and evaluation criteria, and became the first person to study
the performance evaluation of segmentation algorithms,
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which laid the foundation of segmentation evaluation research
and greatly promoted the research progress of segmentation
algorithm evaluation. Evaluation of the research progress of
the subject; in addition, the literature had also contributed to
the development of the subject, put forward insights and
claims about segmentation evaluation, but unfortunately still
not studied in depth. In general, the evaluation methods on
segmentation algorithms at this stage still have not completely
escaped the reliance on subjective participation, and
researchers are happy to work on single-frame or the small
number of sample picture sets to present their findings on seg-
mentation evaluation, but such findings lack statistical signifi-
cance and their evaluation conclusions cannot be easily
generalized to out-of-sample images or other application situ-
ations [6].

It has been distinctly pointed out in the literature that
using only small sample images is not conducive to a com-
prehensive, accurate, and objective evaluation of the algo-
rithm, and it is proposed that convincing evaluation results
can only be achieved by segmenting and evaluating all
images of an image library containing a large amount of
data. Because of this, some scholars even argue that objective
performance evaluation can only be achieved by incorporat-
ing the task context of the algorithm, called system-level
evaluation methods [7]. It was not until the beginning of
the 21st century that the academic status and significance
of segmentation evaluation and the urgency of conducting
research were generally recognized and fully affirmed, and
one after another, experts and scholars in the field from uni-
versities and commercial organizations began to research
evaluation methods for segmentation algorithms. The litera-
ture has proposed very systematic and novel evaluation
methods; the literature has even opened a subject webpage
on image segmentation evaluation and made the framework
of evaluation methods into a finished software product on its
homepage for the public, which has promoted the develop-
ment and progress of image segmentation evaluation and
made important contributions to the evaluation of image
segmentation. It must be noted, however, that research units
and individuals in picture segmentation evaluation are
mainly concentrated in institutions such as universities or
individual commercial companies in European and Ameri-
can countries and regions. To summarize, compared to the
brilliant achievements of image segmentation algorithm
research in the past decades, the research on evaluation of
segmentation algorithms lags far behind the research on seg-
mentation algorithms themselves, and few scholars and sci-
entific institutions are working on evaluation methods for
image segmentation techniques in a targeted manner, which
is a worrying situation. So far, there are only a few existing
segmentation evaluation methods, and the existing research
on segmentation evaluation is far from enough for the cur-
rent image segmentation techniques that are easily available
in thousands; moreover, all these methods have the problem
of poor generality. The number of new literature on segmen-
tation evaluation each year is only in single digits or even
zero [8], most of which are evaluations of conventional
image segmentation algorithms, and almost no one is
involved in the evaluation of the performance of segmenta-

tion algorithms and the quality of segmentation results for
non-conventional images, such as SAR images. As for the
systematic study of evaluation methods, there are only a
few, which is called the “academic gap.”

In general, although there have been very few preliminary
discussions on the evaluation of image segmentation tech-
niques at home and abroad so far, the research results are gen-
erally fragmented and unsystematic, especially the research on
the evaluation methods supported by mature theoretical back-
ground is completely blank. Therefore, this paper will be
devoted to sorting out, summarizing, and concluding the
existing research results on segmentation evaluation, improv-
ing the current loose research situation, and proposing novel
segmentation evaluation methods to provide theoretical sup-
port and application examples for better utilization, develop-
ment, and improvement of image segmentation techniques
[9]. Image segmentation technology is a bottleneck in the
development of scientific research fields such as image engi-
neering and computer vision, and the research on image seg-
mentation technology will have a meaningful impact on
image analysis, image understanding, and semantic descrip-
tion of images [10]. Therefore, the study of image segmenta-
tion was, and still is, and will be, a pressing problem.
Therefore, conducting applied research on the performance
analysis and evaluation of picture segmentation algorithms is
not only of great theoretical importance but also of non-
negligible practical application value [11].

