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Applications of artificial
Intelligence and machine
learning in image processing

Pingyuan Xu?, Jinyuan Wang?, Yu Jiang? and Xiangbing Gong?*

Zhejiang Infrastructure Construction Group Co., Ltd., Hangzhou, China, 2School of Traffic and
Transportation Engineering, Changsha University of Science and Technology, Changsha, China

Introduction: With the rapid development of artificial intelligence and
machine learning technology, image processing technology based on artificial
intelligence and machine learning has been applied in various fields, which
effectively solves the multi-classification problem of similar targets in traditional
image processing technology.

Methods: This paper summarizes the various algorithms of artificial intelligence
and machine learning in image processing, the development process of neural
network model, the principle of model and the advantages and disadvantages of
different algorithms, and introduces the specific application of image processing
technology based on these algorithms in different scientific research fields.

Results And Discussion: The application of artificial intelligence and machine
learning in image processing is summarized and prospected, in order to provide
some reference for researchers who used artificial intelligence and machine
learning for image processing in different fields.

KEYWORDS
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1 Introduction

With the development of information technology, great progress has been made
in image feature analysis, image registration, image fusion, image classification, image
recognition, content-based image retrieval, and image digital watermarking. These image
processing techniques reflect human intelligent activity and mimic, extend and extend
human intelligence on computers. They have intelligent processing capabilities. Due to
the remarkable achievements of artificial intelligence research and application at home
and abroad, the application effect of artificial intelligence technology in image processing
will be huge.

The idea of artificial intelligence and machine learning first emerged in the 1940s
and 1950s, when people proposed the idea of artificial intelligence, machine learning
also emerged. Many related scholars hoped to make computers intelligent and capable of
continuous self-learning like humans. Turing (1950) created the Turing test to determine
whether a computer is intelligent. But at that time, it was only in the initial stage. The
level of artificial intelligence and machine learning was very low, and it was very difficult
to realize intelligence. However, in the 1980s, Rumelhart et al. proposed the error back
propagation algorithm (Rumelhart et al., 1986), which brought a new direction to machine
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learning. Until now, we still use this algorithm to realize machine
learning. This algorithm does not have the predetermined rules
of human beings, and the machine can learn independently from
a large number of data and calculate the laws according to
relevant methods, from which to find out the natural laws, and
then used to predict and decide the future data, completing the
independent learning of the machine in the real sense. But this
kind of learning is superficial. In the 1990s, Pontil and Verri (1998)
proposed support vector machine algorithm (Pontil and Verri,
1998); Schapire (1999) proposed Adaboost algorithm (Schapire,
1999). Machine learning theory research has achieved fruitful
results. Many shallow models have been proposed. Support vector
machine, SVM, LR and other maximum entropy methods have all
achieved great success, and good feedback has been obtained in
theory and practice. But these shallow learning models require a
lot of practice and rich experience to get good results. With the
continuous research of many experts and scholars in the field of
artificial intelligence machine learning, Hinton, an internationally
renowned expert on machine deep learning, proposed in 2006
that multi-layer hidden layer can learn more features, be closer
to human cognition, and have a more essential cognition of data,
which is conducive to the identification of things (Hinton et al.,
2006). The proposed multi-layer convolutional neural network
model based on artificial intelligence and machine learning has
greatly promoted the rapid progress of related image processing
applications. But there are still many problems and difficulties in
the utilization of the image processing training through the network
and the relevant algorithm models, such as the limit of the number
of neural network layers (Hinton and Salakhutdinov, 2006), the
problem of gradient disappearance (In deep neural networks, the
gradient gradually decreases during backpropagation and eventually
becomes very close to zero) in the network structure layer and
excessive coupling in image processing training (He et al., 2014). To
solve these problems, many scholars have optimized the relevant
algorithms and structures, so as to improve the ability of image
processing. Niu and Suen (2012) designed a hybrid CNN-SVM
model, combined the automatic retrieval ability of CNN with the
classification and recognition ability of SVM, and carried out an
experiment on mnist digital database. The recognition rate of this
model reached 99.4%. Krizhevsky et al. (2012) in 2010, by increasing
and training convolution layers of convolutional neural networks
and using regularization mode, effectively reduced over-fitting of
fully connected layers. In 2012 imagenet Isvrc-2012 contest, The
further optimization of convolutional neural network reduced the
error rate of image processing to 15.3%, much higher than the
second place of 26.2%. In the following period, image processing
using artificial intelligence and machine learning has become a
research hotspot of many technology companies. Google, Facebook
and China’s Baidu have joined in. Google proposed GoogleNet
model (Szegedyetal, 2014) in 2014. In the aspect of image
processing, the number of parameters is reduced to only 5 million
while the processing algorithm is guaranteed to be the number
of network layers. In 2019, MobileNet V3 (Howard et al., 2020)
proposed by Google, not only guarantees the image processing
accuracy, but also reduces the model parameters to only 3.1% of
VGG-16, greatly reducing the amount of computation.

With the continuous development of artificial intelligence and
machine learning, combined with the continuous progress of
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current computer hardware facilities, the application of artificial
intelligence and machine learning in image processing will become
more and more intelligent, precise and efficient in the future.
Compared to the other reviews, In this paper, the algorithm models
commonly used in artificial intelligence and machine learning in
image processing, the principles and advantages and disadvantages
of different network models, and based on these models in various
fields of application and future development are reviewed.

