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ABSTRACT

Computer vision is a cutting-edge information processing technology that seeks to mimic the human
visual nervous system. Its primary aim is to emulate the psychological processes of human vision
to interpret and depict objective scenery.  This revolutionary field encompasses a wide range of
applications, including life sciences, medical diagnosis, military operations, scientific research, and
many others. At the heart of computer vision lies the theoretical core, which includes deep learning,
image recognition, target detection, and target tracking These elements combine to enable
computers to process, analyze, and understand images, allowing for the classification of objects
based on various patterns One of the standout advantages of deep learning techniques, when
compared to traditional methods, is their ability to automatically learn and adapt to the specific
features required for a given problem.  This adaptive nature of deep learning networks has opened
up new possibilities and paved the way for remarkable breakthroughs in the field of computer vision.
This paper examines the practical application of computer vision processing technology and
convolutional neural networks (CNNs) and elucidates the advancements in artificial intelligence
within the field of computer vision image recognition. It does so by showcasing the tangible benefits
and functionalities of these technologies.
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1. INTRODUCTION

Image recognition stands out as a crucial application within the realm of computer vision. It
empowers computers to swiftly identify and categorize objects in images, with real-world
implications spanning multiple industries. For instance, in the medical field, image recognition can
rapidly pinpoint and classify diseases within human body scans.  In the realm of security monitoring,
it can swiftly detect and identify abnormal behaviors by analyzing real-time surveillance footage.
Furthermore, in the emerging field of autonomous vehicles, image recognition plays a pivotal role in
enabling self-driving cars to perceive and comprehend their surroundings. The advent of deep learning
has significantly advanced the capabilities of computer vision. Specifically, supervised Convolutional
Neural Networks (CNNs) have proven to be immensely successful in tasks like image classification
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and object detection. These networks have also sparked exploration into pixel-level markup, notably
in the area of semantic segmentation.

In conclusion, computer vision, driven by deep learning and image recognition technologies, has
revolutionized how we process, analyze, and understand visual information. Its wide-ranging
applications hold promise for numerous industries, making it a transformative force in the realms of
science, healthcare, security, and transportation. As research in this field continues to advance, we
can expect even greater breakthroughs that will reshape the way we interact with and interpret the
visual world around us.

2. RELATED WORK
2.1. Computer vision

The principle of computer vision mainly includes image acquisition, image preprocessing, feature
extraction, image recognition and image understanding. Image acquisition is the basis of computer
vision, which uses cameras, sensors and other devices to convert images in the real world into digital
signals for computer processing. The quality of image acquisition directly affects the effect of
subsequent processing, so it is very important to select the appropriate equipment and acquisition
parameters. Image preprocessing is to process the acquired image, including denoising, enhancing,
sizing and so on. Denoising can be realized by filtering algorithms, such as median filtering, Gaussian
filtering, etc. Enhancement can improve image quality by adjusting contrast, degree, etc. Sizing
allows you to scale an image to the right size. The purpose of image preprocessing is to reduce the
noise, highlight the key information in the image, and prepare for the subsequent feature extraction.

Therefore, feature extraction is the core of computer vision. Features are distinctive and descriptive
information in an image that can be used to distinguish between different objects or scenes.
Commonly used feature extraction methods include edge detection, corner detection, texture analysis
and so on. Edge detection can extract edge information by looking for pixels with large changes in
light and dark in the image. Corner detection can extract corner information by detecting extreme
value points in images. Texture analysis can extract texture features by statistical distribution of pixels
in the image. The purpose of feature extraction is to convert complex image information into simple
feature vectors, which is convenient for subsequent image recognition and understanding.

2.2. Application of computer vision image recognition

Image recognition is one of the important applications of computer vision. Image recognition refers
to the analysis and comparison of images by computers to find out the objects or scenes in the images.
Common image recognition methods include template matching, machine learning and deep learning.
Template matching is a simple recognition method, which is used to calculate the similarity between
the image and the known template. Machine learning is a recognition method based on statistical
methods. It builds a classification model by training samples, and then compares the image to the
model. Deep learning is a recognition method based on neural network, which learns the features and
patterns in images through multi-level network structure, so as to achieve high-precision image
recognition.