3. Research on Image Segmentation
Technology for Intelligent Monitoring of
Putonghua Examinations

3.1. Research on Image Segmentation Techniques. The pro-
cess of image segmentation is the process of labeling pixels
in an image according to certain properties [12]. However,
giving a generic definition for image segmentation has been
controversial for many years, and there are slightly different
formal definitions of the image segmentation problem in
mainstream computer vision and image processing text-
books. That is, image segmentation lacks a universal defini-
tion so far, and the definition of image segmentation from
the literature is used here in this paper. Image segmentation
techniques have a place in both traditional digital image
analysis and processing as well as in the field of computer
pattern recognition. Image segmentation techniques are the
most widely used in computer vision algorithms, based on
the principle of pixel characteristics, for similar feature attri-
butes of different pixel types appearing in a single image, the
picture is divided into multiple subsets of mutually non-
intersecting sets of pixels, each independent subset having
consistent specific features. In other words, some of the
regions of interest in the image are separated from the rest
of the uninteresting background to facilitate further image
analysis. Here, we can define an original image as Gða, bÞ,
where the elements (a, b), satisfy the condition [13].

T = 1
2

n!
r! n − rð Þ! , ð1Þ
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Gn = a, bð Þ = TN c, dð Þ, ð2Þ

Gn = a, bð Þ =Mn c, dð Þ = Kn e, fð Þ: ð3Þ
The first formula is the core content of the article, and its

main purpose is to accurately segment the image, and then
process the image, so as to better monitor the Putonghua
test. Whether it is in the field of automatic intelligent driv-
ing, augmented reality technology, smart security devices,
biometric identification, medical image analysis [14], image
segmentation techniques can be broadly classified into
instance segmentation and semantic segmentation based
on the requirements of the separation purpose. Semantic
segmentation: similar to the process of labeling the target
pixels in an image, shaped like a classification operation,
the class of targets to be labeled in an image is identified uni-
formly at the semantic pixel level. For an example of seman-
tic segmentation of an image, the same color in the
segmentation result is labeled with objects of the same cate-
gory, different colors indicate different categories, different
colors are used to represent different categories in the same
image. Instance segmentation: can be seen as a combination
of semantic segmentation and object detection, only need to
mark the specific individual pixels from the current image
for the category of interest, respectively, from the segmenta-
tion results in the region of interest into a single independent
individual. There are many methods of image segmentation;
there are edge detection-based methods, in the early days
when computer technology was not very advanced, most of
the earliest segmentation methods that people studied were
based on edge detection. The variation of the edge pixels of
the object in the image is large and the pixel features inside
and outside the edge are more obvious, so the discontinuity
of such features and different differential operators sensitive
to the boundary gray value of the transform is used to finally
determine the edge point by calculating the first-order deriv-
ative extremum point or the second-order derivative over
zero point. Several commonly used operators for edge detec-
tion are Sobel operator, Canny operator, Laplace operator,
and Roberts operator [15]. Before derivation as the operator
is sensitive to the effect of noise, most of the time a Gaussian
smoothing filter is used to convolve with the original picture
for noise reduction. In processing grayscale images due to
strong variation in gray level of target edges, therefore, edge
detection-based methods are widely used. The flow chart of
the method is as Figure 1.

Region-based segmentation methods use the internal
connectivity properties of the same target objects in the
image and the disjoint features between different targets to
segment. The most commonly used region segmentation
methods are threshold segmentation, region growing, and
region splitting and merging methods, the commonly used
threshold segmentation method converts the original image
into a binary image, the pixel values in the image are
between 0 and 1, indicating the foreground and background,
the pixel values between the neighboring targets are basically
the same, and the pixel values of different targets differ
greatly, the target value T is selected, then T is the uniform
fixed image segmentation set for the whole image threshold

value [16]. This is only for a single-target segmentation task,
and this simple threshold selection is not applicable when
the splitting task is for multiple targets, so it has been pro-
posed to apply the maximum entropy-based principle for
automatic threshold selection. The region split-merge
method can be seen as the inverse process of region growth,
from a macroscopic perspective, the whole image is split, cut
into non-overlapping sub-regions, and two adjacent regions
are merged when certain merging conditions are satisfied
until finally reaching the region to be split. Its region-based
segmentation method is shown in Figure 2.