2 Common algorithm model
2.1 Artificial neural network

Artificial neural network (ANN) (Schapire, 1999; Dreiseitl and
Ohno-Machado, 2002; Juan and Valdecantos, 2022; Dragovi¢, 2022)
is an algorithm model based on the simulation of brain neurons and
neural network structure and function, which abstracts, simplifies
and simulates the brain tissue structure and operation mechanism.
It is an algorithm model that simulates the structure and function of
biological nervous system. The model is based on multiple neurons,
as shown in Figure 1, and consists of three parts: input layer, hidden
layer and output layer (Egrioglu et al., 2022; Yusri et al., 2018). The
hidden layer plays an important linking role in the model. There
can be multiple hidden layers in a model and the number of
neurons in the hidden layer is uncertain. When the neurons in the
model receive the external input information, the information is
stored and summed. The stored information is summed and the
calculated value is output after the activation function is processed.
The principle is shown in Figure 2 and Equation 1. When the
output value is 1, the neuron becomes excited. Conversely, it
is in a state of inhibition. At the same time, when the neuron
sums the data, it uses different weights to sum the calculation.
In Equation 1, W1, W2, W3, W4... are the weight coeflicients of
each input data. At the same time, according to the different types
of information processed by the artificial neuron model, different
activation functions are used (Yang, 2006).

The artificial neural network is trained on the basis of input
parameters and output results. Through a lot of training, the
neural network model completes the data processing according
to the predetermined expectations of the designer. The training
and learning methods for neural network models are divided
into supervised learning and unsupervised learning (Wu and
Feng, 2018; Kasabov et al., 2016). People can constantly adjust the
learning algorithms in the neural network according to their own
needs. Generally, the weights and deviations of the parameters in
the neural network are adjusted.

Therefore, it can be seen that the artificial neural network
model is essentially a complex artificial network structure with
distributed storage, parallel processing, self-learning, and self-
organization characteristics, which is formed by using mathematical
algorithms to connect a large number of neuron processing
units according to certain rules. This structure makes the neural
network structure not only have the ability to high-speed search
for optimization solutions, but also can complete innovative self-
learning and environmental adaptation functions. The application
of this advantage can effectively meet the needs of image processing,
especially in the image compression processing link, using different
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FIGURE 1
Artificial neural network model.

activation function

input

FIGURE 2
Artificial neuron model.

nodes and levels. Set different numbers of nodes to solve the
characteristics of fewer data transmission level nodes, and ensure the
rationality and effectiveness of data processing. At the same time,
it can also greatly improve the data storage space and implement
efficient transmission through the network to achieve the purpose of
saving image space and improve the accuracy of image restoration
to a certain extent.

Although artificial neural networks have many advantages, they
inevitably have their own weaknesses: the most serious problem
is the inability to explain their reasoning process and reasoning
basis, and the neural network cannot work when the raw data is
insufficient. The theory and learning algorithm of neural networks
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need to be further improved and improved.
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2.2 Convolutional neural network

Convolutional neural network (Ulku and Akagunduz, 2019) is a
further deep learning based on artificial neural network. In machine
learning, convolutional neural network is a deep feedforward
artificial neural network, which has been successfully applied to
image recognition and large-scale image processing.

As shown in Figure 3, the composition of convolutional neural
network mainly includes the following parts: input layer, activation
function, convolutional layer, pooling layer, fully connected layer
and output layer (Yuan et al., 2019; Zhou, 2018). In the input layer,
image data is input, and each image is represented by pixel value
matrix. Convolutional layer is the core component of convolutional
neural network, and most of the work of image processing is
completed in the convolutional layer. After the image data is passed
from the input layer to the convolutional layer, the convolutional
layer extracts the features of the input image data, and a group
of convolution sub-composed of the convolutional layer learns
different image features of the image data. Among them, since
the input data is nonlinear, activation functions are introduced
into the convolutional layer to transform the learning features of
convolutional neural networks into nonlinearization. Commonly
used activation functions include Sigmoid function Equation 2 and
Tanh function Equation 3 (Adem, 2022; Zhang et al.,, 2023). The
pooling layer reduces the dimension of the input data image by
imitating human visual system, and represents the image with
higher level features. At the same time, the image pixel matrix
can be shrunk to efficiently shrink the input image data into a
matrix, and the features of different regions in the image can be

frontiersin.org


https://doi.org/10.3389/fmats.2024.1431179
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org

Xu et al.

10.3389/fmats.2024.1431179

Nt N AT

Convolutional

Input Images Layers

FIGURE 3
Convolutional neural network structure.
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aggregated for statistics, so as to reduce the excessive sensitivity of
the convolution layer to the image position, reduce the parameters
in the subsequent full connection layer, and improve the calculation
speed (Zhouetal, 2022). In actual training, common Pooling
methods include Average Pooling (Lai et al., 2017), Spatial Pyramid
Pooling (He etal., 2015) and Max Pooling (Bera and Shrivastava,
2020). In addition, the scale invariance and rotation invariance of
the convolutional neural network model can be improved through
the pooling layer operation to avoid the phenomenon of over-
fitting. With the improvement of various pooling methods, the
time of model training is greatly reduced. The fully connected
layer is mainly used to integrate the features transferred by the
conversion of the convolutional layer and the pooling layer, and the
output layer can judge the category of related images to achieve the
goal of image recognition. Convolutional neural networks include
one-dimensional convolutional neural networks, two-dimensional
convolutional neural networks and three-dimensional convolutional
neural networks. One-dimensional convolutional neural networks
are often used in sequential data processing. Two-dimensional
convolutional neural networks are often used in image text
recognition. 3D convolutional neural network is mainly used in
medical image and video data recognition. Convolutional neural
network technology has been widely used in image processing.
According to the specific requirements of image processing, many
convolutional neural network algorithm models are proposed for
image processing applications. There are mainly the following:
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2.2.1 AlexNet

AlexNet model (Krizhevsky et al., 2012) is shown in Figure 4.
It is the first large convolutional neural network model with
image processing proposed by Hinton research group in 2012 in
ImageNet’s large visual recognition challenge, and the error rate of
this model algorithm is only 15.3%. AlexNet model uses multiple
Gpus for data training, which greatly changes the disadvantages of
traditional single GPU training algorithm. At the same time, ReLU
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is used as activation function to improve the convergence speed of
convolutional neural network. In order to solve a large number of
network parameters to better regularize, thus avoiding the problem
of overfitting, the AlexNet model uses the Dropout layer. Finally,
the model further enhances the learning ability of CNN by means
of parameter optimization.