Image understanding is the highest level of computer vision, which is the process of semantic analysis
and reasoning of images. Image understanding includes object detection, scene understanding and
behavior analysis. Day mark detection is to find out the position and boundary of a specific object in
the image; Scene understanding refers to the analysis and description of the scene in the image.
Behavior analysis refers to the action recognition and behavior analysis of people or objects in images.
The main purpose of image understanding is to convert the content of the image into a form that the
computer can understand and process, which provides the basis for the computer to make decisions
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and interactions. The principle of computer vision mainly includes image acquisition, image
preprocessing, feature extraction, image recognition and image understanding. Through the
acquisition, processing, analysis and understanding of images, computer vision can realize the ability
to automatically recognize, analyze and understand images, providing strong support and applications
for artificial intelligence and robotics.

2.3. Image recognition implementation principle

Image classification is one of the most classic tasks in the field of computer vision, the purpose of
which is to correspond the input image to a predefined semantic category, that is, to label the category.
The traditional image classification method consists of basic feature learning, feature coding, space
constraint, classifier design, model fusion and so on.

First, extract features from the image, Classic feature extraction methods include HOG(Histogram of
Oriented Gradient) and LBP(Local Bianray Pattern). Local binary mode), SIFT(Scale-Invariant
Feature Transform), etc., can also fuse multiple features to retain more useful information. Then, after
the feature is encoded, the redundancy and noise are removed, and the feature coding is generated.
The classical methods include sparse coding, local linear constraint coding, Fisher vector coding, etc.
Then, the feature aggregation is realized after the spatial feature constraint, such as the classic
pyramid feature matching method. Finally, classifiers are used for classification. Classical classifiers
include SVM, random forest and so on.

The pre-activation Residual Unit, ResNeXt, and Inception were used as the basic units of the residual
attention network to construct the attention module. Given the output T(x) and input x of the trunk
branch, the mask branch uses a bottom-up, top-down structure to learn the same size mask M(x). The
bottom-up, top-down structure mimics rapid feedforward and feedback attention processes. The
output mask is used as a control gate for neurons in the main branch. The output of the Attention
module H is:

H;c(x) = M; o(z) * T; o(z) (1

Where the range of i is all spatial locations, c € {1,... C} is the index of the channel. The entire
structure can be trained end-to-end. In the attention module, the attention mask can be used not only
as a feature selector in the forward inference process, but also as a gradient update filter in the
backpropagation process. In the soft mask branch, the mask gradient of the input feature is:

M (e, )Tz, 0) .., OT(z,9)
—fj‘r.'} = _\Ii_:?:.éi']—m'_} (2)

Where 0 is the mask branch parameter and ¢ is the trunk branch parameter. This property makes the
attention module robust to noise labels. Mask branching prevents false gradients (from noise labels)
to update backbone parameters.

Unlike the stacked attention modules we designed, there is an easy way to generate soft weight masks
using a single network branch, similar to the spatial transformer layer. However, these methods have
several drawbacks on challenging data sets such as ImageNet. First, images with chaotic background
images, complex scenes, and large changes in appearance need to be modeled with different types of
attention.

H‘J.e’!{i") = (1 + ﬂ'f‘?:,n’!{:t:]} * Fé,r:[-'r} (3)
The range of M(x) is [0, 1], M(x) approximates 0, and H(x) will approximate the original feature F(x).
The authors call this approach attentional residual learning.

The mask branch consists of fast feedforward scanning and top-down feedback steps. The former
operation quickly gathers global information about the entire image, while the latter operation
combines the global information with the original feature map. In a convolutional neural network,
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these two steps unfold into a bottom-up, top-down, fully convolutional structure. From the input,
perform a few max-pooling sessions to rapidly increase the receptive field after a small Residual
Units. Once the minimum resolution is reached, the global information is expanded through a
symmetrical top-down architecture to guide the input features at each location. The output is
upsampled with linear interpolation after Residual Units. The amount of bilinear interpolation is the
same as that of max-pooling so that the output size is the same as the input feature map. Then, after
two successive 1x1 convolution layers, the SIGMOid-type layer normalizes the output range to [0,1].

3. METHODOLOGY

Image-based systems are becoming popular for collecting pavement condition data for pavement
management activities, with pavement engineers defining various distress categories depending on
the type of pavement. However, today's software solutions have limitations in automatically
identifying pavement types correctly from the collected images.

In this paper, the road recognition system PvmtTPNet based on convolutional neural network (CNN)
has acceptable consistency, accuracy and high efficiency in automatic recognition of road types.