Research on image segmentation techniques based on
Mandarin exams can only be monitored, before deep learn-
ing was widely used, a considerable number of image seg-
mentation methods were developed to accomplish the task
of image understanding, during this period, disciplines or
knowledge such as digital image processing, topology, and
mathematics were used as principles or tools for image seg-
mentation, giving birth to many original segmentation
methods with different ideas. Although the continuous
development of deep learning combined with the continu-
ous enhancement of computer hardware brought artificial
coll., after the great innovation in the domain, feature-
based image segmentation methods are no longer competi-
tive enough. Advances in hardware and the high speed of
convolutional neural networks have led to the gradual emer-
gence of deep learning as one of the mainstream research
areas. Its formula is as follows [17].

T = 1
2 yx ⋅

∂2Ω
∂u∂v

⋅ π − arcsin θð Þ: ð4Þ

A convolutional neural network is a powerful visualiza-
tion model and its great results in the fields of image classi-
fication, structured output, object detection, and key point
prediction have led the field of image segmentation to exper-
iment with deep learning frameworks to better perform
image segmentation tasks [18]. The pooling layer of convo-
lutional neural networks actively discards a large amount
of information to reduce computational effort and reduce
redundant information. However, such a process is irrevers-
ible and can lead to a large amount of information loss and
irreversibility, and in some cases, such as when the network
is too deep, there may be too much information loss and a
severe shortage of actionable information. The formula is
shown below.

K =
a11 a12 a13

a21 a2 a23

a31 a32 a3

0
BB@

1
CCA

3×3

: ð5Þ

To solve this problem, a basic idea is to solve the above
problem by up-sampling this operation can make up some
of the missing information to some extent and improve the
resolution of the image. The image is shown in Figure 3.

The advantage of GGNet is mainly that the last three
fully connected layers use most of the parameters of the full
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network, which makes the parameters of the model do not
explode as the network deepens. In addition, based on the
basic properties of convolutional neural networks [19], the
perceptual field of a multilayer convolutional layer com-
posed of multiple small convolutional kernels is equivalent
to that of a convolutional layer composed of one large con-
volutional kernel; for example, a two-layer convolutional
layer composed of two 3×3 convolutional kernels is the same
perceptual field as a convolutional layer composed of one
7×7 convolutional kernel. The equation is shown below.

M =
a11 ⋯ a1n

⋮ ⋱ ⋮

am1 ⋯ amn

0
BB@

1
CCA

m×n

: ð6Þ

18 is much less than 49, i.e., the number of parameters
using small convolutional kernels is much less than using
large convolutional kernels, and the computation is simpler
and the learning capability is more scalable. The excessive
number of fully connected layers of VGGNet also makes it
use more parameters and occupy more memory compared
to a fully convolutional network. As deep learning networks
become deeper and deeper, a very important difficulty that
exists is that the deeper the deep learning network is, the
smaller the gradient will be in the transfer process, and when
the network is deeper to a certain degree, the gradient will
even disappear, and the error elevation effect becomes worse
is a side effect of all deep networks after deepening continu-
ously, and the reason why deep networks cannot deepen
infinitely to increase complexity. In this process, the disap-
pearance of the gradient will make the training impossible.

Image
segmentation

Detect image
pixels

Whether the pixel
value of the i-th

area is 0

Determine the
boundaries
of the area

Left margin

Right margin

Is the i+1 pixel
element a region

boundary

Determine the
boundaries
of the area

Left margin

Right margin

Obtain the boundary value
and perform image

segmentation

Segmentation
efficiency

Get the best
result

Split the
results

Better image segmentation

Figure 1: Image segmentation method based on edge detection.
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The formula is as follows [20].

M = sup ∪
n

i=1
Xi

n o
: ð7Þ

ResNet has made substantial contributions to the
research of making deep learning networks deeper and has
become another benchmark work in the development of
deep learning network frameworks. Currently, ResNet is
up to 152 layers deep, far surpassing VGGNet’s 19 layers,

Enter avatar

Segment the
image

Select pixel value I Select initial value P

P > 0

Determine how
the image is
segmented

I > 0

Image segmentation suitable for
intelligent monitoring of

Putonghua test

Image segmentation suitable
for intelligent monitoring

of Putonghua test

Perform better
image

segmentation

Figure 2: Region-based segmentation method.