2.2.2 2GooglLeNet model

GoogLeNet model (Szegedy et al., 2014) was proposed by the
Google team in 2014. The number of layers of the GoogLeNet
model can reach 22, which can greatly improve the capability
of convolutional neural network. Compared with the VGGNet
model, when the number of network layers is further increased,
the number of related parameters in the GoogLeNet model is
greatly reduced to less than 1/3 of the number of parameters
in the VGGNet model and 1/15 of the original AlexNet model,
so the requirements on computer hardware resources are greatly
reduced. Although the performance of the model can be significantly
improved simply and directly with the increase of the number
of network layers, the network model becomes larger with the
increase of the number of network layers, which is prone to gradient
dispersion and overfitting. Therefore, the Geogle team proposed
the sparsely connected Inception module to reduce the number of
parameters, improve the utilization rate of computing resources, and
overcome the problem of repetitive and complex information. On
the basis of this module, Inception V2, Inception V3 and Inception
V4 models are successively introduced, as shown in Figure 5. The
GoogLeNet model is further improved.

2.2.3 VGGNet model

VGGNet ((Visual Geometry Group) (Gao and Mosalam, 2018)
convolutional neural network model on the basis of AlexNet model
and LeNet model uses a convolutional layer stacked with 3 x 3 small
convolution kernels to further improve the depth of the network
and enhance the performance of the model. Compared with AlexNet
model, the computational cost of VGGNet model is further reduced
due to the reduction of convolution kernel. VGGNet model can set
more network layers, can be set to 19 layers, through the increase
of the number of network layers, the network performance can be
significantly improved. However, as there are many convolutional
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AlexNet model (Krizhevsky et al., 2012).
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FIGURE 5
Conceptual model of Inception module (Szegedy et al.,, 2017).

layers stacked in the VGGNet model, many parameters of the model
are used, which has higher requirements for the system in use.
Commonly used VGGNet models include VGGNET-16 structure
and VGGNET-19 structure.

2.2.4 ResNet model

ResNet model (residual networks) is the residual convolutional
neural network model proposed by He et al. (2016) in 2015, which
is based on the convolutional neural network. The ResNet model
is mainly designed to solve the problem that although the number
of layers of the network in the VGGNet model and GeogleNet
model is increasing, the performance of image feature extraction
and processing is getting better and better, the optimization of the
network is becoming more and more difficult with the increase of
the depth of the network. In addition, simply increasing the number
of layers of the network has no obvious effect on model training,
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and the error rate of the model will also increase. ResNet model uses
residuals block to continuously approximate residuals mapping F(x)
to original mapping H(x), where H(x) = F(x) + x, where x is input
data. The specific structure is shown in Figure 6. The ResNet model
further deepens the depth of the network to 152 layers through the
stacking of residuals, which greatly enhances the image processing
ability. However, the above problems of difficulty in optimization
and gradient disappearance still exist.

2.2.5 U-Net model

U-net model is a neural network model based on the expansion
and modification of the full convolutional network proposed by Olaf
Ronneberger in 2015. Because the model architecture presents the
shape of the letter U, it is called U-Net (Ronneberger et al.,, 2015).
As shown in Figure 7, the network consists of two parts: a shrinking
path to obtain context information and a symmetric expanding path to
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FIGURE 6
Residual block structure diagram.

accuratelylocate the information of the identified object. Firstly, the up-
sampling convolution process of 2 * 2 is carried out for the identified
object each time through the path on the left, and the number of
corresponding feature channels is reduced to half of the previous one.
Then, the down-sampling is carried out through the right network
and the features in the up-sampling process are connected. The whole
network carried out 19 convolution operations, 4 pooling operations,
4 up-sampling operations, 4 clipping and copying operations. The
convolution layer uses the mode of “valid, padding = 0, stride = 17
(It refers to the model where the input data is not filled in during the
convolution process, and the size of the output feature graph shrinks
according to the size and stride size of the convolution kernel) for
convolution, so it can be seen that the final output image is smaller
than the original image. To get an output image of the same size as the
original image, you can use the “same” mode during the convolution
operation. This algorithm has a good performance in small target
image recognition, especially in the field of medical image. At the same
time, compared with traditional deep learning, which requires more
data training sets, U-Net can obtain better segmentation effect after
training with a small number of data sets. This is because the model
classiifies and processes each pixel of the target image to obtain higher
segmentation accuracy. In addition, the image segmentation speed of
U-Net model after training is also very fast. However, due to the use of
effective convolution in U-Net model, the difficulty and universality
of the model design are increased. At the same time, in some small
targetimage recognition and segmentation tasks, the problems of small
target loss and inaccurate edge of fuzzy object sometimes appear.
Due to the efficient performance of U-Net model, many scholars
have successively proposed UNet++ (Zhou et al., 2018), nnU-Net
(Isensee et al., 2021), UNet 3+ (Huangetal., 2020) and other
classical neural network models on this basis for different details and
needs, which have been continuously improved and developed.

2.2.6 CliqueNet model

CliqueNet (cluster network) was proposed by Yang et al. (2018)
in 2018. CliqueNet model adopts cluster connection and network
iteration mechanism to connect any two layers in the same group
forward or reverse. Constantly updated. Therefore, the CliqueNet
model, as shown in Figure 8, can maximize the transmission
efficiency between feature layers and effectively improve the
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accuracy of the network through feature re-calibration of channels
and spatial dimensions in the network conversion layer.