3.1. Training data

There are three types of pavement commonly assessed and measured in PMS: asphalt concrete
pavement (AC), jointed concrete pavement (JPCP), and continuous reinforced concrete pavement
(CRCP). A total of 21,000 two-dimensional (2D) images were collected, covering 84,000 meters
(52.20 miles) of long road slices. 80% of the prepared images were randomly selected for the training
of the proposed network, and the remaining 20% were used for testing. In the training process, the
prepared two-dimensional image is reduced to 475%512 two-dimensional image to improve the
computational efficiency. Figure 2 is a graphical example of a pre-prepared data set.
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Figure 1: A graph of a dataset is an example

3.2. Architecture of Convolutional PvmtTPNet

PvmtTPNet consists of six layers: three convolutional layers, two fully connected layers, and an
output layer. The input side of PvmtTPNet is the prepared two-dimensional pavement image, and the
output layer calculates the probability distribution of the predicted pavement type. In each
convolutional layer, eight cores of size 13x13 are used to extract features of the input image, such as
edges and shapes. For these two fully connected layers, we implemented 32 nodes and 16 nodes,
respectively, to preserve the features of the most important pavement images.
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Figure 2: Convolutional architecture for image recognition

In the network training process, a combination of different techniques is used to adjust the
hyperparameters in PvmtTPNet according to the prepared two-dimensional images. The parameters
of the network are gradually adjusted to reduce the error between the output score and the expected
score pattern, so as to reduce training losses and improve training accuracy (LeCunetal.2015). After
extensive training, PvmtTPNet is able to predict the pavement type for a given two-dimensional
image based on a scoring vector, where the highest scores for all categories will correspond to the
pavement type.

3.3. Training result

The classification accuracy and cross entropy losses of network training and testing are shown in
Figure 3. With the increase of the number of training cycles, the classification accuracy increases and
the cross entropy loss decreases. Training on PvmtTPNet's 100 era readiness dataset takes 28 hours
to complete on a NVIDIAtitanVGPU card. Through the selection and combination of training
techniques, the classification accuracy of test data is still close to that of training data, which indicates
that there are few overfitting problems in the network.
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Figure 3: ROC curve of the training model

Meanwhile, the cross-entropy loss of training data and test data is 0.0067 and 0.054, respectively.
Therefore, the parameters derived in stage 96 are considered to be the optimal parameters for
PvmtTPNet. The classification accuracy of training data in the optimal period reaches 99.83%.

The conclusion of this experiment:

1. This study develops a deep learning (DL) based network, called PvmtTPNet, that can automatically
identify pavement types from images to facilitate fully automated pavement condition surveys.
PvmtTPNet implements an architecture based on convolutional neural networks to learn the features
of images from the pavement class.

2. The current calibration linear unit (ReLUs) is used as the activation function of the convolutional
layer and the fully connected layer, which can be trained quickly and effectively, and has become the
default activation function of modern deep learning neural networks.
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4. CONCLUSION

This paper explores in depth the importance and application of computer vision and deep learning
techniques in image recognition and other fields. Computer vision is not just an information
processing technologys, it is also a revolutionary evolution of the field, designed to mimic the function
of the human visual nervous system, to achieve the interpretation and presentation of objective scenes.
In various fields, from life sciences to medical diagnostics, from military operations to scientific
research, computer vision plays an important role. The successful application of deep learning and
convolutional neural networks in image recognition, especially in the fields of image classification
and object detection, has brought great advances in computer vision. Compared with traditional
methods, deep learning techniques are characterized by automatic learning and adaptive problems,
opening up new possibilities for breakthroughs in the field of computer vision.

In the practical application of computer vision, image recognition is a key field, which can be widely
used in medicine, security monitoring, automatic driving and other fields. This paper mentions that
image recognition in the medical field can quickly identify diseases in human body images, image
recognition in safety monitoring can quickly detect abnormal behaviors, and image recognition in
automatic driving can realize environmental perception and understanding. These practical cases
demonstrate the wide application and importance of computer vision technology.

In terms of the future outlook, computer vision and deep learning technologies are expected to
continue to evolve, bringing more innovation and progress to various fields. As research continues,
we can expect more breakthroughs that will further change the way we understand and interact with
the visual world. Computer vision has become an important part of the modern science and
technology field, and its potential and prospects are exciting, and will continue to promote the
development of artificial intelligence and deep learning, bringing more convenience and innovation
to our life and work.
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