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Abstract. As an important part of the national economy and an important sup-
porting industry, printing and publishing industry is closely related to the devel-
opment of national economy. In recent years, the massive publication and printing
of books has made the work of storing books in databases more and more onerous.
The maturity of deep learning technology has brought good news to recognition
and classification of books. Convolutional neural network is a good tool. Convo-
lutional neural network is a technology in deep learning, often used in computer
vision, image recognition classification and other fields. Research results in the
field of book recognition and classification are relatively lacking. There is no good
book data set that can be used for neural network training. In this paper, we col-
lected a large number of book data sets and we built a set of image classification
models based on CNN to identify and classify the cover and back cover of books.
Through a lot of training and testing, we have generated a set of CNN models that
can effectively identify and classify the cover and back cover of books. Compared
with the traditional way of manually entering books into database, the use of neural
networks makes the work more efficient and saves a lot of human resources.
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1 Introduction

In recent years, artificial intelligence has developed rapidly, and machine learning has
continued to make progress in the direction of image recognition and classification.
In order to improve the accuracy of image recognition, many deep learning models
have achieved good results, including: CNN, RNN, DBN, GAN, etc. Deep learning has
achieved good results in the fields of face recognition and handwritten digit recognition.
The initial idea was to use probably the best known of ML technologies; the convolutional
neural network (CNN) which is used extensively for image recognition, particularly
using the massive number of images available on the internet [1]. However, research in
the fields of book recognition and classification is relatively lacking. In image processing
field, CNNs can be used as an efficient and high-performance classification model and
have gained outstanding performance [2].

This paper builds a set of image classification models based on the research of
machine learning and neural network. First, we collected a large number of images of
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the cover and back cover of the book, and processed these images as a data set. Then
build a set of neural networks, use these data sets to iteratively train and predict the
neural network, and finally generate a training model that can effectively identify the
book cover and back cover to achieve the classification effect.

2 Overview

With the development of Internet, the printing and publishing industry is also moving
in the direction of digitization and networking. Among them, book digitization is an
important area. The rapid development of machine learning and the rapid maturity of
image recognition and classification technologies have greatly improved the efficiency
of the book digital entry system. I have read a lot of literature and found that there are
already many mature algorithms and image classification models in the field of computer
vision and machine learning, however, there are still relatively few studies on applying
these algorithms to the recognition and classification of book covers and back covers.

The identification and classification of books is a very heavy manual labor. On major
online e-commerce platforms and university libraries, the traditional way of storing
books to the database is to scan the barcodes code and obtain book pictures from the
publisher. The traditional way has to upload the data manually. The use of machine
learning technology to realize automatic recognition and classification of book covers,
however, can reduce manual workload and improve work efficiency. On the other hand,
it can also effectively improve the quality of classification and solve the problem that
traditional manual scanning cannot identify the incomplete books.

3 Basic Principles of Deep Learning

3.1 Neural Networks

3.1.1 Neurons

The simplest neuron structure is a model that contains data input, result output, and
corresponding calculation methods. The data is passed in by the input neuron. According
to the weight of each input neuron, the sum is calculated by weight, and then the result
is passed to the activation function for processing. Finally, the output data is obtained by
this way. In the formula, letter w represents the weight, and letter x stands for data input.
As we can see, different inputs get different weight. The letter b represents a constant
parameter, and y(x) represents neuron calculation results.
The calculation formula of neuron is shown as follows:

o) =fa+b) =7 (Y wixi+0) M
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3.1.2 Multilayer Neural Network

In order to cope with a more complex environment, in practical applications, a multilayer
neural network structure is generally used. This neural network structure is also called
feedforward neural network. Its first layer is called the input layer, the middle layer is
called the hidden layer, the hidden layer can contain multiple layers of neuron structure,
and the last layer is called the output layer. The neurons in the upper layer and the neurons
in the next layer are connected by means of full connections. Neurons that are not in the
same layer do not communicate, and neurons in the same layer are independent of each
other. Data is transferred from the input layer to the hidden layer, and the hidden layer
is solved layer by layer through corresponding calculation methods, we get the output
until the last layer is calculated. Figure 1 shows the general multi-layer neural network.
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Fig. 1. Multi-layer neural network