2.3 Support vector machine

The support vector machine (SVM) model (Chauhan et al., 2019;
Rahat et al., 2019) was proposed by Vapnik et al. in the 1990s. The
SVM model is based on the relevant theories of statistics and the
principle of minimum structural risk. Based on the limited sample
information, Seek the best compromise between the complexity of the
model (i.e., the learning accuracy of a specific training sample) and the
learning ability (i.e., the ability to identify any sample without error)
to obtain the best ability. Through the support vector machine model,
the relevant features of the image are taken as the input parameters
of the classification of the support vector machine through certain
algorithms, and as the classifier of the core component of the support
vector machine, the image data is trained, and the given data is
divided into two categories according to the rules, linear classifiable
and nonlinear, and the optimal classification surface is found in all the
classification surfaces. A classifier model with minimal structural risk
is constructed to realize the target of image recognition.

2.3.1 Linear support vector machine (SVM)

For linear classifiable problems, the optimal classification
surface is directly found with a given sample. Function G(X) = ax+b
is used to construct the classification surface, where a represents the
direction vector of the plane vector, and b represents the offset of the
plane. The value of the function G(X) is shown in Equation 3. Using
the selected sample number m as the sample space, the training
set of the sample is divided into (x;,y,),(X,y,)----.- (Xm»¥y)» the
sample is represented by (xi,yi), xi represents multidimensional
linear fractional data,yi represents the category where xi is located.
After solving the corresponding linear classifier by using the
equation, the maximum classification interval can be solved, and the
optimal classification surface can be obtained, so as to process the
corresponding data.

= 0; Pointsonthe classi fication plane
G(X)q < 0;Pointswithsampletypeof—1 (4)

> 0; Pointswithsampletypeof 1

2.3.2 Nonlinear support vector machine

In daily life, linear unclassifiable data are mostly used. It is
impossible to classify data accurately through linear classifiers. When
the problem is linearly non-separable, there will be isolated points
in the given data sample, and the linear classifier will classify the
isolated points incorrectly. In order to solve this problem, we add
relaxation variable to the solving analysis of classification function, in
which relaxation variable refers to the distance between the isolated
point and the plane where the isolated point is located. In solving
the classification function, a constant is specified as a penalty factor
to limit the value of the relaxation variable. The larger the value
of the relaxation variable is, the farther the distance between the
isolated points and the correct classification plane will be. The larger
the value of the penalty factor is, the more points can be correctly
classified. In order to solve the nonlinear classification problem, we
need to introduce kernel function, through which the low-dimensional
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sample space is transformed into a linearly separable high sample
space by mapping relation. The transformation relation we use is
kernel function. Under the transformation of kernel function, the
two-dimensional indivisible sample data is converted into linear
fractional data in three-dimensional space, so that we can find the
most classification surface, and then find the classification function. In
support vector machine model, kernel function as the core determines
whether the classifier can carry out better reasonable classification. The

Frontiers in Materials

types of kernel functions commonly used mainly include polynomial
function, Gaussian radial function and S function.

2.4 Swarm intelligence algorithm model

Swarm intelligence (Beni and Wang, 1993) was first formally
proposed by Beni and Wang. This algorithm is mainly proposed
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based on the principle of intelligent cooperation of biological
groups such as ant colonies and migratory bird colonies in nature.
Swarm intelligence algorithm through the principle of a large
number of individuals composed of group behavior research, the
group behavior modeling, set up the corresponding rules, and then
form the corresponding algorithm. According to different starting
points of research objects (Bhardwaj et al., 2022), swarm intelligence
algorithms can be divided into collective intelligence represented
by ant colony algorithm, which regards the research group as a
group of agents, and particle swarm optimization algorithm, which
regards the members of the research group as individual particles.
In the aspect of image processing, swarm intelligence algorithm is
mainly combined with image segmentation. Many scholars continue
to optimize on the basis of ant colony algorithm and particle
swarm optimization algorithm to ensure the accuracy of image
segmentation. Under the premise of image segmentation, image
segmentation processing speed is further improved.

2.4.1 Ant colony algorithm

The principle of Ant Colony Optimization (ACO) (Zhang and
Dahu, 2019) comes from the fact that when ants go out to look
for food, they can always find the shortest route back to the nest
by avoiding the corresponding obstacles. Based on the analysis of
this activity of ants looking for food, scholars proposed Dorigo et al.
proposed the ant colony algorithm (Dorigo and Di Caro, 1999).
The algorithm was first applied to the traveling salesman problem,
then ant colony algorithm has been used in many types of research,
and has been continuously optimized. The main principles of the
algorithm (Gutjahr, 2000; Sen Sarma and Bandyopadhyay, 1989; Ilie
and Bidica, 2013) are shown as follows:

Firstly, the positions of n ants are randomly assigned to complete
the initialization. At first, on the way ants set out to find food, the
pheromone concentration on each path was the same, with the first
ants, the second... to the nth. The probability of each ant choosing
the path of departure is shown in Equation 4.

INEPRE
[T,](t)] [‘P:;] j € allowed,

pfj(t) - Zseallawedk [Tij(t)]a [(P’J(t)]ﬁ ’ ©
0,

Otherwise

In the formula: pﬁ(t) represents the probability function of the
path randomly selected by the ant; 7;; represents the pheromone
representing the edge of the path; ¢;; represents the heuristic factor
of the ant from the starting point to the end point, ¢; = 1/d;; dj;
represents the distance from the starting point to the end point;
allowed,_ is the set of locations that the ant can access

Then, after a period of time, all the ants that had gone out
looking for food returned to their original locations. At this time,
the pheromone concentration of each ant going out to find the road
will change. After the ant colony’s exploration, the nearest path will
be retained, and the pheromone concentration at the edge of the
path will be correspondingly high (Smith et al., 2014). Of course, the
pheromone concentration left on the edge of the road where the ants
go out to search for food will also evaporate over time. The changes
of pheromone concentration on the edge of the road are shown in
Equations 5, 6.