3 × 4

1 × 3

1 × 2

2 × 2

3 × 3

1 × 1

6 × 7

5 × 6

4 × 5

2 × 4

3 × 4

1 × 4

8 × 9

7 × 7

8 × 6

5 × 5

6 × 5

4 × 4

Pixel distribution in image segmentation

Figure 3: Segmentation method based on convolutional neural network.

6 Advances in Mathematical Physics



and is considered a turning point in deep learning. The mys-
tery of ResNet lies in its residual module design, where the
network is deepened by learning residuals in an ever-
stacking manner. Its structure is shown in Figure 4.

In addition, Discriminative Feature Network (DFN)
focuses on the macro level and tries to solve the intra-class
inconsistency and inter-class inconsistency problems that
are difficult to be distinguished by pixel-level segmentation.
DFN addresses the intra-class inconsistency and inter-class
inconsistency problems that are difficult to be handled by
conventional segmentation networks and proposes two net-
works to handle the intra-class inconsistency problem and
inter-class inconsistency problem separately. The segmenta-
tion accuracy is improved. The context encoding model is a
simplification of the image segmentation problem. The
module captures the semantic context of the scene and per-
forms more efficient label selection through context depen-
dency. Simply put, the class model passes through the
image field. Pixel-level segmentation labels have very expen-
sive annotation costs, and existing datasets often lack anno-
tated examples and a diversity of object classes. The
generality and scalability of the segmentation algorithm are
severely limited. The formula is shown below.

N = inf ∩
n

i=1
Xi

n o
: ð8Þ

In response to the above problems, weakly supervised
methods have entered the attention of researchers to make
semantic segmentation models more scalable and relevant.
The common denominator of weakly supervised approaches
is the use of lower-cost annotations such as bounding boxes
and scribbles. These annotations are weaker than pixel-level
labels, are easily available due to the lower cost of annota-
tions, and can significantly increase the amount of data with
annotations. Among the various types of weak annotations
for semantic segmentation, image-level class labels have
been most widely used by researchers.

3.2. Design of Intelligent Monitoring System for Putonghua
Exam. For the design of the intelligent monitoring system
of the Putonghua examination, we analyzed the require-
ments of the system and considered the advantages and dis-
advantages of the two-tier C/S mode architecture and the
three-tier B/S mode architecture. The three-layer B/S model
architecture is used. The first layer is the representation
layer, which is also called the business appearance layer in
the system, that is, the client browser. The user connects to
the entire system through this layer. The client application
is streamlined to common browser software, such as Micro-
soft IE. The browser will use JSP technology to generate a
web page file of the user’s request, which has certain interac-
tive features that allow the user to enter information on the
application form provided on the web page and submit it to
the backend and make a request for processing. The formula
is as follows.

N = 1
2
∂2Ω
∂u2

:
∂2Ω
∂v2

:
∂2Ω
∂u∂v

:
x − μ

σ

� �
, ð9Þ

A = ∂2Ω
∂u∂v

:
x −O
σ

� �
: ð10Þ

The second layer is the functional layer, also known as
the business logic layer in the system, which implements
the business rules and calls the data access layer and the
webserver. The backend of the client is the web server, and
the Tomcat server is used in the design of this system. It calls
the corresponding application process to respond to the cli-
ent’s request, generates the request page dynamically using
JSP technology, encapsulates the request information in a
JavaBean component and passes it to the database, and then
returns the result of the database to the client’s browser. The
third layer is the data layer, also known as the database
access layer in the system, that mainly refers to the underly-
ing database Platform. Access database is used in this

Module residual

Image segmentation database

BN + Relu
BN + Relu BN + Relu

1 × 1 2 × 2 3 × 3 4 × 4

Figure 4: Schematic diagram of the residual module.
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system. Its formula is as follows.