3.2 Convolutional Neural Network

3.2.1 Convolutional Layer

Convolutional layer is the structure used for feature extraction in CNN. The convolutional
layer applies several filters to the input data to perform operations. The filter is an
operation in image processing. The specific operation of filtering is the sum of the
product of the image pixels and the filter [3]. Here, the filters are called convolution
kernels. Each part of the information is extracted through the convolution kernel, and
the feature information is re-integrated through weight sharing to obtain a new feature
map. The pixel value on the picture and the convolution kernel are multiplied and summed
correspondingly to obtain a new feature value. Calculation process of the convolution
operation is shown in the Fig. 2.
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Fig. 2. The calculation process of the convolution operation

3.2.2 Pooling Layer

The pooling layer takes the down-samples for input feature map. This method can reduce
the size of the feature map, thereby reducing the amount of calculation, and can also
increase the translation robustness to the certain extent. Generally speaking, there are two
forms of pooling layer: maximum pooling and average pooling. The maximum pooling
method is to take the maximum value of the feature points in the window neighborhood,
and the average pooling method is to take the average of the feature points in the window
neighborhood. The two pooling methods of maximum pooling and average pooling are
shown in the Fig. 3.
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Fig. 3. Maximum pooling and average pooling

3.2.3 Activation Function

In a neural network, if there is only a convolutional layer, the relationship between input
and output is just a simple linear operation. The input data x is processed by the activation
function, and a new result is obtained, which improves the expressive ability of the linear
model. In order to make the neural network better fit the nonlinear problem, but also
help to make the deep neural network really work, it is necessary to use the nonlinear
activation function. Commonly used activation functions include the following.
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(1) The Sigmoid function, also known as the Logistic function, is the most widely used
activation function in the early days. The mathematical expression is as follows:

Sigmoid (x) = ()

I4+e*
The output range of the Sigmoid function is in the (0,1) interval, and it grows
continuously and monotonously, which can be well applied to classification
problems.
(2) Tanh function, also known as hyperbolic tangent function, its shape is similar to
sigmoid, and its mathematical expression is as follows:

X _ X

tanh(x) = ——— (3)
eX +e™*
The output value of the Tanh function is between [-1,1]. Like the Sigmoid function,
there is also a saturation problem. The Tanh function can be seen as two Sigmoid
functions. When the input value of the function is less than zero, the output value is
less than zero, when it is equal to zero, the output value is equal to zero, and when
it is greater than zero, the output value is greater than zero.
(3) The rectified linear unit (ReLU) function is the most used activation function in
practical applications. Its mathematical expression is as follows:

0,x <0
x, x>0

f@x) = { “4)

The expression of the ReLU function is very simple, but it works very well. Whether
it is forward propagation or back propagation, the amount of calculation is very small
and the training process is fast.

3.2.4 Fully Connected Layer

The processes of convolution, pooling, and activation in the neural network belong
to the feature extraction stage of the image, and only the final fully connected layer
accomplishes the classification task. The specific method is to map the feature space to
the sample label space.

The fully connected layer performs weighted summation and offset operations on
the input values. All values in the vector are weighted and summed with the weights
corresponding to each convolution kernel to obtain the characteristic response. The
number of characteristic responses is determined by the number of cores in the fully
connected layer. The fully connected layer increases the complexity of the model, and
theoretically improves the generalization ability of the model.

As shown in Fig. 1, the connection between the first input layer and the hidden layer
is full connection. If the input layer has only three parameters, and the first hidden layer
also has three output parameters. A simpler hierarchy like this, the calculation formula
between them can be expressed as:

vl Wit Wiz Wi3 x1 bl
V2 | = | Wor Woo Wz | x| x2 | + | b2 5
y3 W31 W3y Ws3 x3 b3
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3.2.5 Error Back Propagation

The training process of convolutional neural network is divided into two stages. The first
stage is the forward propagation, which transforms the propagation of data from low-
level to high-level. The neural network calculates and stores the intermediate variables of
the model layer by layer in the order from the input layer to the output layer. The second
stage is the back propagation. When the output result of the forward propagation does
not match the expectation, the error is propagated and trained from the high-level to the
bottom-level. According to the order from the output layer to the input layer, the objective
function is calculated and stored layer by layer. The intermediate variables of the segment
and the gradient of the parameters are modified in turn to modify the parameter values
between the connections of each layer. The modification of the parameter values is
determined by the error of the back-end data input.

4 Image Recognition Classification Model Based on CNN

4.1 Experimental Environment

The experiment uses Python and PyTorch development environment for programming
and model training. As we know, Python is one of the most popular computer program-
ming languages in the field of machine learning. It has a rich standard library and a
strong third-party ecosystem. PyTorch is a python-based scientific computing package.
It can be used as a substitute for NumPy, it uses the powerful performance of GPU
for calculations, or as a highly flexible and fast deep learning platform. PyTorch is an
optimized tensor library for deep learning using GPUs and CPUs. PyTorch provides the
elegantly designed modules and classes torch.nn, torch.optim, Dataset, and Data Loader
to help you create and train neural networks.