7= (1-p)7y (6)
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In the equation: p is the coefficient of pheromone volatilization;
ATJ;. is the pheromone released by the k th ant at the edge of the path
from the starting point (i) to the end point (j);

Finally, the ants returning to the original location prepare for
the next search for food, constantly optimize the path, and the
pheromone concentration on the edge of the path is constantly
changed, which should also take into account the volatilization of
pheromones on the edge of the path. Finally, find the best path in
the constant loop.

In image processing, an ant can be regarded as a pixel in
the image. The process of ants going out to search for food is
just like image segmentation in image processing. By using the
positive feedback mechanism, ants can find the best path principle
after searching for food, and the image segmentation is more
accurate. With the further study of ant colony algorithm, Qin et al.
(2019) improved the initial clustering center by updating the
parameter of pheromone concentration and combining with the
threshold segmentation method of image, thus further improving
the accuracy of image processing and segmentation. El-Khatib et al.
(2019) proposed a new segmentation method for image processing
by combining the advantages of k-means algorithm with ant colony
algorithm, which is obviously superior to the effect of single
algorithm.

2.4.2 Particle swarm optimization algorithm

Particle Swarm Optimization Algorithm (PSO) is a swarm
intelligence algorithm proposed by Kennedy and Eberhart through
the swarm behavior study of bird foraging behavior (Kennedy and
Eberhart, 1995). The principle of the algorithm is derived from the
fact that cooperative hunting birds communicate with each other
based on the experience of the group members to optimize the
search pattern and improve the efficiency of searching for food.
We regard each bird in the flock as a particle, and the whole flock
is equivalent to a particle swarm. Particle swarm is in a space
of random solutions, and particles share their optimal solutions
with each other. After optimization function processing, there is an
optimal solution for a single particle and a global optimal solution
for the whole particle swarm.

The specific principle of particle swarm optimization algorithm
(Marini and Walczak, 2015; Tangetal, 2021) is shown in
Equations 7, 8:

7)

Vigl = Ve H 61 (Pi,r - xr) + C3’2(Pg,t - xt)

(8)

Xp1 =X+ Vi

In the formula: v, and x, represent the velocity and position of
the particle at time t respectively; p; , represents the optimal solution
of a single particle before time t. p,, represents the global optimal
solution of the particle swarm before time t; ¢;,c,,c; represent the
cognitive coefficient of particles; r,, r, are random parameters in the
range of [0, 1].

In Equation 6, ¢;v, is the velocity vector of the particle at this
point in time, and c,r, (pi)t - x,) represents the vector from the
current value to the optimal value of the particle, which is affected
by the cognition coefficient. ¢;r, ( Poi— xt) represents the vector from
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the current value to the global optimal solution, which represents the
cooperation and information exchange ability of particle swarm.

In the particle swarm optimization algorithm, each particle
has only two attribute parameters speed and position, which
also makes the parameter setting of the algorithm simple and
the processing speed fast. Since the particle swarm optimization
algorithm was proposed, scholars from various aspects have made
continuous improvements, mainly including the improvement of
the algorithm itself (such as parameter change, algorithm structure
optimization) and the fusion of particle swarm optimization
algorithm with other algorithms. For example, Kangling (2008)
used fuzzy entropy as the target and particle swarm optimization
algorithm to solve the problem of selecting the optimal threshold
in image processing. Zhang and Lim (2020) combined deep neural
network with particle swarm optimization algorithm to make the
search process of retinal image segmentation more diversified.

3 Applications in different fields

3.1 Application of medical image
processing

Artificial intelligence and machine learning, as auxiliary means
in medical imaging, can greatly improve the working efficiency
of doctors (Kumar et al., 2022). At present, the application model
based on convolutional neural network (CNN) algorithm has been
used in diagnosis of various images in the medical field. Common
MRI image analysis, CT image analysis, ultrasonic image analysis
and X-ray image analysis.

Aiming at the problems of medical image quality and imaging
speed, Long et al. (2015) used the complete convolutional network
to process images and replaced the fully connected layer in the
convolutional network by using the restored convolution and
maximum pool in the complete convolutional network to make
the output image become full resolution. Improve the imaging
quality and speed of medical imaging. In specific medical treatment,
most medical images are mainly used to image the detection
parts of the human body through radioactive substances. The
main principle is to make use of the differences in density and
thickness of various tissues and organs of the human body and the
differences in the amount of radiation absorption, so as to change
the distribution of transmitted rays and finally present them through
a series of transformations. The larger the amount of radioactive
material is, the better the imaging effect will be, but it will cause
certain damage to human experience. Therefore, Lyu et al. (2021)
proposed a machine learning model based on convolutional neural
network, which can transform medical imaging under low dose
radiation into medical imaging under normal dose, so as to ensure
imaging quality and reduce radiation damage to patients. In daily
diagnosis, doctors often need to compare and analyze medical
images. At this time, different images need to be mapped to an
image. Traditional methods often need to consider measurement
methods, similarity, image-based registration and other parameters,
which is time-consuming and labor-intensive. However, the creation
of a learning model based on artificial intelligence and machine
learning can effectively solve the image registration problem. For
example, Cheng et al. (2018) proposed an artificial intelligence and
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machine learning model for multi-modal CT-MR registration of
skull images based on DNN architecture. In addition, in medical
ultrasound image imaging, the scattered echo of ultrasound will
lead to the imaging and human organs and tissues are not
clearly distinguished, affecting the judgment of doctors. Trinh et al.
(2011) proposed an adaptive mean filtering ultrasonic image noise
reduction model using support vector machine (SVM). This model
uses the characteristics of support vector machine classification
to distinguish noise from non-noise in ultrasonic images, and
finally combines with mean filtering to denoise the images, so
as to better preserve the edge features of human tissue region
in imaging.

The use of artificial intelligence and machine learning in image
processing related diseases has been a great success to this day. The
artificial intelligence system developed by Harvard Medical School
has been able to identify cancer cells in pictures of breast cancer cases
with an accuracy of 92%, and combined with artificial pathological
analysis, its diagnostic accuracy can reach 99.5% (Luchini et al.,
2022). With the further application of artificial intelligence and
machine learning to medical image processing, image analysis and
disease diagnosis will be more efficient and intelligent.