B = lim
n⟶∞

〠
n

i=1
X2
i + lim

n⟶∞
〠
n

i=1
Xi + Yið Þ Xi − Yið Þ + lim

n⟶∞
〠
n

i=1
Y2
i ,

ð11Þ

X = lim
n⟶∞

〠
n

i=1
X2
i +

1
n

X1,⋯, Xnð Þ
" #

: ð12Þ

JSP technology and Java Bean components are used to
access the database, and the request results are fed back to
the functional layer to provide a transparent database access
process. The architecture of the B/S-based Mandarin test
management system is designed to realize the functions of
test-taking and management by the administrator, so the
system is divided into three layers in the system hierarchy:
the core part is the data layer, which is used to store all the
information management data, and the test-takers can
access the database server transparently through the browser
on the web for the Mandarin test. The administrator can also
update and maintain the content stored in the database
server through a browser from anywhere on the web, check
the basic information of candidates, test results, and issue
instructions to all candidates. The formula is as follows.

Y = lim
n⟶∞

1
n
〠
n

i=1
Yi +

1
n

Y1,⋯,Ynð Þ
" #

, ð13Þ

UD = Opposite
Hypotenuse :arcsin θ: ð14Þ

Database design is the development of a database or the
work done when a database is needed for some application
system. Generally, there is no pure database that exists inde-
pendently, but the database is designed in dependence on a
particular application system. So, database design means
that for a given application environment, the optimal data-
base storage model is constructed for it and the database is
established so that the application system can access the data
quickly and efficiently to meet the various application
requirements of different users. The formula is as follows.

TM = eiθ:〠
n

i=1
XiYi +

1
n

x − μ

σ

� �
: ð15Þ

Usually, a disciplined database design can be divided
into six different phases; they are (1) requirements analysis,
(2) conceptual architecture design, (3) logical architecture
design, (4) database physical design, (5) database implemen-
tation, and (6) database operation and maintenance.

4. Experimental Results and Analysis

4.1. Experimental Results. To demonstrate the efficiency and
accuracy of image segmentation under the synthetic dataset
segmentation framework proposed in this paper, the perfor-
mance of this paper is compared with previous work using

GTA5 as the source domain dataset and Cityscapes as the
target domain dataset through quantitative experiments.
Among them, self-supervised learning (SSL) is widely used
in semi-supervised learning in cases such as insufficient
dataset labels or noisy datasets. In the flow of F to M in this
paper, a large number of images with possible translation
errors are used, which coincides with the case where self-
supervised learning addresses the presence of noise in the
dataset. Therefore, for the image segmentation network M,
there is a good reason and motivation to use the self-
supervised learning approach for improvement. The effi-
ciency of its two algorithms is compared in Figure 5. as
follows.

By comparing the experiments with the U-Net network
and the MultiResNet network, the latest upgrade of U-Net,
we conclude that both the multi-bridge network and the
MultiResNet network exhibit performance beyond that of
the original U-Net. Both the MultiBridge and MultiResNet
networks introduce residual connectivity and cross-region
connectivity channels, so it is assumed that these two aspects
can make the networks sharper in processing edge informa-
tion. However, the MultiResNet network lags behind the
MultiBridge network in dealing with more ambiguous edges
and imperfect voids. It is experimentally demonstrated that
the inverted U-shaped structure in the MultiBridge network
and the convolutional blocks designed for different levels
can well solve the phenomenon of under-segmentation in
the network. Also, the independent connection paths
designed for different layers largely facilitate the fusion of
the front and back layer features. The image representation
is shown in Figure 6.

A histogram is a statistical tool that counts the relation-
ship between the gray levels of pixels in an image and the
statistical value of the pixel gray levels. Usually, the vertical
coordinate of a histogram is used to represent the number
of pixels at the same gray level in an image, and the horizon-
tal coordinate is used to represent the gray level of an image.
Since the histogram can roughly describe the grayscale range
of an image, the distribution of gray levels, and the average
brightness of an image, so in this section the histogram of
an image containing different sizes of pretzel noise will be
given, and the histogram of an image can be used to under-
stand the information about the pixel points of an image in a
simple way. For better observation, the histograms of images
containing 0.01, 0.10, and 0.50 pretzel noise are given in this
section for two different types of histograms, which are
shown in Figure 7.