4.2 Data Preprocessing

4.2.1 Data Set

For each CNN model, a “multi-scale summation” module is employed to avoid overfitting
that is usually caused by limited training data [4]. The recognition accuracy of the image
classification model largely depends on the quality of the data set. For the design of
neural network recognition system, it is very important to have a sufficient amount of
labeled training data, and the data contains as many complex environmental changes as
possible. The data set used in this article mainly comes from the two major e-commerce
platforms of JD.com and Dangdang.com. Table 1 shows the specific categories of the
data set.

4.2.2 Data Set Processing

The data set collected 3,600 images containing book cover and back cover from online
shopping malls (JD.com and Dangdang.com). These book images have three different
kinds of environments, including main-picture scene, multi-picture scene, and publishing
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Table 1. Book cover and back cover data set.

Data sources | Category | Number

JD.com Cover 900
JD.com Back cover | 900
Dangdang.com | Cover 900

Dangdang.com | Back cover | 900

house scene. The main-picture scene is a single cover or back cover picture; the multi-
picture scene is a picture that may contain more than one book; the publishing house scene
is the cover or back cover of the book containing the content information recommended
by the publisher. In view of the daily actual use, the cover and back cover images of the
book are randomly selected from the three scenes at a ratio of 1:1:1 to build a training
set. The number of images in the test set depends on the actual situation.

In consideration of the working mechanism of the convolutional neural network, we
need to preprocess the images due to the different sizes of the collected data sets. In order
to facilitate the operation of convolution operation, while keeping the basic information
of the original image as much as possible, the cropping method is to first scale the image
proportionally, so as to preserve the original image content to the greatest extent, and
then perform center cropping to make the training data more accurate. All this operation
is to make sure that the input image contains the complete central information of the
original image.

4.3 Design and Construction of Neural Network Model
4.3.1 CNN (Convolutional Neural Network)

In deep learning, convolutional neural network is a special deep neural network, often
used in the field of computer vision. CNN is composed of input layer, convolution
layer, activation function, pooling layer, and fully connected layer. The most prominent
advantage of CNN is high-speed parallel computing and processing speed not influenced
by the size of image, so it is convenient for hardware implementation [5].

In the convolutional neural network, the input layer refers to the input image data,
which is generally stored in the form of a matrix. The data set we collected contains
pictures of various sizes. To facilitate the calculation, we processed the training set and
unified the size of the training set pictures to 200 * 200 pixels.

In the convolution process, the convolution kernel extracts image features by convo-
lution calculation operations on the input layer image. When building the neural network,
we used two convolutional layers here.
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The activation function is a processing function added to fit the input-output rela-
tionship of nonlinear characteristics. In CNN, each convolution operation process of the
convolution kernel is to sum up the products of various positions in the template, input
the accumulated value into the activation function, and then use the output value as the
convolution result. This paper uses the ReLU function as the activation function of the
experiment.

The pooling layer compresses the input feature map to make the feature map smaller
and simplify the computational complexity of the neural network; on the other hand,
the main purpose of feature compression is to extract the main features. Corresponding
to the two-layer convolutional layer, we use a two-layer pooling layer, and the method
used by the pooling layer is maximum pooling.

The fully connected layer contains input nodes and output nodes. The input nodes
receive the output data of the previous layer, after calculation, the result is passed to
the output nodes, and the output nodes transmits the data to the next layer of the neural
network, thereby passing the output value to the classifier. Usually the result of CNN n-
class classifier models is obtained with the selection of the maximum among the n output
nodes of the final fully-connected layer [6]. This paper uses three fully connected layers,
and finally two output results are obtained, corresponding to the probability values of
the book cover and back cover. The Fig. 4 below shows the CNN model built in this

paper.
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Fig. 4. CNN model

4.3.2 Building a Convolutional Neural Network

The deep neural network constructed in this paper contains a multi-layer structure, where
the image size of the input layer is 200*200 pixels, and the image here has been processed
in the data set preprocessing stage. In addition, the neural network constructed in this
paper includes two convolutional layers, two pooling layers and three fully connected
layers. The structure of the convolutional neural network is shown in Table 2.
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Table 2. The CNN structure of the book cover and back cover classification.