The industry has recognised the potential applications of
employing artificial intelligence to create annotated data sets of
medical photographs, as the need for medical AI scenarios to be
launched grows. In certain studies, real-world clinical data can be
assigned using natural language processing and image cognitive
models; this is accomplished through the use of the people-in-
the-loop (human-in-the-loop) method, iterative building based on
clinical data annotation, standardisation, and large-scale data; in the
future, it is anticipated that the data from medical image analysis and
medical research methods will be combined.

3.2 Application of facial image recognition
processing

In general, there are three main components to a facial
expression recognition system: feature extraction and discriminant
analysis, face detection and normalization, and classification
and validation. Because we can only significantly increase the
performance and impact of the classification algorithm by precisely
extracting the representative feature set, face feature extraction
has the most influence on face recognition and face expression
recognition in the three steps mentioned above. Numerous
techniques for extracting face features have been developed; the
wavelet transform is the most well-known and frequently utilized
one (Wu et al.,, 2010). The wavelet transform’s capacity to locate in
the time and frequency domain made it a valuable tool for feature
extraction in the past. It is limited to capturing the point singularities
in the image; it is unable to capture the facial feature that sets the
face apart, which are the curves and lines. Curve transformation-
based pattern recognition has been the subject of numerous
investigations. Tang and Chen (2013) proposed an improved facial
image recognition method by using particle swarm optimization
(PSO) and improved support vector machine model (SVM), which
further improved the accuracy and robustness of facial image
recognition. In 2014, Sun et al. (2014a), Sun et al. (2014b) proposed
DeepID based on convolutional neural network. The accuracy of this
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algorithm in facial image recognition by CeleFace reached 97.45%.
After improving the depth of the algorithm and increasing the
number of layers, DeepID2 and DeepID2+ were introduced, and
the recognition rate of facial images reached 99.47%, surpassing
the level of human eyes. With the wide application of facial image
recognition, it becomes more and more convenient to use facial
image information to identify and search individuals. Because of
the convenience of facial information collection, simple devices
such as cameras or video cameras can be used to capture facial
information. Ragul and Cloudin (2021) used a large number of
facial image databases to train convolutional neural networks, and
proposed a face recognition method based on density network for
the recognition and confirmation of criminals. Compared with the
traditional single fingerprint confirmation, this method is faster
and more efficient. In recent years, in some fields with high
security requirements, the application of artificial intelligence to
analyze and process facial images has become more and more
popular in the field of security. Singh et al. (2021) proposed an
imaging system technology based on rapid development. Through
the processing and analysis of acquired facial images, real-time
monitoring of continuously obtained facial images can be realized
and the changing trend of acquired facial image data can be mastered
under the condition of ensuring physical and digital security. In
view of this feature, the paper “Real-time Detection of Suspicious
Events of Bank Automated Teller Machines Based on RGB + D and
Deep Learning” argues that with the increase of illegal activities
of automatic teller machines, real-time monitoring can be utilized
to achieve real-time analysis of facial images, and some abnormal
behaviors can be recorded in time to make responses (Khaire and
Kumar, 2021). To get rid of the problem of relying solely on human
supervision by security guards.

Not only is Al figuring out how to collect more available data,
but it also needs to figure out how to create more accurate models. In
the mode of continuous improvement, there are still many problems
waiting for us to solve, especially the deep learning face recognition
will be an improved mode. For example, in the case of convolutional
neural network, how to separate a higher requested image feature,
how to optimize the confirmation rate and elasticity of pictures, and
in the case of sublayers of face recognition, the choice of parameters
still needs further research.

3.3 Application of agricultural image
processing

With the development of artificial intelligence and machine
learning, especially the great success of deep machine learning based
on convolutional neural network in image processing, the research on
agricultural image processing using artificial intelligence and machine
learning models is getting deeper and deeper. At present, agricultural
image processing using artificial intelligence and machine learning
is mainly focused on crop growth monitoring, agricultural product
quality detection and crop diseases (Khan et al., 2022).

In terms of crop growth detection, artificial intelligence and
machine learning can be used to extract features such as color
and shape of leaves, rhizomes and fruits in the process of crop
growth. Through the design and calculation of relevant algorithms,
the growth health status and maturity of crops can be judged,
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greatly improving the efficiency of agricultural production and
management. However, the performance of the plant disease
classification system mainly depends on the feature extraction
efficiency and the type of classifier used for training. These features
correspond mainly to the leaf disease symptoms. However, these
techniques provide good performance in small datasets, but their
performance decreases when used in large datasets. Machine
learning techniques such as random forest (RF) and artificial
neural networks (ANN) can provide improved results, but with
long parameters and computation time. The processing of these
architectures is also very time-consuming and complex. In this
regard, Sahu and Pandey (2023) proposed a new hybrid random
forest multi-class SVM (HRF-MCSVM) model for the detection of
plant leaf diseases, which effectively solved the problem of time-
consuming and complex computation in the large data volume
of traditional random forest (RF) and artificial neural network
(ANN). At the same time, 54,303 healthy and diseased leaf images
were selected for testing, and the recognition accuracy of HRF-
MCSVM was 98.9%. In terms of crop diseases and pests, it is
difficult to determine the accuracy of disease classifiers and small
marker data sets (10-800 images). Many scholars use convolutional
neural networks to train corresponding machine learning models
with a large number of crop diseases and insect pests images as
databases. Brahimi et al. (2017) trained the proposed convolutional
neural network model based on 14,828 images of 9 kinds of tomato
leaf diseases, and the accuracy of the model for disease recognition
of tomato leaves reached 99.18% at last. Liang et al. (2019) used
convolutional neural networks to build a deep learning model
for feature extraction and classification of rice blast. Compared
with traditional recognition methods, this model had stronger
recognition ability and the accuracy of classification of rice blast was
up to 95%. It has greatly improved people’s ability to prevent crop
diseases. Food safety issues are being mentioned more and more.
In terms of quality monitoring of agricultural products, relevant
scholars use the structural composition of agricultural products
and food to occupy a specific amount of light, that is, different
structures will show different characteristics of light absorption
and scattering. This is because materials in different tissues absorb
light at different rates. Lorente et al. (2013) used five emission light
sources to detect citrus rot. Through the analysis of the image
of citrus after light irradiation, Gaussian Ehrentz function was
used to describe the backscattering characteristics. Using linear
discriminant analysis as classification model, the detection accuracy
reached 80.4% at 532 nm, and the detection accuracy reached 96.1%
with the combination of five light wavelengths.