The principle of the dot product operation is to make the
dark parts of an image darker and the light parts brighter by
dot multiplying a constant. Often images acquired from out-
side sources contain noise, with Gaussian noise being one of
the most common types of noise. In this case, the principle
of point multiplication can make the dark parts darker and
the light parts brighter, which makes the target information
and background information more distinguishable, easy to
distinguish and identify the image, and is conducive to the
division of the image segmentation region (or make the divi-
sion of image segmentation region more detailed and obvi-
ous), so the image segmentation method based on the dot
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product operation will achieve a very obvious image segmen-
tation effect and facilitate the processing of images. The effi-
ciency of its image segmentation is shown in Figure 8.

5. Conclusion

This paper introduces the value of this research by analyzing
the research background and significance of the branch of
picture segmentation technology used for intelligent moni-
toring of Mandarin examinations, introduces the status of
research on image segmentation technology at home and
abroad, and leads to the most rapidly developing deep learn-
ing technology at present. The concepts and classifications of
picture segmentation techniques are briefly sorted out and
further demonstrated in conjunction with convolutional
neural networks in deep learning. For the problems such as
the different morphology of each tissue of the cell nucleus
picture and the limited amount of data, a series of image pre-
processing approaches are proposed to be expanded by data
enhancement, after which a novel convolutional neural net-
work is first proposed, which is confirmed to have an
enhanced effect on the prediction of the final model by com-
bining residual connections and skip connections, so that by
analyzing this network and the traditional network, a multi-
bridge type convolutional neural network is finally proposed
based on based intelligent image segmentation method for
Mandarin exams. The overall design of this network is dem-
onstrated through comparative experiments that the perfor-
mance of the network is more effective in image
segmentation.

Regarding the “image segmentation” technology, I think
that in the future development, the video can also be devel-
oped. It can segment the screenshots of the video, and con-
tact to better deal with the things that need to be analyzed.
This is the part of technology that will be developed in the
future. The main innovative work of this paper is summa-
rized as follows: for the traditional segmentation techniques
have the problems of being sensitive to the external picture
acquisition environment and needing a lot of human inter-
vention, a deep learning direction based convolutional neu-
ral network for cell nucleus segmentation is proposed,
which combines residual links and skip links in U-Net to
redesign a convolutional block using Keras and TensorFlow
framework for the system, performing the collation. Ulti-
mately, by comparing with other networks, it is concluded
that the convolutional block design of this structure per-
forms better than the other two networks when performing
cell nucleus segmentation.
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The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The author declares that he has no known competing finan-
cial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

[1] E. H. Houssein, B. E. D. Helmy, A. A. Elngar, D. S. Abdelmi-
naam, and H. Shaban, “An improved tunicate swarm algo-
rithm for global optimization and image segmentation,”
IEEE Access, vol. 9, pp. 56066–56092, 2021.

[2] F. Isensee, P. F. Jaeger, S. A. A. Kohl, J. Petersen, and K. H.
Maier-Hein, “nnU-Net: a self-configuring method for deep
learning-based biomedical image segmentation,” Nature
Methods, vol. 18, no. 2, pp. 203–211, 2021.

[3] S. Feng, H. Zhao, F. Shi et al., “CPFNet: context pyramid fusion
network for medical image segmentation,” IEEE Transactions
on Medical Imaging, vol. 39, no. 10, pp. 3008–3018, 2020.

[4] F. Kromp, L. Fischer, E. Bozsaky et al., “Evaluation of Deep
Learning architectures for complex immunofluorescence
nuclear image segmentation,” IEEE Transactions on Medical
Imaging, vol. 40, no. 7, pp. 1934–1949, 2021.

[5] E. K. Wang, C. M. Chen, M. M. Hassan, and A. Almogren, “A
deep learning based medical image segmentation technique in
Internet-of- Medical-Things domain,” Future Generation
Computer Systems, vol. 108, pp. 135–144, 2020.

[6] S. Manoharan, “Performance analysis of clustering based
image segmentation techniques,” Journal of Innovative Image
Processing (JIIP), vol. 2, no. 1, pp. 14–24, 2020.

[7] L. Zhang, X. Wang, D. Yang et al., “Generalizing deep learning
for medical image segmentation to unseen domains via deep
stacked transformation,” IEEE Transactions on Medical Imag-
ing, vol. 39, no. 7, pp. 2531–2540, 2020.