Layer Depth | Number | Size

Input layer 3 - 200 x 200
Convolution layer 1 3 16 3x3

Pooling layer 1 - - 2x2
Convolution layer 2 16 16 3x3

Pooling layer 2 - - 2x2

Fully connected layer 1 - - 40000(in) 128(out)
Fully connected layer 2 - - 128(in) 64(out)
Fully connected layer 3 - - 64(in) 2(out)

4.4 Model Training

Model training is divided into several stages. First, the input layer obtains the processed
24-bit jpg format RGB three-channel image. After the first convolution operation, the
output image is a 16-channel 200 * 200 pixels image. Then we perform the first pooling
operation. The pooling layer uses a 2 * 2 Max Pooling and outputs a 100 * 100 * 16
matrix. Next it is the second convolution operation, after that we can obtain a new matrix
of 100*¥100*16.

After all this, it is the second pooling operation, the image is reduced to 50 * 50 at
this time. At last, we have three full connections options, and the input nodes here are
separately 40,000, 128, and 64. The number of output nodes of the last one is 2. These
two nodes correspond to two output values, including the probability of the book cover
and back cover. Figure 5 shows the recognition result.

This paper provides a convolutional neural network model built on the pytorch frame-
work. Pytorch offers a rich API interface for the construction of deep neural networks.
At the same time, it takes full advantage of the good computing speed of the GPU.
Selecting the pytorch framework to use the GPU for calculations saves a lot of time
for model training and testing. The experimental operating system is Windows 10, and
the experimental environment is Intel Core 17-9750H CPU and NVIDIA GeForce GTX
1660Ti GPU.

5 Model Assessment

In the experiment, different training times and learning rates were set for the constructed
model to observe the experimental data. For each CNN model, a “multi-scale summation”
module is employed to avoid overfitting that is usually caused by limited training data [4].
In order to improve the classification effect of the convolutional neural network model
and achieve good predictions on new data, the data set is divided into three subsets
(training set, validation set and test set). Because the data set is relatively scarce, it can’t
cope with all situations. But we can simulate more training data by increasing the number
of training. A too high learning rate will increase the risk of overfitting, and a too low
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Fig. 5. Recognition result of book cover and back cover

learning rate combined with relatively scarce training data may cause the learning model
to fail to learn specific feature values. Part of the training data is shown in Table 3.

It can be seen from the experimental data that when the number of training rounds
is 3 and the learning rate is 0.001, the accuracy of the test reaches the highest. When the
number of training rounds is 5, the accuracy rate reaches the highest and the learning rate
is 0.001 as well. With the same number of training rounds, it seems that the accuracy of
the model decreases as the learning rate increases. However, when the number of training
rounds is adjusted to 10 rounds, the highest point of the accuracy of the model falls in the
case of the lowest learning rate at 0.0001. After constant adjustment and testing of the
parameters, we finally set the number of training rounds to 20 rounds and the learning
rate of 0.01 as the final parameters of our model, and the test results are good, with an
accuracy of 97.6%. In the future work, we will investigate many supervised learning
algorithms such as: SVM [7], k-nearest neighbors [8] and Boosted Regression Trees [9,
10] to classify an image. If I combine multiple machine learning methods, the accuracy
will be further improved.
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Table 3. Training data

Train number | Epoch | Learning rate | Test accuracy
1 3 0.0001 0.5799476
2 3 0.001 0.7421927
3 3 0.01 0.5049149
4 5 0.0001 0.7311714
5 5 0.001 0.9067465
6 5 0.01 0.5064889
7 10 0.0001 0.93220395
8 10 0.001 0.8237559
9 10 0.01 0.5196011
10 20 0.0001 0.9116753
11 20 0.001 0.9758636
12 20 0.01 0.50095326

6 Conclusion

Machine learning (ML) is an algorithm set especially suited to prediction. These
ML methods are easier to implement and perform better than the classical statistical
approaches [11]. This paper builds a set of convolutional neural networks through the
research of deep learning to identify and classify the cover and back cover of books. By
revising the different parameters in the construction model, a relatively good accuracy
rate has been achieved, which provides a certain reference for book identification and
classification. Due to the limited ability of the author, I failed to provide a more perfect
solution for book classification. Machine learning is often inseparable from big data. My
next step is to improve the book classification data set and classify the data set accord-
ing to book categories. Through these works, we can provide various special diagnosis
attributes for the training of neural networks to adapt to various complex situations. At
the same time, we can optimize algorithms and modify models to improve recognition
accuracy.
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