In recent years, the use of hybrid systems (such as neuroblur
or image processing) combined with artificial neural networks is
emerging. It moves toward more automated, more accurate systems
that can take action in real-time. Further research is being conducted
using more advanced tools so that traditional agriculture can move
towards precision agriculture at a low cost.

3.4 Application of asphalt mixture CT
image processing

In the present asphalt pavement design method, generally used
is mainly Marshall design method and Superpave design system. In
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practical engineering, these two methods are mainly based on the
macro performance of asphalt pavement to study the composition
of asphalt mixture pavement material design, so as to establish the
relationship between the macro performance of asphalt pavement
and asphalt mixture design. However, with the further study of
asphalt mixture performance, it is found that the meso-structure of
asphalt mixture plays a crucial role in the performance of asphalt
mixture, and the meso-structure of asphalt mixture often affects the
macroscopic performance of pavement. Therefore, many researchers
transfer the study of asphalt mixture to the microscopic, with the
help of CT technology and the development and digital image
processing technology to study the internal structure of asphalt
mixture for a lot of research.

After the scanned image is obtained from the asphalt mixture,
the physical image is generally converted into a digital image and
then the useful information is extracted from the digital image
through computer processing. At the same time, the acquired
image should be restored and enhanced, and then the acquired
image should be processed by smoothing, sharpening, threshold
segmentation and other methods, so as to improve the image quality.
Finally, the image information is further studied to obtain useful
feature parameters (Lorente et al., 2013). Especially after the image
enhancement, the image segmentation method based on threshold
is a common image segmentation method, the main idea is that
different targets have different characteristics, such as color, gray
level, contour, using the subtle differences between the features,
select the threshold to divide into the target and the background.
Threshold segmentation can realize image segmentation quickly. It
is often used when the target and background are quite different,
and it is difficult to recognize complex environment. The image
segmentation based on this method will still have the error of
aggregate boundary segmentation, and the adhesion of aggregate
will occur, which will lead to the error of the identification of
the number of subsequent sequels, and then affect the relevant
calculation of subsequent parameters such as volume fraction.

With the progress of artificial intelligence and machine deep
learning, artificial intelligence and machine learning are used in
image segmentation. After inputting the image features to be
recognized in the system, a stable and mature system is formed
after a large number of image segmentation exercises by the
machine, which can effectively segment the characteristics of
aggregates in the image. For example, Dollar et al. (2006) proposed
a BEL edge detection algorithm based on the PBT (Boosting
Tree) classifier. Jin et al. (2022) introduced Inception’s multi-block
mechanism and DenseNets dense connection mechanism to solve
the problem of color difference in ore image recognition. Based
on semantic segmentation network U-Net,and built a multi-
module and densely connected U-Net deep convolutional network
mining and rock image segmentation algorithm. Compared with
traditional segmentation methods such as maximum variance
method, cluster analysis, edge extraction, etc., this mining and rock
image segmentation algorithm based on U-Net deep convolutional
network has high segmentation accuracy and good segmentation
effect, and can directly obtain the number of ore and rock blocks
in the effect map, greatly reducing the amount of image follow-
up processing and improving the processing speed. Future trends
are likely to continue to focus on how to further improve the
performance of U-Net and its variants, including but not limited

Frontiers in Materials

11

10.3389/fmats.2024.1431179

to developing more efficient training algorithms, introducing more
jump connections to capture more contextual information, and
exploring the application possibilities of U-Net in other areas.

3.5 Applications in the field of
transportation

The application of artificial intelligence and machine learning
has been well applied in many fields. Based on the analysis and
modeling based on traffic big data, artificial intelligence and machine
learning have also been applied in the field of transportation in
various directions, bringing traditional transportation into the era
of intelligent transportation. At present, the application of artificial
intelligence and machine learning in the field of traffic mainly
focuses on traffic flow prediction, traffic law enforcement, traffic
accident prediction and road detection.

In terms of traffic management, traffic flow prediction is a part
of an intelligent transportation system. Passengers and government
departments can receive real-time traffic information and traffic
decision basis to solve the congestion problem prediction through
accurate and reliable traffic flow results. The sensor system installed
on various road types provides traffic network traffic, speed, lane
occupancy rate and other information, to realize short-term traffic
flow prediction. How to improve the accuracy of traffic flow
prediction has always been the focus of intelligent transportation
system. Artificial intelligence algorithm and machine deep learning
are used to put the corresponding model into the collected
massive traffic flow data and images for training and learning.
We constantly make the corresponding adjustments in the model
training, and finally get the model that can predict the traffic flow.
Medina-Salgado et al. (2022) proposed an improved KNN model
considering the existing temporal and spatial correlations in the
traffic network by adopting a new dynamic distance metric that
uses physical and data characteristics to replace physical distance
and is represented in the state matrix to simulate traffic conditions.
Comparative testing with other intelligent algorithms on traffic
data set of Liuligiao District in Beijing shows that the proposed
model shows higher accuracy, and the MAPE value is 2.96%
higher than the original KNN model. Lin et al. (2020) proposed a
traffic flow prediction model based on correlation vector machine
by optimizing the parameters of combinatorial kernel function
through genetic algorithm and particle swarm optimization, and
verified the proposed model with real data of Whitemud Drive in
Canada. Experimental results show that the proposed model has
higher accuracy than other prediction models, and the optimized
model significantly reduces the algorithm time. Ganji et al. (2022)
developed an AADT prediction model based on vehicle detection
and road feature extraction from Google aerial images. R-CNN
detected vehicles in aerial images and captured vehicles and road
features of more than 17,800 roads from Google aerial images. The
method of extracting road area, road width and road direction is
developed, and the time stamp of aerial image is captured. The results
show that the proposed method has high accuracy. Although the
traffic flow prediction model has made great development in recent
years, behind the improvement of the prediction accuracy is a larger,
more complex and more difficult to train deep learning model. The
training and deployment of these models requires a lot of training
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time and computing resources; more complex models mean more
training data, limiting the generalization and deployment of models.
Therefore, in order to apply to more application scenarios and fast
delivery requirements, the design of light and high-performance
traffic prediction model is one of the key breakthrough directions
in this research field.