[8] W. Kim, A. Kanezaki, and M. Tanaka, “Unsupervised learning
of image segmentation based on differentiable feature cluster-
ing,” IEEE Transactions on Image Processing, vol. 29, pp. 8055–
8068, 2020.

[9] A. Mehrtash, W. M. Wells, C. M. Tempany, P. Abolmaesumi,
and T. Kapur, “Confidence calibration and predictive uncer-
tainty estimation for deep medical image segmentation,” IEEE
Transactions on Medical Imaging, vol. 39, no. 12, pp. 3868–
3878, 2020.

[10] T. Eelbode, J. Bertels, M. Berman et al., “Optimization for
medical image segmentation: theory and practice when evalu-
ating with Dice score or Jaccard index,” IEEE Transactions on
Medical Imaging, vol. 39, no. 11, pp. 3679–3690, 2020.

[11] P. Sharma, Y. P. S. Berwal, and W. Ghai, “Performance analy-
sis of deep learning CNN models for disease detection in
plants using image segmentation,” Information Processing in
Agriculture, vol. 7, no. 4, pp. 566–574, 2020.

[12] G. Du, X. Cao, J. Liang, X. Chen, and Y. Zhan, “Medical image
segmentation based on u-net: a review,” Journal of Imaging
Science and Technology, vol. 64, no. 2, pp. 20508-1–20508-12,
2020.

[13] M. B. Calisto and S. K. Lai-Yuen, “AdaEn-Net: an ensemble of
adaptive 2D-3D Fully Convolutional Networks for medical
image segmentation,” Neural Networks, vol. 126, pp. 76–94,
2020.

[14] G. Dong, Y. Yan, C. Shen, and H. Wang, “Real-time high-
performance semantic image segmentation of urban street
scenes,” IEEE Transactions on Intelligent Transportation Sys-
tems, vol. 22, no. 6, pp. 3258–3274, 2021.

[15] M. Praneeth, M. M. G. Krishna, K. Kavyalahari, and V. S.
Kumar, “An IoT based intelligent fall detection and health
monitoring system,” Annals of the Romanian Society for Cell
Biology, vol. 25, no. 6, pp. 17412–17418, 2021.

11Advances in Mathematical Physics



[16] H. Xie, B. Yang, Z. Ren, K. Mu, X. Zhao, and B. Li, “The infor-
mation security transmission method for intelligent examina-
tion based on ZigBee communication,” International Journal
of Information and Communication Technology, vol. 19,
no. 3, pp. 258–274, 2021.

[17] S. Singh, O. F. Nwabor, D. M. Syukri, and S. P. Voravuthi-
kunchai, “Chitosan-poly(vinyl alcohol) intelligent films forti-
fied with anthocyanins isolated from Clitoria ternatea and
Carissa carandas_ for monitoring beverage freshness,” Inter-
national Journal of Biological Macromolecules, vol. 182,
pp. 1015–1025, 2021.

[18] J. Mabrouki, M. Azrour, G. Fattah, D. Dhiba, and S. E. Hajjaji,
“Intelligent monitoring system for biogas detection based on
the internet of things: Mohammedia, Morocco city landfill
case,” Big Data Mining and Analytics, vol. 4, no. 1, pp. 10–
17, 2021.

[19] Z. S. Ageed, S. R. M. Zeebaree, M. A. M. Sadeeq et al., “A state
of art survey for intelligent energy monitoring systems,” Asian
Journal of Research in Computer Science, vol. 8, pp. 46–61,
2021.

[20] D. Wu, M. Zhang, H. Chen, and B. Bhandari, “Freshness mon-
itoring technology of fish products in intelligent packaging,”
Critical Reviews in Food Science and Nutrition, vol. 61, no. 8,
pp. 1279–1292, 2021.

12 Advances in Mathematical Physics


	Image Segmentation Techniques for Intelligent Monitoring of Putonghua Examinations
	1. Introduction
	2. Related Work
	3. Research on Image Segmentation Technology for Intelligent Monitoring of Putonghua Examinations
	3.1. Research on Image Segmentation Techniques
	3.2. Design of Intelligent Monitoring System for Putonghua Exam

	4. Experimental Results and Analysis
	4.1. Experimental Results

	5. Conclusion
	Data Availability
	Conflicts of Interest