In terms of traffic law enforcement, the current traditional
license plate positioning method cannot detect license plates in
complex road conditions such as bad weather conditions and
view point changes. Moreover, machine learning-based license
plate positioning methods have difficulty in accurately locating
license plate areas, and license plate positioning methods may
mistakenly detect objects similar to license plates, such as billboards
and road signs. As a result, some scholars have used artificial
intelligence and machine learning to process images and videos
based on the large number of photos generated by surveillance
photography and photography. After the established model is put
into the image database for training, it can effectively identify
related illegal traffic behaviors and greatly improve the efficiency of
traffic law enforcement. Chen et al. (2016) developed an adaptive
sparse reconstruction method of vehicle behavior learning based
on video surveillance system to distinguish normal and abnormal
vehicle motion modes. In the experiment, CROSS, i-LIDA, Stop
Sign and I5 data sets were used to verify the performance and
effectiveness of the proposed method. The results show that the
classification and anomaly detection accuracy of this method is
better than those of naive Bayes classifier, k nearest neighbor,
support vector machine and traditional trajectory learning method
based on sparse reconstruction, which can provide some references
for traffic management, public service and law enforcement. Due
to the uniformity of license plates, this feature can be used to
carry out effective image processing, so that the traffic management
department can better discover the problems in vehicle operation,
reduce the traffic accident rate, and improve the efficiency of traffic
law enforcement. Min et al. (2019) proposed a new vehicle license
plate location method based on novel YOLO-L and license plate pre-
recognition. By using the K-means ++ clustering algorithm to select
the optimal number and size of candidate frames and modify the
structure and depth of the YOLOv2 model, license plates and similar
objects can be effectively distinguished. Experimental results show
that the proposed method achieves 98.86% accuracy and 98.86%
recall rate, which is superior to the existing method. However,
the current detection speed can be used in real time with the
assistance of the GPU. Detection efficiency can be further improved
by further reducing the detection area. We can study this further
in the future.

Traffic accidents have become a very serious concern worldwide
because it can lead to major injuries, death and property damage.
Therefore, predicting the severity of traffic accidents is of great
significance for the government traffic departments to formulate
traffic safety policies, as it can reduce casualties and property losses.
Furthermore, identifying the key factors affecting the severity of
traffic accidents is crucial for choosing safety countermeasures
and strategies to mitigate the severity of traffic accidents. At
present, scholars use the existing traffic accident data statistics
to model the road traffic accident based on the corresponding
machine deep learning, and apply the model to the traffic
accident prediction. Alqatawna et al. (2021) effectively predicted
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traffic accidents by analyzing the data of traffic accidents in Spain
from 2014 to 2017 and training the artificial neural network
model, and the predicted results were close to the actual results
of highway traffic accidents. Yang et al. (2022) proposed a multi-
task model based on deep neural network framework to predict
the severity of traffic accidents on the basis of deep neural
network. The model also combines the factors of property loss
that people ignore in traffic accidents. One of the future challenges
of road traffic forecasting is to expand the scope of proposed
models and predictions by integrating heterogeneous data sources,
including geospatial data, traffic information, traffic statistics, video,
sound, and emotion from social media, which many authors
believe can improve the accuracy and accuracy of analysis and
prediction.

4 Conclusion

With the continuous development and progress of artificial
intelligence and machine learning, the application of artificial
intelligence and machine learning in image processing is more and
more extensive. Compared with the traditional commonly used
finite element, discrete element model and threshold segmentation
and other image processing methods, the calculation is complex and
time-consuming, and the application of artificial intelligence and
machine learning in image processing is more efficient and accurate.
The image processing effect is better. In this paper, the correlative
image processing neural network model and its application are
analyzed and prospected.

a) The recognition model of artificial neural network is an
artificial intelligence machine learning model that simulates
biological nervous system. Using artificial neural network can
effectively solve the problem of artificial extraction of image
features. Because the artificial extraction of image features
requires operators to have rich experience. Based on artificial
neural network, image features can be extracted independently,
and then image processing, which solves the shortage of
artificial feature extraction.

b) In image processing, in order to extract image features more
effectively, artificial neural network needs to set more nodes,
which will lead to too many network parameters, resulting in
increased learning difficulty or excessive learning affecting the
efficiency of image processing.
With the development of artificial intelligence and machine
learning, convolutional neural network based on artificial
neural network has become an absolute mainstream
trend in the application of image processing. Based on
convolutional neural network, the algorithm model of image
processing is constantly updated, and the capability, speed
and quality of image processing are becoming stronger
and stronger.

The application of artificial intelligence and machine learning

to image processing tends to be more and more lightweight.

On the premise of ensuring the accuracy and speed of

processing, the main research direction in the future will

be to use fewer parameters, reduce the conditions of
use and further improve the image processing speed and
recognition accuracy.
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